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Abstract

Nanofibre mats have been mainly used in relation to human health sciences. The
application of this material in plant tissue culture was still rare. In this research, using different
types and patterns of nanofibre mats, the microshoots (size 2-3 mm) of three basils were
cultured in vitro. There were 3 types of materials for fabrication of a nanofibre mat in this
study: cellulose (C), polyvinylidene fluoride (F) and polylactic acid (L) and 2 patterns of
nanofibre mats: nonwoven (called pattern 1) and a mixture of nonwoven and aligned
nanofibres (called pattern 4). Microshoot explants were obtained from aseptic grown holy basil,
lemon basil and sweet basil seedlings. These explants were cultured on nanofibre mats that
were floated on liquid basal MS medium. The results revealed that holy basil microshoots
exhibited the greatest shoot height and number of root formed when cultured on the nonwoven
cellulose-based nanofibre mat (C1). The nonwoven nanofibre mats electrospun from polylactic
acid (L1), however, supported the greatest shoot height of both lemon basil and sweet basil
microshoot explants. In addition, both lemon basil and sweet basil microshoots formed the
greatest number of roots when cultured on the nonwoven nanofibre mats electrospun from
polyvinylidene fluoride (F1). Thus, the basil microshoot cultures exhibited various responses
when cultured on the different types and patterns of nanofibre mats. This innovation of
culturing basil microshoots on electrospun nanofibre mats only requires 0.5 ml liquid medium
and should also assist plant tissue culturists to save on using the relative expensive agar.

Keywords: holy basil, lemon basil, sweet basil, Murashige and Skoog medium, plant tissue
culture

Introduction

An electrospun nanofibre mat is a physical support matrix containing tens to hundreds
of nanometer or sub-nanometer fibres which were electrospun and conventionally fabricated
into mats with the fibre in random, aligned or patterned arrangements (Bodhipadma et al.,
2016; Mahjour et al., 2016; Jian et al., 2018; Kozior et al., 2019). These electrospun ultrafine
fibres could be produced from inorganic or organic compounds, for example, polylactic acid,

-1-
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polyvinylidene fluoride (Bodhipadma et al.,, 2011), polycaprolactone (Chanunpanich &
Suwanboon, 2014), fish skin gelatin (Songchotikunpan et al., 2008) and lignin (Hong et al.,
2019). So far, there were various applications of electrospun nanofibre mats, including
filtrations, affinity membranes and recovery of metal ions, tissue engineering scaffolds, wound
healing, drug delivery, composites and templates, catalyst and enzyme carriers, sensors and
energy storage (Jian et al., 2008; Wang & Ryan, 2011). All these were primarily used for
human care.

Among about 65 species in Lamiaceae (Labiatae) family, three well known basils in
Thailand, holy basil (Ocimum tenuiflorum L., formerly known as O. sanctum L.), lemon basil
(Ocimum x citriodorum Vis.) and sweet basil (Ocimum basificum L.), are just not only the
culinary herbs but also the rich sources of natural antioxidants, essential oils and
neutraceuticals (Bodhipadma et al., 2012; Wongsen et al., 2015; Lupton et al., 2016; Tangpao
et al., 2018). Thus, using these 3 basils for food ingredients in Thai cooking would provide
delicious tastes, fragrances and good health for the consumer.

In plant tissue culture, electrospun nanofibre mats have recently been applied in a few
experiments, for instance, as a scaffold for callus induction and culture of aromatic chilli and
bilimbi (Bodhipadma et al., 2011) and a physical support substrate for germination of the
Artabotrys hexapetalus pollen (Bodhipadma et al., 2016). A microshoot is an explant comprising
the apical meristem with a minimal amount of other shoot tissues. This tiny explant has been
used in various applications, including in vitro grafting, in vitro propagation, in vitro selection,
and virus eradication (Sarai et al., 2014). It is not known if electrospun nanofibre mats would
be suitable for microshoot culture. In this research, we aimed to investigate the growth of
microshoots and root production when the microshoot explants of holy basil, lemon basil and
sweet basil were cultured on different types and patterns of electrospun nanofibre mats.

Materials and methods

Dry seeds of holy basil, lemon basil and sweet basil were purchased from Chia Tai Seed
Co., LTD., Bangkok, Thailand. The seeds of these three basils were first immersed separately in
clean tap water for 3 hours. Surface sterilization of the seeds was initiated by transferring the
seeds to 10% (v/v) St. Andrews Vegetable and Fruit Washing Liquid [Lion company (Thailand)
Ltd., Thailand] for 10 minutes, followed by rinsing them with clean tap water for 10 minutes.
The seeds were then soaked in 15% (v/v) Clorox (5.25%, w/w, sodium hypochlorite) and 3-4
drops of Tween 20 for 15 minutes before 3 rinses of 1 minute each in sterile distilled water. For
seed germination under axenic conditions, five of the seeds were placed on the surface of basal
MS medium (Murashige and Skoog, 1962) gelled with 0.8% (w/v) agar in a jar.

Following seed germination, microshoot explants (size 2-3 mm) of these three basil
seedlings were excised and cultured on the surface of different types and patterns of
electrospun nanofibre mats: cellulose (C), polyvinylidene fluoride (F) and polylactic acid (L) that
were nonwoven (pattern 1) and a mixture of nonwoven and aligned arrangement (pattern 4)
(Table 1), floated on 0.5 ml of liquid basal MS medium (Figure 1) placed in polypropylene tubes
(size: 100 mm height and 16 mm diameter) with low-density polyethylene screw cap (Daigger
Scientific, Inc., USA). For seed germination under axenic conditions and microshoot cultures, all
the cultures were kept in a growth room under daylight fluorescent lamps (19.39 pmol/m?/s)
for 16 hours and 8 hours of darkness at 252 °C for 3 and 4 weeks, respectively. All the media
used in this study were adjusted to pH 5.7, and autoclaved at 121 °C and 15 psi for 20
minutes. Shoot length and number of root formed were determined and analysed statistically
including ANOVA and means comparison by Duncan’s Multiple Range Test at a confidence level
of 0.05.
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Table 1 Three types and two patterns of electrospun nanofibre mats used in this experiment.
Each nanofibre mat was 13 mm diameter.

Type Pattern 1 Code Code
Cellulose (C) C1 c4
Polyvinylidene F1 F4
fluoride (F)

Polyacetic acid L1 L4

L

Note: pattern 1 = nonwoven and pattern 4 = a mixture of nonwoven and aligned nanofibres

Hﬂmmmmmmlmﬂmﬂﬂhcap

«——test tube

microshoot
nanofibre mat

liquid medium

Figure 1 Diagram showing the set-up of an experiment for culturing a microshoot explant on a
nanofibre mat floated on the surface of liquid medium in a test tube.

Results and discussion

Generally, microshoot explants could be cultured in vitro on semi-solid medium as well
as in liquid medium. For liquid culture, the explants were able to grow when floated in liquid
medium under agitation or placed on a filter paper bridge in contact with liquid medium
(Grigoriadou et al., 2005). In this research, electrospun nanofibre mats with different chemical
compounds and the fibres in different arrangements were used as support materials for culture
of holy basil, lemon basil and sweet basil microshoot explants floated on the surface of liquid
medium.
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After microshoot explants (2-3 mm) of three basils were cultured on various types and
patterns of electrospun nanofibre mats floated on liquid basal MS medium for 4 weeks, it was
found that among all the electrospun nanomats used as support materials, the microshoots of
holy basil grew particularly well on the C1 nanofibre mats. The microshoots exhibited the
highest and lowest shoot heights at 12.75 mm and 6.75 mm when cultured on C1 and F4
nanofibre mats, respectively (Figure 2). There was no significant difference between the shoot
heights of the microshoots of three basils cultured on the C1 and L1 nanofibre mats (Figures 2-
4). The lemon basil and sweet basil microshoots exhibited greater shoot heights (33.83 mm
and 30.9 mm, respectively) than the holy basil microshoots when cultured on L1 nanofibre
mats (Figures 2-4). Moreover, the microshoots of these three basils exhibited the lowest shoot
heights when cultured on the F4 nanofibre mats (Figures 2-4).
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Figure 2 Shoot heights of holy basil microshoots after culturing on the different types and
patterns of electrospun nanofibre mats floated on liquid basal MS medium for 4 weeks.
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Figure 3 Shoot heights of lemon basil microshoots after culturing on the different types and
patterns of electrospun nanofibre mats floated on liquid basal MS medium for 4 weeks.



The Journal of Applied Science Vol. 20 No. 1: 1-9 [2021]

NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2021.01.001
50
45 c
~~
£40  pe e bc
E35 ab
£ 30
225 a
(7}
< 20
°
g 15
& 10
5 !
0
(o4 § c4 F1 F4 L1 L4
Codes

Figure 4 Shoot heights of sweet basil microshoots after culturing on the different types and
patterns of electrospun nanofibre mats floated on liquid basal MS medium for 4 weeks.

The holy basil microshoots formed the highest number of roots (3.5) when cultured on
the C1 nanofibre mats compared to those on the other nanofiber mats (Figure 5). In contrast,
lemon basil and sweet basil microshoots both formed the highest number of roots (12.67)
when cultured on the F1 nanofibre mats (Figures 6 and 7). There was no significant difference
in the number of roots formed by the microshoots of both basils when cultured on the C1, C4,
F1 and L1 nanofibre mats (Figures 6 and 7). Overall, the holy basil microshoots formed fewer
roots than the lemon basil and sweet basil microshoots across all the different nanofiber mats
used.

From the results obtained, among the different types and patterns of electrospun
nanofibre mats used on liquid basal MS medium, differences were found in the shoot growth
and root initiation in these three basil microshoots. One of the main reasons of these various
responses might be related to the difference in medium adsorption efficiency of each of the
nanofibre mats used. Our preliminary results suggested that cellulose (C) nanofibre mats had
the highest percentage of medium adsorption, while polyvinylidene fluoride (F) nanofibre mats
had the lowest one (data not shown).
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Figure 5 Number of roots formed per holy basil microshoot after culturing on the different
types and patterns of electrospun nanofibre mats floated on liquid basal MS medium for 4
weeks.
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Figure 6 Number of roots formed per lemon basil microshoot after culturing on the different
types and patterns of electrospun nanofibre mats floated on liquid basal MS medium for
4 weeks.
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Figure 7 Number of roots formed per sweet basil microshoot after culturing on the different
types and patterns of electrospun nanofibre mats floated on liquid basal MS medium for
4 weeks.

It is possible that there might be some influence from the plant source of the
microshoot explants on the response of the explants to the different nanofiber mats used. In
this study, the growth rate of holy basil microshoots and root formation was about 2.4 and 3.6
times, respectively, lesser than those in the lemon basil and sweet basil microshoots cultured
on the nanofiber mats.

The microshoots of these three basils formed the least number of roots when cultured
on F4 nanofibre mats. This was probably related to that a mixture of nonwoven and aligned
(pattern 4) had inferior medium adsorption percentage than the nonwoven (pattern 1) (data
not shown). The precise cause of lower root formation on the F4 nanofibre mats warrants
further investigations.
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Electrospun nanofibre mats were first used in plant tissue culture for callus induction
and subculture (Bodhipadma et al., 2011) and later for pollen germination (Bodhipadma et al.,
2016). In both studies, there were also different growth responses on the diverse types and
patterns of nanofibre mats as found in the present research. Similar to culture on a nanofibre
mat, explants, for example, potato meristem, could be placed on a filter paper bridge as a
supporting material standing on liquid medium in a test tube comprising liquid MS medium
(Khatun et al., 2015; Blidar et al., 2016). The volume of liquid medium required in the paper
bridge support system might apparently be greater than that in the nanofiber mat system. It
would be interesting to compare if there are any other differences in these two physical support
systems for plant tissue culture.

The liquid culture system has obvious advantages over the semi-solid culture system
based on agar. To solidify or form a gel of the medium, agar generally uses as a gelling agent
that costs 10-20% of the cultured medium expenditure (Vyas et al., 2008; AlKhateeb & Alturki
2014). Nevertheless, for shoot and root development in vitro, the polarity is an important factor
which a semi-solid medium could better provide than liquid medium. Using electrospun
nanofibre mats would combine the benefits of both types of medium systems. With this
innovation of using nanofiber mats, there is no need to use the more expensive agar and less
liquid medium is required. For example, for culturing these three basil microshoots, as little as
0.5 ml of medium was found to be sufficient. Moreover, since the growth of unspecialised cells
in callus, haploid pollen cells and tiny organs like microshoots during culture in vitro is likely to
depend on the types and patterns of nanofibre mats, it would be possible to select the right
types and patterns of electrospun nanofibre mats to use.

