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Since the 20" century, different types of first- and
second-generation biomass, including sugar crops,
starch crops, vegetable oils, and lignocellulose (residue
and by-products), have been developed and
investigated. (Phakeenuya & Kitiborwornkul, 2024,
Guo et al., 712-725,

Kitiborwornkul, 2022: 1087-1101, Alalwan et al.,

2015: Phakeenuya &
2019: 127-139) Transitioning from a conventional
refinery to a biorefinery has prompted the search for
biomass resources capable of generating both energy
and valuable products, essential for the economic
viability of the biorefinery. The consequent losses of
food and fiber production due to issues surrounding
conventional biomass have led to the exploration of
known as

marine resources,

biomass. (Jung et al., 2013: 182-190, Michalak,

the third-generation

2018: ¢288, Chowdhury & Loganathan, 2019: 39-
44) Marine biomass, such as microalgae and seaweeds,
is considered more sustainable and environmentally
friendly because they can be grown in non-arable land,
use less water, and capture carbon dioxide. (Baghel et
al., 2015: 2436-2443, Konda et al., 2015: 1046~
1056, Cesdrio et al., 2018: 798-817) However,
investigations into seaweed for both energy production

and valuable chemical products are limited.

Little attention has been given to research into new

compounds derived from distinctive seaweed

polysaccharides. While most reports on seaweed
biorefining have concentrated on the production of
bioethanol, hydrocolloids, or fertilizer and animal
feeds, (Baghel et al., 2015: 2436-2443, Zaky et al.,
2018: 12127) the extraction and/or production of
valuable chemicals from seaweed polysaccharides are
still in the early development stages. Consequently, the
production of fine chemicals from seaweeds is
intriguing and could enhance the value of a seaweed
biorefinery.

Pyrolysis is a widely recognized method for breaking
down biomass into valuable products, including bio-
oil, bio-chars, and platform chemicals. (Bridgwater et
al., 1999: 1479-1493, Yang et al., 2007: 1781~
1788) The considerable interest in bio-oil is attributed
to its practical applications, potentially containing
diverse organic compounds convertible into valuable
chemicals. (Yang et al., 2007: 1781-1788) To target
these specific chemicals, addressing the challenge
associated with the complex mixtures formed in bio-oil
is crucial. Parameters influencing pyrolysis outcomes
encompass the catalyst, feedstock, pretreatment
method, and overall pyrolysis conditions. (Guo et al.,
2015: 712-725) While have

some studies
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investigated the thermal behavior of seaweed and its
(e.g., carrageenan and alginate),
(Wang et al.,, 2017: 373-383, Xue et al.,, 2017:

25253-25264, Kim et al., 2018: 60-69) there is a

polysaccharides

scarcity of research on the acid-catalyzed
decomposition of this biomass. In contrast, the pyrolysis
of terrestrial plants, such as cellulose, has undergone
extensive examination. (Halpern et al., 1973: 204-
209, Kawamoto et al., 2007: 127-133, Klepp et al.,
2020: 38-53) The industrial-scale of acid-catalyzed
pyrolysis of cellulose has been applied to produce
levoglucosenone (LGO) and its reduced analogue,
Cyrene™ (CircaGroup, 2023). These compounds are
chiral platform chemicals and biorenewable solvents
with wide application in the materials and
pharmaceutical sectors. (Sarotti et al., 2012: 439-
459, Comba et al.,, 2018: 590-604, Camp &
Greatrex, 2022: 902239)

Numerous investigations have documented the
thermochemical conversion of different seaweeds and
their polysaccharides through conventional pyrolysis
(Wang et al., 2017: 373-383, Jiang et al., 2019:
104680, Hu et al., 2021: 69-76) or microwave-
assisted pyrolysis. (Bermidez et al., 2014: 38144-
38151, Budarin et al., 2011: 2330-2333, Gautam
et al., 2019: 3009-3020) The predominant focus of
these studies lies in the production of biochar and bio-
oils, primarily for biofuel applications. Torres et al.
(2019) concluded that the pyrolysis of seaweeds yields
oils comparable to those from terrestrial biomass
pyrolysis. (Torres et al., 2019: 335-388) Bio-oil, as
commonly observed, contains aromatic compounds,
(Budarin et al., 2011: 2330-2333) furfurals, (Jiang
et al., 2019: 104680) ketones, (Bae et al., 2011:
3512-3520) and furan derivatives. (Gautam et al.,
2019: 3009-3020)

The pyrolysis characteristics of polysaccharides from

Enteromorpha  clathrata  (green seaweed) and
Sargassum  fusiforme  (brown seaweed) were
investigated using thermogravimetric-mass
spectrometry (TG-MS) and pyrolysis-gas

spectrometry  (Py-GC/MS).
373-383) E.

chromatography-mass

(Wang et al.,, 2017: clathrata

polysaccharides primarily comprise glucan, xylan, and
glucuronide-sulfate-rhamnose, while S. fusiforme is
mainly composed of uranic acid, sulfate group-fucose,
and polysaccharide galactose. The primary pyrolysis
products from E. clathrata and S. fusiforme
polysaccharides are furans and esters, respectively.

In their research, Jiang et al. (2019) conducted
catalytic pyrolysis on sulfated polysaccharide extracted
from Enteromorpha clathrata using Py-GC/MS over
ZSM-5 catalysts at a temperature of 550 °C. (Jiang et
al., 2019: 104680) Furfural emerged as the

predominant product in the bio-oil, constituting
50.3%, along with other furan-containing compounds.
The mechanism aligns with the findings of Wang et al.
(2017), suggesting that volatile compounds result from
the decomposition of glucuronic acid and rhamnose
units. The authors verified that the ZSM-5 catalyst
played a role in promoting hydrodeoxygenation
reactions, consequently modifying the bio-oil and
enhancing 5-methylfurfural production.

Recent studies on pyrolysis of carrageenans, main
polysaccharides of red seaweeds, have been reported.
(Rodiahwati et al., 2023: 105904, Rodiahwati et al.,
2023: 101576) The authors investigated three
different carrageenans in the H,SO,-catalyzed pyrolysis
in polyethylene glycol (PEG). The use of PEG as a
medium carbocation

reaction promotes  the

rearrangement and allows a higher loading of
carbohydrates, 20% w/w, (Rodiahwati et al., 2023:
105904) compared to those in using tetrahydrofuran
(THF) 1% w/w. (He et al., 2017: 3642-3653) The
findings show that platform chemical LGO was the
major product follow by furfural, the general product
from biomass pyrolysis. Although the yields from these
studies are still lower compared to LGO from cellulose
pyrolysis, this research is the first study reported LGO
production from acid-catalyzed pyrolysis  of
carrageenan in PEG. Hence, this has given insight into
utilizing red seaweeds for the production of chemicals
as a support of future seaweed biorefinery and coalign
with the concept of circular, bio and green economy

(BCG economy) (Kitiborwomnkul & Sriariyanun, 2024).
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ABSTRACT

In this paper, exact traveling wave solutions of the (1+1)-dimensional Landau-Ginzburg-Higgs equation
and the (3+1)-dimensional modified KdV-Zakharov-Kuznetsov equation, which are the partial differential
equations for ion wave equations, are extracted using the Riccati-Bernoulli sub-ODE method. The obtained
solutions are shown by hyperbolic and trigonometric functions, which can be transformed into kink waves and

periodic waves in their physical nature.
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(8+1)-dimensional modified KdV-Zakharov-Kuznetsov equation.
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1. INTRODUCTION

Partial differential equations are highly useful
equations used in real-world situations in applied and
engineering sciences. The most widely used scenarios
are plasma physics, atmospheric pollutant dispersion,
solid state physics, plasma waves, fluid mechanics,
chemical kinematics, chemical physics, etc. Many
researchers have employed a variety of methods to get
exact solutions of partial differential equations, namely
the simple equation method (Sanjun & Chankaew,
2022), the Runge-Kutta method (Hosseini et al.,
2023), the modified simple equation method (Akter &
Akbar, 2015), the tanh-coth method (Kumar &
Pankaj, 2015), the tanh method (Babi & Mohyud-
Din, 2014), the sin-cosine method (Raslan et al.,
2017), the sine-Gordon expansion method (Iatkliang
et al., 2023), the unified method (Abdel-Gawad et al.,
2022), the ansatz method (Hosseini et al., 2023),

the new generalized (G'/ G) -expansion method
(Akbar et al., 2018), the Exp—expansion method (He
& Wu, 2006), the homotopy perturbation method
(Roozi et al., 2011), the Jacobi elliptic function
method (Ali, 2011 and Hosseini et al., 2023), the

generalized method (Hosseini et al., 2023), etc.

The Landau-Ginzburg-Higgs equation
(LGHE) is a typical nonlinear wave equation that was
used to explain the drift cyclotron waves for a coherent
ion-cyclotron wave in a radially inhomogeneous plasma
and has the following form:

0’q 0q
o’  Ox

where X and t

2 2 3
—gqthq =0,

are normalized space and time
coordinates, respectively, and q(x,t) is the ion-
cyclotron wave is electrostatic potential (Barman et al.,

2021).
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The Zakharov-Kuznetsov (ZK) equation
governs the behavior of weakly nonlinear ion-acoustic
waves in a plasma comprising cold ions and hot
isothermal electrons in the presence of a uniform
magnetic field (Munro & Parkes, 1999). The modified

(8+1)-dimensional KdV-ZK equation is shown as:
u, + auzuX +@u  + u, +u ) =0,

where u=u(x, y,Z,t) and a is a nonzero constant

(Alam et al., 2015).

The Riccati-Bernoulli sub-ODE method was
first proposed to construct exact traveling wave
solutions, solitary wave solutions, and peaked wave
solutions for nonlinear partial differential equations
(Yang, 2015). The Riccati-Bernoulli sub-ODE
method was used to investigate exact solutions to
various equations, such as the perturbed nonlinear
Schrodinger equation in 2016 (Shehata, 2016). The
thin film equation, the dispersive long wave equation,
the modified KdV-KP equation and the nonlinear ZK -
MEW equation in 2020 (Alharbi & Almatrafi, 2020).
Hassan & Abdelrahman, 2019) were solved by the
Riccati-Bernoulli sub-ODE method to investigate the
exact solutions of the Schrodinger equation and the 2D

Ginzburg-Landau equation.

In this work, we use the traveling wave to
transform the (1+1)-dimensional LGH equation and
the (3+1)-dimension modified KdV-ZK equation into
nonlinear ordinary differential equations. Then, using
the Riccati-Bernoulli sub-ODE method, we have

obtained the wave solutions in 3D graphs.

2. Algorithm of the Riccati-bernoulli sub-ODE

method

In this section, we provide a straightforward
approach for finding traveling wave solutions to
nonlinear equations, namely the Riccati-Bernoulli sub-
ODE method. Assume that the nonlinear partial
differential equation with two independent variables X
and t is represented by:

P(u,u,u ,u ,u_,u

i xx?

X[...):O, (1)

where P is a polynomial in u(X,t) and its partial
derivatives in which the highest-order derivatives and
nonlinear terms are involved. The following steps are
the main procedure of the Riccati-Bernoulli sub-ODE
method (Abdelrahman et al., 2019):

Step 1: Denoting the traveling wave solution of PDE
(1) as:

u(x,t)=u(§), ‘f:x—it, (2)
where A is speed of traveling wave, then Equation (1)

reduces to a nonlinear ordinary differential equation

ODE:
ron
Q(u,u ,u ,...) =0, (3)
where Q is a polynomial of u(f ) and its derivatives,
where the prime represents the derivative with respect
o £,
Step 2: Assume the solution (2) of Equation (3)

satisfies

u’(f) =a " +huta, (4)
where a,b,c and n are constants to be determined.
From Equation (4), we get
u”(é) = ab(3 — n)u%" +a” (2 — n)u372"

tnc’u™ + be(n+ l)u" + (Zac +b’ )u,

(5)

d"(&)=(ab(3—n)(2—n)u"" +a* (2—n)x
(3—2n)u” " +n(2n—1)cu™""
+ben(n+1)u"™ + (2ac +b2))u’.

(6)

2.1 Classification of the solution
The solution of Equation (4) can be classified
into the following cases.

Case 1: When n =1, then

_ (at+b+e)é
u(&)=pe " (7
Case 2: When nZ1,b=0 and ¢ =0 then

u(g):(a(n—l)(f-i-ﬂ))i. (8)
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Case 3: When nZ1,bF#0and ¢ =0 then 3. RESULTS

Next, using the Riccati-Bernoulli sub-ode

a n— -
u(é: ) = (_; + ,Ueb( Ve ) . (9) method explained above, we want to solve the Landau-

) Ginzburg-Higgs equation and the (3+1)-dimensional
Case 4: When nZ 1,a7% Oand b —4ac <0, then

u(§)=[;—:+ m(u—n)im (W)H_n’

modified KdV-Zakharov equation as follows.

2a 3.1 Results of the (1+1)-dimensional LGH equation
(10) The (1+1)-dimensional Landau-Ginzburg-
and Higgs equation is
2 2 3
u(§)=(_—b—\)4a‘:_b ( n)\/4dc §+Iu J\] ‘ utt—uxx_p U-I_ql] —0, (15)
2a 2a

where pand g are parameters. We will reduce it to an

an ODE using u(é:) =u(x,t)and the traveling wave
Case 5: When n#1,a%0and b’ —4ac>0, then .\ E=x—Iu.

_ —_b_ b" —4dac l—n)\f —4
U(é)_{Za 2a ot (

The substitution of the

—.  transformation into equation (15) yields
dC
(&+ #)J ;

(iz —1)11”—p2u-|-q2u3 =0. (16)

(12) Substituting Equation (5) into Equation (16), the

and outcome is
—b  Afb: —aac (1—n)~ be —dac - (ﬂz —1)(ab(3 —n)u2_n +a’ (2—11)1.13_2'1 +nc’u™
()| 2 T G| |
! ! +bc(n+1)u" -i-(Zac-i-bz)u)—pZU-I-qZU3 =o.

(13) a7

Case 6: When n#1,a#0and b” —4ac =0, then  Setting n =0, Equation (17) is rewritten as

) (/12—1)bc+((12—1)(2ac+b2)—p2)u

p |G +(ﬂf —1)3abu2 +q°u’ =o, (18)
(&)= (14) i
3(“ - 1)(§ +u ) 2a then, equating the coefficient of U to zero, where
0 1 2 3. .
For Equations (7) - (14), the parameter A is an u,u,u and u yields:
arbitrary constant. (/12 — l)bc =0, (19)
Step 3: Substituting the derivatives of u into Equation (12 — 1)(230 +p ) — pZ =0, (20)
(8) gives an algebraic equation for u. Then setting the ,
v (ﬂ, —1)3ab=0, (21)
coefficients of u',(i =0,1,2,...),t0 be zero yields a
2 2 2
— = 22
set of algebraic equations for a,b,c, and A Solving (/1 1)(23 )+ q 0. (22)
these algebraic equations and substituting a, b, c,n,/l, Solving Eq. (19)-(22), we obtain
b=o0, (23)
and 5 =x—At into Equations (7)-(14), we have q
=t —
traveling wave solutions of Equation (1). a= = (1 12) ’ (24)



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 1 [2024]: ¢253520

2

L p
c +—q\/M’ (25)
ac=m. (26)

The solution of Equation (15) can be
classified into the following cases according to Section

2.1:

Casel: When n =0, a7 Oand b’ —4ac >0,

we get
u,, (xo0) =22 cot| =2 (x— At + 1) |,
’ q 2(1—/12)
and 27)
u,, (x,0) =+ 2 tanh| —=E (x = Ae+ 1) |.

q 2(1— 2)

(28)

When A and M are arbitrary constants.

If equation (17) is set to n =1, we will get
g =0, causing the equation of the (1+1)-dimensional
Landau-Ginzburg-Higgs to have some terms missing,

and therefore incomplete.

3.2 Results of the (3+1 )-dimensional modified
KdV-ZK equation
The (3+1)-dimensional modified KdV-ZK

equation:
2 [—
v B (v, Hr,) =0 (29

where ﬂ is a nonzero constant. Using

V(ﬁ) :V(X +y+z —ﬂt)and the traveling wave

variable gﬁ =xty+z— /1t, (31) is transformed

into the following ODE:

'+ ﬂv2v' + (3V”), =0.

Integrating Eq. (32) with zero constant, we get:

(30)

1
—Av+= v +3/" =o. (31)
3

Substituting v"(&)=ab(3—n)v* " +a’(2—n)v" " +
2 2n—1

ncv  + bc(n + l)v" + (2ac +b° )v, into Equation

(31), and also the outcome is:

1 — -
—/’i,v+—ﬁv3 +3(3¢b(3—n)v2 "+a(2—n)y"
3

(32)
+nc’y*" +be(n+ l)vn -|-(2ac+b2 )V) =0.
Setting n = 0, Equation (32) is rewritten to:
3bc + (Gac +3b" — /l)v + 9abv”
(33)

1
+(—IB+632)V3 =o,

3
then, equating the coefficient of v to zero, where

0o 1 2 3 .
Vv ,v,v and v yields:

3bc =0, (34)
6ac—3b — A =0, (35)
9ab =0, (36)

1 2
- +ea =o. (37)

3
Solving Eq. (34)-(37), we obtain

(38)
(39)
(40)
(41)

The solution Equation (29) can be classified

into the following cases according to Section 2.1:

Casel: When n=0, aZ0 and b2—4ac<0,

we get

vm(x,y,z,t):i /—%tan[\/z(x +_y+z—/1t+lu)],
6

(42)
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and

Vi (x,y,z,t)Zi f—%cot(\/z(x-i-y-l-z—ﬂt-i-/l)].
6

(43)

When A and M are arbitrary constants.

Similarly, if equation (32) is set to n =1,
we will get ﬂ =0, causing the equation of the
(3+1)-dimensional modified KdV-ZK to have some

terms missing, therefore incomplete.

4. Graphical representation of some obtained
solution

In this section, we will discuss the physical
interpretations from the graphical representations of the
solution of the (1+1)-dimensional LGH equation and
the (8+1)-dimensional modified KdV-ZK equation.

4.1 Graphical of the

(1+1)-

representation

dimensional LGH equation

We present the three-dimensional plots of the
exact solutions U, 2(X,t) in Casel shown in Figure 1
and Figure 2 which both plots represent the shape of a

kink wave solution.

(x—lt-ﬁ-/,l) .

u, (x,t) = Ecoth

q 2(1—/12)

Figure 1 The solution Ul(X, t) with p = 2, q= 1,

A=0.5,4=0.1 wa =10 < x,t <10,

iy (x, 1)

uz(x,t)=—£coth ;(X—/It-f-lu) .
q 2(1—/12)
Figure 2 The solution UQ(X,t) with p = 2,q = 1,

A=0.54=0.1 wa —10< x,t <10

The graphs of u, 4(X, t) in Case I, as shown
in Figure 3 and Figure 4, are the shapes of kink waves
that rise or descend from one asymptotic state to

another.

u, ( x, :Ean #x—ﬂﬁ- .
(o) qt ' 2(1—/12)( )

Figure 3 The solution U3 (X, t) with p = 2, q= 1,

A=0.514=01m —10<x,t<10.
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(\/%(x+y+z—//’,t+‘u)J,

p p
u, (X,t):——tanh —%(X_ﬂzt+ﬂ) 5 Figure 6 The solution VZ(X,_Y,Z,t) with 'B:_3
q 21—
A=2, [1=0.1 wa 0Sx,t <100 for y =2=0.

Figure 4 The solution ll4 (X, t) with P = 2, q= 1,

A=0.5,4=0umi =10 < x,t <10.

4.2 Graphical representation of the (3+1)-
dimensional modified KdV-ZK equation
Next, we present the shape of solutions to the

(8+1)—dimensional modified KdV-ZK equation.

Solutions VIZ(X,y,Z,t) correspond to Figures 5 and 0 o0 0
) 4 . 0
2040 60 gy (080 60 40

6, and solutions Via (x, Y, z,t) correspond to Figures , .

7 and 8. All of them produce a periodic traveling wave

solution. v, (x,y,z,t): —%cot(\/z(xﬂ‘y‘Fz_ﬂ/t"‘ﬂ)J.
6

Figure 7 The solution V3 (X, Y.z, t) with ﬂ =-—3

A=2, LH=10 wa 0= x,6 <100 for y =2z =0.

<

100
50
vylx, 1) 0_
-50]
) T - 1007 ?
v, (x,y,z,t)— —Ftanﬂ ;(X"‘y"‘z—ﬂ/t_'_ﬂ)j’ 0 20 40 60 30 100 80 60 40 20 0

t X
Figure 5 The solution V1 (X, y,z, t) with ﬁ =-—3

3A A
2,:2, M =0.1 and OSX,ISIOO for y =z=0. v4(x,y,z,t)=—\/—EcotL\/;(x+y+z—/1t+,U)J.

Figure 8 The solution V4 (X, Y.z, t) with IB =-—3

A=2 [1=10 wi 0<x, <100 0y =z=0.



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 1 [2024]: ¢253520

5. Conclusion
In this work, using the Riccati-Bernoulli sub-
ODE method, we investigated exact traveling wave

solutions for the (1+1)-dimensional Landau-

Ginzburg-Higgs equation and the (3+1)-dimensional
modified KdV-Zakharov-Kuznetsov equation. The
solutions are found in trigonometric and hyperbolic
forms. In addition, we can solve nonlinear evolution

equations in mathematical physics using this method.

The Riccati-Bernoulli sub-ODE method is
easy to understand. This research also demonstrates that
the proposed method is quite practical and appropriate
for finding exact solutions to the (1+1)-dimensional
Landau-Ginzburg-Higgs equation and the (3+1)-

dimensional modified KdV-Zakharov-Kuznetsov

equation. The performance of this method is reliable and

effective, and it gives exact solitary wave solutions.
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ABSTRACT
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1. INTRODUCTION

Basically, banks and other financial institutions
engage in the following essential activities. These are:

1) accepting and safeguarding customer deposits

including other assets.

2) making payments on behalf of customers.

3) granting credit to customers and

4) making investment.

The primary activity amongst these have been
granting credit, and sometimes customers fail to repay
the debt in time which they contractually owe in form
of principal, interest and other fees, thereby defaulting
on their obligation. This exposes such institutions to
credit risk (Thackham, 2021). The term bank credit
refers to the amount of credit available to a business or
individual from a banking institution in the form of
loans. It is the sum of money a person or business can
borrow from a bank or other financial institutions
(Twin, 2020). Risk Management is an important facet
of Bank’s policies. According to (Gunduz, 2020)

credit risk is arguably the most significant, especially

for commercial banks. In (Apostolik et al., 2009)
defined credit risk as “the potential loss a bank would
suffer if a borrower fails to meets its obligations”.
Socio-political and economic development of any
country mostly rely on the ability of its banking
institutions to give loans to their customers. It is one of
the major economic functions of banks to finance
investment activities by government, business and
individuals. Granting credit to customers supports the
growth of new businesses and jobs which promote
economic activities. Banks earn most of their revenues
from loan accounts. The repayment behavior of such
loans is associated with many factors in the banking
system (Li et al., 2022). When a bank experiences a
financial problem, it may be as a result of bad loans.
Banks are interested in ascertaining factors that are
mostly influential in predicting loan repayment rates of
the customers.

Survival analysis methods possess the ability to
model the loan repayment rates of borrowers. It is a

statistical procedure for data analysis for the estimation
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of time until an event occurs. In this paper the event of
interest is the loan repayment. In survival analysis, the
estimated time for loan repayment can be the number of
months (or days) from the day this loan is granted to
the day the loan is repaid.

An event in survival analysis can be referred to as
different outcomes obtained in a study. In medicine, the
event can be the onset of a disease or death. In
engineering, event can be a failure of a machine or an
equipment system. In social sciences, event can be a
change in social status of an individual. Survival
analysis can also be applied in credit modelling, where
the time to repayment of loan can be modelled. Survival
data can be divided into complete and censored.
Complete data refers to an observation that contains the
beginning and end date which is determined by the
event time. On the other hand, censored data is
incomplete and it occurs when the required information
is not available from the beginning to the end of the
study. The three types of censored observations can be
collected in survival analysis studies. These are:

1) right-censored observations
2) left—censored observations and
3) interval censored observations

Right-censored observations occur most in survival
analysis studies because, the actual survival times of the
individual which is “incomplete” (i.e censored) at the
right-hand side of the follow-up period of the study
giving the observations that is short of the actual
survival time (Kleinbaum & Mitchel, 2005). Right-
censoring occurs when an individual did not experience
the event before the study end, when an individual is
lost to follow up and when an individual withdraws
from the study.

The traditional linear regression models cannot be
applied to survival data or time-to-event data. This
may result in biased estimation and the results may be
misleading (Zhang et al., 2021).