Conclusion

Holy basil, lemon basil and sweet basil microshoot explants responded differently on
the various types and patterns of electrospun nanofibre mats. In this research, the electrospun
nanofibre mats were found to be useful physical support matrices for the growth of the
microshoots and root formation in these three basils. The use of nanofiber mats also minimised
the volume of liquid medium required for microshoot culture and save on using the relatively
expensive agar for the common semi-solidified plant tissue culture medium system.
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Abstract

The Marshall-Olkin Power Lomax (MOPLx) distribution, being extended the Power
Lomax distribution, is obtained by using Marshall-Olkin (MO) scheme. This distribution can be
applied for skewed data set and used as an alternative to Gamma or Weibull distributions. The
main objective of this paper is to compare common method, maximum likelihood estimator
(MLE) with the minimum Anderson-Darling estimator (MADE), for the shape and scale
parameters of the MOPLx distribution. The efficiency of both estimators for MOPLx distribution
is examined via a simulation study with different sample sizes and its specified parameters by
using bias, standard deviation and root mean square error as the criteria for the comparison
between MLE and MADE. Furthermore, for application of the MOPLx distribution, four life time
data sets are exemplified to evaluate the performances of these estimators in both small and
large samples.

Keywords: maximum likelihood estimator, minimum Anderson-Darling estimator, the Marshall-
Olkin Power Lomax, simulation study

Introduction

Lifetime distributions play a central role in parametric inferences for modeling the
univariate data in order to explain or predict a lifetime phenomenon. It involves the following
two essential steps, determining the best fitting distribution and selecting its parameter
estimation, because different distributions or parameter estimations have an effect on the
result of the data analysis.

In terms of distributions, the fact that each distribution has different characteristics, so
most well-known traditional distributions may not fit well on some data. As a result, the new
distributions that are extended forms of traditional distributions have been proposed using
several techniques in the last few years. Moreover, it was found that they are more flexible to
model various real world data in a wide variety of areas such as lifetime analysis, economics,
engineering, finance, insurance, biological and medical science (Akhter et al., 2020; Khaleel et
al., 2020).

Recently, the Marshall-Olkin Power Lomax (MOPLx) distribution with four parameters;
three shape and one scale parameters was proposed by Haq et al. (2020a). The MOPLx
distribution is extended form of the Power Lomax distribution based on the Marshall-Olkin (MO)
family by adding a new parameter, called tilt parameter (Cordeiro, 2014). In their work, the
proposed distribution was focused on the shape characteristic of the probability density function

-10 -



The Journal of Applied Science Vol. 20 No. 1: 10-27 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.01.002

(pdf), as well as hazards function, explicit forms of moments, order statistics, Rényi entropy,
probability weighted moments, a parameter estimation, and its application. Additionally, the
MOPLx distribution can be considered in skewed data set, and it has been used to model the
wind speed (Haq et al., 2020b), lifetime and reliability (Haq et al., 2020a) data sets.

In case of parameter estimation, there are lots of methods to estimate the unknown
parameters such as method of moments, least squares method, probability plotting, the
expectation-maximization algorithm, Bayes estimator, or the maximum likelihood estimator
(MLE). Nevertheless, the MLE is the most widely used as baseline method in the framework of
various proposed distributions, including the MOPLXx distribution. In addition, some newly works
on distributions using MLE are illustrated: the Marshall-Olkin Gambel-Lomax distribution
(Nwezza & Ugwuowo, 2020), the Marshall-Olkin Exponential Gompertz distribution (Khaleel et
al., 2020) and Type II Topp Leone Power Lomax Distribution (Aryuyuen & Bodhisuwan, 2020).

In this paper, we would like to apply the minimum Anderson-Darling estimator (MADE)
in MOPLx distribution and compare with MLE. The MADE has a high performance in the case of
many location scale distributions and offers a better solution than MLE in special estimation
problems which can occur in modelling complex phenomena (Raschke, 2017). Additionally, the
MADE was used in some recent researches by Dey et al. (2017; 2019) and ZeinEldin (2019a;
2019b)

The rest of this paper is organized as following, firstly, background of the MOPLx
distribution including its pdf, the cumulative distribution function (cdf), some essential
mathematical properties and parameter estimation using MLE are studied. Secondly, MADE for
the MOPLx distribution is discussed and its Anderson-Darling distance function is also derived.
Thirdly, the efficiency of its estimators are compared by simulation study. After that, MLE and
MADE are applied to the real data sets. Finally, main results of this study are summarized.

Materials and Methods
1. The MOPLXx Distribution
The MOPLx distribution with three scale parameters «, A, y and the shape parameter

S was introduced by Haq et al. (2020a). The pdf, cdf and some plots of this distribution are

described as follows.
Definition 1. Let X be a random variable of the MOPLx distribution with parameter
«, B, A, and y. It wll be denoted as X ~ MOPLx(«, 5, 4,7) -

Theorem 1. Let X ~ MOPLX(a, B, 4,7), then its pdf is

ayp-1 Y
f0 - yaAx"H(A+x") oo "

(1— a- 7)(1“ (A+x )ﬂ ))2

and the corresponding cdf is

—a-1

F(x)= ,  X=0, (2)

where >0, #>0,1>0, and y>0.

Some plots of the MOPLx pdf and associated cdf with various values of its parameters
are shown in Figure 1. It can be seen that the pdf can be categorized into two characteristics
according to the shape parameter, 3 ;
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1) When B <1, the pdf is decreasing.
2) When g >1, the pdf is unimodal with right—skewed.

For the MOPLx pdf with unimodal, if the parameter « is increasing and others are
fixed, the shapes get more extremely right skewed, as shown in Figure 1(c). On the other
hand, the shape parameter becomes more and more flat with right skewed when either 1 or »

is increasing, as displayed in Figure 1(e).

2. The mathematical properties

In this section, some essential mathematical properties of the MOPLx distribution for
this study including quantile function and the rth moment about origin (Haq et al., 2020a) are
presented.

The quantile function

The quantile function, the reverse of its cdf, is beneficial towards both statistical
inference and application in probability. In this section, the MOPLx quantile function is shown.

Theorem 2. The quantile function of the MOPLx distribution is

BNV
Qe fiay) =| Al [ —4 ] 1 3)
RS M L F e |
where u is random variable from uniform distribution bounded on (0,1). Moreover, the median
of X isgiven by Q/2;«, B8, 4,%).

The th moments

The various moments are a vital class of expectation describing the important shapes
or features of any distribution (e.g., mean, variance , skewness and kurtosis).

Theorem 3. Suppose X ~MOPLx(«, B,4,y) then the rth moment of X is given by

L :a}/i(k +1)(- y)kl;B{%+l,(a(k+l)—%H, 4)

where B(.,.) is beta function.

3. Methods of parameter estimations for the MOPLx distribution

The parameter estimation is used to estimate unknown parameters so as to describe
behavior of data. In this part, the fundamental aspect of two methods of parameter estimation
are described as follows.

The maximum likelihood estimator

The maximum likelihood estimation (MLE) has been known as one of the most well-
known method to estimate parameters of a distribution by maximising the log-likelihood
function of parameters, ¢.

Theorem 4. Let X,, X,,.., X, be an independent and identically distributed (iid)

random variable corresponding to x, x,,.., X, which is a random sample of size n from a
population with pdf in eqution (1) and let ® =(e, 5, 1,7)" be the vectors of the parameters.
Then, its log-likelihood function (Haq et al., 2020a) can be expressed as
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Figure 1 Some MOPLx pdf and cdf plots with its specified parameters: «, 3, A, and y.

-13 -



The Journal of Applied Science Vol. 20 No. 1: 10-27 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.01.002

(®) = nlog i )+(ﬂ—l)ilog[xi]—(a+1)Zn:Iog[ﬂ,+ x']

2> log [1— A-na<[A+x, ]} . (5)
i=1
From equation (5), the associated score functions are
ol(@®) n n
——=—+nlog(A)-) log| A +x’
Pl ORDY g[2+x]
~1=-9)A“log[A[ A+ X |+ W=y A“log[ A+ x/ [ A+x|"

_z = ]

1-(1-y)A° [,1+xf]

o) _n &, , Iog oA log[x ][4+ ]
T z oglx]-(a+ )z e Z Iy PV
(O®) na a(ll—y)A” [l + Xﬂ] —a(l-y)A ™ [/1 +x/ Jia

5 :7_(0”1);/1 —22 ~ ,

1-(1-na“[a+x]

0@ _n & A[aex]
oy 7 T1-@-pAa A+ ]”

The maximum likelihood estimators of MOPLx distribution, ©,,,c = (G, Buier Auie: Fane)" + 4O

not have an explicit form. Thus, maximum likelihood estimates can be solved by numerical
technique using R language (R Core Team, 2020).

The mininmum Anderson-Darling estimator

The MADE is one of the minimum distance estimators based on an Anderson-Darling
statistics. This class of estimators is based on minimizing any estimates of the cdf with the
empirical distribution function (Dey et al., 2019). The Anderson-Darling distance function (ADF)
is written as

A®) :—n—%g(Zi ~1){log(F (X, 10))+10g(F (X, 1, 10))},

where 0 is the vector of parameters in the cdf and F iS 1-F . The point estimation of MADE
(Rodrigues, 2016) is defined as

A(6) = min A(0).

Theomrem 5. Let X,, X,,..., X, be an ordered iid random sample of size n from the
MOPLXx population with cdf shown in equation (2) and let ® = («, 3,4,7)" be the vector of
the parameters. Then, the ADF of MOPLXx distribution is
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1-27(2+ %)

A(@)_—n——Z(Zl 1)< log —
E 1—(1—y)[,1“(/1+xg)) j
1-2° (2 + X0 )

1—(1—7)(/1a (2 %0a ) )
According to Theorem 5, its associated nonlinear equations are

5A(@) Z( { ((X(i)|®) ®( (n+1|)|®)} 0, (6)

(|) IG) IE( (n+1-i) |®

+log| 1-

6A(G)) 1 (X(i) |®) @ (n+1 i) |® _
Z( { ( (i) |®) 'E (n+1 i) |® - 0, (7)
aA(G) PR _ (X(i) |®) ®/L (n+1-i) |® _
oA ) Z( ){ ( (i) |®) F (n+1 i) |® -0 (8)
M _= _ ( (i) IG) @ (n+1 i) |®
a}/ ) Z( I ){ ( (i) |®) IE (r\+l i) |® } 0, (9)

where ®( ol ) 7/1“(ﬂ+xﬁ) [In(/1+xﬂ)_|n/11

[1— a-y (/1“ (A+x7)" )T
ayA“x” (In x)(l +x/ )7%1

[1— (1—7)(/1" (A+x7)" )]Z |

201

®ﬂ<x(i) |@):

_ B p2aif 4 A
Ql(x(iﬂ@): o ( +X) 2

[1— (1—7)(,1“ (A+x)" )}

2 (a+x) (,1“ (+x)" —1)

—a 2
[1—(1—;/)(/1“ (A+x7) )]
Thus, O,0e = (Gymoe Busoe » Avnoe» Punoe ) » the Anderson-Darling estimated parameter

vector, can be solved by equations (6)-(9). These equations can be obtained by numerically
solving the system of non-linear equations through the R language (R Core Team, 2020).

G)V(X(i) |@):
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Results and discussion
1. Simulation study

In this part, the Monte Carlo simulation is applied to illustrate the comparison of the
parameter estimation methods, MLE and MADE. All cases are selected based on the shape of
the MOPLx distribution, unimodal and decreasing shapes, presented in Table 1. Each of the
cases is constructed from MOPLx distribution with the sample sizes of 15, 30, 50, 100, 300,
500, 1000. The simulation is repeated 1,000 times and the parameter estimates for both
methods are obtained by using Nelder-Mead algorithm, with optim function in stats package of
R language (R Core Team, 2020). This function provides basic optimization capabilities, most
widely used functions in R language (Nash, 2014). Moreover, the criteria for comparing the
performance of MLE and MADE are bias, standard diviation (SD) and root mean square error
(RMSE). Suppose O is the estimated parameter vector and ® is the true parameter vector.

1000

Then, the bias, SD and RMSE are computed by the fomulas: ® = > ©, /1000, Bias(®) = © -0,
i=1

R 000 R R 000
SD(®) =, (> (®,-0)?/999, and RMSE(®) =, |> (0, —©)? /1000, respectively.
i=1 i=1
Table 1 provides all cases including mean and variance of the specified distributions.
The characteristics of MOPLx shape in all cases are also illustrated in Figure 2 which has
unimodal and decreasing shapes.

Table 1 All cases of the MOPLx parameters for simulation study and corresponding mean and
variance

Parameter .
cases o I 1 7 Mean Variance
1 4.5 1.0 1.5 1.5 0.5353 0.4339
2 5.5 1.0 2.5 2.5 0.8925 0.8464
3 1.5 1.5 1.5 1.5 1.8658 15.2071
4 3.5 1.5 2.5 1.5 1.0217 0.6993
5 3.5 1.5 3.5 3.5 1.7718 1.6086

Random variate generation in the MOPLx distribution
The inversion method is utilized to generate a random variable for the MOPLx
distribution by setting x, = F(u;), where u; is a random variable of the uniform distribution on

(0,1), which is denoted as U(0,1).
Let X ~MOPLx(«,8,4,7), the random variate generation of the MOPLx distribution

can be constructed as following steps.
1) Denoting the true parameter values («, 8,1,7) and sample sizes (n)

2) Generating u, from U(0,1), when i=123,...,n
3) Generating x, from the equation (3)
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Figure 2 Plots of MOPLx distribution used in simulation study

Simulation study result

The results in simulation study based on various combination of parameter values and
sample sizes are presented in Tables 2. Performance of these estimators is evaluated through
their biases, SDs and RMSEs for both parameter estimation methods. It is shown that in most
cases the MADE can produce lower bias, SD and RMSE values for the parameters «, # and A
when n<50. In case 3, MADE shows lower bias for all parameters when n<50. Almost all
cases, the results indicate that SD and RMSE values of MADE are larger than those of MLE
when n>100. When considering the parameter g of two estimation methods, the estimated
values of S are closer the true value than other parameters in all situations. Besides, in most
cases, the bias, SD and RMSE values of the parameter y using MADE seem to be higher than

those using the MLE. This can be seen more clearly when n>500. Furthermore, the results
show that SD and RMSE values for MLE and MADE tend to decrease as the sample size
increases in most situations. In addition, the values of the estimated parameters tend to be
closer to the true parameters when n is large, except for the parameter A with MADE in case
5. On overall result, we observe that the MLE performs quite well when n is large. However,
MADE performs slightly better than MLE when n is small.
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Table 2 The estimates, Bias, SD and RMSE of the estimated parameters using MLE and MADE
methods

Case 1: True parameters: (o =4.5, #=1.0, =15,y =1.5)

n i i MLE i _MADE

Estimate Bias SD RMSE Estimate Bias SD RMSE

15 a 7.5944 3.0944  8.8426 9.3642 4.7193 0.2193 6.7944 6.7946
[3’ 1.3177 0.3177  0.5238 0.6124 1.2180 0.2180 0.5539 0.5950

y) 6.7224 5.2224 9.0465 10.4418 1.9610 0.4610 3.0413 3.0746

7 3.2406 1.7406 6.1328 6.3721 5.2051 3.7051 7.8878 8.7111

30 a 6.8482 2.3482  6.3254 6.7442 5.3211 0.8211 6.3656 6.4152
B 1.1474 0.1474  0.3538 0.3831 1.0807 0.0807 0.3977  0.4056

p) 4.8988 3.3988  6.3390 7.1899 1.8933 0.3933 2.4388 2.4691

7 3.4493 1.9493 5.2029 5.5536 5.0377 3.5377 7.1726 7.9944

50 a 5.4098 0.9098 3.9864 4.0871 5.4985 0.9985 5.5545  5.6408
ﬁ 1.0958 0.0958  0.2820 0.2977 1.0259 0.0259 0.3234 0.3243

A 2.5899 1.0899 2.4875 2.7147 1.8717 0.3717 2.3763 2.4040

7 2.4802 0.9802  2.5300 2.7121 4.1478 2.6478 5.6217  6.2115

100 «a 5.1307 0.6307 2.9617 3.0266 4.8309 0.3309 3.6947 3.7076
ﬁ’ 1.0442 0.0442 0.1975 0.2023 1.0065 0.0065 0.2278 0.2278

y) 2.2344 0.7344 2.0737 2.1989 1.6157 0.1157 1.7732 1.7761

7 2.3617 0.8617 2.2116  2.3726 3.0764 1.5764 3.6924 4.0132

300 a 4.8328 0.3328 1.7940 1.8237 4.6434 0.1434 2.4906 2.4934
ﬁ 1.0109 0.0109  0.1219 0.1224 0.9872 -0.0128 0.1436  0.1441

A 1.7533 0.2533 1.0543 1.0838 1.5354 0.0354 1.4130 1.4127

7 1.8955 0.3955 1.1366  1.2029 2.3435 0.8435 1.7840 1.9726

500 a 4.5422 0.0422 1.3003 1.3003 4.4128 -0.0872  1.7926 1.7938
ﬁ 1.0204 0.0204  0.0895 0.0918 0.9918 -0.0082 0.1124  0.1126

p) 1.5868 0.0868  0.6404 0.6460 1.4098 -0.0902 0.8853  0.8894

7 1.5935 0.0935 0.6435 0.6500 2.1190 0.6190 1.3390 1.4746

1000 «a 4.4890 -0.0110 0.8999 0.8995 4.3176 -0.1824 1.7224 1.7312
/3’ 1.0129 0.0129 0.0689 0.0701 0.9956 -0.0044 0.0793  0.0794

p) 1.5724 0.0724 0.5706 0.5749 1.4071 -0.0929 1.0033  1.0071

7 1.5777 0.0777 0.5949 0.5997 1.9066 0.4066 0.9131 0.9991
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Case 2: True parameters: (o =5.5, #=1.0,1=2.5,y=2.5)

n i i MLE i _MADE

Estimate Bias SD RMSE Estimate Bias SD RMSE

15 a 7.2916 1.7916 9.6804 9.8400 4.9582 -0.5418 7.4263 7.4423
p 15414 05414  0.7140  0.8957 1.4164 04164 06961 0.8108

i 8.9950 6.495 12.7946 14.343 2.6025 0.1025 3.3924 3.3923

7 3.8857 13857 74788  7.6024 5.8012 33012  8.5442  9.1558

30 a 7.0873 1.5873 7.3887 7.5536 5.8664 0.3664 7.0570 7.0630
g 1.2623 02623 04183  0.4936 1.1765 01765 0.4581 0.4907

A 6.9371 4.4371 8.7655 9.8207 2.6416 0.1416  3.0915 3.0932

7 4.2408 1.7408 6.4256 6.6541 5.9664 3.4664  7.8661  8.5924

50 a 7.0178 1.5178 6.0017 6.1877 6.5706 1.0706  6.9308  7.0095
ﬁ 1.1480 0.1480 0.3340 0.3652 1.0905 0.0905 0.3739  0.3845

p) 5.6067 3.1067 6.5691 7.2637 2.8021 0.3021 2.7958 2.8107

7 4.5224 2.0224 5.8237 6.1621 5.8637 3.3637 7.4293  8.1520

100 « 6.2213 0.7213 3.8802 3.9448 6.2977 0.7977 5.7084 5.7611
[;’ 1.0747 0.0747 0.2347 0.2462 1.0263 0.0263 0.2659  0.2670

p) 3.8638 1.3638 3.8040 4.0392 2.6973 0.1973 2.6605 2.6665

7 3.8990 1.3990 4.0738 4.3054 5.0381 2.5381 5.8604  6.3837

300 a 6.2229 0.7229 2.7033 2.7970 6.1187 0.6187 4.0644 4.1092
/3’ 1.0218 0.0218 0.1493 0.1508 0.9852 -0.0148  0.1721  0.1727

y) 3.2502 0.7502 2.0966 2.2258 2.6344 0.1344 2.1800  2.1830

7 3.1250 0.6250 2.1749 2.2619 4.0783 1.5783 3.5080 3.8451

500 «a 5.5618 0.0618 1.7673 1.7675 5.7079 0.2079 3.0642  3.0697
/3’ 1.0275 0.0275 0.1078 0.1112 0.9874 -0.0126  0.1365  0.1370

) 2.6777 0.1777 1.0744 1.0885 2.4458 -0.0542 1.6693 1.6693

7 2.6178 0.1178 1.0782 1.0841 3.5367 1.0367 2.1785 2.4116
1000 «a 5.5304 0.0304 1.2787 1.2784 5.2640 -0.2360 1.8118 1.8262
/3’ 1.0196 0.0196 0.0801 0.0824 0.9844 -0.0156  0.1028  0.1040

p) 2.6520 0.1520 0.8465 0.8596 2.2350 -0.2650  1.2279  1.2555

7 2.5124 0.0124 0.8508 0.8505 3.3942 0.8942 1.8499  2.0538
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Table 2 (Continued)

Case 3: True parameters: (o =15, f=1.5 1=15,y=1.5)

n i i MLE i _MADE

Estimate Bias Ssb RMSE Estimate Bias ) RMSE

15 a 2.2996 0.7996  2.9252 3.0311 2.0899 0.5899 2.9654 3.0221
ﬁ 2.1176 0.6176 1.2179 1.3650 1.8937 0.3937 0.9826 1.0581

A 2.7815 1.2815 3.3474 3.5828 2.2776 0.7776 2.8247 2.9284

7 2.8544 1.3544 3.1850 3.4596 2.4373 0.9373 3.3655  3.4919

30 a 2.0326 0.5326  1.8543 1.9284 1.9557 0.4557 1.9049 1.9578
ﬁ 1.7862 0.2862 0.7666 0.8179 1.6659 0.1659 0.6345 0.6555

y) 2.6640 1.1640 2.7645 2.9983 2.0624 0.5624 2.2332 2.3019

7 2.4603 0.9603  2.3859 2.5708 2.3684 0.8684 2.5291  2.6728

50 a 1.8921 0.3921 1.3103 1.3670 1.8612 0.3612 1.6847 1.7222
ﬁ 1.6356 0.1356 0.5272 0.5441 1.5936 0.0936 0-4811 0.4899

i 2.4747 0.9747 2.2718 2.4710 1.9865 0.4865 2.0086 2.0657

4 2.2961 0.7961  2.2269 2.3638 2.2257 0.7257 2.1296  2.2488

100 «a 1.6463 0.1463  0.8204 0.8330 1.7097 0.2097 1.0869 1.1064
ﬁ 1.5737 0.0737  0-2990 0.3078 1.5329 0.0329 0.3004 0.3021

p) 1.9163 0.4163  1.3892 1.4495 1.9414 0.4414 1.8593 1.9101

4 1.9016 0.4016  1.3257 1.3846 2.1258 0.6258 2.0421  2.1348

300 a 1.5657 0.0657  0.4015 0.4066 1.6093 0.1093 0.5197  0.5308
ﬁ 1.5209 0.0209 0.1536 0.1549 1.5052 0.0052 0.1731  0.1731

p) 1.8725 0.3725  1.0695 1.1320 1.8464 0.3464 1.4864  1.5255

4 1.7020 0.2020 1.0635 1.0820 1.9023 0.4023 1.4949  1.5473

500 a 1.5454 0.0454 0.3112 0.3143 1.5581 0.0581 0.3505  0.3551
ﬁ 1.5080 0.0080 0.1238 0.1240 1.5035 0.0035 0.1343  0.1343

AA 1.7987 0.2987 1.0090 1.0518 1.7825 02825 1.1767 1.2096

7 1.7237 0.2237 1.0177 1.0416 1.7569 0.2569 1.1594  1.1869

1000 a 1.5257 0.0257 0.2123 0.2137 1.5266 0.0266 0.2371  0.2385
ﬁ 1.5047 0.0047 0.0852 0.0853 1.5025 0.0025 0.0916  0.0915

p) 1.6834 0.1834  0.6602 0.6849 1.6922 0.1922 0.8577  0.8786

4 1.5775 0.0775  0.6529 0.6571 1.6430 0.1430 0.8700  0.8812
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Case 4: True parameters: (o =3.5, #=1.5,1=25, y =1.5)

n i i MLE i _MADE

Estimate Bias SD RMSE Estimate Bias SD RMSE

15 a 4.0397 0.5397 5.8038 5.8259 3.1707 -0.3293  5.4185 5.4258
/§ 2.2772 0.7772 1.1371 1.3769 2.0776 0.5776 0.9631 1.1226