The methods of survival analysis can be applied to
credit risk management due to the need of accurate
credit risk calculations. Credit risk analysis is important
in financial risk management, especially, in practical

applications (Assef & Steiner, 2020). In (Doris et al.,

2022) observed that, survival analysis studies allow for
the prediction of time to default of loan obtained by
considering the length of time taken, between the origin
of loan and its default. Credit risk in finance and
banking has drawn a considerable research attention
(Mungasi & Odhiambo, 2019). Repayment of loan
performance refers to the total sum of loans, a customer
paid on time which was agreed between the parties.
When a loan is not repaid, it may be due to inability of
the customer to repay or he/she is not willing to repay
(Nawai & Shariff, 2013). Ganiyu states that in the
study of perspective on Nigerian financial safety net
with qualitative analysis procedures, most banks had
poor credit policies. Large amount of loans was granted
without due regard of the ability of the customers to
repay. In (Okpara, 2009) noted that the high rates of
bank failure in Nigeria may be as a result of poor credit
policies in place. According to (Xia et al., 2021) with
recent advancement, accurate survival models are

applied in the assessment of credit risk.
2. MATERIALS AND METHODS

A total of 186 customers who took loans from
Federal College of Education Microfinance Bank Zaria,
Nigeria were included in the study. The study aims to
identify the factors that are associated with customers’
repayments rates of loan in Microfinance bank. The
dataset contains client descriptive variables which can
influence the loan repayment rates. These are personal
information about the client. It includes age (x,),
(%) (x)s
background (x,), (urban/rural)  (x,),

gender marital  status educational
residence
occupation (civil servant/business) (x,), purpose of
loan (x,), type of collateral (x4), loan amount (x,),
repayment time (x,,) and repayment periods (y). Cox
with L1 -Lasso models were applied to perform variable
selection, examine the regression coefficients path and
build a model that can predict time-to-event of
repayment rates of loan.

The following are some of the functions that are
studied in survival analysis methods. These are survival
function, hazard function, probability density function

and cumulative hazard function. Let ‘T’ be a non-
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negative random variable of survival time of a bank
borrower from the time the loan is granted to the time
the loan is repaid representing time until some events of
interest occurs (such as repayment of loan). The
response (dependent) variable has two parts — survival
function and hazard function. The survival function is
the complement of the hazards function and survival
function describes the probability of loan repayment up
to a specified duration of time. The hazard function on
the other hand, describes the probability of not paying
the loan in a specified period of time given T > t (cond.
prob) (Sangeetha & Chitra, 2021).

Given a distribution of a random variable ‘T’ the

survival function denoted as S(t) is given as:

S@) = P(T>t) = 1-F(@) (D)

where F(t) is the cumulative distribution function of
‘T’ representing the cumulative probability of a
customer chosen at random to have a survival time ‘T’

less than some stated value ‘t’, and is given as:

F@6) = PT<t) = [, faydu (@)

where ‘f” is the probability density function of ‘T’
The hazard function denoted as /’l(l ) and is given

as.

Pt<T<t+AT >t) f(1)
S0

h(t) = lim

At—0 At ®)

Here, the hazard function /(#)is the conditional

probability that the loan repayment occurs in time

interval (¢, ¢ + Atf) given that the loan repayment

has not occurred before time t. (3) can be written as:

AGONS (4)
1 — F@)

h(?)

Probability density function f(t) of survival time T,
refers to the limit of probability in which a customer repays
small  time

the loan in a period ‘1o

(t + At) per its time interval of length Af¢ and is given as:

F = limP(t<T£t + A?) (5)

At—0 At

Cumulative hazard explains the accumulated hazards to
time ‘t’. Thus, the cumulative hazard function, denoted
as H(t) is obtained by taking the integral of hazard

function given as:
t
H(t) = j h(u)du. (6)
0

The cumulative hazard describes the cumulation of risks

of a customer when the time passes from O to t.

2.1 Least Absolute and Shrinkage Selection Operator
(Lasso)

In this study, we focus on identifying the predictor
variables (or exposure variables) that have the strongest
impact on the repayment rates of loan by a customer.
The study aims to use those predictor variables (x’s) to
predict the repayment rates of loan. The study will
utilize the L1- Lasso and Cox proportional hazards
approaches to the dataset. The Cox proportional
hazards model is used to investigates the impact of
different predictor variables on the probability of loan
repayment while the L1 - Lasso penalized model, select
the most predictive variables and avoid overfitting.
L1 - Lasso method proposed by (Tibshirani, 1996),
regularizes linear regression method which shrinks the
coefficients closer to zero and other coefficients to
exactly zero for a sparse solution and therefore,
improving the interpretation of the model.

Nowadays, we collect more and more data.
Sometimes with many and poorly described different
kind of variables. In some researches, data are collected
with more variables than the observations. Lasso is a
procedure designed to scout through the data and extract
few variables that have the ability to predict outcomes
with accuracy. The main purpose of Lasso is to perform
variable selection and regularization in order to enhance
simplicity and accuracy of the model. This is achieved
by adding penalty term to the linear regression. Lasso
shrink unimportant variables to zero and the nonzero
variables are selected to be utilized in the model. Lasso

is a refined procedure that minimize the prediction

errors encountered in statistical modeling.
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L1 - Lasso model forms a diamond shape in the
plot for its constrained region, as shown in Figure 1.
The diamond shape includes corners, and the proximity
of the first point to the corner shows that the model
comes with one coefficient, which is equal to zero.
Thus, shrinking the regression coefficient of the
variable to zero to perform variable selection. The
closeness of the first point to the corner of the diamond
shape shows that L1 - Lasso model comes with one
coefficient of a variable, which equal to zero. Thus,
shrinking the coefficient in the model to zero to select
variable. In Figure 1, x-axis represents the coefficient
( ,31) and y-axis represents the coefficient ( ﬁz ). The
red ellipses contour represents the Residual Sum of

Squares (RSS).

Lasso

Regression

N

Figure 1 Lasso Geometry (https://corporate financeinstitute.com/data—-

science lasso)

L1 - Lasso model adds a constraint (or penalty)
ANBI

of applying this constraint is to reduce the regression

) to obtain equation (8). The consequence

coefficient towards zero, so that less contributive
variables will have a regression coefficient close to zero
or exactly equal to zero. In penalized regression, the
aim is to reduce the impact of multicollinearity since
predictor variables in the study may be highly related to
one another (Abhinaya et al., 2021). L1 - Lasso
estimate the coefficient

selects variable and

simultaneously by constraining the log-likelihood
function of variable coefficients. Given a linear

regression model:

y-xF . ¢ (7)

where Y is an 72x1 column vector of dependent
variable, X is an 72X p matrix of predictor variables
and f3 isa pXI column vector of parameters. The
last 72 %1 column vector is a vector of error terms. Also,

bo’bl’bZ""bp are the estimates of unknown
parameters ﬂl, ,32,..., ﬂp . In L1 - Lasso method, the
coefficient ﬁ are

estimated by minimizing

P Lasso =arg/§ninIIy—xﬁ’Ilz2 +AINAI (8)

2
A n )4 p
:BLassa = arg;nin Z{yz _Zﬁjxgjj +ﬂ“2| ﬂj |
Jj=1 J=1

i=1

(9

where

n is the number of observations

p is the number of predictor variables

A>0 is the regularization parameter.
A n p 2
B = argminZ(yi _Zﬂj'xlj) (10)
i=1 Jj=1

Vi
where Z|ﬂj| <t
j=1

Lambda ( A ) is the regularization parameter which
controls the shrinkage in estimating the coefficients of
L1 - Lasso model and A > 0. If the lambda (A )
value is large enough more variables of estimated
coefficient ﬂ become zero, and the nonzero coefficient
of variables will be shrunken toward zero. If lambda
(A) is small, it implies less regularization by the
model. Cross-validation is a method applied to estimate
the lambda (A) parameter. When a small value of
lambda (A) is estimated, it may result in over fitting of
the model. On the other hands, a large value of lambda
(A) would lead to under fitting, because the procedure
may not be able to capture the relationship in the model
(Thevaraja et al., 2019). A ‘one-standard-error rule’ method
in cross—validation, will be applied to select the best lambda
(A). For each MSE (As) the standard error of the
mean is obtained, and the largest As is selected for

which MSE (As) is within one standard error of the

minimum MSE value. Thus, we obtain a regularized
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regression model while the MSE is increased by one
standard error.
2.2 L1 - Lasso with Cox Proportional Hazards

Model

Cox proportional hazards model is a regression
model proposed by (Cox, 1972). It is an effective
approach in survival analysis studies. The model is
mostly used for multivariate regression analysis to
analyze survival data. Cox model investigates the
relationship between an event occurrence and a set of
predictor variables (or covariates). The hazard function
is the probability or the chance that an individual or
subject will be affected by an event within an interval
of time given that the individual or subject has survived
up to the beginning of that interval of time. The
response variable or outcome in Cox proportional
hazards model is the hazard function at a given time. If
a number of variables are involved, then the hazard or
risk of an event’, can be modeled by:

h(t,X) = hy(t)exp(B " X) (11)

where  /1,(¢) is the unspecified baseline hazard function
which is the probability of an event when all the
predictor variables (X) equal to 0.

B is a vector of parameters

X is a matrix of predictive

variables.

Cox proportional hazards model, computes hazard ratio
(HR), which measures the effect of predictor variables
on the hazard of event. Estimate of HR of two
individuals with different predictor variables X and X *

is given as:

HR =PSB X) _ exp[z B (X —X*)}
hy(Oexp(B X)
(12)
The HR does not depend on time. This is the reason
why the model is refers to as proportional hazards
model. In other words, proportional hazard is a required
assumption in Cox regression. It means the relative

hazard or risk of event which is the value of the

coefficient ﬁ in the model is constant over time ‘t’.

Cox model can also be expressed by taking the
natural logarithm of equation (11) and divide both
sides by the baseline hazard function. h,(t) and h,(t)
are the baseline hazards functions of the two individuals

whose hazards of event are compared.

hO| _ r
log{ hl(t)} =log(exp(f’ X)) (13)

]Oge{ﬁgzgl} = ﬁTXf

(14)
hy (1)

In Cox model, there is no assumption made on the
probability distribution of the hazards i.e baseline
hazards function. Cox model assumes that the ratio of
the hazard function of two individuals is constant over
survival time and that there is log-linear relationship
between predictor variables and hazard function. This
assumption makes Cox proportional hazards model to
be a semiparametric. The results of the analysis of Cox
model can be interpreted as, for a unit increase in
variable (X,) the hazard function is multiplied by the
term ¢P'.  With this, the predictor variables have
multiplicative effect with hazard function. Taking a unit
increase in one variable for an individual with the

hazard function in Cox model:

h(t) = h(t)e’™ (15)
Then for one unit increase

h(t) = hy(1)e”™ (16)

Bla+D)

h,(2) _ hy(1)e (17)
hy(2) hy(1)e"™

h2 (t) — eﬁ(xl+1_xl) (18)
()

hz @) = ¢ (19)
()
then taking the logarithm of both sides we have:

log b (1) =loge” (20)

h(2)
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10}

wo] =P v

In equation (21), the coefficient ﬁ is the logarithm of
hazard ratio for a single unit increase in x,. But when
the variable increases by a single unit, the hazard of

event happening (called hazard ratio) will increase by

eP

unit. The [ - parameter in equation (11) is
estimated by maximizing the partial likelihood method.

Researchers are interested in the associations
between each of the risk factors (X,, X,, ..., X,) and
the results or outcome. The associations are determined
by the coefficients in the model (b,, b,, ..., b,). The
estimated coefficients in the Cox regression model say
b,, is the change in the expected log of the hazard ratio
relative to a one unit change in predictor variable X,
holding all other predictors constant.

Given a vector (t, O , x) that consist of three items
t is the length of time taken until an event occur or not
occurring (censoring)

O is the censoring indicator, O = censored,
1 = event. Here. x is a matrix of predictor variables.

Let ‘n’ be the number of observed individuals in a
study, ‘r’ of them are affected by the event, and n — r
individuals become right censored observations.

If ¢,y <ty <<t be an ordered event times and
we let X;, be the vector of predictor variables with
individual whose survival time is t.;,. We define R(%,,),
to be the risk of a set at £;, as the set of individuals who
are still in the study, the time earlier to t,, then the
probability or chance, that the individuals with predictor
variable X ;) experience the event at f;, given that one
individual from R(t(i)) experience the event at t, is

given as:
(i), X i)
Z h(t(i)’X(i))

JER(t(;))

by equation (11)

The probability can be written in terms of the baseline

hazard function and relative risk as:

hy(t)) exp(B' X))
Z hy (t(i)) eXp(ﬂTXj)

jER(l‘(”)

The probability now, is given as:

exp(f' X,)
D, exp(B'X))

JER(t;y)

It does not depends on the baseline hazard function
since the baseline hazard function ho (f) cancel out.
Cox (1972) made the assumption that if there is no
tied event meaning that no two or more events occur at
the same time, then parameter ﬂ can be estimated by
the method of partial likelihood function. The
probabilities are multiplied together over all distinct
event times and the resulting product become
conditional likelihood since it is a product of conditional

probabilities.

R eXp(ﬂTx(i))
B S )

JER(1;y)

(22)

In equation (22), n is the number of individuals who
have experienced the event— repayment of loan at time
‘U, Xy = (1> XgyzsXqp) are the predictor variables
for the individual that experienced the event at the i"
ordered time t;, and R; is the set of subjects that are at
risk just before time t;, . Taking the logarithm of both
sides of Cox partial likelihood of equation (22), we

have:

log(L, () = 3| 1log— PN

Y (s

JER(ti)

(23)
log(L, () = 3. log(exp(5x, )~ 3. log{ > exp(ﬂ’xj)}

i=1 jeR(1;)
(24)

log(L, (8) =3 A", - ilog{ > exp(ﬁfx,,)}

JER(;)

(25)

And taking the partial derivatives of equation (25) with

respect to each parameter ﬂh , h =iy, p
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-2 -3 -3 Zjek(t,>x(f)hexp(ﬁij)
U;, (ﬂ) = aﬂh log(L/’ (ﬁ)) - ;x(t)h ; ZjeR“’)eXp(ﬂij)
(26)

Equation (26) refers to as the scores and the estimates

of the model are obtained by solving the equations i.e
seting U, (f) = 0 according to (Ekman, 2017).
Numerical method can be used to estimate the parameter
ﬂ , for example Newton Raphson method. In Cox
model the baseline hazard function is measured non-
parametrically and therefore, the survival times are not
assumed to follow_a particular_probability_distribution
at time ‘t” and the Cox model indicates that the hazard
function or hazard rate may change over time. Estimates
of the coefficient ﬁ in

Cox model with L1-Lasso are found by (27)

A exp(B7x .
p=angmin| Y og 20 %) |8,

;eXp(/i x,)
- (27)
/}:arg;nin[—;{ﬁrxm—logjgzkexp(ﬁrxj)}‘Fi”mh]
| (28)

where A || ﬂ Hl is the penalty term of
L1 - Lasso model
The first term in equation (28)
is the log of the partial
likelihood of Cox model.
L1-Lasso performs variable selection. The regularized
parameter lambda (A) is chosen by k-fold cross-
validation method, and k takes value between 5 and 10

(Hastie et al., 2015).

3. RESULTS AND DISCUSSION

This study utilized bank loans data of 186
customers obtained from Microfinance bank. The
dataset consists of actual observations and censored.
The censoring observation indicator is O for defaulting
i.e non- payment of loan within the agreed period of
time. and 1 for non-defaulting/event occurrence i.e
payment of loan on time. From Table 1, the total

number of borrowers is 186. 35 (18.8%) of them

Table 1 Status of Repayment of Loan

N Percent (%)
Event 151 81.2
Censored 35 18.8
Total 186 100

defaulted (unpaid loan as at when due) and 151
(81.2%) of them repaid their loan on time.

In regression analysis, presence of multicollinearity in
a dataset is a violation of one of the assumptions required
by regression model. Multicollinearity is a situation
whereby some variables in the regression model are
related. A small bit of multicollinearity can cause huge
problem in regression analysis. Therefore, detection of
multicollinearity in a dataset is very important. The impact
of multicollinearity can affect the precision of the estimated
regression coefficients negatively on the power of a model.
The variance inflation factor (VIF) is a method that
quantifies the extent of correlation between one predictor
and the others in a regression model. The VIF estimates
how much the coefficient of a variable is inflated or
influenced as a result of the predictor variables in the
analysis. Higher values of VIF indicates that it is difficult
or impossible to accurately assess the contribution of
predictor variable in a model. The VIF value of one means
that the predictor variable is not related with other
variables. The VIF values greater than five (5) indicates
the presence of multicollinearity.
Table 2 reports the VIF value of each predictor variable in
the dataset, and since all VIF values are less than five, this
indicates that multicollinearity is not present in the dataset.
In other words, no two or more predictor variables are
related to each other and therefore, we can proceed with
the analysis.

Table 3 gives the summary statistics for sample size
of the customers included in the study. Out of 186,
140(75.3%) males customers participated in the
study, while only 46(24.7%) females customers
participated in the study. The mean and median of
survival times (repayment periods) in months for male
customers are 7.29 and 7.00 respectively, while the
mean and median of survival times for female customers

in months are 7.08 and 7.00 respectively.
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Figure 1 L1-Lasso Cross-validation Estimate for Mean Square Error
Table 2 VIF Values of the Ten (10) Variables
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
1.38205 2.72735 0.32670 0.18461 1.59489 1.10752 2.38065 0.98787 1.10251 1.2354

Table 3 Summary Statistics for Sample Size

N Percent (%)
Male 140 75.3
Female 46 24.7
Total 186 100

The Cox model with L1-Lasso model were
employed to perform variable selection and build a
model that can predict for event occurrence i.e
repayment rates of loan. L1-Lasso was applied to
identified the important variables associated with the
repayment rates of loan and Cox model est imates the
hazards ratio (HR), obtains as the exponential of
regression coefficient, and it gives the effect size of the
important variables.

In Figure 1, the values at the top of the plot indicate
the number of predictor variables in the model when
lambda ( A) changes. Vertical dotted line on the left-
hand side gives the lambda ( A ) value for the minimum

MSE and vertical dotted line on the right-hand side

indicates the lambda ( A ) that was chosen according to
the model i.e MSE is within one standard error of the

minimum MSE. Ten folds were used in cross-validation
to obtained the optimal value of A. From cross-validation
results, the optimal value for lambda (ﬂ ) was found to be
0.06227052.

Figure 2 displays the path of the coefficients (lasso
path) for every variable when using L1- Lasso
penalized Cox model. In Figure 2, the curves that are
away from the center line represent the selected
variables that can influenced the repayment rates of
loan. Those variables selected with statistical
association for repayment rates of loan were suitable for
multivariate analysis in Cox model. The Cox model was
used to investigate the effect of those variables that can
affect the risks of repayment rates of loan. Table 4 gives
the six selected predictor variables by L1-Lasso model

that can affect the time to survival of repayment rates

of loan.
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Figure 2 Coefficient Path (lasso path) for the Predictor Variables

Table 4 Multivariate Cox Proportional Hazard Results on the Time to the Repayment of Loans

Variables coef (f8) exp(B) (HR) se() z-value p-value
age 30-50 (Ref.) -0.0377 0.9630 0.0498 -0.7590 0.4480
51-70
loanpurpose personal (Ref.) 0.0732 1.0760 0.3240 0.5540 0.5800
trading
occupation business (Ref.) 0.1711 1.1870 0.1728 0.9900 0.3220
civil servant
Collateral CFO (Ref.) 0.1469 1.1580 0.2113 0.6960 0.0121
salary acct
residence rural (Ref.) 0.0925 0.0970 0.2083 0.4440 0.4870
urban
loanamount -0.0053 1.0000 0.0044 -1.1940 0.2320
CFO = certificate of occupancy
Ref. = reference category
3.1 Interpretation of the Predictor Variables in Cox i) Age

PH Model

If the hazard ratio (HR) is greater than one, it
indicates increase in the risk of the event i.e increase in
the repayment rates of loan by a customer. On the other
hand, a HR less than one indicates decrease in the event
of interest i.e decrease in the risk of experiencing the
event. Thus, decrease in repayment rates of loan by a
customer. When the HR equals one it implies equal
hazards of experiencing the event between the two

categories of the customers.

From Table 4, the HR of age is 0.9630 and the value
is less than one. 100(1 - 0.9630) = 3.7%. This
implies that a customer in age group 51 — 70 years is
3.7% times less likely to repay the loan within the
agreed period of time compared to those customers in
age group 30 — 50 years. In other words, granting loan
to those customers in age group 51 — 70 years is a little
bit risky.
ii) Loan purpose
The HR of loan purpose from Table 4, is 1.0760. The

value is greater than one.
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100(1.0760 — 1) = 7.6%. This means that a customer
who is a trader is 7.6% times more likely to repay the
loan in time compared to those customers who secured
the loan for personal reasons.

iii) Occupation
Table 4, gives the HR of occupation to be 1.1870 and
the value is greater than one. 100(1.1870 — 1) =
18.7%. This indicates that a customer who is a civil
servant is 18.7% times more likely to repay the loan in
time compared to those customers who obtained the
loan for business.

iv) Collateral
The HR of collateral from Table 4, is 1.1580 and the
value is greater than one. 100(1.1580 — 1) = 15.8%.
This means that a customer whose salary acct was used
as security against the loan by the bank is 15.8% times
more likely to repay the loan in time compared to those
customers whose CFO was collected by bank as security
against the loan.

v) residence
Table 4, also reports the HR of residence to be 0.0970.
The value is less than one and 100 (1 - 0.0970) =
90.3%. This means that a customer who lives in urban
area is 90.3% times less likely to repay the loan in time
compared to those customers who live in rural areas. In
other words, loan advanced to customers in urban areas
are more risky.

vi) loan amount
From Table 4, the HR of loan amount is one. This
implies equal hazards or risks in the repayment rates of
loan between the categories of the amount of loan

granted to customers.

4. CONCLUSION
This study applied the L1-Lasso regularized Cox

proportional hazards method to predict the event -
repayment rates of loan of FCE Microfinance bank.
With the number of selected variables that are truly
informative, the method drops non-relevant variables.
By discarding variables that are less important in L1-
Lasso penalized Cox method, a parsimonious model

was produced which can improve the interpretation of

10

the model as compared to the classical statistical
models. When a model is simple, its application and
interpretation will be easier. This research identified the
factors that affect the repayment rates of loan of
Microfinance bank. From L1-Lasso Cox proportional
hazards analysis, it is found that the repayment rates of
loan is greatly influence by the predictor variable
collateral with the p-value less than 0.05

Finally, the selected variables by the model can be
used in issuing the loan in Microfinance banking. This
study recommends that Microfinance banks should
monitor the loans given to their customers in order to
check any character change as it may affect the

repayment rates of loan negatively.
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ABSTRACT

Conjunctivitis (pink eye) is a conjunctive infection. It is caused by viruses, bacteria, or allergies. In this study, we present
and analyze a conjunctivitis model that includes the consequences of patient isolation, treatment control, and insecticide control. This
SIR-SI (susceptible, infected, recovery - susceptible, infected) model describes disease transmission between humans and fly
populations. The proposed model is examined using the standard method. The next generation matrix approach is used to calculate the
basic reproductive number. The Lyapunov function is applied to determine the model’s stability. The disease-free equilibrium point
(DFE) is global asymptotically stable if R, <1, whereas the endemic equilibrium point (EE) is global asymptotically stable if R,>1.
In addition, a sensitivity analysis of the model is performed to determine the significance of model parameters on disease transmission.
According to DFE's sensitivity analysis, the effectiveness of patient isolation or human-fly contact prevention is the most sensitive
parameter. The numerical results are used to support the theoretical findings. It has been determined that when the effectiveness of
patient isolation and recovery of infected humans who visit the doctor increases, the number of infected humans decreases. Furthermore,

when the effectiveness of insecticides to protect flies increases, the number of infected flies also decreases.
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1. INTRODUCTION in terms of understanding the underlying mechanisms
. RO . . . . . that influence the spread of the disease and is used as a
Conjunctivitis (pinkeye) is an infection or inflammation

. . . . . crucial instrument for effective prevention and
of the conjunctiva (the thin, clear tissue that lies over

. . . intervention strategies against conjunctivitis. In 201 4
the white part of the eye) and the inner side of the & & )

eyelid. It may be caused by viruses, some bacteria, and (Unyong & Naowarat, 2014), the authors proposed an

. . . . SEIR model of conjunctivitis that considers a nonlinear
an allergic reaction like pollen, smoke, dust, or toxic

. . . incidence term. The local stability of the model was
substances. In this paper, we focus on the conjunctivitis

. . . carried out. It was concluded that a decrease in the
caused by the virus. The symptoms of conjunctivitis are

characterized by the white part of the eye becoming red, number of infected humans was dependent on- the

. .. . increase in the number of infected individuals. In 2014
itchy eyes, blurred vision, and an increased amount of

tears. It is transmitted by direct contact with infected (Suksawat & Naowarat, 2014), the authors proposed

people by touching their hands to an infected eye or by and analyzed the conjunctivitis model, incorporating

o . T rainfall. It is concluded that the rainfall has an effect on
contact with infectious tears or susceptible individuals

which their eyes contacted with carrier flies. The the transmission of disease. In 2015 (Sangthongjeen et

incubation period of susceptible individuals who get al., 2015), the authors proposed a modified model of

. . . . conjunctivitis that incorporated the effects of
infected with the virus is about 1-2 days, and the J P

period of infection is about 14 days (Alkhudhari et al., educational - campaigns. To obtain better results, a

2014). Mathematical modeling plays an important role combination of the perturbation iteration method and
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Taylor series expansion was applied. In 2 01 9
(Viriyapong & Khedwan, 2019), the authors proposed
and analyzed the extended model by adding the effect
of patients’ isolation and the role of recovered
individuals, who are not educated enough by the doctor
to protect themselves. In 2019 (Nana-Kyer et al.,
2019), the authors proposed a stochastic optimal
control model for AHC. The maximum principle was
applied to derive the necessary conditions for the
existence of optimal control. In 2019 (Uchenna et al.,
2019), the authors proposed and analyzed the model
of AHC both analytically and numerically. Furthermore,
the modified model was extended as an optimal control
problem, taking into account the effects of proper
sanitation and the training of the educators. The
maximum principle was applied to obtain the necessary
conditions for the existence of optimal control. The
results showed agreement between analytical and
numerical solutions. In addition, if sanitation, which
includes the serenity of the school environment,
conduciveness of the classrooms, and personal hygiene,
is observed in and outside the school and the education
of the caregivers (teachers, menders, parents, and even
pupils) is an articulated property, the number of
infected students will decrease drastically over time. In
2006 (Chowell et al., 2006), the authors suggested
that the patient’s isolation is an intervention to prevent
the transmission of this disease. From the reviewed
literature, most researchers proposed conjunctivitis
models that consist of only the human population. In
2017 (Thongtha et al., 2017), the authors proposed a
new model that considers human-human and fly-
human transmission, while human-human transmission
is defined in the context of infection by hyper infection
vibrio. In 2021 (Thongtha & Modnak, 2021), the
authors studied the transmission of cholera models that
incorporate data on public health interventions. They
were interested in the spread of cholera from vibrios and
fly transmission to human populations. In this study, the
fly population is divided into two groups: susceptible
flies and infected flies. In addition, flies are the vector

of conjunctivitis. Therefore, in this study, we will

include the fly population in our model to investigate
conjunctivitis transmission.