A 5.688 3.1880 8.4165 8.9961 2.0365 -0.4635 2.1994 2.2466

7 3.5916 2.0916 6.3567 6.6889 4.4852 2.9852 7.3746  7.9525

30 a 4.3408 0.8408 4.1230 4.2063 4.5873 1.0873 6.3846  6.4734
ﬁ 1.7572 0.2572 0.5900 0.6434 1.6487 0.1487 0.6284 0.6454

p) 5.1532 2.6532 5.9619 6.5236 2.4527 -0.0473  2.5674 2.5666

7 3.5434 2.0434 5.0724 5.4667 5.2100 3.7100 7.3954 8.2706

50 a 3.9360 0.4360 2.8054 2.8376 4.2011 0.7011 4.4836  4.5359
ﬁ 1.6466 0.1466 0.4575 0.4802 1.548 0.0480 0.5087  0.5107

p) 4.0575 1.5575 3.9521 4.2461 2.3704 -0.1296 2.1762  2.1790

7 2.9433 1.4433 3.4037 3.6955 4.6024 3.1024 6.3377  7.0535

100 «a 3.8484 0.3484 1.9935 2.0227 4.1412 0.6412 3.7529  3.8054
ﬁ 1.5431 0.0431 0.2930 0.2960 1.4830 -0.0170  0.3380  0.3382

p) 3.4319 0.9319 2.9586 3.1005 2.5535 0.0535 2.4970 2.4963

7 2.6822 1.1822 2.6190 2.8723 3.3881 1.8881 4.0302  4.4487

300 « 3.7484 0.2484 1.3284 1.3508 3.8532 0.3532 2.1359  2.1639
ﬁ 1.4954 -0.0046 0.1821 0.1821 1.4534 -0.0466  0.2083  0.2134

y) 2.7548 0.2548 1.5019 1.5226 2.4769 -0.0231 1.9653 1.9644

7 2.0616 0.5616 1.2737 1.3914 2.5187 1.0187 1.8723  2.1307

500 a 3.5808 0.0808 0.9539 0.9568 3.5939 0.0939 1.3700 1.3725
ﬁ 1.5254 0.0254 0.1322 0.1346 1.4781 -0.0219 0.1649  0.1663

y) 2.7558 0.2558 1.0874 1.1166 2.4406 -0.0594 1.4444 1.4449

7 1.5795 0.0795 0.6451 0.6497 2.0793 0.5793 1.2468 1.3742
1000 « 3.5214 0.0214 0.6247 0.6248 3.417 -0.0830 0.7067 0.7112
ﬁ 1.5159 0.0159 0.0981 0.0993 1.4854 -0.0146  0.1154  0.1163

p) 2.6958 0.1958 0.9645 0.9837 2.3354 -0.1646  1.0068  1.0196

7 1.5650 0.0650 0.5888 0.5921 1.8937 0.3937 0.8637 0.9488
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Case 4: True parameters: (o =3.5, #=1.51=25, y =1.5)

n i i MLE i i MADE

Estimate Bias SD RMSE Estimate Bias SD RMSE
15 a 3.8433 0.3433 6.4688 6.4747 3.3691 -0.1309  5.3215 5.3205
/§ 3.5819 2.0819 4.7186 5.1553 2.5687 1.0687 2.1115 2.3656
A 7.3439 3.8439 9.9849 10.6946 3.4776 -0.0224 4.1414 4.1394
7 5.6286 2.1286 7.9100 8.1876 5.7790 2.2790 7.2747 7.6199
30 a 3.4760 -0.0240 3.4186 3.4170 3.5918 0.0918 4.4057  4.4044
ﬁ 2.1437 0.6437 1.2488 1.4044 1.9661 0.4661 0.9659 1.0721
p) 6.4061 2.9061 6.8385 7.4272 3.5120 0.0120 3.7118 3.7099
4 5.1620 1.6620 6.3467 6.5577 5.4061 1.9061 5.8363 6.1369
50 a 3.6702 0.1702 2.8448 2.8485 4.0017 0.5017 4.2944 4.3214
ﬁ 1.8232 0.3232 0.6993 0.7701 1.7407 0.2407 0.5744 0.6225
p) 5.6645 2.1645 4.7163 5.1871 3.8991 0.3991 3.6530 3.6729
7 4.4323 0.9323 4.4795 4.5734 5.1143 1.6143 5.2156  5.4572
100 «a 3.5492 0.0492 1.9031 1.9028 4.1110 0.6110 3.1583  3.2153
ﬁ 1.6570 0.1570 0.3428 0.3769 1.6083 0.1083 0.3909  0.4054
y) 4.3993 0.8993 2.4269 2.5870 4.4074 0.9074 3.6409  3.7505
7 3.6554 0.1554 2.3673 2.3712 4.5631 1.0631 4.1448 4.2770
300 a 3.6060 0.1060 1.1898 1.1939 3.9563 0.4563 2.1618  2.2084
ﬁ 1.5546 0.0546 0.1999 0.2071 1.5421 0.0421 0.2261  0.2298
y) 4.0568 0.5568 1.7041 1.7920 4.5201 1.0201 3.4479  3.5940
7 3.6593 0.1593 1.7986 1.8047 3.9176 0.4176 2.7284  2.7588
500 a 3.4305 -0.0695 0.8323 0.8348 3.7246 0.2246 1.5108  1.5267
ﬁ 1.5533 0.0533 0.1544 0.1633 1.5300 0.0300 0.1896  0.1918
p) 3.7450 0.2450 1.1397 1.1651 4.1986 0.6986 2.8203  2.9041
7 3.4301 -0.0699 1.2353 1.2366 3.9309 0.4309 2.5186  2.5540
1000 a 3.4964 -0.0036 0.6532 0.6529 3.6609 0.1609 0.9736  0.9863
ﬁ 1.5235 0.0235 0.1178 0.1201 1.5188 0.0188 0.1455  0.1467
p) 3.6809 0.1809 0.9917 1.0076 4.1661 0.6661 2.4035  2.4929
7 3.5142 0.0142 1.0645 1.0641 3.8216 0.3216 2.4397  2.4597

Note: Bold values denote the smaller RMSE of the estimated parameters between MLE and MADE methods.
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2. Applications

For applications, we implement the parameter estimation methods on four real data
sets. The data sets are considered to fit with MOPLx distribution and their parameter
estimations are carried out using MLE and MADE. Then, the fitted models are compared using
goodness - of - fit tests based on Komogorov Smirnov (K-S) and Anderson-Darling (A-D),
reported in Table 3. The lower values of these statistics and higher p-values of K-S and A-D
indicate good fits. In addition, the histograms of all data sets and plots of the estimated pdf
and cdf of the MOPLx distribution are illustrated in Figure 3.

The first data is corresponding to the tensile strength of 100 carbon fibers in GPa (Data
I). The data has been obtained from Nichols & Padgett (2006). The values of mean (X), SD,

skewness, and kurtosis of the tensile strength of carbon fibers are 2.6014, 1.0209, 0.3590, and
3.1262, respectively. The data set is given as follows: 3.70, 3.11, 4.42, 3.28, 3.75, 2.96, 3.39,
3.31, 3.15, 2.81, 1.41, 2.76, 3.19, 1.59, 2.17, 3.51, 0.84, 1.61, 1.57, 1.89, 2.74, 3.27, 2.41,
3.09, 2.43, 2.53, 2.81, 3.31, 2.35, 2.77, 2.68, 4.91, 1.57, 2.00, 1.17, 2.17, 0.39, 2.79, 1.08,
2.88, 2.73, 2.87, 3.19, 1.87, 2.95, 2.67, 4.20, 2.85, 2.55, 2.17, 2.97, 3.68, 0.81, 1.22, 5.08,
1.69, 3.68, 4.70, 2.03, 2.82, 2.50, 1.47, 3.22, 3.15, 2.97, 2.93, 3.33, 2.56, 2.59, 2.83, 1.36,
1.84, 5.56, 1.12, 2.48, 1.25, 2.48, 2.03, 1.61, 2.05, 3.60, 3.11, 1.69, 4.90, 3.39, 3.22, 2.55,
3.56, 2.38, 1.92, 0.98, 1.59, 1.73, 1.71, 1.18, 4.38, 0.85, 1.80, 2.12, 3.65.

The second data is based on the waiting times between 65 consecutive eruptions in
seconds of the Kiama Blowhole in Australia (Data II). The times occurred from 1340 hours on
12 July 1998 were observed using a digital watch (Pinho et al., 2015). The summary statistics
for this data set are X = 39.8281, SD = 33.7505, skewness = 1.5464, and kurtosis = 5.7711.
The data set is reported as follows: 83, 51, 87, 60, 28, 95, 8, 27, 15, 10, 18, 16, 29, 54, 91, 8,
17, 55, 10, 35,47, 77, 36, 17, 21, 36, 18, 40, 10, 7, 34, 27, 28, 56, 8, 25, 68, 146, 89, 18, 73,
69, 9, 37, 10, 82, 29, 8, 60, 61, 61, 18, 169, 25, 8, 26, 11, 83, 11, 42, 17, 14, 9, 12.

The third data set was considered by Bhaumik et al. (2009) for small sample size. The
data set consists of 34 observations on the vinyl chloride data which is obtained from clean
upgrading monitoring wells in mg/L (Data III). The data set is given as follows: 5.1, 1.2, 1.3,
0.6, 0.5, 2.4, 0.5, 1.1, 8.0, 0.8, 0.4, 0.6, 0.9, 0.4, 2.0, 0.5, 5.3, 3.2, 2.7, 2.9, 2.5, 2.3, 1.0, 0.2,
0.1, 0.1, 1.8, 0.9, 2.0, 4.0, 6.8, 1.2, 0.4, 0.2. The values of X, SD, skewness, and kurtosis of
the the vinyl chloride data are 1.8794, 1.9526, 1.6037, and 5.0054, respectively.

The fourth data set is obtained from Jamal et al. (2018) and it represents 30 successive
values of March precipitation (inches) in Minneapolis/St Paul (Data IV). The data set is reported
as follows: 0.77, 1.74, 0.81, 1.20, 1.95, 1.20, 0.47, 1.43, 3.37, 2.20, 3.00, 3.09, 1.51, 2.10,
0.52, 1.62, 1.31, 0.32, 0.59, 0.81, 2.81, 1.87, 1.18, 1.35, 4.75, 2.48, 0.96, 1.89, 0.90, 2.05.
The summary statistics for the last data set are X = 1.6750, SD = 1.0006, skewness = 1.0867,
and kurtosis = 4.2069.

Table 3 shows the estimated values of parameters in the MOPLx distribution with K-S
and A-D test statistic along with p-values on four real data sets. Based on the results in Table
3, the efficiency of MLE and MADE methods and fitting performance of the MOPLx distribution
can be evaluate. First, the results show that the MOPLx distribution is appropriate in describing
four real data sets in terms of both K-S test and A-D test. Second, the MLE method is likely to
present greater p-values in the K-S test and A-D test for both Data I and Data II. The first and
second data sets represent large and moderate sample size with n= 100 and n= 65,
respectively.
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Table 3 The parameter estimated values and goodness-of-fit statistics for four data sets via
the MLE and MADE methods

Estimates K-S A-D
Data Method P F 7 ; (p-value) (p-value)
0.0603 0.4708

I MLE 5.3856 1.7254 5.9759  26.4715 (0.8609) (0.7763)

0.0611 0.5124
MADE 34227 2.0359 49574 17.9661 () 'gaq) (0.7338)
0.09355 0.1372

1 MLE 0.8057 2.3020 45.7421 21.8750 (0.6297) (0.1795)

0.8099 1.8146
MADE 0.8078 1.5281 41.1176  2.4918 (0.4734) (0.1166)
0.0773 0.2063

- MLE  5.6308 1.2140 15.4653 0.5578 (0.9872) (0.9886)

0.0735 0.1849
MADE  2.9301 1.2083 6.8841  0.6234 (0.9930) (0.9941)
0.0628 0.1171
0.0590 1.8146

MADE 28032 2.1460 8.6366 0.9552  (99994.107)  (9.9998x10")

Furthermore, Figure 3 shows the appropriateness of the fitted model for these data
sets on the basis of histogram and density plots. The plots also confirm that MLE provides
better fit because its curve is relatively close to the empirical density curve. Third, the p-values
based on goodness - of - fit tests support that MADE method is slightly better than MLE in Data
IIT and Data IV that represents small sample sizes. The third and fourth data sets consist of 34
and 30 observations, repectively. Additionally, Figure 4 illustrates that the MOPLx under the
MADE method is closely fitted to these data sets.

Conclusion

In this paper, two estimation techniques, including maximum likelihood estimator (MLE)
and minimum Anderson-Darling estimator (MADE) for estimating the unknown parameters of
the Marshall-Olkin Power Lomax (MOPLx) distribution are studied. The MADE method can be
implemented based on approximated cumulative distribution function and the MLE method can
be applied based on approximated probability density function, as discussed in Raschke (2017).
We also compare the performance of these methods for MOPLx distribution through a
simulation study and real data sets. In simulation study, the MADE method is derived and
compared its performance to the MLE via bias, SD and RMSE. The simulated study indicates
that MLE performs better than MADE as sample sizes are large. However, the MADE method
performs slightly better for smaller sample sizes than MLE. In some cases of MADE method, the
bias, SD, and RMSE values are not much larger than that of the MLE method but the RMSE can
be even smaller in most cases of small sample size. Then, the applications for the MOPLXx
distribution with four real data sets are demonstrated, which parameters are estimated using
MLE and MADE. In this work, the measurements, K-S test and A-D test, are considered for
assessment and comparison of parameter estimation methods. The results show that MLE
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method outperforms its competitor for estimating the parameter of the MOPLx in the first and
second data sets, and MADE method seems to fit the third and fourth data sets slightly better
than MLE method. Therefore, it is concluded from both simulated and real data sets that the
two methods show identical performance for estimating the parameters of MOPLx distribution
unless the sample size is small. However, the MADE performs slightly better for smaller sample
sizes.
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Figure 3 The histogram of data and estimated pdf, and the empirical and theoretical cdf plot
of MOPLx distribution using MLE and MADE for Data I and Data II
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Figure 4 The histogram of data and estimated pdf, and the empirical and theoretical cdf plot
of MOPLx distribution using MLE and MADE for Data III and Data IV

References

Akhter, Z., Saran, J., Verma, K., & Pushkarna, N. (2020). Moments of order statistics from
length-biased exponential distribution and associated inference. Annals of Data Science,
https://doi.org/10.1007/s40745-020-00245-5

Aryuyuen, S., & Bodhisuwan, W. (2020). The Type II Topp Leone-Power Lomax distribution
with analysis in lifetime data. Journal of Statistical Theory and Practice, 142).
https://doi.org/10.1007/s42519-020-00091-x

- 26 -


https://doi.org/

The Journal of Applied Science Vol. 20 No. 1: 10-27 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.01.002

Cordeiro, G. M., Lemonte, A. J., & Ortega, E. M. (2014). The Marshall-olkin family of
distributions: Mathematical properties and new models. Journal of Statistical Theory
and Practice, &2), 343-366. https://doi.org/10.1080/15598608.2013.802659

Dey, S., Mazucheli, J., & Nadarajah, S. (2017). Kumaraswamy distribution: Different methods of
estimation. Computational and Applied Mathematics, 372), 2094-2111.
https://doi.org/10.1007/s40314-017-0441-1

Dey, S., Alzaatreh, A., & Ghosh, I. (2019). Parameter estimation methods for the Weibull-
Pareto distribution. Computational and Mathematical Methods. https://doi.org/
10.1002/cmm4.1053

Khaleel, M. A., Al-Noor, N. H., & Abdal-Hameed, M. K. (2020). Marshall Olkin exponential
Gompertz distribution: properties and applications. Periodicals of Engineering and
Natural Sciences, &1), 298-312. http://dx.doi.org/10.21533/pen.v8i1.1152

Haq, M. A., Hamedani, G. G., Elgarhy, M., & Ramos, P. L. (2020a). Marshall-Olkin Power Lomax
distribution: properties and estimation based on complete and censored Samples.
International Journal of Statistics and Probability, A1), 48-62.
https://doi.org/10.5539/ijsp.vOn1p48

Hag, M. A., Rao, G. S., Albassam, M., & Aslam, M. (2020). Marshall-Olkin Power Lomax
distribution for modeling of wind speed data. £nergy Reports, 6, 1118-1123.

Jamal, F., Arslan Nasir, M., Ozel, G., Elgarhy, M., & Mamode Khan, N. (2019). Generalized
inverted Kumaraswamy generated family of distributions: theory and applications.
Journal of Applied Statistics, 46(16), 2927-2944.

Nash, J. C. (2014). On best practice optimization methods in R. Journal of Statistical Software,
602), 1-14.

Nichols, M. D., & Padgett, W. J. (2006). A bootstrap control chart for Weibull percentiles.
Quality and Reliability Engineering International, 22X2), 141-151.

Nwezza, E. E., & Ugwuowo, F. I. (2020). The Marshall-olkin Gumbel-Lomax distribution:
Properties and applications. Heliyon, &3), e03569. https://doi.org/10.1016/j.heliyon
.2020.e03569

Pinho, L. G. B., Cordeiro, G. M., & Nobre, J. S. (2015). The Harris extended exponential
distribution. Communications in Statistics-Theory and Methods, 4416), 3486-3502.

Raschke, M. (2017). Opportunities of the minimum Anderson—-Darling estimator as a variant of
the maximum likelihood method. Communications in Statistics-Simulation and
Computation, 46(9), 6879-6888.

R Core Team, R. (2020). R: A Language and Environment for Statistical Computing, R
Foundation for Statistical Computing. https://www.R-project.org/

Rodrigues, G. C., Louzada, F., & Ramos, P. L. (2016). Poisson-exponential distribution:
Different methods of estimation. Journal of Applied Statistics, 451), 128-144.
https://doi.org/10.1080/02664763.2016.1268571

ZeinEldin, R. A., Chesneau, C., Jamal, F., & Elgarhy, M. (2019). Different Estimation Methods
for Type I Half-Logistic Topp-Leone Distribution. Mathematics, A10), 985.
https://doi.org/10.3390/math7100985

ZeinEldin, R. A., Chesneau, C., Jamal, F., & Elgarhy, M. (2019). Statistical properties and
different methods of estimation for type I half logistic inverted Kumaraswamy
distribution. Mathematics, Z10), 1002. https://doi.org/10.3390/math7101002

-27 -


https://www.r-project.org/

The Journal of Applied Science Vol. 20 No. 1: 28-38 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.01.003
ISSN 1513-7805 Printed in Thailand ISSN 2586-9663 (Online)

Research Article

Extreme Value Modeling of Daily Maximum Temperature
with the r-Largest Order Statistics

Piyapatr Busababodhin?!, Monchaya Chiangpradit!, Nipada Papukdee?,
Jiraphon Ruechairam?, Kettida Ruanthaisong! and Pannarat Guayjarernpanishk?*

!Department of Mathematics, Mahasarakham University, Mahasarakham, 44150, Thailand
2Faculty of Interdisciplinary Studies, Nong Khai Campus, Khon Kaen University, Nong Khai, 43000, Thailand

*E-mail: Panngu@kku.ac.th
Received: 03/08/2020; Revised: 27/11/2020; Accepted: 07/12/2020

Abstract

This study aimed to model the daily maximum temperature in Mae Hong Son, Nan, and
Uttaradit which are the first-three highest temperature provinces in the north of Thailand.
These data sets were collected during 1984-2018 by the Thai Meteorological Department.
Many researchers usually analyzed extreme value data by using the generalized extreme value
distribution and focused on the first order of maximum value. These interested the researcher
to create a model with the generalized extreme value distribution for the r-largest order
statistics with different orders such as r = 2, 3, 4, ..., n where n is the number of data and
compare the model of the maximum value of any sequence with the deviance statistics. The
researcher analyzed the data with the "EVA” package in R program. The results showed that
Weibull distribution is the best model for the daily temperature data of Nan Meteorological and
Nan Sorkorsor Meteorological station when r =4, Mae Hong Son Meteorological and Uttaradit
Meteorological station when r = 3, and Mae Sariang Meteorological when r =2. Besides,
Gumbel distribution is the best model for the daily maximum temperature data of Tha Wang
Pha Meteorological station when r =4, and Thung Chang Meteorological station when r =2.
Furthermore, based on the return levels of various return periods, the Mae Hong Son
Meteorological station had the highest return level of maximum temperature for each return
period. Therefore, to solve and prevent temperature problems, the Mae Hong Son
Meteorological station should be the first considered

Keywords: generalized extreme value distribution, the r-largest order statistics, return level,
deviance statistics

Introduction
Thailand is in a tropical zone with a general climate of torridity all year long.

The average temperature throughout the year of Thailand is approximately 27-celsius degree.
However, the temperature is different in each area and season. Areas in the mainland from the
central region and upper eastern region up to the northern region have extremely different
temperatures between in summer and in winter and between at day and at night. In summer,
the highest temperature during the afternoon may reach 40-celsius degree or higher from
March to May, especially April which is the month with the hottest weather in each year.
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The climate of the northern region is tropical with seasonal rain which is influenced by
monsoons from two directions including northeast monsoon during the middle of October to
Mid-February or March in some years which brings coldness from China to Thailand to be
winter with dry weather and southwest monsoon during Mid-May to the end of September
which blows moisture from the equator in the rainy season. The average temperature in the
northern region is 25-celsius degree, the highest temperature in April with approximately 42-
celsius degree, and the lowest temperature in January with approximately 15-celsius degree.
Chiang Rai has the lowest temperature. Uttaradit has the highest temperature. Meanwhile, the
province with has the heaviest rain is Chiang Rai and Lampang has the lightest rain.
Furthermore, Nan, Mae Hong Son, and Uttaradit were found to be the top three provinces with
the highest temperature in Thailand (The Thai Meteorological Department, 2016)

N

\
T Ext Max Annual (Celsius)

0 123 20 500 Kiomeders

Figure 1 Areas with the highest temperature in Thailand
Source: Division of Meteorological Development (Hydrological Meteorological Division)

There were several research studies related to the application of extreme value
theory with meteorological and hydrological data. Ying An, and M.D. Pandey (2007) studied the
statistical estimation of the extreme wind speed using annually r-largest order statistics (r-LOS)
extracted from the time series of wind data. The hourly wind speed data collected at 30
stations in Ontario, Canada, are analyzed in the paper. The result shows that the wind pressure
data can be suitably model by the Gumbel distribution. Benjawan Charin (2014) studied
a suitable model of the highest and the lowest temperature data of the middle northeastern
region in Thailand by generalized extreme value distribution and generalized Pareto
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distribution. Additionally, she investigated the return level of the highest and the lowest
temperature in 2, 5, 10, 25, and 50 years. Data of the highest and the lowest temperature
during 1977-2013 from the Thai Meteorological Department in 6 stations including Khon Kaen
Meteorological station, Tha Phra Agrometeorological station, Kosum Phisai Hydrological station,
Kamalasai Hydrological station, Roi-Et Meteorological station, and Roi-Et Agrometeorological
station were analyzed by R program. The results revealed that the models of the highest and
the lowest temperature in every station were Gamma distribution. The return level of the
highest temperature, Khon Kaen Meteorological station was the highest rate of return, and the
return level of the lowest temperature, Roi-Et Agrometeorological station was the highest rate
of return. Prapawan Senapeng and Piyapatr Busababodhin (2017) created appropriate models
of the highest temperature data in the northeastern region of Thailand with generalized
extreme value distribution (GEV) and generalized Pareto distribution (GPD) and investigated the
return level of the highest temperature. They employed the data from 1985-2015 in 25 stations
from the Thai Meteorological Department. For GEV, the findings demonstrated that Weibull
distribution and Gumbel distribution were suitable distribution for the highest temperature in 15
stations and 10 stations, respectively. For GPD, the appropriate distributions were Gamma
distribution in 24 stations and exponential distribution in 1 station. When considering the return
level in 5, 10, 25, 50, and 100 years of temperature in the northeastern region of Thailand, the
researchers found that the return rate of every station rose when years of return increased.
Also, Nong Khai Weather station was the highest return rate. Thus, relevant organizations
should prevent or solve the temperature problems at Nong Khai Weather station more than
others.

According to the research study, there is no literature that examines extreme value
modeling for daily maximum temperature by the r-largest order statistics. Therefore, we are
interested to study extreme value modeling with the r-largest order statistics (GEV-r) applying
with of daily maximum temperature of northeast Thailand. We apply data of Mae Hong Son,
Nan, and Uttaradit which were the top three provinces with the highest temperature in the
north of Thailand. We investigate the most suitable model with the deviance statistics.
Moreover, the return levels of the highest temperature in the return period of 2, 5, 10, 20, and
50 years were demonstrated. These would be the highest benefit for dealing with temperature
problems in advance.

Preliminaries
Generalized extreme value distribution (GEV)
Let X, X,, ..., X, be a sequence of independent random variables having a common

distribution function Fand let M, = max (X, X,,...,X,). The theory of extreme type identifies
for sequences of constant a > 0 and b as follow )Coles, 2001(

n

for a non-degenerate distribution function G, the G is a member of the GEV family

G(x) =exp —{1 + é[uﬂ_é , (2)
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defined on {x 1+ e;(x _”j > 0} , Where —o < 1< oo is location parameter, o >0 is scale
(o2

parameter and —o < & < oo is shape parameter.
If £ — 0 then GEV is called the Gumbel distribution.
If £>0 then GEV is called the Fréchet distribution.
If £ <0 then GEV is called the Weibull distribution.

The probability density function of GEV as shown in Figure 2.

‘Weibull
0.8 erbu E Fréchet
¢<0 : o $>0
0.6
—
04
S
0.2 Gumbel
&—0
0.0
-2 -1 0 1 2

X

Figure 2 Probability density function of generalized extreme value distribution categorized by
shape parameter

Return Level

We estimated situation rainfall from GEV with return level. The return level shows that
event will appear at least one time in the next ¢ years. Estimates of extreme quantiles of the
GEV are then obtained by inverting (2):

y—%{l—[—log(l—p)f}, Ex0

u-olog[-log(1-p)] ,£=0
where G(x,)=1-p, 0< p<1. In common terminology, x,(G) is the return level associated

x,(G) = (3)

with the return period ¢ :% (Gumbel, 1958; Coles, 2001).

Generalized extreme value distribution for r-largest order statistics (GEV-r)
Let X, X,, ... X, be a sequence of independent and identically distribution random

variables, and M =rthlargestof {X,, X,, ..., X,} is extreme order statistics when fixed r, as

n—oo.
From (1) (Coles, 2001) the limiting distribution as n — « for fixed r of
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M — n

n 7 YALLRY?

a a a

n n n

N [M(l) b MD_p MO _p

Falls within the family having joint probability density function
1

(" H (" 5
F(xY,..., x"y =exp {1+5{X ‘”ﬂ XH1{1+§{X ‘“ﬂé (4)
k=1 O o

o

(k) _
where o< u<w,0>0,—0<&<o, X" <x™ <. <x® and x® :1+§(X 4

J>0,for

o

k=12,..,r.