The objective of this paper is to propose and
analyze an SIR-SI model of conjunctivitis in two
populations with the effects of patients’ isolation,
treatment control, and insecticide control. In this paper,
a mathematical model is formulated for the dynamics
The model

model of conjunctivitis in Section 2 .

properties, both positivity and boundedness of
solutions, are derived in Section 3. Model analysis,
which consists of equilibrium points, basic reproductive
numbers, stability analysis, and sensitivity analysis, is
performed in Section 4. In Section 5, the numerical
results are presented to support the theoretical results.

Finally, the conclusions are summarized in Section 6.

2. MODEL FORMULATION

In this section, a human and fly (SIR-SI) model of
conjunctivitis transmission is formulated by taking into
account the patient’s isolation, treatment control, and
insecticide control strategies. The human population and
the fly population are denoted by N, and N; ,
respectively. The schematic diagram of this model is
shown in Figure 1. The human population is divided
into three compartments, namely susceptible human
(Sy) , infected human (1,), and recovered human (R, ).
The fly population is also classified into two
compartments, namely susceptible flies (Sf) , and
infected flies (If). For the proposed model, there are
some assumptions: all newborn flies are susceptible,
and they will become infected flies if they are contacted

with the discharges or gums of an infected human.

) (1-m)f3, Vi
y LN
> Sh SEEEE—N I h Rh
By : 3,
v A ) v
Ky ' LM, ,
: v
B | B
——
S f L If
S, +u, S, +u,

Figure 1 A schematic diagram of conjunctivitis model.
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The system of ordinary differential equations is as

follows:

% = A=((L-@) Bl + Byl )S, = 1Sy, ey
% = (W-@)Bly + Bl )Sy—(rn+ 8+ )l (2)
% = (a+6,)1s - 4Ry, (3)
dditf = B=BSi1y— (6 +4)S;, C)
%:ﬂmsf“—(a‘ﬁy,)l“ (5)

with N, =S, +1,+R, and N; =S +1,

where A is the recruitment rate of the human
population, « is the effectiveness of patient isolation,
B, is the transmission rate of conjunctivitis from
infected human to susceptible human, £, is the
transmission rate of conjunctivitis from infected flies to
susceptible human, g, is the transmission rate of
conjunctivitis from infected human to susceptible flies,
4, is the natural death rate of human population, y, is
the recovery rate of an infected human who does not
visits a doctor, ¢, is the recovery rate of an infected
human who visits a doctor, B is the recruitment rate of
the fly population, J; is the effectiveness of insecticides

in protecting flies, and x, is the natural death rate of

fly population.

3. MODEL PROPERTIES
In this section, we find the fundamental properties of
the system, which are essential in the proof of the

following section.

3.1 Peositivity of Solutions

The associated parameters of the system (1) — (5) with
respect to the initial conditions are non-negative for all
t>0 and we prove this in the following procedures to

get the results.

Lemma 1. If S (0),1,(0),R,(0),S,(0),1,(0) and all
associated parameters of the system are positive, then
solutions S, (t), I, (t), R, (t), S; (t), I, (t) are positive
for all time t>0.

Proof If S,(0)>0, 1,(0)20, R,(0)=0, S;(0)=0,

I,(0)>0, it follows by the first equation, we have

ds
d—t'“+((/§1+,uh)sh = A, where ¢g=1-w)B.I, + B,

It can be re—written as:

Se—

ds J‘(ﬁ*lin)d‘ (¢ +ap )t I(ﬁ*ﬂh)dt
—=h go 0

& +S, (& + )€
(s

a4 S,e° = Ae

dt

j(ﬂh#n)d‘

t
Therefore, S,e° +5,(0) :I Ae
0

Consequently,
‘ *‘ (r+an )t t l('ﬁ*ﬂh)dt
S,(t)=S,(0)e ° +e I | Ael

0

dt>0.

For the state variables 1, (t), R, (t), S, (t) and I (t), we
can apply the same method to get I,(t)>0, R,(t) >0,
S;(t)>0, I,(t)=0for t>0.

3.2 Boundness of Solutions
In this section, the boundary of the solutions of a system
of equations is determined. The total human population

in this model is N, =S, +1, +R,.

Therefore, we have

dN
Tth = A—,uhNh.
Hence, Nh(t):A—[A—Nh(O)Je’“, where N, (0)
My \ Hy

denotes the initial values of the total human population

A
and N, (0) <2 . As t—>o0 then N, (t) >, implies

Hy Hn
A
that Ny (t)<—, and N; =S, +1,,
Hy
dN,
T:B_(af_'_:uf)l\lf'

We obtain N, -N, (O)Je""t,

-
Oy + 4 S¢ + Hy

where N (0) denotes the initial values of the total fly

population and N, (0)< B As t—oo then
Sp + g
B N
N > implies that N; < . Therefore,
Op + Uy O + 1y

all solutions of this model are bounded and enter the

region Q)

(S 1y Ry S0 )eR3:0< NhSA,O<Nf <8 L
Hy Op + 1y

(6)



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 1 [2024]: ¢252376

Hence, Q is the positively invariance. This means that
every solution of this model remains in the region for

all t>0.

4. MODEL ANALYSIS

4.1 Equilibrium points

By applying the standard method to analyze the present
model, it is found that there are two equilibrium points,

as follows:

1) Disease-free equilibrium (DFE) denoted by

E =2, 00 -2 0
Hy O; + i

2) Endemic equilibrium (EE) denoted by

E=(S, I Ry S117),

S;_A—(§h+}/h+/£h)|h* I;:—al+1ya12+4a2

Hn 2
R;:(5h +70) I s} - B
Hn Bmln +0¢ + us
x BBmln

Iy =

(5 + s )(ﬂfh'h*+5f + 4 )

where & ___MmoAm
(Sh + 70 + tn )My
2 = Hn (70 + S + 0 ) (70 + 1) (Ro —1)
(1-@) BB ’
My = (1- @) i (7 + 61 )’ + Bl By > O,
my :(1_5")(5f + 4 )ﬁfhﬂh >0,
2
Mg = (1= @) By (51 + 11 ) +BBt B >0,

A[(l—a’)ﬂh (85 +ug )2 +ﬂhfﬂth:|

2
Hn (S + 71 +#h)(5f +ﬂf)

From Iy, it was found that (i) if m; > Am, and
Rg<1, then & >0, a <0 and there is no positive
equilibrium point. (i) If m<Am, and Ry >1, then
<0, a>0 and the system has the positive
equilibrium point (E,) . (iii) If m >Am,, Ry>1 and
«fa12+4a2 >a , then the system has one positive
equilibrium point (E,). The basic reproductive number
Ry, obtained from the equilibrium analysis, is

computed by using the next generation matrix method,

which has been shown in the next topic.

4.2 Basic reproductive number

The basic reproductive number (R;) is the average
number of secondary infections induced by an infected
individual introduced into the total susceptible
population. It is one of the threshold conditions in an
epidemic that allow us to predict whether the disease
will be died out or persist (Heffernan et al., 2005 and
Diekmann et al., 2019). We calculate our basic
reproductive number using the next generation method
and use the spectral radius (Van den Driessche &
Watmough, 2002). By applying this approach, it is
given by R = p(FV’l) where p(A) denotes the
spectral radius of a matrix A (the largest eigenvalues
of A), where F(X) is the non-negative matrix of new
infection terms and V(X) is the non-singular matrix

of the remaining transfer terms. The system (1) — (5)

is rewritten in a matrix form:
dXx
P F(X)-V(X), X=(S,, 1,,R, S, 1,)" (7
0
(1~ @) BnSnln + But Sl ¢
F(X)= 0 ,
0
L 0
[=A+(1= @) BuSnlh + Bus Snl ¢ + 1S |
(5h+7h+ﬂh)|h
~(8h+7n)1h + 4Ry
~B+ S Iy +(J¢ + 15 )Sy

_ﬂfhsflh +(§f +ﬂf)|f

By finding the Jacobian matrix of F and V at Eg,
respectively, the following matrices are obtained

0 0 00 0
1- A A
0 (1-)py o o P
E_ Hh |
0 0 00 0
0 0 00 0
0 0 00 o |
1- A A
A (1-) B, 0 0 P
Hn Hn
0] §h +7h + Un 0 0 0
0 —(5h +}/h) Hn 0 0
V =
BB
0 0 5f + Ug 0
O + ug
B
0 —L 0 0 5]( + Ut
i St + Hs Je,
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-1 . .
Moreover, FV ™ is obtained as

So, the basic reproductive number is obtained as

A[(lfw)ﬁh(& + pg )2 +ﬂhfﬂth:l
Ro = —.
(S + 7+ aan ) (55 + a2 )

From the basic reproductive number, it was found that
the parameters of interest, such as the effectiveness of
patient separation (@), the recovery rate of infected
people who see a doctor (8,), and the effectiveness of
insecticides in protecting flies (5f) , affect R, .
Therefore, the condition of the epidemic of the
conjunctivitis infection is that if R; <1, then the
However, if

epidemic of conjunctivitis decreases.

R, >1, the epidemic of conjunctivitis increases.

4.3 Global stability of disease-free equilibrium point
We prove the global stability of the disease-free
equilibrium point (E,) by using the Lyapunov theorem
(see, e.g., Alkhudhari et al., 2014 and Van den
Driessche & Watmough, 2002).

Theorem 1. If R; <1, then the disease-free equilibrium

point (Ey) is globally asymptotically stable on €2 .

Let V(t) = Sh*(si—sh*ln( Sh*J]-F Ih
Sh Sh

Proof

A = S « | S A
+7ﬂfh Sf %—Sf In f* +7ﬂfh |f.
(85 + a5 ) St St pn (S5 + s )

(9
Next, for the derivative of V with respect to time t,
we have

av _dsy Sy dly AuA [dsfsfdst

dtdt Sy odt dt (O )u| At Sp o ot
B A dly
(5f +#f)#h dt
- A ¢ |ds
= _SL di.{.%_*_L 1_7f 7f
Sp ) dt dt (S¢+pup)uyl  Sr )t
PogA  dly
(85 +pag )y dt

fo 0 00 o]
2
(1= @) foA(85 + 15 )+ Brf Bin AB o (-)/A
2

£ (S + 7 + an ) (S5 +aef ) (0t +ag) |
0 0 00 0
0 0 00 0
0 0 00 o |

Substituting, the equations (1), (2), (4), and (5), we

have

(L\t/=[ —EJ[A—((l—w)ﬂhSMh +ﬂhfsh|f)_ﬂhsh:|

+(1= @) BSpln + Brg Snl ¢ = (7n + S+ 2n) I

A S¢”
(‘SfthfA)/lh[ﬂthf|h_(5f +u)l ]
__ﬂh(sh**sh)z N G ¥
- Sh Hno Sy

| U-o)pA Bt BinAB

5= (7 + S+ #n) |1y

Hn yh(5f +,Ltf)
o2 *_ oV
Sy —S St =S
_ /uh( hSh h) _ﬁ/hlth( fsf f) _(yh+é‘h+ﬂh)(1—R0)|h.

The condition C:T\t/ =0 is true only if S,=5;" ,
* Loooadv .
S¢ =S¢, 1I,=0, and the condition E<O holds if

Ry <1. Therefore, the disease-free point is the only
positive invariant set in (2. Consequently, if Ry <1
then the disease-free equilibrium point is globally

asymptotically stable on Q.

4.4 Global stability of endemic equilibrium point
Global stability analysis of endemic equilibrium (E,) is
explored via the construction of the Lyapunov function
(see, e.g., Xu et al., 2020 and Elkaranshawy et al.,
2021).

Theorem 2. If R, >1 then the system has a unique

*

endemic equilibrium point El(S; 0 R ST If) which
is global asymptotically stable on €.

Proof Consider the following Lyapunov function.
V=S8, S—'L—l—ln i*; +1 I—h*—l—ln L*L
Sh Sh Ih In
ST PR s
+ h* f*Sf f*_l_ln f*
St In St St
ST PR |
G ]
St Iy It It
We have that
y * sple [ S¢)ds
av _ 1_SL d&_,_ 1_IL %+ h*f* [ bl
dt Sh dt Ih dt Sf |h Sf dt

Sple (1T dig
+—1-——|—.
St 1y ¢ | dt

(10)
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Substituting, the equations (1), (2), (4), and (5) into
the resulting equation, we have

dv_[_sh*

i ][A—((l_a’)ﬂhshlh +ﬂhfsh|f)_,“hsh:|

J{ —','L][(l—w)ﬂhshlh + B Sl t =(Sn +7n + ) 1 |

ST P B
+S:*|;* 1—é [B_ﬂfhsflh_(5f +,Uf)3f]
Sple [ 1
+ St*l;* 1-% [ﬁfhsflh_(5f +ﬂf)|f:|- (11

Rewrite some parameter in terms of E, , from the
system (1)-(5), we have

A=(1-0)BnSh In +BntSh 1t +anSh »
(1-@) BuSh In +Bn S It

Sh+7h+ i = = ,
Ih
B=BmSt In +(5r +u5)St
BnSt Iy
St +pf =

f

Substitute the parameter into (11), and it obtains

dv _[1sh

* * * * *
—= [(1*w)ﬁh5h Ih +BneSh It +4nSh
dt Sh

~(1=®) BnShih = Fnf Sh! f yhsh}[l'lf;]J

(1-@)BnSn Th + B Sn 15
{(lw)ﬂhshm +Pnt Shlf - = Ih
h

Sh*lf* Sf* _— *
= |l [ﬂfhsf Ih +(5f +ﬂf)5f = FBinStlh
St Ip St

Sl [, 1 BinSt Ih’
*(5f+ﬂf)5f}+ = *[1 ﬂfh5f|h*|7*|f ;

St In ai f

2 .. 02
ﬂh(sh—sh) (5f+yf)sh|f (Sf—Sf)

Sh S¢ 1y St

*
#2- 334 o) sy iy
Sh Sh

sy* Shltlh™ SfT Selplg”
HA-——- * * <. *  *
Sh Sh It In St St Iy I¢

]ﬂhfsh If .

It is obtained that

*

SL_Sihgo 4_Sih*_ ShltIn _Sif_ Stlnl <0
Sh Sh* Sh Sh*lf*lh Sf Sf*lh*lf

2—

since the geometric mean is less than or equal mean for

S,, I, S;, 1,>0. From E,, it is found that s, I, S;,

h1

I,>0 when R, >1. Therefore, if R,>1, then ?T\t/<0.

*

Sh_ Sh
Sh Sh*

Since ShfSh*, Sf—sf*v 2- , 5 and

* * * *
S, Shleln St Sglplg
——————%——=———=%5— equal to zero at E,,
S S 1
h Splslp of Silplg

av
then — =0.
en o

Hence, if R, >1. then the endemic equilibrium

point (E,) is globally asymptotically stable on ().

4.5 Sensitivity analysis

The necessity of investigating tells us how sensitive the
basic reproductive number is with respect to its
parameters. This will help us to know the parameters
having the most significant impact on the outcome of
the numerical results of the model. Sensitivity analysis
tells us the importance of each parameter to disease
transmission, which will help public health. Authorities
must place priority on a well-posed investigation
strategy for preventing and controlling the spread of
disease in the population. The sensitivity indices are
calculated using the technique of normalized forward
(Samsuzzoha et al., 2013 and Ngoteya & Nkansah-
Gyekye, 2015). The normalized forward sensitivity of
the reproduction number (RO) with respect to the

parameter k is given by,
TR _ R, k

K = X—.

& R,

Using the formula presented in (12) and the baseline

(12)

parameters, the numerical values for the sensitivity
index are obtained. The sensitivity index is estimated
with respect to each parameter. Results are shown in

Table 1 and Table 2.

Table 1 Sensitivity indexes of the Conjunctivitis Model’s parameter with respect to

R, at E .
Sensitivity
Parameters Baseline Value Sign
Indexes
@ 0.7 -1.08971 Negative
Hn 0.000256 per day - 1.00039 Negative
A 0.00128 per day +1.00000 Positive
DBnt 0.065 per day +0.83298 Positive
Bih 0.065 per day ~ + 0.83298 Positive
B 0.5 per day +0.83298 Positive
Sh 1/2 per day - 0.77747 Negative
of 1/7 per day - 0.56851 Negative
HE 0.125 per day - 0.49744 Negative
Ph 0.086 per day ~ + 0.46702 Positive

’h 0.1428 per day -0.22213 Negative
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Table 1 shows that the most effective methods of
decreasing R, evaluated at E, are ranked in order of
effectiveness: (1) to increase @, (2) to increase uy,
(3) to decrease By , (4) to decrease By, (5) to
decrease B, (6) to decrease A, (7) to increase &y,

(8) to increase &;, (9) to increase u;, (10) to

decrease f,, and (11) to increase yp .

Table 2 Sensitivity indexes of the Conjunctivitis Model’s parameter with

respect to R, at E .

Sensitivity

Parameters Baseline Value Sign
Indexes
Hh 0.000256 per day - 1.00040 Negative
A 0.00128 per day +1.00000 Positive
Sh 0.48 per day - 0.77746 Negative
Ph 0.086 per day  + 0.72442 Positive
DBnt 0.065 per day ~ + 0.27558 Positive
Bih 0.065 per day +0.27558 Positive
B 0.5 per day +0.27558 Positive
of 1/20 per day - 0.29395 Negative
e 1/8 per day - 0.67319 Negative
n 1/2 per day -0.22213 Negative
@ 0.1 - 0.08049 Negative

From Table 2, we can see that the most effective
methods of decreasing R, evaluated at E; are ranked
in order of effectiveness: (1) to increase u,, (2) to
decrease A, (3) to increase &y, (4) to decrease Sys »
(5) to decrease By, , (6) to decrease B, (7) to
decrease S, (8) to increase 8, (9) to increase g ,
(10) to increase 7y, and (11) to increase @ .
Finally, we found that the most important
parameters for preventing the disease are in order of
effectiveness (1) increasing @ , by isolating patients
from the community or preventing infection by
maintaining hygiene, (2) increasing g, , by increasing
the natural death rate of the human population, but it is
not an acceptable method, (3) decreasing Sy , by
reducing the infection from mosquitoes to humans, such
as using mosquito repellent or mosquito nets, etc.
Moreover, the most important parameters for
controlling the disease is (1) increasing 4, (2) to
decrease A by quarantining the infected area, (3)
increasing o}, by decreasing the duration of treatment

or the time it takes to transmit conjunctivitis among

infected individuals.

5. NUMERICAL RESULTS

In the present work, we use SIR-SI epidemic model
with control measures. The numerical simulations are
carried out to determine the impact of control measures
on the conjunctivitis dynamics. The parameters used in

the numerical simulations are given in Table 3.

Table 3 Parameter values in numerical simulations at disease-free state.

Parameters Description Value Ref.
A the recuio@ A& gerafalyuman +1.00000128 Positive
population per day
Pn the transmission rate of 0.086
conjunctivitis from human to human per day
Hn the natural death rate of human 0.000256  Viriyapong &
population per day Khedwan,
7h the recovery rate of infected human 1/7 2019
per day
5h the recovery of infected human who 1/2
go to see the doctor per day
B the recruitment rate of fly population 0.5
per day
DPnt the transmission rate of 0.065
conjunctivitis from infected flies to per day
susceptible human
Lin the transmission rate of 0.065 Assumed
conjunctivitis from infected human per day
to susceptible flies
M the natural death rate of fly 0.125
population per day
[ the effective of patient’s isolation 0.7
5f the efficacy of insecticide for 1/7
protecting the flies per day

3.1 Stability of disease-free state

Using the values of parameters as shown in Table 3,
the eigenvalues of the system (1) — (5) at disease—free
equilibrium point and basic reproductive number are

obtained as follow:

A, =-0.000256, A, =-0.000256, #,=-0.1573319,
Ay =—0.267857, R,=0.429501<1.
Since all eigenvalues are negative and the basic
reproductive number is less than one, the disease-free
equilibrium point, E;, will be local asymptotically

stable, as shown in Figure 2.
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(1a) Susceptible human population

Infectad human population (1, )

5 20 25 3 33 40
Time(day)

(1b) Infected human population

Recovered human population | R, )

0 s ' 15 2 25 3 35
Time{day) 10*

(1c) Recovered human population

Susceptible fly population (8 )

20 25 30 35 40 45 50
Time(day)

(1d) Susceptible fly population

Infected fly population (1 ,)

[} 10 20 a0 40 50
Time(day)

(1e) Infected fly population

Figure 2 Time series of (1a) susceptible human population, (1b) infected
human population, (1c) recovered human population, (1d) susceptible fly
population, (1e) infected fly population. The state variables approach DFE,
E, =(5,0, 0,1.86666, 0).

From Figure 2, graphs (1a)-(1e) presenting numerical
solutions for susceptible human population, infected
human population, recovered human population,
susceptible fly population, and infected fly population
show convergence to DFE, E,=(5, 0, 0,1.86666, 0) for

four different sets of initial condition where R, <1.

Therefore, there will not be an epidemic of
conjunctivitis in the future when the efficiency in
isolating patients is 70% and the treatment period for
conjunctivitis is 2 days, along with using insecticides

every 7 days per time.

3.2 Stability of endemic state

We change the values of the effective patient’s isolation
(a)) to 0.1, the recovery rate from treatment (&,) to
0.48 (Viriyapong & Khedwan, 2019), and the
efficacy of insecticides for protecting the flies (éf) to
1/20, and keep the other values of parameters to be
those given in Table 3. We obtain the eigenvalues of
the system (1) — (5) at endemic equilibrium point and
basic reproductive number as follows:

A, =-0.000256, 4, =-0.468615, A, =-0.175000,
A5 =—0.000161+0.00322li, R, =1.174582>1.

Since all real part of eigenvalues are negative and the
basic reproductive number is more than one, the
endemic state, E,, will be local asymptotically stable,

as shown in Figure 3.
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=
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Figure 3 Time series of (a) susceptible human population, (b) infected
human population, (c¢) recovered human population, (d) susceptible fly
population, (e) infected fly population. The state variables approach EE,
E, =(4.257058, 0.000305, 0.742636, 2.856819, 0.000324) .

Figure 3 shows that if reducing patient separation
efficiency is 10%, the duration of treatment for
conjunctivitis is increased from 2 days to 3 days, and
the duration of insecticide use is increased from 7 days
per time to 20 days per time, then the graph (2a)-
(3e)
E, =(4.257058, 0.000305, 0.742636, 2.856819, 0.000324),
and R, =1.174582 >1. That means that if we decrease

of numerical solutions convergence EE,

the effectiveness of the patient’s isolation to 109%,
increase the recovery rate of treatment to 0.48 per day,
and decrease the efficacy of insecticides for protecting
the flies to 1/20 per day, then it is not sufficient to

control the spread of disease.

5.3 Numerical results for infected human population
with different values of @, 6, and &,

From Sections 4.1-4.2, it was found that the
effectiveness of the patient’s isolation, the recovery rate
of treatment, and the effectiveness of insecticides in
protecting flies affect the convergence of the
equilibrium point and changes in the R, . In Section 4.3,
we are considering the relationship between infected
human populations and values of @ , &, and &, as

follows.

3570 |
— =015, R, =1.14007, |_=0.00025

=025, R, = 107107, I, =0.00014

~+=036 R =099516. | =0
———. =045 R =093305, || =0
=086404, I, =0

Infected human population (1, )

30 40 50 = 70 80 90 100
Time(day)

Figure 4 Time series of infected human populations with different values of

=2.13311, || =0.00198 | |
= 1.86179, || =0.00151
=1.53615, |, =0.00084
=1,13805, || =0.00024

=064026, || =0

0.03

0 10 20 30 40 50 60 70 80 90 100
Time(day)

Figure 5 Time series of infected human populations with different values of

5 -

0?
=

= 1.29724,

=0,00047
= 1125, Ry = 1.24371, I} = 0,00040

=0

Infected human population (1 )

=17, Ry = 085734,

[
[

=111, R, = 0.98470, |
1,=0
[

=118, Ry= 070177, I, =0

[ 10 20 30 40 50 60 70 80 80 100
Time(day)

Figure 6 Time series of infected human populations with different values of

5 -

Figure 4 indicates that the effectiveness of the patient’s
isolation has an effect on the infected human population
when other parameters are set according to the EE point
with the values of ¢6,=048 6, =1/20 . When the
values of effectiveness of the patient’s isolation () are
0.15, 0.25, 0.36, and 0.55, the values of R, are
1.14007, 1.07107, 0.99516, 0.93305, and
0.86404, respectively, and the values of | are
0.00025, 0.00014, 0, 0, and O, respectively. It can
be observed that increasing the effectiveness of the
patient’s isolation affects infected human populations
decreased. Similarly, Figures 5-6 show that the
number of infected humans population decreases when
the recovery rate of treatment increases and the
insecticides

effectiveness  of in protecting flies

increases.
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6. CONCLUSION

In this paper, the SIR-SI (human-host) epidemic
model of conjunctivitis which incorporates the effects
of the effective of patient’s isolation, treatment control
and insecticide control is proposed and analyzed. We
have analyzed the disease-free equilibrium (E,), the

endemic equilibrium point (E,) , and the basic

A((l_w)ﬂh (65 +u )2 +pi 25)

reproductive number, Ry= —
#in (S + 70+ 1an ) (S + a2 )

where it becomes a threshold condition for the stability
of the system at equilibrium points. The global
asymptotically stability of the disease-free equilibrium
point and endemic equilibrium point has been shown in
Fig 2 and Fig 3, respectively. It has shown that the
endemic equilibrium point is global asymptotically
stable if R;>1, and this means that the conjunctivitis
will persist in community. It has also been shown that
if Ry<1, the conjunctivitis will die out in the
community. The sensitivity analysis is carried out by
computing the sensitivity indexes at the disease-free
equilibrium point. It can be found that the most sensitive
parameter is the patient’s isolation. It means that if most
people have a high rate of patient isolation, then there
are no conjunctivitis patients in the community. Every
house must use insecticide to kill flies and maintain
sanitation. The best intervention depends on how to
control the density of people in the community. In
addition, the sensitivity analysis also indicated that
increasing the percentage of the effectiveness of the
patient’s isolation, the recovery rate of treatment, and
the effectiveness of insecticides in protecting flies will
reduce the basic reproductive number. Consequently,
the disease-free equilibrium is stable instead of the
endemic equilibrium point. It is concluded that when
the effectiveness of the patient’s isolation, the recovery
rate of treatment, and the effectiveness of insecticides
in protecting flies increase, the number of infected

humans will decrease.
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1. INTRODUCTION

The differential transformation method (DTM) is
one among numerical methods and can be used as a
semi-analytical method to a certain class of ordinary
differential equations, partial differential equations and
integral equations (Hussin et al. (2010 ); Hassan
(2008); Jang et al. (2001); Ayaz (2004); Ayaz
(2014); Zhou (1986)) used the DTM to solve various
scientific problems such as linear and non-linear initial
value problems in many electric circuit problems. Chen
and Ho (1996) solved eigenvalue problems by using
the DTM. Later on, Hassan (2002) studied and
improved the DTM in order to solve eigenvalue
problems more comprehensively.

In this paper, we present a simple yet accurate
semi-analytical solution of the quantum oscillator
equation using the DTM method. We found that this
semi-analytical approach is very simple and easier to
write a program to find the |th eigenfuctions compared

to other existing analytical and numerical methods.

Moreover, we found that the obtained results are in the
polynomial form.

The definitions, theorems and some basic
mathematical operations of the DTM for solving our
problems are stated in the section 2. A procedure
involved of how the semi-analytical methods using the
DTM is employed to solve an eigenvalue problem of
the quantum oscillator equation is shown in section 3.
Finally, we illustrate the quantum oscillator equation
under some boundary conditions using different
associated coefficients and apply the DTM to find a
semi-analytical solutions.

The eigenvalue problem of the quantum oscillator

equation is shown below

y"(x) +(2-x*)y(x) =0 (1.1)
subjected to the following boundary conditions

ay(0)—Ay'(0) =0, (1.2)

YD+ 5y'Q =0, (1.3)

where ¢ >0, £ >0 and ¢, + >0 for i=12.
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2. MATERIALS AND METHODS
2.1 The differential transformation methods
Definition 2.1. The differential transformation of the

function y(x) is defined as follows:

Y(k):%{%y(x)} 7

where y(x) is the original function and Y (k) is the

(2.1)

transformed function.

Definition 2.2. The differential inverse transformation

of the function y(x) is defined as follows:

y() = XV (K). (2.2)

k=0

We have from (2.1) and (2.2) that

dk
ORDY k[dxk y(x)} - 23

k=0
Eq. (2.3) implies that the DTM is developed based on
the Taylor’s series expansion. This method constructs a

semi- analytical solution in the form of polynomial.

2.2 Some basic mathematical operations

The following is the basic mathematical operations
of the DTM which is necessary for solving our
problems. The proof of them can be found in Kerdpol
(2015).

Original function Transformed function

y(x)=10(x) Y (k)= Ad(k). (2.4)
y(X)=p(x)£0(x) Y(k)=d(k)xO(k), (2.5)
y(x)=% Y(K)=(k+)d(k+1), (2.6
y(x):d W) Y(K)=(k+1)(k+2)@(k+2), (2.7
J)-e0809) (Sl @D
y(x)=x" Y (K)=5(k-m) {ét;:‘] (2.9)
y(x)=x¢(x) Y (k)= k S(1-2)dk-1),

where 5(|_2)2{1; =2 (2.10)

0;l=2

3. EIGENVALUE PROBLEMS OF
QUANTUM OSCILLATOR EQUATION

USING DTM
We consider the regular Strum-Liouville eigenvalue
problem.
d d
2 P20 | pary-awlyw -0 D
X dx
with the following boundary conditions
y(0)-4y'(0) =0, (3.2)
YO+ 4y'1)=0, (3.3)

where p(x)>0,r(x)>0 and g(x) >0 and
p(x), r(x), g(x) and p’(x) are continuous on the
closed interval [0, 1] and ¢ >0, £ >0 and ¢ + 3 >0

for i=1,2.

In case of the quantum oscillator equation, the value

of p(x), r(x) and q(x) are p(x)=1 r(x)=1 and
g(x) = x? and, as a result, we obtain
y"(X)+(A—=x*)y(x) =0. (3.4)

Transforming (3.4) by using operations (2.4),
(2.5), (2.7), (2.10), we obtain

(i(sa—z)v(k—l)]—/w(k)
k(2 '

Transforming the boundary conditions (3.2) and

(3.5)

Y (k+2)=

(3.3) by using operations (2.1) and (2.2), we obtain

aY (0)—BY (1) =0, (3.6)
3 (e + BK)Y (K) =0, (3.7
Assume that Y (0)=c (3.8)
From (3.6) we have
_aC (3.9)
Y@ A

Considering (3.5) when k=0 and applying

(3.8), (3.9) and the value of function 5(| —2) from
(2.10), we get
Y (2)="4. (3.10)

2
Considering (3.5) when k=1 and applying (3.8)-

(3.10) and the value of function 5(|—2) from
(2.10), we obtain
Y(3)= —ochd (3.11)
64,

Similarly,
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\((4):(2_;:)C

The same way is used to find Y (5) until Y (n) and

(3.12)

then substituting Y (1) to Y(n) into (3.7) we get
Zn:(flz+ﬂzk)Y(k):c[f‘”’(l)}:0, (3.13)

0

where { ™ (,1) is a polynomial of 4 corresponding to n.
In case that ¢ = 0, we have
£ (1)=0,

Solving (3.14), we obtain 1:,11(”), i=1,2,3,..
A" is the i th

(3.14)

where estimated eigenvalue
corresponding to N and j,l(”) has to be real root and n
satisfies

|&(”)7ﬂ1("*1)|£§ (3.15)

where 2" is the ith estimated eigenvalue
corresponding to n—1.

Considering (3.15), in this work, we set
£ =0.01 then the following procedure is used for

finding A",

In case that (3.15) is satisfied, we will choose
ﬂ,l(”) to be the ith eigenvalue corresponding to n and
then substituting j,l(”) into Y(0) to Y(n) and using
(2.2), we get

Y, (X):ngYA" (k)

where y.(x) is ith eigenfunction corresponding to the

(3.16)

eigenvalue 7 .

Note that the function Y, (X) in (3.16) is expressed
by a finite series of Z:;Hl x<Y (k) which is negligibly
small and N is decided by the convergence of the
eigenvalue.

The ith normalized eigenfunction is defined as
follows:
y; (%) (3.17)
J.zlyi (x)|dx-

In case that (3.15) is unsatisfied, we will replace

9 (%)=

N by N+1 and repeat the same procedure in (3.13)-
(8.15) until (3.15) is satisfied.

4. SOLVING PROBLEM AND MAIN
RESULT

In this section, we will show how to apply the DTM
to solve the quantum oscillator equation under various
boundary conditions via differential associated
coefficients. The obtained solutions are substituted back
into the boundary eigenvalue problems to verify our

proposed method accuracy.

Problem 4.1.
y"(X)+(A-x)y(x)=0, (4.1)
y'(0)=0, (4.2)
y(1)=0. (4.3)
From transformation (3.5), we have
Y(k+2):[;’:§(l 2)Y(k |)J ﬂY(k). ()

(k+1)(k+2)
From transformation (3.6) and (3.7) when ¢, =0,

B=La-=1 and a,=0 we have

Y (1) =0, (4.5)

>Y (k)=0. (4.6)

k=0

(I) Solving the first eigenvalue and eigenfunction:

(4.7)
Considering (4.4) when k=0 and applying

Assume that Y (0) =c.

(4.5), (4.7) and the value of function &(1-2)from
(2.10), we obtain

=4 (4.8)

v(2)-=2

Considering (4.4) when k=1 and applying (4.7) -
(4.8) and the value of function §(I —2)from (2.10),
(4.9)
founded by

we obtain Y (3)=0.

Similarly, v (4), y(5) can be
substituting k =2 and k =3 into (4.4), respectively.
We obtain that

c(2+2%)

Y(4)=—

Y (5)=0.
In our work we set n=10 and using the same way to
find Y (6) until Y (10)

_cA(14+2%)

Y(O)=—"75
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Y(8)= C(60-+447° +2%)
40320
v (10)=— CA(844+100° + 1)
3628800

At Y(2k+1)=0 for k =1,2,3,...
Substituting Y (0) until Y (10) into (4.6), we obtain

a polynomial of 2 corresponding to

SUY(K) = e[ f 2 ()] =0,

2 2 2 4
f(lo)(/i):l—i+ 2+ 1 _/1(l4+/1 )+ 60+442°+ A
24 720 40320
2, 4
~ A(844+1004° +17) o (4.10)
3628800

Solving (4.10), we get

A=2.597, 19.081+45.154i, 24.621+4.972i.

Choosing real root 3% =2 597, (4.11)
When n=8, substituting Y (0) to Y(8) into (4.6),

we obtain

iY(k) =c[f®)]=0.

2 2 2 4
f(g)(l):1_£+2+ﬂ _AQ4+2 )+60+44/1 +AT
2 24 720 40320
Solving the above equation, we have
A=2.60, 17.621, 17.89+ 25.193i.
Choosing 11(8) =2.60. (4.12)

Substituting (4.11) and (4.12) into (3.15) we
obtain

|42 — 4| =|2.597-2.60| = 0.003< &, (4.13)
Since (4.13) is satisfied, so we choose 280 =2.597
to be the first eigenvalue and substituting A into

Y (0) to Y(10) and by (3.16), we get the first

eigenfunction.

5025 ()

:Y:EO) +XY (2)+ XY (4)+ XY (6)+ XY (8)+x°Y (10)

2 2 2 4
Lo Chye G247 o CAU4+R) o c(O0+442° 1Y)
2 24 720 40320
CAB44+1007° + 1Y)
3628800

~ 1-1.3x* +0.365x* - 0.0749667 x° .
+9.99845x107%x? —1.12181x107°x®

By using (3.17), the first normalized eigenfunction

is shown below.

Yi (X)
[l (x)lax
(1—1.3x2 +0.365x* —0.0749667x° .
+9.99845x10°x® —1.12181x10x¥°
L 13 0.365x° 0.0749667x’
3 5 7

,9:99845x10°x° 1.12181x10”°x*
9 19 .

1-1.3x? +0.365x* —0.0749667x°
=1.58739
+9.99845x103x® —1.12181x103x*°

(4.14)

9, (x)=

Finally, we plot the calculated normalized first
eigenfunction in (4.14) as shown in Fig. 1. In addition,
by substituting (4.14) into the quantum oscillator
equation and boundary conditions in (4.1)-(4.3),
satisfactory ~ results are achieved where the
corresponding errors are very close to zero and

summarized in Table 1.

15

10

05

X

02 04 06 08 10

Figure 1 The calculated first eigenfunction (4.14) by DTM.

Table 1 Corresponding errors after substituting the DTM first

eigenfunction (4.14) to the problem.

X 9."(%)+ (A =x*) 9, (x)
0 0

0.1 2.04834*10A-12
0.2 2.09204*10A-9
0.3 1.20112*10A-7
0.4 2.11985*107-6
0.5 0.0000195861
0.6 -0.000120087
0.7 -0.000554464
0.8 -0.00207894
0.9 -0.00664544
1 -0.0187206

(I1) Solving the second eigenvalue and eigenfunction:
When n=18 and using the same procedure, we
solve 1 (1)=0 and choose the real roots, we have

A" =2.597 and A =2252.

}
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Since A% = 4" =2.597 then we use A = 2252
A 39| 2122522251 = 0.01< £, so we

and

choose A" =2252 to be the second eigenvalue.
Substituting A, into Y(0) to Y(18) and using
(8.17), the second normalized eigenfunction is

calculated as
1-11.26x" + 21.2146x" ~16.3004x° +6.93393x°
A (X) =-4.60671| —1.91614x +0.379435x" - 0.0574781x"
+0.00697434x"® —7.01112x107 x*®
(4.15)
Similarly, we plot the calculated normalized second
eigenfunction in (4.15) as shown in Figure 2 and after
substituting (4.15) into the quantum oscillator equation
and boundary conditions in (4.1)-(4.3), we achieve
satisfactory results. The corresponding errors are again

close to zero and listed in Table 2.

—— DM

Figure 2 The calculated second eigenfunction (4.15) by DTM.

Table 2 Corresponding errors after substituting the DTM second

eigenfunction (4.15) to the problem.

X 9,"(X)+(A=x*)9,(X)

0 0

0.1 4.53511*%107-17
0.2 2.81684*10"-14
0.3 4.05175%107-11
0.4 7.17072%107-9
0.5 3.96946*107-7
0.6 0.0000105319
0.7 0.000168185
0.8 0.00185183
0.9 0.0153469

1 0.101635

(1) Solving the third eigenvalue and eigenfunction:
When n=28 and apply the same procedure,
we solve f® (4)=0 and choose real roots, we

have

A" =260, A =2252 and A =62.01.
Since A1* =" =" =2.60 and
AP =1 =22.52 then we use A" =62.01 from
A =2

<&, so we choose A" =62.01 to be

the third eigenvalue and then the third normalized

eigenfunction is calculated as

1-31.005x" +160.302x* ~332.377x° +370.911x° - 259.251x"
+124.599x" - 43.877x" +11.8559x" - 2.54595x®
+0.446659%% - 0.0654616x +0.00816292x*
-8.79453x 107 x +8.29336x10°°

j,(x)=7.7831L

(4.16)

We plot the calculated normalized third

eigenfunction in (4.16) as shown in Figure 3.
Similarly, after substituting (4.16) into the quantum
oscillator equation and boundary conditions in (4.1)-
(4.3), we achieve satisfactory results. The
corresponding errors are close to zero and listed in Table

3.

&

Figure 3 The calculated third eigenfunction (4.16) by DTM.

Table 3 Corresponding errors after substituting the DTM third

eigenfunction (4.16) to the problem.

X 95" (X)+(A—x*)¥;(x)
0 0.

0.1 -3.78638*107-14
0.2 -1.7059*10A-13
0.3 -4.64489%107-13
0.4 -7.17753*10A-13
0.5 1.71847*10A-10
0.6 2.86365%10A-8
0.7 2.14145%10A-6
0.8 0.0000898629
0.9 0.00242563

1 0.0462257

Problem 4.2.

y ' (X)+(A-x)y(x)=0, (4.17)
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2y(0)—-y'(0)=0, (4.18)
3y(1)+y'(1)=0.

Taking differential transformation of (4.17), we obtain

(4.19)

ia(l—z)v(k—l)j—,w(k)
Y(k+2)—[|=0 . (4.20)
(k+1)(k+2)
Using (2.1), the boundary condition (4.18) becomes
2Y(0)-Y(1)=0. (4.21)

Using (2.2), the boundary condition (4.19) becomes

3 (3+K)Y (k) =0. (4.22)
k=0
(1) Solving the first eigenvalue and eigenfunction
Let Y(O):c, (4.23)
Substituting (4.23) into (4.21), we have
Y (1)=2c. (4.24)

At k =0 and substituting (4.23), (4.24) and the
function 5(| —2) from (2.10) into (4.20), we have
—ci
2
At k =1 and substituting from (4.23) to (4.25) and

Y(2)= (4.25)

the function 5(| —2) from (2.10) into (4.20), we
o

3
At k=2 and substituting from (4.23) to (4.26) and

have Y (3) (4.26)

the function 5(| _2) from (2.10) into (4.20), we

c(2+ﬂz)
24
At k =3 and substituting from (4.23) to (4.27) and

have Y (4) (4.27)

the function (| -2)from (2.10) into (4.20), we

have

(g-8E2)

From the above procedure, we found the result

(4.28)

corresponding to n=11 as

2
Y(6)=—C/1(17;/1 ),
_ CA26+2Y)
(=250
Y(8)= c(60+444% +1%) ’
40320
Y(9)= c(844+1001% + A%) ’
3628800
Y(10)- cA(844+1004% + 1%) |
3628800
_ CA(2124+1402°+ 1) (4.29)

Y(11) =
( ) 19958400

Substituting from Y (0) to Y (11) into (4.22), we

obtain

S Y () =c[f (D)1=

£09(2) 115t gy TR ) 26+40)
2 24 15
_A14+2%)  A(26+1%) +11(60+44ﬂf +2%) (4.30)
80 252 40320
252+684°+1") 131(844+1004°+1*)
15120 3628800
A(2124+1404% + 1*)
1425600

Solving (4.30), we get

A =3.685, 17.323+39.109i, 20.3956+3.7289i.
Choose 29 =3.685. (4.31)
At n=10 Substituting from y (0) to Y (11) into
(4.22) we obtain

SV (K) =[] =0,

N 72+ %) . 2(6+4%)
24 15
CA4+2%)  A(26+27) . 11(60+441% + %)
80 252 40320
252+684%+1%) 134(844+10042 +1%)
15120 3628800

£09(2) :11—%—22

Solving the above equation we have

A=3.69, 17.8975, 29.6899, 21.6698+36.0299i.
(4.32)
By substituting (4.31) and (4.32) into (3.15) we

Choose j,l(m) =3.69.

obtain

A%~ 29| =[3.685-3.69=0.005<¢  (4:.33)

From (4.33), 2, =369 is the first eigenvalue.
Substituting ,11 into y(0) to y(@1) and using
(3.16) we have the first eigenfunction.
11
(%)= 2 XY (k)
k=0
=Y (0)+xY (1)+x% (2)+...+x°Y (10)
2 2
:c+20x—%x2 —%XHC(ZM' )x4+c(6+ﬂ’ ) x°
24 60
cA(l4+ %) o cA(26+ A7) 4 c(60+442% + 1Y) v
720 2520 40320
N ¢(252+684% + 1) - CA(844+1004% + 1%) &0
181440 3628800

CA(2124+1402% + 1%) i
19958400
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1+2x-1.845x* —1.23x° +0.650671x* +0.326935x°

=| —0.141533x° —0.0580093x" +0.0209451x* C.

+0.00751374x° —0.00243133x™ —7.79409x 10 x™*

Using (3.17), the first normalized eigenfunction is

shown belows

A yl X

9i(x)= #

Hyi (x)‘ dx
1+ 2x—1.845x% —-1.23x® +0.650671x* + 0.326935x%°
—0.141533x° —0.0580093x’ +0.0209451x®
+0.00751374x° —0.00243133x™ — 7.79409x 10~ x**

When n=18 and apply the same procedure, we
solve @ (A) =0 and choose real roots, we have
A% =3.69, 17 =18.06.
Note that since 2,1(18) = ﬂ,l(m and

(18) an
;Lz - ;iz

=[18.05-18.06| =0.01< & so we get
the second eigenvalue 2, =18.06 and the second

normalized eigenfunction is shown as

1+2x-9.03¢* -6.02x +13.6735x" +5.53606x" - 8.53244x°
~2.52384x" +2.99588x° +0.709953x’ - 0.695978x"* - 0.13951x"*
+0.117919x" +0.0207014x" - 0.0155252x" - 0.00244463x®
+0.0016596x" +2.38424x 10" ~148685x 10 x"*

C J,(x)=-186613

X+ x> —0.615x° —0.3075x* +0.130134x° + 0.05449x° '

-0.0202189x” ~0.00725116x® +0.00232723x’

+0.000751374x" —0.00022103x™* — 6.49507 x10° x* .

1+2x-1.845x* —1.23x + 0.650671x" +0.326935x°
=0.808116| -0.141533x" —0.0580093x” +0.0209451x°
+0.00751374x° —0.00243133%" - 7.79409x 107 x*

(4.34)
The calculated solutions from (4.34) is shown in

Figure 4.

(4.35)
C

The calculated normalized semi-analytical solutions

from (4.35) is shown in Figure 5.

=)

oTMm

Figure 5 The calculated second eigenfunction (4.35) by DTM.

Table 5 The values of the problem close to zero after substituting the

DTM second eigenfunction (4.35) to the problem.

0.0 0.z 0. 0e 08 ] T 2\
: X yz (X)+(1—X )yz(x)
Figure 4 The calculated first eigenfunction (4.34) by DTM. 0 0
0.1 9.0226*10-17
Table 4 The values of the problem close to zero after substituting the 0.2 ~1.42174*10A-13
DTM first eigenfunction (4.34) to the problem. 0.3 ~1.30843*107-10
0.4 -1.59786*10/-8
. 20 0.5 -6.45971*107-7
X 9. (%) +(A=x*) 9, (x)
0.6 -0.0000129191
0 0
0.7 -0.000158165
0.1 2.04834%107-12
0.8 -0.00134395
0.2 2.09204%107-9
0.9 -0.00857555
0.3 1.20112*10A-7
1 -0.0432194
0.4 2.11985%107-6
0.5 0.0000195861
0.6 -0.000120087 (IIT) Solving the third eigenvalue and eigenfunction:
0.7 ~0.000554464 When n =25, and using the same procedure,
0.8 -0.00207894 | ) . |
=0 an real r
0.9 £0.00664544 we solve f (/1) 0 and choose real roots, we
1 -0.0187206 have
(25)
A7 =3.69,
(I1) Solving the second eigenvalue and eigenfunction 2% =18.06,
AP =48.93.
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25 18 11 25 18
Note because 2,1( ) = ll( ) =/11( ) and /12( ) =ﬂz( )

from |,13‘25’ — A

< & , we get the second

eigenvalue 2, =48.93 and the second normalized

eigenfunction is shown as

1+2x—24.465x* ~16.31x" +99.8394x" +40.0024)° ~163.654x°
—46.9911X +144.775x° +32.49x° —80.5278x'° ~14.8793x"
+30.947x% + 4.87523x" - 8.76243x* ~1.20678x"° +1.91539x"
+0.235011x"" —0.334909x™® —0.0371517x" +0.0481645x”
+0.00488773x* —0.00582597x% —5.46063x 10 x**
+6.03676x10 x* +5.26777x10°x*

,(x)=983913

(4.36)

The calculated solutions from (4.36) is shown in

Figure 6.

m

w \ /
0z 0.8 0.8 1.0

DTM

Figure 6 The calculated third eigenfunction (4.36) by DTM.

Table 6 The values of the problem close to zero after substituting the

DTM third eigenfunction (4.36) to the problem.

X y3ll(x)+(/lfxz)y3(x)
0 0

0.1 -6.04217*107-15
0.2 -3.61957*10"-14
0.3 5.12551*10"-14
0.4 1.01176*107-10
0.5 2.15634%*10/-8
0.6 1.72543*107-6
0.7 0.0000701905
0.8 0.00174005
0.9 0.0295471

1 0.372225

The eigenvalues of the problems 4.1 and 4.2 are

shown in Figure 7.

Convergence of eigenvalue to problem 4.1

‘_/-ou

@
S

o
<]

&
S

eigenvalue
5 g

i
5]

o

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

1st eigenvalue —*—2nd eigenvalue  ——3rd eigenvalue

Figure 7 Convergence of eigenvalues 2‘1 to ﬂ?' where /’ll’ 2’2 and

Aa converge to 2.60, 22.52 and 62.01, respectively.

Convergence of eigenvalue to problem 4.2

55
50
. Kege
40
35
30
25
20
15
10
5 -
0

eigenvalue

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
n

—®— 1st eigenvalue

2nd eigenvalue  —=—3rd eigenvalue

Figure 8 Convergence of eigenvalues ﬂ‘l to 13, where ]1, ,12 and ,‘{3

converge to 3.69, 18.06 and 48.93, respectively.

5. CONCLUSION

The differential transformation method is an

efficient method which can be used to find the semi-
analytical solution of the quantum oscillating equation.
The procedure is very straightforward and easy to
program. The obtained solutions are shown to be
accurate since the corresponding errors are very close to
zero after substituting eigenfunctions into the quantum

oscillator equation and boundary conditions.
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ABSTRACT

Honey of stingless bee has been reported a variety of biological activities, such as antioxidant, anti-inflammatory,
antimicrobial, and anticancer, and nutritional contents. The high moisture content of stingless bee honey can cause the fermentation
process and affect honey quality. Previously, most of the candy preparations used sugar and syrup as the main ingredients, which can
lead to tooth decay and diabetes. Thus, the object of this research was the development of stingless bee honey candy, and its nutrition
and sensory were analyzed. Isomalt was used as a bulking agent for this study. The stingless bee honey candy was prepared by mixing
honey with isomalt in a ratio of 90:10-10:90 (w/w) with heating at 70-80°C for <60 min. The result showed that the ratio of

honey with isomalt at 20:80 (B), 30:70 (C), and 40:60 (D) was suitable preparation of candy. In addition, the sensory evaluation

of B-D displayed good agreement. The calories in candies (B-D) showed in the range of 397-398 cal/100g.