Maximum Likelihood Estimation (MLE)
Under the assumption that X}, X, ..., X, are independent random having the GEV

distribution, the log-likelihood for the GEV parameters (/(x, o, £)) are follows:
Incaseof £ =0

(u, o, é):_mIOQG_[1+§Ji|09[1+§[X" -ﬂﬂ

o

_ glog{l + é(xi(;”ﬂi’

provided that 1+§{X" _'uj>0,for i=1,2,.,m.

(o)
Incase of £=0

(s a)=—mloga—i(x’;“j—iexp{—[’“;“ﬂ. (6)

/=1
Maximization of the pair of (5) and (6) with respect to the parameters (x, o, &) leads

to the maximum likelihood estimate with respect to the entire GEV family ( o, &, E)

The MLE of 4, o, & (ﬁ, &, éf) giving by 6l(ﬂéa’ sg):0, a/(y(; o §)=0 and
L o

ol (u, o, &)

oF =0, respectively (Coles, 2001).
Model Suitability Validation

We analyzed the suitable model with minimum deviance statistics and the deviance
statistics (D) is the goodness-of-fit test of the model by determining that r; is improved model
and r; is the basic model (Murendeni M. Nemukula & Caston Sigauke, 2018), the hypothesis
testing and test statistics are set as follows
Hb: improved model is suitable
Hi: improved model is not suitable
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o A(r,)
D(i, j)=2In| —=
2(r)
:Z{In/l(r,)—ln/”t(rj)}z;(; (7)
where /7,7 =1,2,...6 , i # jand k is the difference of the number of parameters of
both models. ﬂ(r,) and /I(r].) are the highest probability function of r;and r; respectively. #b is
rejected if D(/, j)>C, (critical value) provided that C, is critical value at position (1-«) of

distribution of ;(ﬁ (Coles, 2001; Smith, 1989; Soares & Scotto, 2004).

Analysis result
We analyzed data with R program by using the package ™ Extreme Value Analysis
(EVA)” of Bader and Yan in 2015. The model analysis could be summarized as follows.

Initial maximum temperature analysis

We clean daily data temperature in 7 stations of Mae Hong Son, Nan, and Uttaradit.
There is Mae Hong Son Meteorological station (300201), Mae Sariang Meteorological station
(300202), Nan Meteorological station (331201), Nan Agrometeorological station (331301), Tha
Wang Pha Army Headquarter Meteorological station (331401), Thung Chang Army Headquarter
Meteorological station (331402) and Uttaradit Meteorological station (351201). Data were
analyzed by generalized extreme value distribution for the r-largest order statistics.
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Figure 3 Boxplots of dialy maximum temperature

According to Figure 3, the daily maximum temperature of Mae Hong Son Meteorological
station (300201) was the highest at 44.60-celsius degree, and Nan Agrometeorological station
(331301) had the highest value at 37.50-celsius degree. We tested the appropriate model with
deviance statistics, as shown in Table 1
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Table 1 Deviance statistics test’s results

Suitable
Station Deviance statistics test r~ ;:;ge‘:St
statistics
Mae Hong Son 01,2) 02,3) D(3,4) D(3,5) D(3,6)
Meteorological (300201) 3365 1373 2331 67.07 -7.03 3
Mae Sariang 01,2) D2,3) D(2,4) D2,5) 0(2,6)
Meteorological (300202) 30 45 12.60 21.74 54.65  110.39 2
Nan Meteorological 0(1,2) D(2,3) D(3,4) D(4,5) D(4,6) 4
(331201) -41.49  -12.09 6.50 20.73 55.29
Nan Agrometeorological 0(1,2) 02,3) D(3,4) D(4,5) D(4,6) 4
(331301) 4552  -23.75 -0.16 24.56 60.87
Tha Wang Pha Army D12)  D23) D34 D45 D46)
Headquarter 4
Meteorological (331401) -53.45 -11.74 -11.31 28.75 57.74
Thung Chang Army D12 D23 D34 D35  D36)
Headquarter 2
Meteorological (331402) -25.99 3.45 21.32 59.40 78.65
Uttaradit Meteorological 0(1,2) 02,3) D(3,4) D(3,5) D(3,6)
(351201) -33.65 5.96 -0.31 28.62 71.88

According to Table 1, for Mae Hong Son Meteorological station (300201), the deviance
statistics test was performed to compare r, and r, e.g. D(1, 2) =2(-74.6214 - (-57.7967))

=-33.6494. Since D(1, 2),D(2, 3), and D(3, 6) had negative values, therefore they were not
be considered because ;(f can not be negative. Finally, considered D(3, 4)and D(3, 5)to
select the best model with a significance level of 0.01 ( z7 =6.64). In order to compare between
r, andr,, D(3, 4) >6.64 implied that r, is a suitable model. The model of r, was compared
withr, , it was found that D(3, 5) > 6.64 . Therefore, it reject the null hypothesis, so that r, was

the suitable model. Thus, it could be concluded that r = 3 was the most suitable. Every station
would consider the same way, and according to the deviance statistics test, the most suitable
model for each station is shown in Table 2.

Best model of average daily temperature by using r-largest order statistic

The analysis could be used to summarize suitable model and distribution for annual
maximum temperature categorized by stations as shown in Table 2
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Table 2 Best model and suitable distribution of annual maximum temperature under GEV-r

Parameter estimation

Best - - : Suitable AIC
i se o (se
Station model H (se) (=e) S (se) distribution
(CI 95%) (CI 95%) (CI 95%)

m:fe;'g;g;;': ,  4202(0.19) 1.05 (0.07) -0.35 (0.05) Weibull 156.9698
(300201) (41.72, 42.33) (0.92, 1.18) (-0.45, -0.24) distribution
Mae Sariang i

: 40.89 (0.151) 0.954 (0.08) -0.34 (0.06) Weibull
Meteorological r=2 . -125.8093
(300202) (40.59, 41.18) (0.80, 1.10) (-0.47, -0.22) distribution
Nan Meteorological fo4 41.35(0.11) 1.01 (0.05) -0.50 (0.04) Weibull -169.5409
(331201) - (41.06, 41.63) (0.92, 1.10) (-0.57, -0.42) distribution '
Nan

) 40.12 (0.16) 1.12 (0.06) -0.39 (0.05) Weibull )

Agrometeorological - =4 3550 40.45)  (1.01,1.23)  (-0.48,-0.30)  distribution - >>0%7
(331301)
Tha Wang Pha
Army Headquarter (4 40.50 (0.15) 1.06 (0.05) -0.48 (0.04) Gumbel -189.0952
Meteorological - (40.20, 40.79) (0.96, 1.16) (-0.56, 1.16) distribution '
(331401)
Thung Chang Army
Headquarter Co o 38.56 (0.20) 0.97 (0.11) -0.18 (0.10) Gumbel 74,5829
Meteorological - (38.17, 38.94) (0.76, 1.19) (-0.38, 0.01) distribution '
(331402)
Uttaradit

) _ 41.38 (0.15) 1.02 (0.05) -0.39 (0.05) Weibull i
gztlegg‘;')og'ca' f=3  (41.09,41.67)  (0.92,1.12)  (-0.48,-0.30)  distribution  ->/'789°

According to Table 2, we considered 95% confidence interval for £ of Mae Sariang

Meteorological station (300202) with order statistic r = 2, Mae Hong Son Meteorological station
(300201) and Uttaradit Meteorological station (351201) with order statistic r = 3, Nan
Meteorological station (331201) and Nan Agrometeorological station (331301) with order
statistic r = 4. We found that Weibull distribution is a suitable model. Meanwhile, Tha Wang
Pha Army Headquarter Meteorological station (331401) has order statistic r = 4, and Thung
Chang Army Headquarter Meteorological station (331402) has order statistic r = 2 with Gumbel
distribution.

Return level

Analysis of return level and effective return level in each return period was discovered.
Annual maximum temperature data in 7 stations were suitable with parameters under a stable
process. Therefore, the return level in each return period is shown in Figure 4
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Figure 4 Return level in each return period by stations

According to Figure 4, the return level of annual maximum temperature at every station
would increase when the return period rose. That is, the temperature in every area would be
higher, especially Mae Hong Son Meteorological station (300201) followed by Uttaradit
Meteorological station (351201), Nan Meteorological station (331201), Mae Sariang
Meteorological station (300202), Nan Agrometeorological station (331301), Tha Wang Pha
Army Headquarter Meteorological station (331401) and Thung Chang Army Headquarter
Meteorological station (331402), respectively.

We applied the analysis result of the return period for 2, 10, 20, and 50 years in the
geographic information system (GIS) program as shown in Figure 5 and Figure 6
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Figure 5 Return level of annual maximum temperature for return period at 2 and 10 years,
respectively.
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Figure 6 Return level of annual maximum temperature for return period at 20 and 50 years,
respectively.

According to Figure 5 and Figure 6, return levels of 2, 10, 20, and 50 years of Mae
Hong Son Thung Chang Army Headquarter Meteorological Station (300201) showed the highest
temperature.

Conclusion and Discussion

The suitable model of daily maximum temperature by using r-largest order statistic with
the theory of extreme value and finding return level of daily maximum temperature in annual
with r-largest order statistic could be summarized and discussed as follows.

To consider the r-largest order statistic with extreme value theory, we found that r = 2
in Mae Sariang Meteorological station ( 300202) and Thung Chang Army Headquarter
Meteorological station (331402), r = 3 in Mae Hong Son Thung Meteorological station (300201)
and Uttaradit Meteorological station ( 351201) and r = 4 in Nan Meteorological station
(331201), Nan Agrometeorological station (331301) and Tha Wang Pha Army Headquarter
Meteorological station (331401). From the shape parameter of the suitable models, we could
summarize that the distribution for daily maximum temperature in almost every station was
Weibull distribution except Tung Chang Army Headquarter Meteorological station (331402) and
Tha Wang Pha Army Headquarter Meteorological station (331401) that Gumbel distribution. It
is corresponding with the study of Nemukula, M. M. and Sigauke, C. (2018) that the modeling
of the highest average daily temperature with r-largest order statistics, based on data in South
Africa, from 10 orders, was suitable when r < 6.

Considering the return level in different return periods, we found that the return level
increased when the return period rose in every station especially Mae Hong Son Meteorological
Station (300201), which has the highest return level. Therefore, if relevant sectors desire to
prevent or solve temperature problems, they should emphasize Mae Hong Son Meteorological
station rather than others. Additionally, according to the report of the Thai Meteorological
Department in February 2019, a number of provinces had increasing temperatures such as
Lampang, Tak, Sukhothai, Nakhonsawan and Kanchanaburi. Hence, further study should
include these areas.
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Abstract

This research was conducted to assess the performances of mortars and concretes made
from palm oil boiler clinker aggregate (POBC) blending with rice husk ash (RHA) and calcium
bentonite (CB). These blends were used to substitute of ordinary Portland cement (OPC) in the
combined proportions of 5wt%CB+5wt%RHA, 5wt%CB+15wt%RHA, 15wt%CB+5wt%RHA,
10wt%CB+20wt%RHA, and 20wt%B+10wt%RHA. The POBC mortars were examined for
compressive strength, water absorption, sulfuric acid resistance, and microstructural
characterization at the age of 7, 28, and 56 days. Subsequently, the POBC concretes were tested
for rapid chloride ion permeability and capillary absorption at 28 and 56 days of curing ages. As
a result, the 56-day POBC mortar with the optimum blending of 5% CB and 15% RHA provided
the greatest compressive strength of 48 MPa as well as revealed denser microstructure observed
under scanning electron microscope (SEM) and greater durability against sulfuric acid attack
which surpassed those of the POBC mortar without CB and RHA. Proportionately, the
incorporation of 5-10% CB with 15-20% RHA to POBC concrete cured up to 56 days possessed
greater durability performances by reducing the chloride ion permeability from moderate to very
low ranges as well as lessening capillary absorption. The practical implications of this study are
that the POBC could be potentially used in the building sector as a substitute to the conventional
aggregates. In addition, the use of CB and RHA could be possibly replaced cement in the optimum
proportions without compromising the strength and durability to produce efficiently sustainable
POBC mortar and concrete.

Keywords: palm oil boiler clinker, rice husk ash, calcium bentonite, compressive strength,
sulfuric acid resistance, chloride ion permeability

Introduction

In 2021 to 2022, the prediction of construction aggregate demand in Asia-Pacific region
would be reached to approximately 45,000 million of tonnes (Wiwattananukul et al., 2019).
Specifically, the estimate construction aggregate demand in Thailand was 50 million of tonnes
annually, and it was predicted to be increased by 20% of each year (Material resources
management division, 2019). Conversely, the construction aggregate reserve was approximately
8,010 million of tonnes in Thailand (Innovation in Raw Materials and Primary Industries
Division, 2020). Thus, it is apparent that the construction aggregate demand has been inversely
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proportional to the nonrenewable aggregate reserve. Therefore, the alternative construction
aggregate sources should be essentially studied and further brought to use. The demolition waste
of construction and industrial waste have been widely applied in the sustainable construction
material sectors.