KEYWORDS: Stingless bee honey, Candy, Nutrition analysis, Sensory evaluation

*Corresponding Author: imron.me@jyru.ac.th

Received: 28/03/2022; Revised: 31/01/2024; Accepted: 16/02/2024

1. INTRODUCTION

Nowadays, the development of foods is
growing rapidly with creative ideas that consumers pay
more attention to nutritional value and health (Jacobs
and Steffen, 2003; Sahlan et al., 2019). Therefore,
ingredients are essential to the development of healthy
food products.

Honey of stingless bees is produced from the
nectar of flowers by stingless bees (Meliponini Tribe,
Apidae family) which is an alternative source of natural
food products (Michener, 2004; Rao, 2016). It

displayed a wide range of biological, such as anti-

microbial, anticancer, anti-inflammatory, antioxidant

activities and also has a wound-healing effect (Almeida
et al., 2013; Rao, 2016). Moreover, it also contains
a variety of amino acids, vitamins (A, B1, and B2),
minerals (calcium, sodium, potassium, magnesium and
iron), and organic acids (malic, tartaric, citric, lactic
and oxalic) (Alvarez-Suarez et al.,, 2013;
Brodschneider and Crailsheim, 2010; Sahlan et al.,
2019) Honey has been used as an ingredient in a wide
range of benefits, one of which is a candy product
(Alvarez-Suarez et al., 2013; Sahlan et al., 2019).

As previously reported, the main ingredient in candy is

sugar, which is the leading cause of tooth decay and

diabetes. Today, there are a variety of sugar substitutes,



Journal of Applied Science and Emerging Technology (JASET) Vol. 23, No. 1 [2024]: 246591

one of which is isomalt (Jaggi et al., 2020). It acts as
a bulking agent, an anti-caking agent, and does not
increase blood glucose or insulin levels. Additionally, it
does not promote tooth decay (Grembecka, 2015;
Jaggi et al., 2020)

Thus, the object of this research was the
development of stingless bee honey candy as an
alternative source of products without sugar that may
cause tooth decay and diabetes, and its nutrition and
sensory were analyzed.

2. MATERIALS AND METHODS

2.1 Samples

Stingless bee honey (Heterotrigona itama) was
collected from Pase Yawo sub-district, Sai Buri
district, Pattani, Thailand in January 2019. The honey
was filtrated using a thin white cloth and kept at 4°C
before studies.

2.2 Preparation of stingless bee honey candy

There are 9 formulations for preparing candy,
consisting of formula A, B, C, D, E, F, G, H, and L.
Honey was mixed with isomalt with a ratio of 10:90,
20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20,
and 90:10 w/w (shown in Table 1) and heated at 70-
80°C for 55-60 min. The mixture was poured into
candy molds and refrigerated for 15-30 min. The
candies were further analyzed for their nutritional value

and sensory test.

Table 1 Formulation for preparing all 9 stingless bee honey candies

Percentage of stingless Percentage of

Formulation

bee honey isomalt
A 10 90
B 20 80
C 30 70
D 40 60
E 50 50
F 60 40
G 70 30
H 80 20
I 90 10

2.3 Nutrition analysis of stingless bee honey candy
The nutrition analyzes of honey and candies were done
in triplicate for protein, fat, moisture, and ash contents.
The methods described in  AOAC (2000).
Carbohydrate content was calculated using the standard
equation (%Carbohydrate = 100%-%protein+9%fat+
%ash+9%moisture). Energy evaluation was calculated
by multiplying the protein, carbohydrate, and fat with
the factors 4, 4, and 9, respectively (AOAC, 2000).
Determination of moisture content: the empty dish and
lid were dried in the hot air oven at 105°C for 3 h,
then transferred to the desiccator to cool and weigh.
Two grams of sample were weighed into the dish. It
was dried in the hot air oven at 105°C for 3 h. After
drying, it was transferred to the desiccator to cool. Then
the dish and its dried sample were reweighed.
Calculation of moisture content was followed (1).
Moisture(%) = ((W1-W2)/W1) x 100 (1)
Where: W1 = weight (g) of sample before drying
W2 = weight (g) of sample after drying
Determination of ash content: The crucible and lid were
placed in the furnace at 550°C for 30 min, then
transferred to the desiccator to cool and weigh. Two
grams of the sample were weighed into the crucible. It
was dried in the hot air oven at 135+2°C for 30 min
and burned in the furnace at 550°C for 6 h. After that,
it was transferred to the desiccator to cool. Then it was
reweighed. Calculation of ash content was followed
(2).
Ash(%) = (Weigh of ash/Weigh of sample) x 100 (2)

Determination of fat content: The beaker was dried in
the hot air oven at 100+2°C for 30 min, then
transferred to the desiccator for 30 min and weighed.
One gram of the sample was weighed into the beaker.
The sample was dissolved with 10 mL of distilled
water. The solution was transferred into a separatory
funnel. Then, 1.23 mL of ammonium solution, 10 mL

of ethyl alcohol, and 25 mL of diethyl ether were
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added. After that, it was shaken for 1 minute. And, 25
mL of Petroleum ether was added then shaken for 1
minute. The upper level of the sample was aliquoted
and extracted with 1 mL of ethyl alcohol, 15 mL of
diethyl ether, and 15 mL of petroleum ether two more
times. An aliquot of the upper sample was added to the
beaker. It was dried in the hot air oven at 100+2°C for
2 h, then transferred to the desiccator for 30 min and
weighed. The sample was reweighed. Calculation of fat

content was followed (3).
Fat(%) = (Weigh of fat/Weigh of sample) x 100 (3)

Determination of protein content: Two grams of sample
were added to Kjeldahl flask. Then, 2 grams of CuSO4
and K2SO4 in ratio of 1:10 and 25 mL were added. It
was digested at 400°C. After the sample cools, 10-15
mL of distilled water and 40-50 mL of NaOH (40
%w/w). Then, the sample is distilled while the 20-25
mL of boric acid (4% w/w) and indicator are in a
receiving flask. After that, the solution was titration
with 0.1 N HCI. Calculation of protein content was
followed (4).
Protein(%) = (V1-V2)x(14.007)xNx100/mg of Sample (4)
Protein (%) = %Nitrogen x 6.25
Where: V1 = The amount of hydrochloric acid used
in the titration of the sample
V2 = The amount of hydrochloric acid used
in the titration of the blank sample

N = Concentration of hydrochloric acid

2.4 Sensory evaluation of stingless bee honey candy

Fifty untrained panelists were asked to evaluate the
sensory attributes. Different attributes viz. color, taste,
aroma, flavor, consistency, sourness, and overall
preference were rated based on a 9-point hedonic scale

ranging from 1 to 9 (Lim, 2011).

2.5 Statistical analysis

All experimental data were subjected to ANOVA
followed by Duncan’s multiple range test (DMRT) with

a p-value of 0.05 (p<0.05).

3. RESULTS AND DISCUSSION

The preparation of the stingless bee honey candies of
this study found that the suitable ratio of honey and
isomalt were 20:80 (B), 30:70 (C), and 40:60 (D)
at 70-80°C for 30-45 min. The characteristic of all
formulations is reddish brown like stingless bee honey
color. It may involve the advantage of isomalt which is
no browning reaction occurs during boiling (McNutt
and Sentko, 2003) as shown in Figure 1. In 2019,
Sahlan et al. reported on the preparation of honey
candies containing water, sugar syrup, and honey, the
maximum honey content ratio that can be prepared as a
candy was 29% (Sahlan et al., 2019). Compared to
this study, candies with a higher ratio of honey were
prepared, with a maximum of 40 %. Thus, preparing

stingless bee honey candies that use a mixture of honey

and isomalt may be a healthier candy alternative.

Figure 1 The visual appearance of stingless bee honey candy of B, C, and
D formulation

Nutrition Analysis of stingless bee honey candies is
given in Table 2. The energy values of All candies were
not significantly different (p<0.05). Although the mix
ratio of each formula (B, C, and D) was different. All
candies did not appear fat content. The moisture,
protein, and ash contents of all candies increased the
amount of stingless bee honey. In contrast, candy's
carbohydrate content decreases with the amount of
isomalt. In 2019, the nutritional values of three types
of honey candy were reported: 1) Klanceng honey

candy, 2) randu honey candy, and 3) forest honey
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candy, which had an energy value in the range of
397.28 - 398.68 kcal. /100g, a protein range of
0.18 - 0.36 (g/100g) and a carbohydrate range of
99 - 99.31 (g/100g), and had no fat content (Sahlan
et al., 2019). In 2021, Baka et al. reported a
nutritional analysis of stingless bee honey candy which
had an energy value of 395.45 kcal. /100g, a protein
at 0.03 g/100g, and a carbohydrate at 98.47 g/100g
and had no fat content (Baka et al., 2021). Compared
to research results, carbohydrate content and energy
value are similar. But the protein content gave a higher
value, probably because of the protein content of
ingredients and honey of bee species. In addition, when
comparing the nutritional value of all candies with raw
honey, they showed significantly higher protein content
(p<0.05). This formulation may be useful for honey

candy preparation.

Table 2 Nutrition Analysis of stingless bee honey candies (Formula B, C,

and D)
Stingless bee honey candies
Nutrition Raw Honey

Formula B Formula C Formula D
Moisture content (g/100g) 30.4740.95% 0.44+0.24% 0.46+0.10™ 0.48+0.16¢
Protein content (g7100g) 0.5240.00° 0.55£0.007 0.73%0.05° 0.91£0.057
Carbohydrate content (g/100g) 68.70+0.94* 98.95+0.23¢ 98.75+0.14* 98.53+0.20"
Fat content (g/100g) ND ND ND ND

‘Ash content (g/100g) 0.07£0.01°

“Energy value (keal./100g)

0.32+0.01° 0.05+0.00° 0.06=0.00"

276.85+3.76* 397.79+0.64* 397.94:0.41%* 398.01+0.94"

The values with different superscript letters in a column are significantly
different (p<0.05).

ND = not detected

Sensory testing of all 3 formulas of honey candies (B,
C, and D) found that the odor test gave an intermediate
rating that may need to be developed by adding natural
scents with essential oils (Irshad et al., 2020). For
Formula C, all ratings were in the range of 5-6,
possibly due to the higher honey content ratio than the
other formulations and resulting in lower overall
preference ratings than Formula A with a significant
difference (p<0.05) (shown in Table 3). However, all
3 formulas can be used to prepare honey in the form of

candies, which may need to be developed with the

addition of natural raw materials to further increase the

sensory rating.

Table 3 Sensory testing values of candy formulas (B, C, and D)

Sensory Stingless bee honey candies
evaluation
Formula B Formula C Formula D
Color 7.07+1.31" 7.20+1.27° 6.27+1.46"°
Smell™ 5.77+1.65" 5.77+1.85" 5.23+1.94
Flavor™ 6.40+1.50 6.10£2.02 5.63+1.85
Texture 7.0041.64°  6.57+2.08"  6.00+1.76"
Characteristic 6.80+1.86"  6.53+2.05"  5.60+2.28"
Overall . W b
6.87+1.55 6.57+1.77 5.83+1.95
prederence

The values with different superscript letters in a row are significantly

different (p<0.05).

ns

" means not significantly different (p>0.05).

4. CONCLUSION

Honey stingless bees are a healthy product from natural.
It can be prepared as candy with a high honey content.
To prepare candies from a mixture of honey and
isomalt, a ratio of 20-40% of honey can be used. In
addition, the nutritional value of honey candy is higher
than honey. It may be an alternative healthy honey
candy product. However, the formulation may need to
be revised to obtain additional sensory evaluation values
and further stability and shelf-life studies may be

required.
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ABSTRACT

The objective of this research was to develop chili-mulberry sauce mixed with Ladyfinger banana (MSL) to satisfy
consumers, as required by community enterprises. The effect of the quantity and/or types of ingredients on chemical and physical
properties, and sensory evaluation of MSL was studied. It was revealed that ingredients of 12.15% fresh red Chi Fah chili, 2.70%
fresh Kra Liang chili, 12.15% dried red Chi Fah chili, 10% sugar, 16% vinegar, 5% garlic, 4% salt, 9.35% Ladyfinger banana and
28.69% mulberry juice were appropriate to produce MSL. The amount of modified tapioca starch (MTS) and xanthan gum (XG),
0.03% and 0.05%, respectively were sufficient to improved viscosity and stability of MSL product. The sensory acceptance was
evaluated between like moderately to like verymuch (7.12-7.73) by 80general consumers and could be kept at least 12 weeks. The
total solid was not significant different (24.51-24.689%). The pH and total acidity were between 3.86-3.90 and 1.16-1.199%,
respectively. The antioxidant capacity (DPPH) and total phenolic content gradually increased during 6-week storage and then decreased
until 12-week storage while anthocyanin continuously decreased during 12-week storage. The color explained as L* and a* were
likely to decrease while b* was likely to increase. During 12-week storage, layer separation was not found and there were less of total

microorganisms, yeasts and molds and E. coli than those of Thai specified standard.

KEYWORDS:sauce, mulberry, Ladyfinger banana, antioxidant capacity, total phenolic
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(Cyd-3-glu) = 449.2 g/mol

DF @@ Dilution factor = 5

€ @8 Molar extinction coefficient for Cyd-3-glu =

1

26900 L x mol " x cm”

L @8 Pathlength = ANUATNVBN Cuvette (1 cm)

2.9 @1d

Jaddeaiasiaad (d%e Minolta Ju
CR-400) lagihgaansnuaviiaus 91U 20 g 1d
Tudre Yaed L* (Menuaing) md a* (menudu

Fuee) Md b* (Aeanududinias)

2.10 ANNKER
Jegimeanuniialeginscaznens
lviauaeaI18819028 Bostwick consistometer (?]ﬁa
Bostwick §4 CRI-BC-30) 1#@28819 70 n3u ldaq
Tugasldiai udriaszazmaicatandauiidiy

a ddd' a v =
(87 30 NNNNYUNHNYIAN (30 DIANTALYEE)

2.11 AISHaNZU
ussygeamadnldaslunssuanaeuing 100

faddes sl ingamaiivies (30 asmnwaded) uad

#3TDUMIUENTUMLFIEANN ) 30 UIT Wunan

3 9l (Adapted from Jeenphakdee, 2003)

2.12.01MadaunNUssaImMaNudaa vadnsnua
HyAUHUINNSIBUN AU
Tutunaumsinmnusina MTS was XG h
msnadauneUseamdunalagmsnagaunnusay
nnfuslaamlliifdawdofurilududnvuslnng
& nau sad iaduia anunile anuauseluy
M3t wazaNNaulagsIn NAEnadauIUIY 50
AU PITFLNBAIINYTDULUY 9 SLAUASTUUY

(BUHEINVTUADUN 2.2)

2.13.n15AnarEemniusny
Aadangaawinuavaiau iildannda 2.12
PNU1 Fas ﬁwmﬁﬂmmsm?;wuﬂammmwmmﬁ
MM UazIaUNITYBITRTHANNDUNTNN Y
Lﬁuﬁamﬁtﬁu%’nmﬁqquﬁﬁm (30 NANLBaLEed)
Tosgudandnann 9 2 dew Wuszezom 12 dUaw
ihnienziaamwmemeamu laun § anamile uas
msusnfuammmmaeiilaud Usinamasudaiane
@ pH USnaunsananue ANNEINT UMDY YE
5a5 DPPH fluadnnivue wazuaulnlzeniiuuas
Aensimednadundd Iun yaunddiamue Baduas

IVNNUG azEscherichia coli (BAM, 2001)
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2.14 nIsnadaunisgansunNUssaInaneauad

tuslna

Tumsnasgaumssansureeguilon ngu
fhatiilFlumsnagaumseandumelssamania
vovfuilaailinanzanagsznitg 50-100 Ay
(Howard et al., 2012) 3svhmsnagaulegldfuilne
mlusnu 80 au dendasarilumudnsazlnng
& nau sad laduia anunile anuaunsoly
M5 UaLANNBRULALTIN MIUFNIANNTBULUY 9

. U = v g’l lﬂ'
SEOUASLLUYL (LBULAEINUIUNDUN 2.2)

2.15.m5UANILHNNTAG
'J’]QLLNuﬂ’]iwﬂaBQLLUUféNauuiﬁﬁ
(completely randomized design, CRD) 3tA512% AN
wisdsiu LLagﬂ'J’]NLLV’]ﬂ@i’Nﬂan’]Lagﬂ"ﬂjﬂﬂjiwﬂaaq
$117% 3 %1 10838 Duncan’s new multiple range test
(DMRT) fiszduanuiaaiuionas 95 laals

Tusunsua3agy SPSS (Version 21)

Y2 4
3. Haana
3.1 MSFTNUUIAANFAN UTUBITDIWINHANNY

NANNSINBUN DU

asnnuamiouiiitianadilianinsotudiy
lpaziBaamilounansiiananiawsn 39duien
awzthraniauiiiauaunldlumsude wazanms
gumnnguEmadavdn lagliudasanudatiueiu
AaanwasmeUszanauis laun anwazlang &
naY ANNWR LAZSER YPINAAAAITTEENSNNE
wiiauiindazuies 1dud gos A1 uas A2 Wisuiiiey
AUNAA ST aWSN RSN ENaNI5an B0 4 Bve
laun gas A3, A4, A5 uaz A6 lalvianuAaiu
g03 A1 findundnusanniuly wasiisadaunn
aoiziigas A2 Ssamdiendnias (Bamdwad
wazasdisaiennnnhiisadangas a2 ludsu
FIUNTN WAEYINITNAFAUAMINTDUAIUANHMUE
Using & nau savd (edudd adwunila
anudsalumsuazanugaulassin wuhla
azuuuily 7.56, 7.51, 6.82, 6.91, 7.02, 7.32 uaz

7.36 AZLUU MNEINU

3.2. manmwIaannlasdnwinisld MTS uas

a ] <
XG lumaawsnuavaauuaunaIsnauiauid

PINNSANHINAVBINITLEFITLHIAIINAIR
MTS wae XG luzaansnHaviaunaNnaeduliaug
FRAMMNNINIULAN (M59f 2) wuh Wadeszsd
@) pH BadWINNaViNa U " 4 gasilAn pH 3.86-
3.87 uardiUSunmunsndaeas 1.18-1.19 UaLINNI
Sieneiviinamewdisnavuaiien liuaneatu Taod
USanameauda 38z 24.66 - 24.74 UanAINILiG
Siasnzsien DPPH USinaiansusenauilusdnniviug
wazUSunaansuaulnloendiy wuhweansnuaniau
113 4 g3 fien DPPH agludiedonos 64.18-64.74
fUsmamsUsznay  Husdnnanuandude
59.00 mg GAE/g ExtractuaziuSinaasuaulnlaen
Huagludesening 3.41-3.44 mg Extract/LUd0S ¥
Wuhmsld MTS wae XG TumaansSnuantiaus ui
Ha@a@ DPPH U3unaidrsusznauiluadnninue
wazUSinaasuaulnlaenfiviissnniianlivand

AUt NINESAYNNEDA

na5197 3 uaeldiiuiigesnsnua
vialou™ 11 4 gns AlFansliamusuniiafiuandraiu
Fana lrAFuazaNuniinyaInlagalinNLANES
fuadiltesdymasds (p<0.05) Toailafinnsld
aslenuiuwilaiiuanniy é L* azlidanatada
FladAunNada waze a*lanuuanaenuadled
Hod1anINada (p<0.05) deudazlainwualny
uanensasUSanaueulnlaeniiu wileafiiasanni
Taseaufidanadansiiaduasdiadne lithazdu
Uuraualsfivesd wiaaratinarndjisen
sandaduilasnnanudouluisesmsiiaufisend
ihaalaalierdoiaulmiildnsnifuasanas
(Mercadante, 2008) lunnizficnanumilafisiingy
e MTS waz XG iiwauloogasil 4 il# MTS was
XG U511 0.05:0.05 FAanuuiiauniian Taeda
lﬁmnixﬂxmqmﬂwaﬁaﬂﬁqm (3.23 WUANAT/30
UN) Yo L UNUMSLENFUT BT B ITRINENED

naiauY W 4 g5
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USnamsli MTS was XG fidedu (ma wasanuzaulassiuuandaiu (p<0.05) Taagasi
il 4) fwademsliezuuuanugaunngnaseudy 2 ldFuasuuuanuroutiosiign soiignsil 3 uas 4
Tos wuidunau semd aduds anunilaua:  liflanuuandedumesds (p>0.05) uaztlu 2 gas
anuaansolumsinns 4 gas fasuuuamuzevld  AldSuezuuuemuzaugsiiye

UANANAUNNEDA (p>0.05) lurmefianwuzling

= - o ' v s et v
MITNN 2 Qmmwmqmu‘uawaamnmamuauwaunmﬂmuuammumﬂ‘u MTS waz XG

MTS:XG USinawasud @ pH™ USanunsa anuansalumsau HWuodnniviue waulnly-
nvrua™ MINNe "™ ayaa-dasz (DPPH)™ ' (mg GAE/g ey
(5ee0y) (Sanay) (So8ay) Extract)™ (mg Fxtact /L)
0.03:0.03 24.69+0.19 3.87+0.02 1.18+0.02 64.74+0.21 59.00+0.00 3.41+0.49
0.05:0.03 24.66+0.14 3.86+0.02 1.19+0.01 64.60+0.68 59.00+0.03 3.44+0.44
0.03:0.05 24.74+0.10 3.86+0.01 1.19+0.02 64.39+0.61 59.00+0.02 3.41+0.62
0.05:0.05 24.72+0.17 3.86+0.01 1.19+0.05 64.18+0.53 59.00+0.00 3.44+0.19

e : Aade + andesuuanesyu
™ yangde liflianuuanimeaiumeada (p=0.05)

'Hanududumadne 200 mg/mL

M3i 3 guMWNNMeMwarsKsnHanlaundundIBEUlaweiinslE MTS uas XG dheiy

" a T
MTS:XG 385 i:ﬂ:‘l{l'}xjﬂ’]ﬂ‘ﬂa MSLLYNTU*
L a b (WuALa3/30 M)
0.03:0.03 27.53+0.10° 27.10+0.16° 18.59+0.14" 6.02+0.17" Tdwumsuanau
0.05:0.03 27.16+015" 27.39+0.13" 18.86+0.10" 5.51+0.23" Tiwumsuandu
0.03:0.05 26.23+0.12° 27.65+0.14" 17.96+0.13¢ 5.14+0.17¢ Tdwumsuanau
0.05:0.05 26.44 +0.19° 27.20+0.15° 17.56+0.15° 3.23+0.29° Tiwumsuandu

e : Aade + adeauuanesyu
: 2
monwfisenulunnasudasenuuandvatiiidsdagmeada (p<0.05)

4 , o
* Manamuld 3 lue

MIf 4 AsunueNNTBUTRAWI IRaVBUHENNGIBEUTaueiSTE MTS was XG dhedunnduslaasiuau 50 au

MTS:XG AZUUUANNTAY (9 FTAUATUUL)
anun Gl nau™ M6 " Waduda™  anuwile™ ANNTIND ANNZaY
Usng Tumsn™ Toan
0.03:0.03  7.15+0.80™ 6.92+0.83" 6.61+0.91 6.87+1.05 6.83+1.27 6.74+1.15 7.00+1.05 7.04+0.92"
0.05:0.03  6.91+0.82" 7.05+0.90" 6.63+0.90 6.56+1.05 6.96+1.32 6.87+1.15 6.53+1.07 6.81+0.96"
0.03:0.05  7.56+0.86" 7.51+0.87" 6.82+0.86 6.91+1.16  7.02+1.34 7.02+1.17 7.32+1.09 7.36+1.01°
0.05:0.05  7.05+0.93" 7.26+0.94" 6.48+1.06 6.75+1.22 6.66+1.18 6.81+1.16 6.86+1.13 7.02+0.64"

nnawae : Amde + andeauuanesyuy
monusicmenulutangasanuuanaeaglitadnnymeadd (p<0.05)

™ yangi ladflanuuandenumeadd (p=0.05)
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3.3 manadauguilnanily AaUUMSLE MTS waz XG Failudnuuima