Utilization of local waste materials in construction applications has a great impact on
reducing the waste itself, land-fill used, environmental pollutions, and consumption of natural
construction materials (Halahla et al., 2019). These impacts also promote sustainable
construction towards waste manipulation. To reduce the consumption of the natural construction
material and increase the exploitations of waste by-products, the natural aggregate and the
cement can be efficiently replaced by the waste by-products such as copper slag (Siddique et al.,
2020), granulated blast-furnace slag (Maghool et al., 2020), brick waste (Dang & Zhao, 2019),
and fly ash (Chindaprasirt et al., 2020; Klimek et al., 2020; Shakir et al., 2020; Siddique et al.,
2020).

Palm oil boiler clinker (POBC) was considered as a rigid solid waste which obtained from
local crude palm oil plant. This waste was generated after the combustion of solid palm oil wastes
inside boiler and caused the disposal area used and environmental pollutants (Hamada et al.,
2020). In regard to the rigid properties and chemical compositions of POBC, the feasibility usages
had been studied in term of sustainable construction application as a building material
replacements (Shakir et al., 2019). According to Chai et al (2017), POBC can be potentially used
as up to 50% of coarse aggregate substitution in size of 4.75-9 mm. Besides, at 100% of POBC
coarse aggregate replacement for concrete with w/b ratio of 0.53, the 28-day compressive
strength was up to 33 MPa which was only 30% lower than the reference mix made of granite
aggregate (Abutaha et al., 2016). Moreover, natural sand can be completely substituted by POBC
fine aggregate for eco-mortar production with a minor effect on compressive strength
(Kanadasan et al., 2018). The percentage replacement of natural sand by POBC was
recommended between 40 to 60% to maintain the mechanical properties (Babalghaith et al.,
2020). Although, the studies of using POBC as an aggregate substitution in concrete, asphalt,
and geopolymer productions and its mechanical properties have been reported by several
researchers , the durability of those composites have not yet been clearly characterized in order
to determine the suitability usage and application of POBC. Besides, the study of using 100% of
POBC as coarse and fine aggregate with other type of waste as a binder and its durability
characteristics have not been reported elsewhere.

Additionally, rice husk ash (RHA) is one of the most useful materials in cement industry.
Several important roles of RHA as a pozzolan in cementitious material had been revealed, it could
reduce the capillary pore and promote long term compressive strength of concrete, especially,
for the low carbon RHA (Kang et al., 2019; Sandhu & Siddique, 2017). The pozzolanic activity
was promoted by the addition of RHA which resulted in the micro-filler effect that filled up the
capillary pore of cement matrix by the production of calcium silicate hydrate gels (C-S-H gels)
(Gill & Siddique, 2018). Besides, the efficiency of using RHA as a cement replacement on acid
resistance was also found that concrete incorporating RHA performed the superior resistance due
to the pozzolanic activity consumed calcium hydroxide (CH) content and strengthened the bond
between different phases in microstructure by producing more C-S-H (Koushkbaghi et al., 2019).
Conversely, the large amount of RHA replacement in concrete can be decreased the compressive
strength (Umasabor & Okovido, 2018).

Furthermore, calcium bentonite (CB) was addressed for a natural pozzolan (Memon et
al., 2012). The Pakistani bentonite or CB was partially replaced by weight of cement and found
that the compressive strength of 56-day mortar containing 12-15% CB as a cement replacement
can reach approximately 30 MPa, which was significantly 2.7% higher than that of without adding
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CB. The pore filling effect of using up to 10% CB replaced by weight of cement was achieved in
mortar cured up to 28 days. This effect established the particle packing improvement and a
decrease in water absorption due to the very-fine grain particles of CB (Ahmad et al., 2011).

This research aims to utilize the local waste by-products and evaluate the performances
of mortars and concretes containing POBC aggregate with the combination of RHA and CB as a
cement replacements. The compressive strength, water absorption, and sulfuric acid (H2S04)
resistance of POBC mortars were carried out at the age of 7, 28, and 56 days. In addition, the
POBC concretes cured at 28 and 56 days were determined for rapid chloride ion permeability and
72-hour capillary absorption. Accordingly, the microstructures of POBC mortar containing CB and
RHA blends were characterized via scanning electron microscope (SEM).

Materials and methods

Ordinary Portland cement (OPC) as per ASTM C150 was used in this study. POBC was
collected from disposal area of oil palm plant at Surat Thani province, as received POBC was
displayed in Figure 1a. The POBC was washed, dried, and crushed with jaw crusher to achieve
the POBC coarse aggregate (POBCCA) and gyratory crusher to achieve the POBC fine aggregate
(POBCFA), as depicted in Figure 1b-c. The enlargement of the POBC mortar’s cross-section
obtained from stereo microscope is shown in Figure 1d. The mineralogical characteristics of POBC
were characterized via X-ray diffraction (XRD) analysis, as shown in Figure 2. The mineral
compositions of POBC consisted of whitlockite, diopside, and three polymorphs of SiO2, which
were quartz, tridymite, and crystobalite. The green color of POBC can be accounted for the
mineral composition of diopside. The properties of POBC aggregates were listed in Table 1.
Conforming to ASTM C131 (2020) and BS 182-112 (1990), the POBCCA is not recommended for
using in road surfacing, structural works, or heavy duty constructions due to the lower resistance
to crushing and abrasion. In addition, CB was purchased from supplier (product of Thailand), as
seen in Figure 1b.

RHA was obtained after the open air burning of using rice husk as a biomass fuel in
Phatthalung province. Then, it was calcined with an electrical furnace at 700 °C for 1 hour (HR:
5 °C/min) in order to reduce the contaminated organic matters or unburned carbon. After
calcining process, RHA was ground with jar mill at rotation speed of 65 revolution per minute for
12 hours to meet the requirement of ASTM C618 (2019). The chemical compositions and particle
size of CB and RHA were analyzed via wavelength dispersive X-ray fluorescence
spectrophotometer (WDXRF) and laser particle size analyzer (LPSA), as tabulated in Table 2. The
XRD pattern of RHA is depicted in Figure 3. The RHA composed of few crystalline phase of
crystobalite and quartz, mostly contained amorphous silica, which confirmed by the broad hump
peak between 26 of 15° to 25° and other wide range of low intensity peaks, as presented in the
dashed line circle. The particle size distributions of the binders and aggregates used are shown
in Figure 4.
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Figure 1 As received POBC (a), from left to right: crushed POBC as a fine aggregate, rice husk

ash, and calcium bentonite (b), enlargement of POBC fine aggregate (c), and cross-section of
mortar made of POBC fine aggregate (d)

| Q: Quartz, (SiOy)
12000 Q T: Tridymite, (SiOp)
1 C: Crystobalite, (SiO9)
10000 i W: Whitlockite, (Ca; g(MgFe)PO4)12PO3(0OH)
D: Diopside, (CaMgSiOg)p)
—~
a
& 8000 -
~ ]
=
‘G 6000 -
o
[V 1
c
= 4000 -
2000

0 T T
10 20 30 40 50 60
2 Theta (degree)
Figure 2 XRD pattern and phase compositions of POBC
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Table 1 The physical properties of POBC aggregates

Properties POBCCA POBCFA
Organic impurity (ASTM C40, 2020) None
24-hour water absorption (%) 2.80 3.10
Specific gravity 2.28 2.40
Unit weight (kg/m?3) 1,182 1,350
Fineness modulus 5.30 3.70
Aggregate impact value (%) 36 -
Los Angles abrasion (%) 38 -

Table 2. The chemical and physical properties of CB and RHA

CB RHA
Chemical compositions
SiO2 (%) 56.62 93.93
Fe203 (%) 0.02 0.36
Al203 (%) 19.81 0.33
S0s3 (%) 0.69 0.21
SiO2+ Fe203+ Al203 (%) 76.45 94.62
Loss on ignition (%) 10.12 0.67
Physical properties
D10 (M) 0.6 2.3
Dso (um) 2.3 12.5
Dgo (um) 14.2 38.6
D[4,3] (um) 5.5 16.5

C: Crystobalite, SiO,
Q: Quartz, Sio,

10 20 30 40 50 60 70 80 90
2 Theta (degree)

Figure 3 XRD pattern and phase compositions of RHA
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Figure 4 Particle size distribution of POBC aggregates and binders

Mix designation

Mix designations of POBC mortar and concrete were done complying with ASTM C109
(2016), ASTM C192 (2019), and ACI 211.1 (1991). For both of POBC mortar and concrete, the
blending of RHA and CB partially replaced by weight of OPC, as followed in Table 3. For example,
the mix designation B5R5 was the combination between 5% CB and 5% RHA replaced by weight
of OPC. The POBC mortar specimen was taken for determine the compressive strength, water
absorption, and resistance to sulfuric acid (H2S04) attack. The POBC concrete specimen was
taken for determine the rapid chloride permeability and capillary absorption. For the POBC mortar
mix designations, 50-mm cube specimens were casted with the binder to aggregate ratio of
1:2.75 and water to binder ratio of 0.48. The percentage flow of fresh mortar was determined as
per ASTM C1437 (2015). Then, the hardened mortar specimens were cured in saturated lime
water at ambient temperature (25+5°C) with 80-85% relative humidity for 7, 28, and 56 days.
For the POBC concrete mix designations, 100 mm diameter with 50 mm length concrete discs
were prepared by using natural sand (F.M 3.15), POBCCA with maximum size of 10 mm (F.M.
5.31), and taken water to binder ratio of 0.48. The concrete specimens were cured in the same
condition of POBC mortar for 28 and 56 days.

Table 3 The mix designations of POBC mortar for various combination ratios of RHA and CB

Mix proportions

g POBC mortar POBC concrete
X B Binder <~ Binder ~ <~
=5 (kg/m?3) 5 3+ (kg/m3) TE YE
@ sy 2 g 0O
8 opc cB RHA 922 "~ orc 8 RHA V2 928
Control 500 ©0 0 1,375 121 50 0 0 1,175 765
B5RS 450 25 25 1,375 119 450 25 25 1,175 765
B5R15 400 25 75 1,375 108 400 25 75 1,175 765
BISR5 400 75 25 1,375 112 400 75 25 1,175 765
BIOR20 350 50 100 1,375 101 350 50 100 1,175 765

B20R10 | 350 100 50 1,375 103 | 350 100 50 1,175 765
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Test procedures

The compressive strength and water absorption of POBC mortar were prepared and
tested in accordance with ASTM C109 (2019) and ASTM C373 (2014). The strength activity index
was determined according to ASTM C618 (2019). Resistance to 0.005 M sulfuric acid attack
(pH=2.5) was measured by the comparison between the weight and compressive strength of
POBC mortars before exposure and after exposure to sulfuric acid solution at particular curing
ages. The sulfuric acid was renewed every week in order to maintain the pH value of the solution.
The sulfuric acid resistance test was conducted for 6 weeks. The rapid chloride permeability test
and capillary absorption test of POBC concretes were performed conforming to ASTM C1202
(2019) and ASTM C1585 (2020). The tests set up of the rapid chloride ion permeability and the
capillary absorption are presented in Figure 5. For the microstructural characterization, the POBC
mortars cured at 56 days were investigated using scanning electron microscope (SEM) at the
accelerate voltage of 20 kV.