MZaaNINNaniaus gasn 3 nadau

a

Juilaaniludnu go au Taanagaumedszam

v @

v k4 J o = Aal
JUNFNIUAINNTDUY IﬂLLﬂ anumsﬂﬁﬂ{] d nou

L% e . . Tuensed 6
58206 tiladued anuniie aAnumnsalumsin way

P lumsUS UL FNHETIR AN SN AT LA
Tagwui lainumsuengunasliiansieaaumuad

H v < @ I [ ¢ @
m‘lu’sm’mm‘smusnmuJuL’Jm 12 dUavi aeuans

4 iy = Yo 2 Gl']‘i']\iﬁ 5 ﬂ%tLuuﬂ'ﬂNﬁaUﬂaﬂ‘ﬂaﬂw%ﬂwaﬁ&iaumﬂuﬂé’]ﬂLﬁuﬁauqﬂﬁﬂ
anugaulaeny lanaasudaaluansnd s guilaa

v @ , o Fuilnadiuau 80 au
MWazuuuanuravaglugn 7.12-7.73 aglusseu

= AMANHIE AZUUUANINTDY
ﬁBUﬂWHﬂa’NfN‘UE]‘UN’]ﬂ : .
(9 FLAUASIUU)
& @ = ' o anvozlang 7.73+0.96
3.4 2V1YNVTAUTAVITDIWINUIVNDUNINNIIE
9 Gl 7.34+1.01
g A '
LUNauIN nau 7.11+1.02
kAl 7.64+1.14
3.4.1 @mmwmamﬂmw Lﬁaﬁuﬁa 7.25+1.16
M -
= A v = ' ANunila 7.12+1.13
AMNNIFENTILUDNAUYDNBDINWINHNIVINDU
. o o anuE e lumsn 7.45+1.21
nlail% MTS wae XG thansuenguraatinuuiinvin
Ny “ anuraulaain 7.56+1.10
£ < 4
HFNNIILNUINTE
My 6 AUMWIMENNYBIZRENINNMBURENNAIELE U
" a T
32HLIA) and eI MIULNTY
mstiusnm . - ; (URNAT/30
L a b
(Fansh) i)™
0 26.48+0.16" 27.92+0.47° 17.35+0.31° 5.10 £0.17 Tawumsuandu
2 26.46+0.32" 27.83+0.40" 17.40+0.38° 5.20+0.10 Tawumsuandu
4 26.18+0.46" 27.41+0.25" 17.18+0.16° 5.23+0.35 Tawumsuandu
6 25.73+0.24" 26.89+0.59™ 17.63+0.44" 5.27+0.31 Tawumsuandu
8 25.26+0.12° 26.84+0.12™ 18.32+0.26" 5.27+0.31 Tawumsuandu
10 25.16+0.09° 26.68+0.16° 18.66+0.55" 5.27+0.12 Tawumsuandu
12 24.68+0.16° 26.61+0.16° 18.91+0.64" 5.30+0.10 Tiwumsuenau
NN : s + ﬂ'nﬁ:mmummﬁm
ﬁ'ﬁé’nmﬁ&hqﬁuiuLLmﬁmammwmmndNaihqﬁﬁ'ﬂﬁwﬁzymmﬁa (p<0.05)
™ yangde laifianuuanieiumeada (p=0.05
= 4 < [ % " a
3.4.2 ANINN AN NIDYIL 64.62 LUU 75.62 danAdNnUMNUDEN

diaszaznanfuinwidune 12 §Umv
wuhgaawinuavsiaus Uinaueudaiimuang
Tuza4 24.45-24.68 Laifianuuanaamaddd Jen
pH 5211314 3.86-3.90 uaziUSuransaneuue
So8ar 1.16-1.19 (msw?'; 7) ﬁv'wh pH uazdsunm
nsafien laiuandrefuanntn wdwuinilamsiiu

o \ o o ] , J o Extract/L
SnwirnulUaudedoin 6 @ DPPH tiazy

navnafiiaiaEuan 59.07 U 70.30 mg GAE/g
Extract 91N HUWU3167 DPPH (3uiiA1anasaud
FUa# 12 (3owaras.o7) uldenduan A
wadniflA1anaaduiy (45.43mg GAE/g Extract)
daumuaulnloenfiuiisanasedniiieday naan

Sxa21871015LAUSA 1N 3.42 (U 1.17 mg
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MINd 7 qumwiuaizesseswdnraniaunanndsEuiiou

UL U @ pH Ysnunsa anuaansalums Huednmavaa uauln-
mafiusnm youdaranae™ Hanuo supyyadass (mg GAE/g loeniiu
(Fanih) (%) DPPH (%)" Extract) (mg Bxtiact /L)
0 24.68+0.19 3.86+0.01° 1.19+0.01° 64.62+0.32° 59.07+0.25° 3.42+0.08"
2 24.45+0.20 3.89+0.01° 1.17+0.01° 67.09+0.65° 63.13+0.21° 2.98+0.17"
4 24.54+0.27 3.89+0.02" 1.17+0.01° 70.61+0.63" 67.33+0.06" 2.56+0.96°
6 24.57+0.31 3.89+0.02° 1.17+0.01° 75.62+0.32" 70.30+0.10" 2.25+0.30%
8 24.51+0.45 3.90+0.01° 1.17+0.01% 60.68+0.37° 58.37+0.06° 2.00+0.29°
10 24.54+0.14 3.90+0.02° 1.16+0.01% 53.49+0.56" 50.53+0.12" 1.59+0.30°
12 24.58+0.16 3.90+0.02° 1.16+0.02° 43.97+0.42° 45.43+0.67° 1.17+0.30°

nNEme : Awde = andeauwnasyu, 'Menudaduiage 200 mg/mL

monusnaenulutugasanuuanaNag Nt Ay mMesdd (p<0.05), ™

3.4.3 @mmwmm”m?é‘ungﬂ’

NAIINNISLAUSNEINAN N UviBadWINHE

=

' d' a v I
nNaUY NanNivies (30 evanBatdad) Uu
58850081 12 dUa9 wuhiduiuadunidnivue
IUNIEBFAULLTIFNNT 10 CFU/g (M0ENgad) uay

U Escherichia coli 0 3 MPN/g

4. nsandse
4.1 MTFTNUUIAANFAN UTUBITDIWINHANNDY

NANNSINAUN DU

gnadauliraugasniisandniaauiulluss
FoanIsIudsalSa i NINT Y
e

Usulpssamdaunssnalagasinianvasidathunang

= = g = I'd =
wazdsamaLdsen Iﬂﬂﬁ]?ﬂﬂ?i?tﬂiﬂ%%ﬂmﬂ??‘l‘ﬂ?ﬂLﬂN

v
' 3

FoanInuanNau Rladia) pH a1nd 4.5 uazdl
Usinamesudanavualaidinindesas 20 duduly
MAUNUTNINATTIUNAAN LaslimsUSudiunanau
I8 fumaandnwansious fifldrutsznaufininzan
Tumsuansaansnuaniou e WanaRhLAIEa Win
nssimaEeaaninEThuasuis thenanme hdumey
nsufnuazihuantay indauszndrduiiamndes

¥ 12.15, 2.70, 12.15, 10, 16, 5, 4, 9.35 WAz
28.6 MUy Fel@sunzuuuANNTI UG U NN
Using & nau sd91d (Heduia aunia
anuansalumsinuazanugaulessiy WUy 7.56,
7.51, 6.82, 6.91, 7.02, 7.32, Ua: 7.36 ALUWUU

MNFIAU FsAUINUTAzuLNAN N UREET

vanate liflanuunndeduneedd (p>>0.05)

o & o o o v Vo I
s20U 7 AzuuY Fduszaunsansule uaadralsn
AINWUINANNTUENTUNSINNAINANNUN NN 39
aaaimMsAnasIreNNeIc lagld MTS waz XG
< o 9 Y a 3’/ 3’1
Wuastasnulilifiansuantuzasnad luaunsu
aall

4.2 mananngaunmlaednwnnsld MTS uas XG

a ] <
luvaawsnuavyauuannaInauiiauia

NNM3LE MTS wae XG lunaansnuanaiau
9919 4 gasiien pH uasfivinanse agluinad
N1AIFIUMNYTENANIATTIUHEN A UGN TY
(Ministry of Industry, 2018) lagfivualvigadansn
dasilen pH lithu 4.5 waziiUSinamnsanamaa i
Zauaz 10 uennniUSinaasuianaaans 4 g9
finlaiuandnnuuazaglunasiinasgrumudszmea
N3ENIIEITITNGY (389 gadugiia (Ministry of
Public Health, 2000) Tagmwnualidmauiananae
Faslsiviaanindasas 20 willSnansauazan pH &
@h"lﬂé'l,ﬁmﬁ'u*zfaasl,u'ﬁmmmmﬁ"ﬂﬂﬁﬁiﬂmmﬁimﬂ
Tugr95e88z 1.12-1.20 WAL 3.82-4.05 MUAU
(Promkhanet al., 2007)

msl# MTS waz XG luSanasnniudina
Thenwnilageau Tos MTS Wuiagdaruaimsm
wihAtinanuiuniiouaziiinanasdr s
HANS e uananiifeianuaIudanNNiay ne
wazusadou dru X6 Wumsitlianuduniiags nu
daan1z pH lugenie uasnudagmugiige il

uaniuiIgUsulpananiiovasgaaliinaiy
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ganndasnuaIauniiafiialddranisinszes
mamsluaiiiisanaiaUsinawes MTS was XG
RN UMTINTIUYDY MTS Uaz XG ﬁwma’%qué
Thaeansniiisnuariuniialasanuniiefiuiaiu
Lﬁltl’ﬁllaﬁfTUﬂ’J']Nﬁ’]N']‘SﬂIUﬂ’]iQWLi”ILLaxﬂ'l‘jWEN(;f’J
saufout mildauthiidanusinsalumswesd
lawndenaldiiannunialdags nsldaasy
Pwfunvashshiiiesuasisemsasgluazms
N5£18H7 ﬂ'%'miﬂ:aﬁ'uﬁal,ﬁﬂm'ié:mfﬂfﬂé'ﬁ
(Gamonpilas et al., 2011; Souza Almeida & Kawazoe
Sato, 2019) waziiNadpANNENTAlUMIINTDE
mﬂNam‘mmaaummﬁamuﬁuhgmﬁ 3
waz 4 lgsuazuuuanuraulunnmuliwaneieny
udiilafinsandeazuuuanumauiiuiesnsy (7
azuuuauly) gasil 3 i 6 gadnuusildsuasuuy
WABNINNTY 7 Azuuussiigasi 4 Hiiee 3
aadnuaAldsuazuuuaNnh 7 Avuun Snhgasi
3 ludnwmasauanusautufuilaamluuasinm

ngmsiiusnwealy
4.3 minmaaug"ﬁfnﬁﬁ’ﬂﬂ

BadN a5 UMW aulasumsaansuan
Juslaa lasfiasuuunissansulunnquansus
NN 7 azuuy laamsldaandiuves MTS uas

XG Mnanzan M lvanyaeiilpdNnaaIgadinny

]
N =

aeen denuvilauaziauaniinelaladng wasi
HafaRzuUNANNTAY wasialiangnisiiuinm
mu%u (Sikora et al., 2003; Sikora et al., 2007) Cai
et al. (2020) WuinslEgansmiulseiu XG tite
dinenaduniiaWiureansdome i lvgnadauiu
Tazuuumasnasaumelszamduiadige Tos XG
ansnaamstaaauiinastiuazaamaiasinngie

FUABIFMN B0 WAz IVLpdNNENANNAIA

4.4. mglmﬁﬁufnmwaaw‘s‘nwaww’aumawna”m

s A
tauNaN

4.4.1. AMIWN NN
NNMIATIVFBUAMMN NN N UMWY
ADFWSNHANNAUY TUTENINNISLAUTAE WU

A15LABN LY MTS SINNU XG d1N150828 68353

10

Aaanddlumsaamsuandiyagadle diasnnihli
Waduiavairaaninuavtaus danuaad 1l
Hamstaasuiiuazuensuluszuinmsiivinmle
dnnlFasivenuduniiaisesiowsn Taadisenu
NmslFamsansaamsaaaudsiiesasraiedluged
NeFamnd faiihuedueasuiasnnanmenas
amsthusnwiduiar 2 de19 (Cai et al., 2020)
agalsiaunuhenuviinvesreansnrartaus §
wnTinanas (szezmemsluavassadiiasy) uad
alduandrafumeaddiiafusnuifune 12
FUa¥ Aa18AdINUSIBIUNISANEITRFTIUIIN
dulzsauazgadwsn (Promkhan et al., 2007; Srikram
et al., 2019) M5lH MTS laguannu XG dansals
Wuaslvenuesawaclienuduniialafnasn
szazIMSAUSIEN (Pongsawatmani et al., 2011)
diaszaznmmsiusneiinduy wui @ L* uay a*
Fuulinenas (26.48-24.68 UAY 27.92-26.61
MNEIGU) warar b* Huudldniindiy (17.35-

v
a aaa o o

18.91) EJ'F\)Lﬁi’J\‘m’F\ﬂﬂﬂﬁitﬂﬂﬂ{]ﬂﬁ‘c’lﬂﬂu'm?aiﬂﬂﬂ'ﬁ

@ A

WUasenszuiaihmasdidnunse sziiluniie

e

musssumalumea hliAemsiiidas lasdnge
uaNad N wazusonquiaie Wudisslfzenaanan
(Michael Eskin, 1990)uananiiusunaualsiivasd
Mduansduaslunsnduiusiumenusnd Taauals
fupsdiiladuiatuanuioundausaaziiaUfisen
aan%mﬁmﬁmmnmm%aulﬂL%Qﬂﬁtﬁﬂﬂﬁﬁ%mﬁ
ihaalaalierdaiaulmiildnsnifuasanas
(Mercadante, 2008)
é’qﬂv'uiusw'jwﬂs:mumsLtﬂsgﬂ%aaw%n
uaviaus mziialjnsenlalawelsmdurauals
fuasdla vlvdiiavaswdasamiannas Snnamn
Fulilumalaiigumniivesihliusuasanuiauly
FEWINNTLUIUMSAUS AN T DFUITRINTNHE
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mTeailiiagusadiiladnnuorasnlgisaayulwsdaaummniuainemw Aanssumsmusyyadassuay
melszannduiszasiauihaunsaulsesd lasdnwmsavuiaieueihaagavaniou ussdnmammwinuaimamn ms
fuayyadasy uazmelszamaniavensUgesaayulnsuaziioweihaunseudgssaayuluns Mnmameasawnui Mssuui
Wauihiigamnii 70 ssmnalded dregavaniau H8ansriuiie 0.47 niudewi Usnamandndesas 11.54 &
msissnaviluaauazianssumsduayyadass DPPH Ty 148.44 uaz 17.75 Gaan3uauyansaunadnda 100 n3y ilaiiia
wwihauwiannaansauuasUgesaayulus 3 gas laun sanusnlne sansnun wazsadudmud aweihaunsausaaueil
asUsznaulusauasianssunscueyyaddass DPPH (160.05 uaz 17.35 Naansuanyansaunaanda 100 N3 euaI6u) g
fige (p<0.05) Futiunssuumsndaiimanzania sutfiounsihiigomail 70 asenaides wiu 3 #alus thamaauazagnes
saduilusandiudansihaunsaudonspsadiu 5:1 Tasdunaunatgesadud 1dud Tulzen shaanss nda wintu lu
uznga azlad 91 uaznsedesndesas 21.58, 21.58, 17.99, 10.79, 10.07, 7.19, 7.19 uas 3.61 MNUMGU Hundosasiildsu
mssansunnfuilaamniig

Mmaen: Mden: e, WU 3954, m,!uyl,m, fanssumsiueyyadass

ABSTRACT

The objective of this research was to examine the effect of herp seasoning on physicochemical, antioxidative and sensory properties
of seasoned crispy oyster mushroom by studying the drying of oyster mushrooms with a hot-air drier, and the physicochemical, antioxidative
and sensory qualities of herb seasoning powders and herb flavored crispy oyster mushrooms. It was found that the mushroom drying at 70 °C
by a hot-air drier provided a drying rate of 0.47 g/min, 11.54%yield, phenolic compounds and antioxidant activity DPPH of 148.44 and 17.75
mg gallic acid equivalent per 100 g, respectively. There were 3 formulas of herbal flavors, namely sesame and pepper flavor, chilli paste flavor
and Tom Yum flavor. The crispy mushroom Tom Yum flavor contained the highest phenolic compound content and DPPH antioxidant activity
(160.05 and 17.35 mg gallic acid equivalent per 100 g, respectively) (p<0.05). The suitable process of crispy oyster mushrooms with herbal
flavors was a production process by drying oyster mushrooms at 70 °C for 3 hours, then frying and mixing with Tom Yum seasoning powder
at a ratio of mushroom to seasoning powder as 5: 1. The ingredients for Tom Yum seasoning powder were Chaya Spinash leaves, sugar, salt,
pepper, kaffir lime leaves, lemongrass, galangal and citric acid as 21.58%, 21.58%, 17.99%, 10.79%, 10.07%, 7.19%, 7.19% and 3.61%,

respectively, with the most accepted by consumers.

KEYWORDS: oyster mushroom, seasoning powder, herbs, antioxidant activity
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wanlvieniuduns 10 i nseswazihdiulaiu
luirile vhmsanadatheaz 3 (Liaotrakoon et al.,
2013)anHutdadeianaldnidiasies
asUsznauilusanenualaeidd Folin-Ciocalteu’s
reagent (Lim et al., 2007) dsanaannalaeUsunas
0.3 §adan5 NaNAU Folin-Ciocalteu’s phenol reagent
U105 1.5 Fadans nasesargladanmsuaiun

4

aNNINTUSaar 7.5 USuas 1.2 §adans welv

.

ASHENNU NUUAIN I TuNiauIu 30 U1

anvgiias Tammsgandunaasdiauuasd
aMaEIAaY 765 Wluwas Wisuisuduns
Waspunsaunadn Nenuluiadniuauyansa
UNaaNAD 100 NFNYANAIBEN (mg GA/ 100 g) uaz
mwnzienuansalumsiiussiuayyadas:
Tae35 DPPH (aauidadiiSarn Wuet al., 2006;
Liaotrakoon et al., 201 3) lasUiUagrsanaain
@081 1 Haddas a1 azane 2,2—diphenyl-1-
picrylhydrazyl (DPPH) USN1615 4 1888603 Wasnaw
Thdhdufulluiidiaunm 30 il wdmn 4 10
Wil Jadmsganduussiinnuenaiy 515 uly
WS WIHUWEUAUNTIWNNIAIFIUNIAUNEEN TIENIU
Wufiadniuanyansaunadnea 100 nSNBEIDEN
(mg GA/ 100 g)
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6. nanadaunNUseamaNed

M ERAUMNNINYssanduda 1
HANAUILAANDANTDUUTITNINATDUANNINNI
Useamaund @838 9-point-hedonic scale (1=1a
ﬁa‘umnﬁqﬂ way 9=°ZiE]‘U3J'lﬂﬁE!ﬂ) NAMS ALY
Tunadnsusaasndnfaidudnemsuinng e
duid 5816 nau § uazanuaulassiy Toal#g
NAFaUTNIIUIU 30 AU

7. MTUATILHNNFAG

%’aqﬂaLLamLﬂuﬁwtaﬁlﬂidamﬁmmu
M09 waziidayaninsulssutiisuaiy
uanaNeENitad nunddd lasdesiziau
wUsUsiru (Analysis of Variance, ANOVA) (ag
Wisuiisua1taaelae3s Duncan’s New Multiple
Range Test Hsz@uaMuEniusanas 95

HAUAINTUHANITNAND
annmauiikasanifvawdauihaauas
auURI
NNMIANIAMAINN NN WLIZLARD DI
FauaThaauaaedin i 2 wui heunethaed
USanamnuzudasa: 91.66 sUsznauilusauay
Aanssuduayyadasz@eds DPPH (lu 40.41 uaz
15.69 HadnSuanyansnunaanca 100 NTNYB
§19679 B9HPAAEDIRUNANITNASDIYDI
Yuenyongputtakal & Limroongreungrat (2015) Wage
891U eueih 100 nSuaslvwaay 33.32
Alaunass lusu 0.07 n3u aslulawnse 4.47 n3u
Tus@u 3.38 n5u le@ms 0.47 A5y wealBen 1.90
199058 wan 0.85 adnsy Noanass 87.44
faansu 30dudl 0.006 Hadnsy wazdoduid2
0.08 Haansu Wudu
diahieunsihammneuuisdsgavaniou
wuUuaIe (tray dryer) ﬁqmwgﬁ 70 NELFALT
(Sawetwongsakoon, 2010) V‘hmiﬂ'uﬁmfmﬁfnnﬂ 9
15 w1l aunsenatiminasinui ilearluns
aULTIINUBY hvTnuaufieazanas uaaslumwi
1(2) ToeamnzgnausneamsauLiasaumnii o 8
Wi 135 issnnUsmanhdadwihsaseseine

sanluagusaiiialasuanudaulunmsviusis i
uavh%sas msuianniy dasnndiausihi
anuBuGuGugteanay 91.66 Mdudduasiiia
weihisnuasdlansuiamsmemenuiousswing
FanavanFausuiiowih wiligumginuiafie
Tndidsenvgungiiauviivazldanioudu
AINAN BATIMTIULTIADY LABUUR T80
MSUTIAT HaInN#f 135 ihitsziweaanann
HANAUTAZANIIBETN ) AUNTENIBNAIRRUITN
180 Wudul iaueihauuiitldasisnuasiie
Fuianseuuaziidmihona nawd 1(b) athidia
unihinauuis loegldgungil 70 svamaldes
Tug195282u5n2BINSHILTN ALTBA5INITHIWNA
qﬁuuamLéuﬂqﬁiwiwmﬁﬁ 60 At 90 Tag
fiannmaevhuieglugie 0.73-0.76 n3n/wfi uaz
WEINMNTN 90 BAIMSINUKIRZANST LB UL
Wy 3 $l Fudieasiithuinzefiaaundani a
fisasmsvuiadly 0.47 nfu/nd Fadieuneihay
ﬁﬂ%mmﬂ’nu%u%aﬂaz 3.07 Sawetwongsakoon
(2010) PN dazneveiauneiidnas azvh
1ﬁ5miﬂﬂﬁiﬁ1LLﬁﬂéjQ%u LLazLﬁalﬁmeﬁIun15
auwiegaty Az lfsanmahuigedunuiau
@8 (Liaotrakoon & Liaotrakoon, 2018) uanmﬂﬁﬁq
WU gamgiizasaniaunazsasnmslvevesaniau
fidndnadaszazanlunsauuiauasAaNINY DY

NAAAUH (Ruengthurakit et al., 2015)
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2 1 AINMIYIIWAS (drying curve) wathaquﬁwnqmwgu 70 DNAIEALTEE (a) WINUNAWKAD (NSN) Loz (b) BATINTHILIK (ASN/UIN)

SEwimsyhune

AT 2 WU USnaunandnuadifiourati
auwvaiudenas 11.54 fUSinaemnuduuazSinm
Whaaszriasnifiaan tiesarniinldszimeldluy
SEUINNSEUIUMTBULTN WiaueThauuiaRlaia
Aaninan Wieauuiilad L* desniidiede ud
Fend b* nndieae Wewethaaiarsusznauil
1089 u,azaanqwéelumsﬁma%aﬁmz DPPH 1100
Wosuuivilaisuidisulamimingiuuie (dry
basis) WaA LU MIruieiinanaanuaiIvda
msgaamzasssusenauilues

MM 2 auddnemaamnuazeiizaadioueih

AU Wiewaihan wWinueih
aUUHI
USinauwandn (yield, 308 - 11.54+0.04
ag)
Aty (Zawaz) 91.66+0.53 3.07+0.02
Vaananhaas: (a,) 0.99+0.01 0.62+0.01
AE L* (@anuain) 88.18+1.02 85.73+2.15
Md a* (dden-Fuas) 3.52+0.75 3.22+0.83
M3 b* (M GU-Fnan) 15.68+0.87 18.29+1.32
#sUsznauiluss (mg 484.53+0.33 153.14+8.43
GA/100 g, dry basis)
fanssumsimuayyadase 188.13+0.03 18.31+0.03

DPPH (mg GA/100 g, dry

basis)
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HadNURTIManwuaziaiivasaTasaaaulng
NNATID 3 WU mﬂﬁgﬁaayulwsﬁq 3
gmsﬁﬂ%mmmm%uagisl,uﬁaﬁaﬂaz 2.04-3.18 uaz
fiusinanhasssluing 0.59-0.64 dhueduasalye
saayulwsnu mURsIndnenuazsadudia L*
(AANNEIN) gandsEnwinlngadeinasagms
#86 (p<0.05) tiiasnnlusiunaavassannsnlngd
Tulsenudunaamanlvddeuazinsnlnedui id
ey leian L* Gi"wﬁqm dunausesaandaziuTaing
a15UsznauiueauasNaInIsNNITIUBYNDFTE

Fomlifiansusznouilueageiigaiiiaiiisuiunelse
SENSALWALIFNNSN Ing Tagnunemianssums
fuayyadasz DPPH 2aeraUgesaanulnsivulin
Tuinamadenuisunaasusenauiluaa Wuwamn
mﬂEhuwaw?immnaqulwmaxﬂ%mm‘naqehuwau
Tuudazgas wu ludigayulnsuniialasmmzeiay
WU p-coumaric acid TudSuraunn (Wongsa et al.,
2012) wazlululae Wy coumarin, flavonoids,
phenols, tannins, anthraquinones LL@& flobotanins ﬁﬁ

X v a . ,
qms’lumsmua%aaaix (Kuri-Garcia et al., 2017)

4' 1 o v o o a a I~ 4
DPPH gafigaad el drannieada (p<0.05)  luau
FRNNNIAD HIUTITANTALEN LLasmﬂqﬁmww%nlm
2] ' § o Y o o

dWasnndunanilalumsvhusdpsadushiayulng

vanezda wu i ozled Tunenga Tulrenuaswiniu

i 3 autdmsmamnuaziafinasalgsaaulng
AMAIN ualzesd

sawsnlng SHNSNLEN saaud

e (Soway) 2.40+0.17° 2.04+0.03° 3.18+0.08"
Vnanhasse (a,) 0.64+0.00" 0.60+0.00" 0.59+0.00°
M L* (@anuaing) 51.37+2.78" 76.86+2.15" 73.54+0.88"
e a* (il -Tuas) -0.17+0.32° 8.41+0.75" 8.01+0.74°
M b* (MEhRu-Findae) 16.70+1.17° 21.11+1.70" 24.43+0.75"
#sUsznauiuea (mg GA/100 g) 138.59+5.98" 157.06+0.98" 249.42+5.10°
fanssumsmuayyadase DPPH (mg GA/100 g) 14.96+0.16° 17.81+0.12" 18.07+0.01°

abc....

WN']EII.‘W({!I

mdnE ddeuuNnaIgIn (N = 3)

samananudasaeitiowsihaunsaulyess
aaulws
wiauniiaunsaudgesaayulnsuasye
MUANAe lauNThauwiikaznaansaulinans
Upssaayulns fUsnanhdaszeglugie 0.59-0.63
(it 4) mdmaufoueihaunseulgesaanulns
ed L* @d a* wardrd p* eeninganiuqu
(p<0.05) ijaqmnLﬁﬂquﬂwaUﬂsaU‘qﬂﬂauqulﬂﬂ
dhumanyannuazayulns Juhldidaineussiiduas
WnaUWNEaRY uwaswud tinaunsaulpsadui
USinmansilsznavilusageiige aifisuiuifaay
nsaulgesanini sanninlng wazganiuan
MUEIRU (p<0.05) Henaiilaaanndasiumsai 3

manwsnuandenuluwnas vned Tenuuandiunedda (p<0.05), dayaudnuilu

@159 4 WU FaAIUANIUTN I
sUsznaviueatiaeninfiaueiiaunsausa
W3n Inguassawdnien Ltdﬁqwéﬁma%aﬁaizgmh
athaiitfed dumeada (p<0.05) wissanmsaan
qw§é’wuagga'Saixmmﬁmmnmiﬂizﬂauﬁlﬂﬁ
ssUsznavilueadiiludaie eenainasnanas
aﬁ'@ﬁmaﬁmsﬂsznauﬁﬁmmmumLa%quééhu
am&aﬁaiﬂﬁ (Terpinc et al., 2012; Tomsone et al.,
2012)

NNMNT 5 wuh MINAFBUAMNINNIN
Uszamduiauasndadasitiasunsaudgesadud
wazsansnuniiazuuusnwazUnnguazdliuanedis
fuaUgsaganiuquadivedidgneeada

(p>0.05) LwiLﬁﬂﬂﬂﬂiﬂﬂﬂ‘gqsamw%nlwslﬁﬂzu,uu
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dnwaizUnnguasdtiosilgaasniitaddgmeada
(p<0.05) Lﬁmmmﬁmaumauﬂ‘gﬁamw%ﬂlmﬁ
dnwasddmnnlulan finadednuusnng &
wazanuaulassINYasnadaudy aweihau
NIBULAAIVAN THANET wazTanIntiazuuy
mmﬁaumqﬁmtﬁaﬁuﬁamﬂﬂﬁuﬁﬂaunsauﬂjﬁa
nsnlngadeiiiedanumedda (p<0.05) tiasan
mﬂ@qsmww‘%nlmﬁmé'"m@aslﬁﬂmLﬂua'aumau 219

wlihiuneenin fuamlinaasasilinsauh
J058U 9 LieaUNTBUUTITININLNUALIAGNEE
ATUUUANINBDUAIUITTHIANINAINAABUNTBUYA
AUANUAITININInIngadnived Ayneada
(p<0.05) vanzdmiuduamssuideinduems
Lﬁaqwmwm ManadaunaulszaMaNRaIU
nduwuh lduansefuagnivasdymeads (p>
0.05) %ﬁﬁﬂmuuagﬂuﬁw 5.90-6.67

Myi 4 andimamemuuazeiivesdasariiauneihaunsaudgesaayulng

qmmw Lﬁmmaﬂmuniauﬂgﬁa
TAMUAN saamsnlng FANINLK SHANED

Vsinanhaase (a,) 0.62+0.01" 0.63+0.00" 0.61+0.00" 0.59+0.00"
Ad L* (MaNNaIN) 53.95+0.95" 47.52+1.38° 50.99+1.01" 52.55+1.14"
Md a* (MFde-Fuas) 9.03+1.07" 4.06+0.97° 6.26+0.62" 6.83+0.75"
@d b* (AFThAu-Fwdes) 15.52+1.92° 12.31+1.47° 12.18+1.65" 13.96+1.08"
#sUsznouduea (mg GA/100 g) 85.07+40.09° 95.63+1.11% 128.43+5.96" 160.05+4.86"
fanssumsmuayyadase 16.93+0.04" 16.44+0.11° 16.62+0.06° 17.35+0.12"

DPPH (mg GA/100 g)

abc....

nuaLHe):

Aade: S leuunasgu (N = 3)

manwfiuanannuluwnes wined anuuandiuneedd (p<0.05), dayaudaaiu
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abe... ¥ = IS & =2 " aa v &
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amdnE dudeauuanesgin (N = 30)
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Wud tieweiiaunsaudgesadndriusunm
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nszuumsHaaiausthaunsautgesaayulnsd
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Analysis of mitragynine and antioxidant content in kratom leaves tea
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ABSTRACT

Tea is a popular and important source of antioxidants, and kratom can be used to make tea. Different varieties of kratom
leaves contain varying amounts of mitragynine, phenolic compounds, flavonoids, and other antioxidants. This study aimed to evaluate
the mitragynine content, total phenolic content, flavonoid content, and antioxidant activity of kratom tea made from red vine, green
vine, and serrate apex species. The dried, crushed kratom leaves were boiled and steeped for 5 min, and the results were compared to
an extract obtained with methanol as a solvent for 3 h. The results showed that the extraction of kratom tea powder from the from the
red vine, green vine, and serrate apex species resulted in the amount of mitragynine with levels of 5.98+0.09, 8.15+0.35 and
8.33+0.15 mg/g, respectively. The phenolic content was 368.60+1.65, 437.93+1.92 and 382.23+2.04 mg GAE/g, respectively.
The flavonoid content was 210.88+2.58, 208.50+2.20 and 138.05+1.97 mg QE/g, respectively, and the antioxidant activity was
94.36+1.23%, 98.50+2.35% and 93.23+2.45%, respectively. Processing kratom leaves into kratom tea results in a significant
decrease in the amount of mitragynine, phenolic compounds, flavonoids and antioxidant activity in methanol extract by about 809%,
90%, 75%, and 15%, respectively. The brewing method of boiling tea was a process that obtains a higher amount of active substances

than steeping in hot water. Therefore, boiling is a suitable method for preparing kratom tea to obtain high antioxidant content.

KEYWORDS: tea, kratom, mitragynine, antioxidant
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ABSTRACT

This research aimed to compare efficiency of Triple Exponentially Weighted Moving Average Control Chart (TEWMA)
and Quadruple Exponentially Weighted Moving Average Control Chart (QEWMA). In addition, it had techniques of Fast Initial
Response (FIR) and Modified Fast Initial Response (MFIR) applied to Triple Exponentially Weighted Moving Average Control Chart
(TEWMA) and Quadruple Exponentially Weighted Moving Average Control Chart (QEWMA) so as to detect a change of Location

Parameter: p. It was operated by simulating data through Monte Carlo Method repeating 1,000 rounds. Moreover, data was determined
to be distributed in form of Log normal distribution while Location Parameter ( ,u) was 1,2,3,7, and 15, and Scale Parameter (O' )
was 1 and 2 respectively. Meanwhile, Smoothing Parameter (ﬂ) of total control chart was determined as 0.1, 0. 3, and 0.5 while
the ship size of process (5 ) was from 0.01 to 2. What’s more, the criteria used for measuring efficiency of Control chart took into
account Average Run Length(ARL) . In this way, Control chart with utmost efficiency yielded the least Average Run Length

(AR Ll) when the process was out of control. According to research findings, it appeared that increasing technique of Fast Initial

Response and technique of making Control chart flat led Control chart to yield similar efficiency.
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lumsiTeasaiil#igmssasswoudasla (Monte
Carlo Simulation) lun1sauradr ARLtTu35ns5
Anwnaasilagrinmnaasit raeass F9Ensa
fma ARL ldaail
TRl

M
Toefi M @8 $ausesumsrg

ARL =

RL, @8 a1ennensu usuumiiediadiedign
AFIFDUIUNTSINWUIINGZUIUNTBDNUBNAATING
mruautduassusn lunisvirdrased

t;t=12,...,1,000

3. 35119338
msAnmIguigulssansmwaaununi
m‘quhLa?;tlLﬂé‘auﬁd'sqﬁmﬂ'mmumw%ﬁwé’qam
aq (TEWMA) Lmugﬁm‘uqu@iua?;mﬂ?;auﬁdw
T InLUULaaE898ASe (QEWMA) TAATEEY
muquu,mugﬁm‘uQuduaﬁaméauﬁdnﬁmﬁfﬂLL‘U‘U
rBfdnuaSifiimsaaususituduaiuIa
(FIR-TEWMA) unugiiniuaueaiadsnaoudidn

Thndnuuuasdmadnsefiinsaausuaesugy
2619920153 (FIR-QEWMA) Lmuqﬁmuquﬁuaﬁ'ﬂ
aauiidruihwinuuulardfsdsauaiedisins
USuisamsaauausiudung1as1ai5I (MFIR-
TEWMA) Waz Ltwugﬁmuqumtaﬁ'ﬂLﬂﬁlauﬁdw
imiinuuuieaiihadsdadsiimasuiulsmanauauas
BuGUDEN910152(MFIR-QEWMA) tilafviualy
Foyadimsuanuasuuuianuadie mafnwiveiils
el aUsEansMwaInmaNNENISUREY (Average
Run Length: ARL) Lﬁ'aﬂszuauﬂ1sa§uaﬂnwsmuqu
(out-of-control process : ARL; ) 51Lmu{]ﬁmuqu
Tadl#ar ARL ergaasilunnuniiniugui
Uszansmwlumsasadurnemsuasuulaswas
WINHGDFUIGILKUI (Location parameter: £ ) ﬁﬁqﬂ
Wilamvua ARL, =500 mu‘i%’w%ﬁﬁwaaﬁaga
Fre3suaudiaiila Fedtunaumsariiuanuise
fanaluil
1. Mvuaammwiditnasusuitey (1) dmSudnugi
AIUAN TEWMA QEWMA FIR-TEWMA FIR-
TEWMA MFIR-TEWMA ttaz MFIR-QEWMA Wy
0.1, 0.3 Wz 0.5 ijanssmumsagima’léfmimuqu
fvuamINAeasusdmunis (g) Wu 1,2, 3,7
wez 15 miwmasivawe (og) W 1 uaz 2
2. f«hamﬂ'agaﬁ‘lﬂumﬁmmzﬁumaanﬁJu 2 N5l
b

2.1 Lﬁ'anismum'ﬁagjlumimuqu
( ARLy =500 ) fwualidayaiimsuanuasdanuas
Fadeil LN(u =10y =1), LN(1 =300 =1),
LN(1p =7,09=1), LN(1p =15,05=1),u & =
LN (1 = 2,00 = 2), lagauiaaiadie (n) wiinu
1,000 fuuasausaulunmsig (M) wihnu
1,000

2.2 Lﬁanizmumsagiuanmsmw]u
dfvualidoyaiinisuanuasdenuasiatly
LN (z4,00)
=1y +6S gl & whitu 0.01, 0.02, 0.03, 0.04,
0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4,

Wamuuezuamsildsuwlaunmny

0.5, 1 uaz 2 lagauiaaladgie (N) winu 1,000
mmuauseulumsing (M) hnu 1,000

3. ihiayafildnnmahaadlude 2 ndnamada
C uazQ muaumi‘ﬁ (2.2) oz (2.4) uae
MO
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4. AUINTATINAAIVANYDILKHUNNAIUAY
TEWMA, QEWMA, FIR-TEWMA, FIR-QEWMA,
MFIR-TEWMA uwaz MFIR-QEWMA o UCL uag
LCL enuaunisi (2.3), (2.5), (2.7), (2.8),
(2.10) waz (2.11) My

5. iheadaneunnldua 2 ununfimuanlude
3 NWIguigUAUINNANAUANYDILABEUKUN T

muquitldluia 4 eamduiumiredmadeiag
mﬂiﬁmsmuqmumsﬁqwuiw ASEUIUMIDANUBN
ﬁﬂﬁWfT@]ﬂ’JUQNLﬂUﬂ%QLLiﬂ%QL%EIﬂ’J"I AMANNENITU (
RL)

6. ¥Theauasa 1 89 5 Aunazasy 1,000 58U
luwdazaanumsal fe RLy, RL,,...,RLy g9

7. e ARL wieanily 2 nsdl A

ﬂitﬁﬁﬂﬁ:mumsagﬂumsmuQu (in—
control process)

7.1 e RL, #ldanndadi 6 e ARL,
dail ARL, = (=M RL;) /1,000
Toedl RL @ manuemduduiinumbadad
‘*7;8%iﬂWElal(;l’ﬂ’l'iﬂ’JUQNQUﬂ‘izﬁ’QWU’j’IﬂSSU’JuﬂTﬁaaﬂ
uan%ﬁhﬁﬂmuquLﬂuﬂ%msrﬂumsﬁwaaﬁagaﬂ%
A tt=12..1000 wnlde ARL, figvnu 500
azmsium L wazfmuiae UCL anlFlumsm
@ ARL,

nstﬁ‘*?'iﬂsxmumsagiuanﬂﬂsﬂauqu (out—
control process)

7.2 When RL fildnndad 6 anmen ARL,
(esta 5 azihmadanlanwieuiisusu UCL #
Tda1n ARL, id1eviadu 500 &9l
ARL, = (s RLy) /1,000
Togi RL, A2 aanuemiudlusunumhesiathei
agimﬂléfmim‘uquauﬂsxﬁqwuiw N32UIUNITDAN
uaﬂ%f\i’wﬁ'ﬂmuquLﬂuﬂ%v'QLLsﬂiunwsﬁwaaﬁagaﬂ%y'q
il t;it=12,...,1,000
8. WigueudseaniamwaaaununiinuanNaINm
amueSumasiivanlalude 7.2 nsdlile
NILUIUMINANDGUBNMNIMIUAN loaunuiaIuaN
ifl3ien ARL, ﬁwﬁqmuﬂmmuqﬁmuquﬁﬁ
Uszdndmngege

4. HANI3INY
1.MSMUUAANNATNYNTATINAAITANYDILHUY
AIUAN

5199 1 Junsuaasdiauniieees
FONAAUBIUHUNTMIVAN TEWMA, FIR-TEWMA,
MFIR-TEWMA, QEWMA, FIR-QEWMA
MFIR-QEWMA lagmunualvidayaimsuanuasuy

(YO A

udanusalauazMuuaaINNIeasUSuBsUEDINN
WHUNNAIUANAD 0.1, 0.3 BT 0.5 LianszuIums
aglumsmuqu (ARL, =500)
2.mmma%’maﬁ'aijaﬂszmumsaaﬂuaﬂmsmuqu
VBIUNUNTAIUAN

2.1 nsdidayaimsuanuasianuasina

LN (11)

2.1.1 NN 2 LLasgﬂﬁ 1058l 1=0.1
wuinile 001<5<2 WHUNHNAIUAN MFIR-
TEWMA, FIR-TEWMA was TEWMA HuseanS,mw
Tun1sns2asunstlasuudainisiitnesyas
nszumslaaigalndifeeiu

2.1.2 NN 2 u,azgﬂﬁ 2nsti 1=0.3
wuiiile 0.01<5<0.09 UHUNNAIUAN MFIR-
QEWMA diwunliindidsednsmwlunisasiaaums
Lﬂé‘ﬂuuﬂaquswﬁLmas’waqnszmumﬂﬁﬁﬁq@ ia
0.1<6<05ununiiniuAn MFIR-QEWMA uaz
FIR-QEWMA #iUszdnsainwlunisasiasunis
Lﬂé‘ﬂuuﬂaquswﬁmas’waqmzmumﬂﬁﬁﬁqm
TndiAeefy waziile 1<5<2 WHUNHTAIUAN
MFIR-TEWMA HUs58n5a1nlun1sasiadunis
Lﬂéﬂuuﬂaquiwﬁma%’waqnszmumﬂﬁﬁﬁqm

2.1.3 NN 2 LLazgﬂﬁ 3nsst A=05
wuinila 001<5<05 uHUANAIUAN MFIR-
QEWMA fiwnltiuiuszdnsamnlunisasiaaums
nJ?;ﬂumJawmwﬁma%wamszmumﬂﬁﬁﬁqﬂ waz
tile 1<5<2umugiiniuqu MFIR-TEWMA il
Uszansmwlumsesiasumswdsuwlasmnniiinas
aosnszuMslaaiae

2.2 nsdidayaimIuanuasianuasia

LN (3,1)

221910015797 3 uazyUil 1 ndi
2=0.1 wudila 0.01<5<0.09 URUNNAIUAN
FIR-TEWMA waz MFIR-TEWMA duszansniwnlu
n15as19sun1stlasunlaanisiitanduag
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nszurumsldafigalndideeiu e 0.1<5<05
WHUHNAIUAN TEWMA, FIR-TEWMA tag MFIR-
TEWMA fiUszansmnlumsasasumsiasuulas
winfieesuasnszuumsladigalndidesiunas
e 1<6<2 URUHNAIUAN MFIR-TEWMA
fluszansmwlumsesasumsiwasuuta
wwswﬁmasﬁ'wmnszmunwlé’ﬁﬁqm

2.2.2 NN 3 uazgUit 2 nadi =03
wuiile 0.01<5<05 UNUNTAIUAN FIR-
QEWMA Huunliuiusednsmwlunisasiadums
Lﬂéﬂuuﬂmmswﬁma‘fwmmzmumﬂﬁﬁﬁqﬂ waz
e 1<6< 2uWu)NAIVAN MFIR-TEWMA i
Uszansmulumsasasumsiasuwlamnnimed
waqmzmumﬂﬁﬁﬁqm

2.2.3 MM 3 Ltazgﬂﬁ 3nsti A=05
wyinile 0.01<5<0.09 UNUHIAIUAN MFIR-
TEWMA waz MFIR-QEWMA #iUseansanlums
assumsiasuulaimnniitnasyaenszuumsle
ﬁﬁqm%&ﬁmﬁ'u waziile 0.1<5< 0.5umugil
AIUAN MFIR-QEWMA Huualiniiuszdnsaiwlu
11505235 Un15tUasunlaanIs1itandung
n‘ssmumﬂé’ﬁﬁqm wazlilnl< 5 <2 UHUNNAIUAN
MFIR-TEWMA 82 MFIR-QEWMA Hus2@ndn1w
lun1505193unstlasundainsiite ey
nsxmumﬂﬁﬁﬁqm‘lnaﬂﬁmﬁu

2.3 nsdidayaiimsuanuasdanuasie
LN (7,1)

2.3.1 MNONTNT 4 u,azgﬂ‘*?; 1n38i 1=0.1
wuiila 001<5<05 UNUNNAIUAN TEWMA,
FIR-TEWMA uaz MFIR-TEWMA diUszdnsnnluy
n1505293Un15tUaa UL aINISITLAD YD
nszuuMsldanigalndidesiu wasiile 1<5<2
UKUARAIUAN FIR-TEWMA waz MFIR-TEWMA i
Uszansmwlumsasiasumsuasuwlasmnniiined
aensznuMslaaiaalndifeeiu

2.3.2 MM TN 4 u,a::gﬂ“?; 2050 1=0.3
wuinile 0.01<5<0.09 WHUNNAIUAN FIR-
TEWMA, FIR-QEWMA W a% MFIR-QEWMA &
Uszansmulumsasasumswasuwlamnnimed
apanszuaunslddigalndidaedu ile
01<6<05ununiiniuqu FIR-QEWMA uaz
MFIR-TEWMA #Usz8n5a1nlunisasiasunis

]
=]

A UMUINISI TR BSYINTEUIUNIS LA AN

q

Tndidsefy waziile 1<6<2unugiinruan
MFIR-TEWMA #Usz8n5a1nlun1sasiadunis
LﬂﬁlﬂumJaq‘wwiwﬁma%wmnsxmumﬂé’ﬁﬁqﬂ

2.3.3 MINOTND 4 LLasgﬂﬁ 3nsti A=05
wuiiile 0.01<5<0.09 UHUNNAIUAN MFIR-
TEWMA uaz MFIR-QEWMA #usednsawlums
asTumsiasuulsmnnivedeanszumsle
ﬁﬁqm‘lﬂﬁtﬁmﬁ'u waziila 0.1<5< 0.5unugi
AIUAN FIR-QEWMA 18z MFIR-QEWMA it 1t
fluszansarnlunisasiasunisilasuuilag
‘ww'ﬁﬁma'§°z|mn’asmumﬂé’ﬁﬁqmlﬂﬁtﬁmﬁu Wio
1<5<2uwmugiimivay MFIR-TEWMA i
Uszansmwlumsesiasumswisuwlasmnniitnas
waqnismumﬂﬁﬁﬁqm

2.4. nsditayaiimsuanuasdanuasiia
LN (15,1)

241910015797 5 uaz3Uil 1 ndi
2=0.1 wuinie 0.01<5<05 UHUANAIUAN
TEWMA fusnltiudusednsamnlunisasiadunis
Lﬂéﬂutmaqwnwﬁma%ﬂmmzmumﬂé’ﬁﬁqm F
e 1<5<2 UWHUHNAIUAN FIR-TEWMA uaz
MFIR-TEWMA HUs5:8n5a1nlun1sasiadunis
Lﬂﬁ'ﬂuuﬂaquswﬁma%waqnixmumilé’fﬁﬁqm
TnaAeeny

2.4.2 VNN 5 u,azgﬂﬁ 2n3i 1=03
wudila 0.01<6<0.09 UWHUNHUMIUAN FIR-
QEWMA Hiwunltiniusednsamwlunsasiadums
Lﬂﬁ'ﬂuuﬂmmmﬁma%wmmsmumﬂé’ﬁﬁqm dia
FIR-QEWMA
wa*MFIR-QEWMA #Uszadnsainlunis

01<5<05uwmwuniimnivaw

asTumsiasuulsmnniwadeansziumsle
fitgalndidssduuasiiin 1< 5 <2 unupfinuga
MFIR-TEWMA #Us¢ansarnlunisasiadunis
nJ?;ﬂuLLﬂaquswﬁmai’wamszmumﬂﬁﬁﬁqm

2.4.3 MINETNN 5 Lngﬂﬁ 3nsal =05
wudnile 0.01<5<0.09 ununiinIugy MFIR-
TEWMA a2 MFIR-QEWMA Huszdnsaiwluns
assumsiasuulsmnniwedeanszumsle
fiigalndiAsady uaziile 0.1<S<05unuqi
MIUAN FIR-QEWMA Waz MFIR-QEWMA Huualiiu
fiuszansarnlunisasradunisilasuuilag
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[
=l

winiwasaaanssnumsldaigalndifsaiu e
1<6<2umugiimivay MFIR-TEWMA i
Uszansmulumsasasumsiwasuwlasmnnimesd
y0ensEUIUMSLEaTIER

2.5 nadidayaiimsuanuasianuasiia
LN(2,2)

2.5.1 970015197 6 u,afz;sﬂﬁ 1 nsal
A=0.1 wudila 0.01<5<0.09 UNUNNAIUAN
MFIR-TEWMA uas QEWMA HuszdnSainlunis
assumsasuulawnimesasnszuiumsla
filgalndidseiu s 0.1<5<0.5 unugiimuay
QEWMA siwunliindidsednsomwlunmsasiasums
Lﬂ?;aluuﬂmw*uiwﬁma‘fwmﬂszmumﬂﬁﬁﬁqﬂ way
e 1<5<2 UWNUNNAIUAN FIR-TEWMA uae
MFIR-TEWMA #Us¢ansarnlunisasiadunis
Wasuwlasmninasuesnszuiumslddige
Tnatpeeny

2.5.2 MNONTNT 6 wazgUit 2 nadi 2 =0.3
wuinile 0.01<6<0.09 UNUNNMIUAN TEWMA
uaz FIR-TEWMA Huszdnsainlunmsasiasuns
Lﬂﬁlﬂuuﬂaqumﬁma‘iwmﬂixmumﬂﬁﬁﬁqﬂ
Tndidaerdu 1ile 0.1<6< 05ununiimiuqy
QEWMA uagz FIR-QEWMA fiUszdndainlunis
asasumsuasuulamnniinesuasnsziaumsle
digalndidseiu waziile 1< 5 <2 unugiimuay
MFIR-QEWMA #us:zdnsainlunisasiasunis
Lﬂﬁlﬂuu,ﬂaquswﬁma{?lmﬂszmumﬂﬁﬁﬁqm

2.5.3 MNnaTNA 6 uazgUit 3 n3dl A=05
0.01<6<0.09 URUHNAIUAN
QEWMA uaz FIR-QEWMA #iuseansmwlums
assumsasuulasnninaduninsEIums

oA
NWUNLND

lﬁﬁﬁqm‘lnﬁtﬁmﬁu waziie 0.1<5 < 2 ununi
MUAN MFIR-QEWMA Huwnliaiivszansnw
Tumsassumsuasuwlamnnimadun
nszumsladiae

M9Nd 1 Manunhessiehianiuguueiunuginuas TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA Uas MFIR-QEWMA

MsuanuuuLdanuaaia A MmanunNzesdahiaaiugy
TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA  MFIR-QEWMA
LN (,Uo =:LO'o 21) 0.1 2.1527 2.1527 2.15225 2.0141 2.0140 2.0120
0.3 3.4025 3.41515 3.4250 3.1450 3.1490 3.1425
0.5 4.4900 4.5000 4.5355 4.1490 4.1600 4.1475
LN (,Uo =3 (of)) =1) 0.1 2.1515 2.1505 2.1472 2.0193 2.0185 2.0175
0.3 3.4015 3.4150 3.4350 3.1460 3.1350 3.1465
0.5 4.4950 4.5100 4.5225 4.1272 4.1741 4.1600
LN (,Uo =1,09 =1) 0.1 2.1515 2.1515 2.155 2.0185 2.02145 2.0215
0.3 3.4000 3.4025 3.4310 3.1465 3.13575 3.1470
0.5 4.5000 4.5050 4.5495 4.1750 4.1781 4.1775
LN (ﬂo =15, Op 21) 0.1 2.1510 2.1553 2.1615 2.01867 2.0215 2.0190
0.3 3.4025 3.42015 3.43095 3.1480 3.1360 3.1480
0.5 4.4950 4.4998 4.5325 4.1550 4.1755 4.1750
LN (,Uo = 2,0'0 = 2) 0.1 14.7505 14.6995 14.5700 13.9000 14.02525 14.0250
0.3 21.8942 21.8950 21.8945 20.3250 20.3300 20.3250
0.5 28.7500 28.7615 28.7500 26.3110 26.4600 26.4500
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MR 2 ANNENTURELNBNTLUIUNTOANUBNANTAIUANYBIUKUNNAIUAN TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA ua

MFIR-QEWMA nsdi LN (1,2)

Lambda Shift auEmSuRasn UHUYTAIUAN
( ,1) (5) TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA MFIR-QEWMA
0.1 0.01 483.0198 479.2723 478.4197 483.6501 483.2883 477.7794
0.02 465.7977 458.3208 461.4096 453.9182 455.3678 457.7778
0.03 432.8939 436.1969 431.0833 438.9904 438.7676 437.1313
0.04 410.7496 410.1703 409.0305 416.2398 416.3066 411.7314
0.05 393.653 393.7144 387.8723 393.0483 391.5893 393.4979
0.06 361.7451 359.0508 359.2895 364.6518 365.8722 371.7756
0.07 339.5169 340.0975 335.5289 342.7651 349.0594 348.9476
0.08 313.8787 315.4943 321.9327 321.8442 324.5225 320.7444
0.09 295.1077 298.6805 295.6305 302.9001 299.9595 303.5977
0.1 276.8942 282.2706 277.3704 281.5091 284.493 277.3919
0.2 140.829 141.1645 140.7437 142.6897 142.1146 143.3345
0.3 80.8368 81.3107 79.464 83.0133 83.3486 84.0622
0.4 52.0074 52.0104 52.3704 55.7207 55.3288 55.9555
0.5 37.4511 37.0404 36.5602 42.1682 42.1266 41.7401
1 16.0342 15.6982 15.7473 21.3277 21.148 21.2176
2 7.7157 7.2062 7.1077 11.9495 11.6957 11.6263
0.3 0.01 482.4633 482.7033 486.0487 481.7413 488.2745 477.9899
0.02 471.7159 468.9364 461.5802 467.3013 463.506 460.1672
0.03 447.9396 444.9251 448.1381 452.354 451.3618 442.9585
0.04 431.415 430.1552 434.349 431.8042 430.7674 425.3804
0.05 418.1415 413.2971 412.2812 420.1213 416.4845 412.9396
0.06 396.5489 398.9097 402.7515 398.6454 398.5606 393.4094
0.07 382.1229 385.8598 381.5713 372.8383 375.7935 377.2342
0.08 365.7162 360.4596 363.0004 363.1392 357.9454 358.3895
0.09 350.243 350.4863 351.4681 343.9926 346.6718 340.5349
0.1 335.5545 333.5946 336.2953 330.0565 332.3106 321.9961
0.2 206.0779 205.5548 210.2521 199.5415 194.5128 196.9485
0.3 128.5754 127.4927 125.6589 118.2546 118.2055 116.3831
0.4 80.8905 79.3555 81.2385 74.7856 74.3361 73.6383
0.5 52.6965 52.3018 51.7145 48.8717 47.0715 47.5668
1 12.0951 11.0543 10.8549 12.7094 11.9579 11.9151
2 3.4352 2.6991 2.4309 4.5781 3.9808 3.7642
0.5 0.01 494.4026 483.6112 478.281 490.7671 484.882 478.7972
0.02 473.1578 468.2195 477.5198 470.4285 476.2907 466.1464
0.03 457.5541 458.2205 457.0461 462.9091 459.4666 448.0118
0.04 445.4689 443.8663 444.2772 456.3887 442.8861 446.4415
0.05 437.5762 428.9528 428.9077 432.4983 429.4777 430.3864
0.06 426.5352 419.0216 412.6852 418.2074 412.5116 411.4292
0.07 407.6746 407.2159 408.3741 409.252 400.8296 397.9335
0.08 393.6671 390.2663 385.6315 392.1782 385.3072 382.854
0.09 380.2691 377.1225 378.0894 379.3466 374.3231 369.2826
0.1 369.896 362.1346 366.7496 362.5787 360.3321 351.9161
0.2 259.8649 250.3726 249.5082 248.9346 244.4305 238.7314
0.3 169.1902 167.0487 164.2303 159.4425 159.6523 153.9562
0.4 114.1713 107.9587 108.242 106.5484 102.7522 100.1793
0.5 77.4845 73.0618 70.5293 71.206 68.7201 66.9153
1 15.8618 13.196 12.3167 14.8132 13.0458 12.4443
2 2.6333 1.7832 1.3601 2.9964 2.253 1.8332

10
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MR 3 ANNENTURELNBNTLUIUNTOANUBNANTAIUANYBIUKUNNAIUAN TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA ua

MFIR-QEWMA nsdi LN (3,1)

Lambda Shift auEmSuRasn UHUYTAIUAN
( /1) (5) TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA MFIR-QEWMA
0.1 0.01 479.1402 476.4827 478.048 485.4268 485.453 476.4661
0.02 461.4958 454.6417 443.1974 460.1742 463.9838 465.0416
0.03 431.9679 428.2551 429.0523 441.1709 441.1526 437.2632
0.04 409.2245 406.3885 404.4811 417.4126 415.1758 413.8252
0.05 388.2419 386.0908 383.6481 392.5832 390.0089 398.8022
0.06 358.8016 360.8749 356.148 368.5939 368.2199 369.2651
0.07 340.4176 337.5848 338.8505 343.2895 342.9859 337.8602
0.08 316.0065 314.333 318.4422 317.4763 327.0159 325.9964
0.09 298.453 294.4466 293.2128 302.3246 297.8542 300.313
0.1 276.5299 277.9784 275.4254 282.0189 279.3811 280.1253
0.2 139.0786 139.6641 138.9384 142.0732 140.8847 143.3006
0.3 80.3901 80.4247 81.0375 83.5434 83.4439 83.6339
0.4 52.1155 51.9336 52.4169 56.2965 55.5401 56.2064
0.5 37.1627 37.7896 37.2149 42.0741 41.887 41.9066
1 15.8929 15.7972 15.6539 21.4017 21.1064 21.2123
2 7.704 7.2136 7.1398 11.9268 11.7048 11.6509
0.3 0.01 484.6489 482.9525 489.3817 485.7706 479.2624 482.2953
0.02 470.4089 467.978 470.6887 464.7813 465.3254 459.4538
0.03 455.7339 453.6747 445.0535 446.1267 452.4977 447.1396
0.04 430.8436 430.1718 439.4327 434.881 425.3584 431.7874
0.05 421.5333 413.8882 415.3177 414.4791 411.6143 413.3943
0.06 399.042 396.0065 400.0046 402.3313 385.7289 395.3603
0.07 381.4698 384.576 389.1228 377.986 369.4231 374.3431
0.08 369.6444 368.6679 364.9429 359.7133 360.4603 359.3741
0.09 350.1965 347.998 356.9057 344.1585 340.8392 345.9438
0.1 333.6116 335.6521 343.167 329.776 324.2708 324.4537
0.2 211.1089 205.7806 208.6176 199.657 195.9233 198.3251
0.3 127.4846 123.7865 127.8802 119.0731 117.015 117.6897
0.4 80.5095 78.5094 80.0584 74.1668 71.9875 73.4500
0.5 52.7033 51.9168 52.2280 49.2731 48.4259 49.3147
1 12.307 11.3156 10.9718 12.7833 12.0053 11.9951
2 3.4178 2.7359 2.3698 4.6044 3.9992 3.7664
0.5 0.01 484.2506 488.2521 482.8565 483.0992 484.3008 475.8853
0.02 472.1185 471.7873 473.1784 476.8063 467.6901 469.2786
0.03 462.989 462.0909 448.5933 460.1837 462.8473 456.8352
0.04 450.319 445.8905 436.4536 445.0399 454.4227 445.0147
0.05 436.7853 429.6817 423.7399 429.792 426.9959 423.7709
0.06 424.8102 423.265 414.0363 420.6574 416.1328 407.4787
0.07 404.1608 406.5325 403.0577 390.5607 409.5717 400.1931
0.08 394.3672 397.1061 390.3616 387.0799 391.3242 387.9588
0.09 379.7559 379.7592 378.6953 378.9759 378.1999 371.4323
0.1 371.5114 366.0262 357.7473 359.8346 366.9796 362.8678
0.2 259.8961 254.7476 246.9186 239.6824 243.0554 240.8431
0.3 172.0499 167.082 163.525 160.3139 160.0839 156.0401
0.4 115.6256 109.6698 106.7539 104.7638 104.2052 99.9061
0.5 79.6683 73.2997 72.2405 71.3471 69.4034 66.6976
1 15.9603 13.1868 12.3736 14.959 12.8843 12.1234
2 2.6514 1.7955 1.3714 2.9929 2.2467 1.8577
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MINT 4 ANNEMTURELLITNTEUIUMTBENUBNMIAIUANYBILKUYTAIUAYN TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA az

MFIR-QEWMA nsdi LN (7,1)

Lambda Shift anuEmSuRasn KUY AIUAN

( /1) (5) TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA MFIR-QEWMA

0.1 0.01 485.1784 477.3888 482.3784 482.3386 484.4017 483.0222

0.02 456.2084 458.2071 455.669 458.504 461.5795 465.9084

0.03 430.2092 431.5698 431.7191 436.384 436.5856 441.3879

0.04 409.938 407.3007 404.9037 415.1097 412.3139 412.3443

0.05 381.1216 382.2006 389.0028 388.6121 392.2688 395.5346

0.06 363.5268 362.0141 362.5455 370.0072 376.268 375.3728

0.07 344.0473 341.0799 345.4635 353.4866 351.0501 344.2625

0.08 313.7026 320.2128 320.4967 323.1752 326.9719 323.563

0.09 294.3352 299.0596 295.7443 296.4075 301.1271 305.3474

0.1 275.6899 273.435 282.1383 281.2918 288.4578 281.5368

0.2 140.1645 140.0516 141.5231 144.6153 142.3601 143.6711

0.3 81.0155 80.8731 81.0794 82.2128 83.0128 83.8104

0.4 52.0254 52.3092 52.0596 55.8826 56.3101 56.5081

0.5 37.7053 37.3816 37.1188 42.136 41.7689 41.7512

1 15.9985 15.6528 15.68 21.371 21.1866 21.2976

2 7.7391 7.2131 7.1299 11.9516 11.7112 11.644

0.3 0.01 482.1133 479.4904 480.5166 483.2927 482.6771 475.7962

0.02 469.4765 458.4945 468.4915 470.0326 464.1054 464.3508

0.03 449.9445 447.2383 452.1688 448.7555 443.2361 445.8938

0.04 424.239 425.3176 430.4331 429.3812 426.2977 429.8854

0.05 417.6022 415.3145 423.8164 411.552 404.9385 407.6435

0.06 398.8242 393.1207 403.3224 398.3534 391.1722 395.3899

0.07 376.1236 372.3425 387.9785 377.7999 371.5902 373.9538

0.08 367.8237 360.5836 371.088 363.6398 357.665 361.6307

0.09 354.07 346.8839 355.3938 343.0771 344.9334 339.6619

0.1 333.6984 331.8303 333.7377 329.8967 328.0402 328.4884

0.2 208.4228 205.4345 209.2287 197.5064 193.7251 198.7499

0.3 130.0281 124.6128 127.3964 117.2258 116.5135 116.0897

0.4 79.6966 77.9685 79.1499 75.1232 73.7485 73.5257

0.5 52.5559 50.9888 52.1881 49.0841 47.5559 48.7046

1 12.1993 11.2106 10.9966 12.6969 12.0877 11.9097

2 3.4373 2.6906 2.4296 4.6001 3.9685 3.7998

0.5 0.01 494.4897 486.7522 484.8588 489.2958 487.4943 483.9532

0.02 477.4962 481.0851 472.2483 478.45 478.4148 478.1309

0.03 463.6646 459.9231 456.6821 465.4306 462.7973 460.0177

0.04 448.2471 448.1441 447.3529 452.9532 449.3272 450.9492

0.05 438.834 428.8575 437.7252 436.8592 433.6905 428.8177

0.06 424.947 412.8649 415.2806 423.3926 419.1594 418.2087

0.07 408.3955 404.6865 406.9122 412.7143 405.5043 406.9633

0.08 394.6801 390.1487 389.2428 400.5821 392.4522 383.9540

0.09 379.7615 377.4577 377.5908 380.9974 377.795 377.3381

0.1 375.474 366.9901 368.414 372.7848 361.0389 359.0972

0.2 261.3853 248.5686 252.048 249.8725 247.6841 241.3972

0.3 174.3256 165.8048 167.3307 161.839 158.6265 160.0381

0.4 116.1433 110.9299 109.9633 106.9188 104.8035 103.177

0.5 79.5736 73.244 72.5222 73.3927 69.8545 68.1753

1 15.9813 13.1485 12.2982 15.0325 12.961 12.5597

2 2.6571 1.7869 1.3664 3.044 2.2775 1.8813
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MR 5 ANNENTURELNBNTLUIUNTOANUBNANTAIUANYBIUKUNNAIUAN TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA ua

MFIR-QEWMA nsdi LN (15,1)

Lambda Shift auEmSuRasn UHUYTAIUAN
( /1) (5) TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA MFIR-QEWMA
0.1 0.01 475.937 484.3609 483.5698 481.1846 482.1776 477.9901
0.02 453.2184 461.5415 456.9397 464.0485 461.7976 465.3355
0.03 431.6794 438.4721 432.1004 442.9056 438.264 432.2598
0.04 413.4566 415.7596 410.2992 421.372 421.0863 418.6351
0.05 381.8502 385.8212 390.9967 398.3444 397.71 393.3018
0.06 362.2636 363.3203 366.7593 361.3063 367.8424 371.6576
0.07 339.0266 340.112 346.3671 342.8851 349.1454 343.8576
0.08 315.5527 324.5711 320.0834 324.1043 324.7158 324.4725
0.09 296.7949 300.791 303.2816 302.5343 305.036 301.4484
0.1 276.1328 280.8579 281.5902 284.6658 286.1617 281.4701
0.2 140.1249 140.8434 140.9699 142.3487 141.8846 141.1982
0.3 79.5777 81.749 80.2262 83.3128 82.4171 83.3282
0.4 52.6605 52.4796 51.905 55.8828 56.1896 56.249
0.5 37.2742 37.2767 37.3942 41.6493 42.1036 42.1446
1 15.9587 15.6811 15.7175 21.3047 21.1849 21.2736
2 7.7302 7.204 7.1492 11.9028 11.7269 11.642
0.3 0.01 484.892 479.8528 478.7139 482.8058 481.2121 485.1723
0.02 464.6367 470.4488 461.9402 464.5402 469.6077 462.4206
0.03 452.5144 447.6822 451.4246 451.1341 445.429 447.6259
0.04 438.4717 435.2673 432.3623 426.7587 423.7018 438.1182
0.05 418.6965 417.9733 420.0914 412.2087 411.4656 408.9373
0.06 396.872 399.0986 401.3514 399.6397 387.5075 389.2805
0.07 384.502 384.6925 387.121 379.2515 372.9048 380.418
0.08 370.3842 372.5518 367.1616 367.3267 355.0583 360.3834
0.09 346.3816 352.1242 357.8124 347.8426 343.3659 344.7073
0.1 340.2261 339.0176 337.9899 333.2738 324.9559 332.2669
0.2 210.448 207.1809 206.7497 197.4486 192.5725 194.4035
0.3 127.9479 125.2521 127.767 118.6335 115.5012 117.7555
0.4 82.1957 79.9306 80.3887 74.2019 74.1419 72.9727
0.5 52.9014 52.1191 51.5953 49.4186 48.2214 47.8955
1 12.0708 11.4476 11.0957 12.7936 11.917 11.8914
2 3.4359 2.747 2.3985 4.5861 3.9824 3.7689
0.5 0.01 487.2318 486.3471 483.395 493.6334 489.4968 486.4079
0.02 479.2009 469.2125 467.3122 473.9432 474.7343 468.5222
0.03 462.672 458.4457 457.0018 466.1539 463.0972 457.884
0.04 453.9883 442.7568 448.7015 447.8206 441.622 444.5619
0.05 438.1488 428.6821 426.183 439.675 436.9225 427.7664
0.06 418.8849 414.1485 418.0803 420.2145 417.3382 418.0414
0.07 406.1462 404.206 403.6546 406.5173 405.4059 402.4615
0.08 401.7954 391.8339 392.8169 386.2977 385.9509 388.9392
0.09 386.4011 373.8616 372.9435 384.8125 381.1549 378.7172
0.1 370.1771 362.6344 363.0433 365.1663 363.0184 367.685
0.2 254.7748 250.4892 248.6746 245.5574 242.9802 239.7441
0.3 171.8404 162.4986 165.9166 161.5904 161.7869 156.8277
0.4 113.7513 110.4267 106.7785 108.4408 106.33 103.069
0.5 78.715 73.6954 71.7097 71.9973 68.7825 68.1791
1 15.7948 13.2234 12.3304 15.022 13.0278 12.5511
2 2.6594 1.8055 1.3907 2.9828 2.2294 1.8663
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MINA 6 ANNENTURALNBNTLUIUNITBDNUBNMIAIUANYBILKUNNAIUAN TEWMA, FIR-TEWMA, MFIR-TEWMA, QEWMA, FIR-QEWMA,

MFIR-QEWMA nsdi LN (2, 2)

Lambda Shift auEmSuRasn UHUYTAIUAN
( /1) (5) TEWMA FIR-TEWMA MFIR-TEWMA QEWMA FIR-QEWMA MFIR-QEWMA
0.1 0.01 489.6952 488.9869 484.8269 492.814 491.5941 495.7707
0.02 485.408 483.7966 481.7152 477.7324 489.389 489.8652
0.03 482.3686 478.8612 471.7521 474.5096 488.0107 487.8347
0.04 475.0468 471.1831 463.4535 468.1156 474.4234 477.4935
0.05 467.9984 463.9843 458.1458 467.4939 465.4308 471.0919
0.06 464.4584 460.5592 451.2832 454.231 465.3408 460.2584
0.07 449.7521 452.5032 440.6421 450.6621 449.3001 457.5036
0.08 446.1454 439.7064 440.7077 437.522 443.5299 445.2607
0.09 435.4716 439.196 437.2267 432.0665 437.4557 438.2297
0.1 431.4639 430.3146 422.5696 426.4326 429.2824 428.6779
0.2 362.9555 363.1745 361.433 355.3018 359.508 362.8332
0.3 300.5711 297.6072 294.6589 286.9166 294.627 295.2983
0.4 246.7231 246.8283 238.8543 237.259 238.8241 241.4155
0.5 199.1183 196.5638 199.734 191.9831 195.6554 194.9532
1 76.3521 74.6839 74.7785 75.0525 77.4864 76.4595
2 23.4968 23.1439 23.1369 28.3708 28.3577 28.2247
0.3 0.01 490.8208 496.898 497.3691 496.0298 497.8163 495.9358
0.02 488.1931 484.9808 486.1531 484.8449 488.2825 486.8148
0.03 482.3669 478.9003 479.0184 481.7298 486.3656 479.0475
0.04 475.966 477.0975 474.9011 475.9945 478.2793 479.0768
0.05 469.9457 467.395 469.3133 474.8471 473.8775 467.0866
0.06 464.259 465.5195 467.2059 470.3541 468.9031 465.2898
0.07 458.2008 459.455 460.1824 469.6939 459.7603 463.5429
0.08 455.2126 455.1727 457.3789 456.3822 453.8041 454.2034
0.09 452.4232 439.4132 451.589 446.7577 446.4079 449.9964
0.1 448.3089 443.5449 445.5791 441.6283 441.6147 443.2012
0.2 389.8521 388.8308 388.1517 384.9588 386.6029 388.6237
0.3 337.2932 341.6392 338.6271 337.5791 334.1731 337.094
0.4 292.3936 287.5214 289.4014 287.999 293.0663 288.2155
0.5 246.8162 250.1817 251.221 244.1706 243.6044 240.6935
1 107.2158 103.7591 105.3498 104.2825 101.6838 101.0529
2 24.6266 23.3074 22.8007 24.0231 23.2465 23.1052
0.5 0.01 497.3417 496.207 493.5659 493.1819 486.6388 496.5297
0.02 497.0889 492.6538 492.6028 490.0014 486.9109 491.9119
0.03 489.6173 487.4976 487.7349 483.538 484.3772 479.7384
0.04 484.0834 484.9974 476.215 476.9411 471.7946 480.0258
0.05 472.8123 475.278 468.7687 473.0214 482.0376 474.483
0.06 468.8296 474.1912 469.1841 469.8272 469.6383 466.5921
0.07 467.2927 474.1295 459.0634 462.0407 468.8479 464.4248
0.08 460.9532 461.7278 462.5594 457.7464 455.8424 458.8691
0.09 454.2211 450.3349 455.5699 448.1815 447.8063 451.2214
0.1 451.2126 447.822 450.424 447.5469 451.3138 444.8733
0.2 403.572 397.3266 398.7123 392.0726 393.3612 389.0673
0.3 360.5866 346.2253 341.9914 343.8676 344.9325 342.4837
0.4 300.3068 304.4443 300.8115 298.2837 294.9509 296.34
0.5 267.7441 257.6446 264.1503 261.389 260.3457 254.8124
1 122.0227 118.682 116.7396 115.7299 116.4984 114.6894
2 29.0737 26.5294 24.9971 27.4595 25.6059 25.8536
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msunssznazadlsafndehialalsu wialsadadalisalain-19 launsnsznelumlanagenadidmansenu
agNNBuNARsTTUUNDITMGY muniaaalaia-19 NiilsalsshdagnauuamBahliineInsanuguusiuazaNuLFena
P -1 a o $ A aw ¢ A e Y v, Ao A a = o Ay
madeFiaindy mdeluaseliFeliinguszadiad@nmansazmadssnnszasdthenfodalain-19 wazdnmdadeiiaana
. o an I T - L Avw o owu  de X oo v o 4
damadetioveihenfadaleia-19 Yssnnslumsinmessil loun gihenfadelaia-19 Hldsumsnenussuineiun 14
ANMWUS - 31 ey w.a. 2563 lasdanailuuuuBealn (Real-time Data) gnsIusIMMINUWEILAUTYS COVID-19 Uuuy
Touwuzasa (open-source) Zlddayadfinalain-19 91 481,289 318 110 141 UYszind FNaIRENTINIY 1,143 AU 1
fidayansudiuanysel 13ada dwssannussadddeayanu Iiensilaglimmaesaulamasass (Chi-square test) W38 Fisher’s
exact test uazldMsianzinIsonaseaadadn (Logistic regression) Ianzimiadsnianuduwusnumsidediolugihendo
1 a 1% 4 Y Y & o a v P-4
Waladn-19 uazada ROC curve tWaM306a (cut-off) Mumnzauialdlumsrimnalamavasmsideiiovasihaidozala
39-19 wamsdnwmui Jadeiidswadamadediovesiihendnzalain-19 #o twa (OR=2.262 ; 95%Cl= 1.519-3.367)
278 (OR=1.118; 95%CI= 1.102-1.134) matulsauzs (OR=0.193 ; 95%CI=0.039-0.949) axmsUananidu (OR=7.173
; 95%CI= 2.818-18.254) WazaMsmaladIni@aunay (OR=11.488 ; 95%Cl=4.105-32.148) lagaztiuanuidaananis
Fedalugthendaralaia-19 sgniitedhay uasiinnugndasaimswennsaldosas 86.0 drumsianzdanybidedulas
ROC WuhiANNgNaoIg

adaa: ladin-19, lsanwn, nndulas ROC, MAeNzinsanasaasiddn

ABSTRACT

COVID-19 has spread quickly throughout the world. The public health system has been significantly impacted by this
pandamic. For people infected with COVID-19 who have comorbidity, this increases the severity of symptoms and increases the risk
of mortality. The objective of this research was to characterize the COVID-19 patient and find the influence factors for the mortality
of COVID-19 patients. The study population included COVID-19 cases collected between 14 February and 31 April 2020. Real-
time data were collected from open-source COVID-19 repositories which collected data on 481,289 COVID-19 cases from 141
countries with a sample size of 1,143 people with complete data. The data were analyzed using descriptive statistics and inferential
statistics. The Chi-square test or Fisher’s exact test and multivariable logistic regression were used for identifying the factors associated
with mortality in patients with COVID-19 and constructed ROC curves to determine the appropriate cut-off point to predict the chance
of mortality in patients with COVID-19. The results found that five factors: Gender (OR=2.262 ; 95%CI= 1.519-3.367), Age
(OR=1.118;95%CI= 1.102 - 1.134), Malignancy (OR= 0.193 ; 95%CI=0.039 - 0.949), Pneumonia (OR= 7.173 ; 95%CI=
2.818 - 18.254), and ARDS (OR=11.488 ; 95%CI=4.105 - 32.148) influenced the mortality of COVID-

19 patients with percentage of correct predictions of 86%. Moreover, the sensitivity by ROC curve also showed very high accuracy.

KEYWORDS: Covid-19, Comorbidity, ROC-curve, Logistic regression
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