(b

Sealing material — 100 mm i {~Fan

Specimen 50:mm

Specimen support — ¢

Figure 5 Schematics of rapid chloride permeability (a) and capillary absorption test (b)
configurations

Results and discussion
1. Compressive strength

The compressive strength of mortar specimens cured in saturated lime water for a period
of 7, 28, and 56 days are shown in Figure 6. Overall, the compressive strength of all mix
designations was increased with curing ages. It can be observed that the compressive strength
of mix designations B10R20 and B5R15 were equivalent to or higher than that of the control mix
at the age of 28 and 56 days. Particularly, the highest 56-day compressive strength of 48 MPa
was found in the mix B5R15, which was greater than that of the control mix by 7%. However, a
reduction in 56-day compressive strength was found in the mix B5R5, B15R5, and B20R10. Which
was lesser than that of the control mix by 11%, 16%, and 15%, respectively. According to these
results, it can be seen that the mix designations containing more RHA/CB ratios (B5R15 and
B10R20) and taken up to 28-day curing ages could be maintained and provided the development
of the compressive strength in comparison to the control mix, B5R5, B15R5, and B20R10. These
compressive strength results comply with those of (Joshaghani & Moeini, 2018). Who reported
that the compressive strength of 90-day mortar containing 15% RHA was 6% greater than that
of the mixture without RHA. Additionally, the compressive strength of 28-day mortar specimen
containing 6% bentonite was higher than that of the control specimen by 3% (Memon et al.,
2012). However, the effects of hybrid mixes between RHA and CB have not been studied and
reported elsewhere. Therefore, according to the compressive strength results of this study, the
mix designation B5R15 and B10R20 can be recommended as the optimum CB/RHA ratios for
using as an OPC replacement without detrimental to the compressive strength.
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Figure 6 Compressive strengths of POBC mortars with different mix designations at the age of
7, 28, 56 days

2, Strength activity index

The strength activity index (SAI) of all mix designations is demonstrated in Figure 7. The
determination of SAI is to indicate that the SCMs or any tested materials have the pozzolanic
properties. According to ASTM C618 (2019), the requirement of SAI is considered as more than
75%. For the mixture containing the hybrid mixes of RHA and CB, the SAI values of those mix
designations were in the range of 76-111%. In addition, the SAI of those mixes were meet the
standard requirement and significantly increased with ages. In addition, the highest SAI was
found in the mix B5R15 at the age of 28 days. This finding is in line with Man et al. (2019) and
Rehman et al. (2020). The development of SAI and compressive strength could be due to the
chemical compositions of RHA and CB. Which mainly consisted of silica (SiO2). Moreover, the
amount of SiO2+ Fe203+ Al203 contents were more than 70%. Thus, the active silica could be
reacted with Ca(OH)2 and promote and pozzolanic reaction’s products caused the improvement
in compressive strength (Man et al., 2019; Rehman et al., 2020).
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Figure 7 Strength activity index of POBC mortars with different mix designations at the age of
7, 28, 56 days
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3. Water absorption

The water absorption of different mix designations at the ages of 7, 28, and 56 days is
shown in Figure 8. The water absorption of all mix designations was decreased with prolonged
curing ages. Meanwhile, at the early age of curing, the water absorption of the hybrid mix
designations was similar to the control mix. At the age of 28 and 56 days, the percentage of
water absorption was decreased by 15 to 26% for the mix B5R5, B5R15, and B10R20, when
compared to that of the control mix. The lowest percentage of water absorption was found in the
mix B5R15 at the age of 28 and 56 days, which was 26% lesser than the control mix. Jamil et al.
(2016) pointed out that the filler effect and secondary C-S-H products from pozzolanic reaction
of RHA filled up the pore space in the cement matrix and caused the reduction in the water
absorption. Furthermore, the reduction in the water absorption was also found in the specimen
containing up to 10% bentonite. This is due to the micro-filling effect of very fine-grain bentonite
that can improve the particle packing of binder and reduce the water to binder ratio (Ahmad et
al., 2011; Mesboua et al., 2018). However, an adverse effect of more bentonite contents could
be attributed to the unreacted bentonite particles within the cement matrix absorbed more water,
thus the water absorption of specimen containing more bentonite increased (Ahmad et al., 2011).

Although, the control mix revealed the highest 56-day water absorption while provided
the greater compressive strength than the mix designation B5R5, B15R5, and B20R10. This could
be due to the complex mechanism between RHA and CB, which contributed greatly to both of
the pozzolanic reaction and filler effect. For the mechanism of RHA, the very-fine grain particle
substantially improved pore size, reduced water absorption, and was ineffective to the strength
development due to the pozzolanic reaction takes place in prolonged curing period. Moreover,
this mechanism was confirmed by Bheel et al. (2020) that an increase in dosage of RHA
replacement decreased the water absorption, whereas only the optimized 5% of RHA increased
the compressive strength at the age of 28 days. Correspondingly, the significance mechanism of
CB is pore refinement and improving the impermeability of cement matrix (Masood et al., 2020;
Rehman et al., 2019). Liu et al. (2020) also concluded that the incorporating 10% CB developed
the durability by filling effect and only the C-S-H gel formed on the surface of the specimen,
whereas the strength development index need to be included (i) the forming of ettringite and (ii)
the overlapping of hydration product on the specimen’s surface.
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Figure 8 Water absorption of POBC mortars with different mix designations at the age of 7,
28, 56 days
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4. Resistance to sulfuric acid attack

Weight loss

The weight loss of mortars at different curing ages exposed to 0.005 M sulfuric acid
solution for 42 days is shown in Figure 9. It can be observed that the weight loss of all mix
designations was decreased with curing age before exposure to sulfuric acid solution. At the later
age, 56 days of curing, the ranges of weight loss for all hybrid mix designations were lesser than
the control mix. Which were in the range of 1 to 44%. Especially, for the mix containing more
combination ratio of RHA/CB (B10R20 and B5R15), the weight loss was up to 41 and 44% lower
than that of the control mix. This is mainly attributed to (i) the less water absorption and (ii) the
pozzolanic activity from the silica compositions of RHA (94% SiO2) was greater than CB (57%
SiO2) which contributed to an increase in C-S-H forming and resulted in more impermeable
matrix. Thus, the more durability was obtained in the mix containing more RHA contents (Ahmad
et al., 2011). Correspondingly, the mix designation B5R15 showed a lesser surface erosion than
that of the control mix, as shown in Figure 10. Min & Song (2018) also reported that the crucial
corrosion can be indicated in the yellow color area that appeared on the exposed surface of the
cement composite to sulfuric acid solution.

Compressive strength loss

The compressive strength loss of mortars exposed to 0.005 M sulfuric acid solution is
shown in Figure 11. After 42 days of exposure, the compressive strength loss is seen in all mix
designations. In accordance with the weight loss results, a similar trend was observed in the
compressive strength loss. An increase in curing ages before sulfuric acid attack and the more
RHA/CB ratios decreased the loss in compressive strength. The lowest compressive strength loss
was found in the mix B5R15 at the age of 56 days. Which was 18 % lower than that of the control
mix. This finding suggests that up to 20% of OPC can be replaced by the combination blend of
CB and RHA at the optimum CB/RHA ratio as in the mix designation B5R15, which produced the
development both in the compressive strength and durability.

| Control @B5R5 EB5R15 OB15R5 MB10R20 @ BZOR10|

7 28 56
Curing age (days)
Figure 9 Weight loss of POBC mortars with different mix designations cured at 7, 28, and 56
days exposed to 0.005 M sulfuric acid solution for 42 days

-48 -



The Journal of Applied Science Vol. 20 No. 1: 39-55 [2021]
NsAFINeNEdnsUsve N6 doi: 10.14416/j.appsci.2021.01.004

Figure 10 Enlargement of the surface of 56-day mortars: control mix (a) and mix designation
B5R15 (b) after exposed to 0.005 M sulfuric acid solution for 42 days
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Figure 11 Compressive strength loss of POBC mortars with different mix designations cured at
7, 28, and 56 days exposed to 0.005 M sulfuric acid solution for 42 days

5. Rapid chloride permeability and capillary absorption

The total charge passed and capillary absorption of different mix designations and curing
ages are given in Figure 12. According to ASTM C1202 (2019), the qualitative indication of
chloride ion permeability of any concrete specimen was determined as followed: the total charges
passed of concrete specimens that fall in the range of (i) >4,000 coulombs, (ii) 2,000-4,000
coulombs, (iii) 1,000-2,000 coulombs, and (iv) 100-1,000 coulombs were considered as high
permeability, moderate permeability, low permeability, and very low permeability, respectively.
A decrease in chloride ion permeability was observed in all hybrid mixes with prolonged curing
ages. As compared to the control mix, the decrease was in the range of 4-77% and 30-78% at
the age of 28 and 56 days, respectively. At the age of 56 days, the chloride ion permeability of
the mix designations B5R15 and B10R20 was in very low ranges. For the mix designations B5R5,
B15R5, and B20R10 cured at 56 days, the chloride ion permeability was in the low range, whereas
the chloride ion permeability of the control mix was in the moderate range. Consequently, the
capillary absorption results corresponded to the chloride ion permeability. An increase in curing
ages decrease capillary absorption. The significant reduction in the 72-hour capillary absorption
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was found in the mix designations B5R15 and B10R20 at the age of 56 days, which were lower
than the control mix by 44% and 56%, respectively. It can be seen that the chloride permeability
and the capillary absorption decreased with an increase in curing ages and RHA/CB ratios, as
was found in mixture designations B5R15 and B10R20. Ganesan et al. (2008) also found that the
chloride permeability and rate of capillary absorption had a good relationship due to the reduction
of permeable voids in matrix by the pozzolanic activity of RHA as an additive and the prolonged
curing ages. This finding also in agreement with those of Huang et al. (2017), Laidani et al.
(2020), and Zareei et al. (2017) that the capillary absorption and chloride ion penetration of
concrete specimen containing RHA were reduced by an increase in the RHA content, while only
adding up to 10% bentonite could reduce the capillary absorption. Moreover, an increase in RHA
content up to 20% reduced the 72-hour capillary absorption by 15%, compared to the specimen
without RHA (Zahedi et al., 2015).

Total charge passed , 28-day Emm Total charge passed , 56-day

---A---72-h capillary absorption , 28-day - - @ - - 72-h capillary absorption , 56-day
—~ 3500 1.2
%]
£ N
<_E3 3000 - L 10 2
3 2500 2
e A A (08 o
oS L . ot G Q)
@ 2000 - g TN -
8 r063%
2 1500 - LB 3,2
(] N .7 0 4 ~ %L
o @ - 0.
& 1000 - e
- 02 &
B 500 | % | g
S

0 - 0.0

Control B5R5 B5R15 B15R5 B10R20 B20R10
Mix designation
Figure 12 The chloride ion permeability and 72-hour capillary absorption of POBC concrete with
different mix designations at the age of 28 and 56 days

6. Microstructural characterization

The SEM images are demonstrated the comparison between OPC particles and
combination blends of OPC, RHA, and CB particles of the mix designation B5R15 as shown in
Figure 13a-b. It can be seen that the different in particle sizes among OPC, RHA, and CB played
the important role in increasing the particle packing of the binder. An increase in particle packing
was observed in the binder of the mix designation B5R15 in comparison to the pure OPC particles.
Accordingly, the very fine micro-particles of CB and rounded agglomerate RHA particles also
contributed to the reduction in water content of the binder due to RHA and CB absorbed more
water (Ahmad et al., 2011; Mesboua et al., 2018). The SEM images of the hardened pastes of
the control mix and mix designation B5R15 are illustrated in Figure 13c-d. It can be clearly seen
that the hydration’s products were found in both mix designations. Particularly, the mix
designation B5R15 manifested denser matrix and lower micro-pore spaces when compared
to the control mix. The dense flocs-like C-S-H was obviously found in the groundmass of the mix
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designation B5R15 and the micro-pore spaces were reduced by the spreading of the dense C-S-
H framework. For the matrix of the control mix, the loosely fibrous-like and flocs-like C-S-H were
found. The more C-S-H embedded in the mix containing RHA and CB could be due to the
pozzolanic activity that consumed free Ca(OH)2 from both of hydration and pozzolanic reaction’s
products, then produced more C-S-H (Chopra et al., 2015; Masood et al., 2020). Besides, the
denser microstructure could be attributed to the development in compressive strength, the
reduction in water absorption, and the durability improvement of the mix designation B5R15 in
comparison to the control mix. The morphology of C-S-H observed from SEM images of this study
was characterized and compared to the flocs-like C-S-H found by Yu et al. (1999), Cizer et al.
(2007), and the fibrous-like C-S-H found by El-gama et al. (2018). However, the characteristics
of C-S-H can be shown in various forms depended on the curing condition, additive used, water
to binder ratios, and designation of mixture (Cizer et al., 2007; Shen et al., 2019).

Figure 13 SEM images of OPC particles (a), blends consisted of OPC, CB, and RHA particles of
mix designation B5R15 (b), the hardened paste cured at 56 days of the control mix (c), and the
mix designation B5R15 (d)

Conclusion

Based on this study results, the conclusions can be provided as following:

(1) The POBC mortar with the optimum combination of 5% of CB and 15% of RHA
replaced by weight of OPC (mix designation B5R15) developed the superior performance at the
curing age up to 56 days when compared to the control and the others mix designations.
Moreover, the mix designation B5R15 provided the highest compressive strength, the lowest
water absorption, and the lowest weight and compressive strength loss due to sulfuric acid attack.

(2) The chloride ion permeability and capillary absorption decreased with an increase in
RHA combination ratios and curing ages. The very low range of chloride ion permeability belonged
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to the mix designation B5R15 and B10R20 cured at 56 days. However, the chloride ion
permeability of the others mix designations were fallen into the low range except for the control
mix that was continually fallen in the moderate range when the curing ages increased. The
optimum combination of 5-10% of CB and 15-20% of RHA replaced by weight of OPC would be
recommended for the chloride ion permeability resistance of the POBC concrete.

(3) According to the microstructure characterization using SEM images, the denser matrix
occupied by C-S-H framework and lower pore spaces of the mix designation B5R15 in comparison
to the control mix contributed to the compressive strength and durability improvement.

(4) Regarding to this investigation, the POBC can be used as an aggregate substitution
for producing conventional mortars and concretes in non-structural construction work. The
optimum combinations of CB and RHA for POBC mortars and concretes could help diminishing
the cement used and promoting the durability performance.
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Abstract

The objective of this research is to study the electrical behavior of using residential that used electricity over 150
units per month and less than 150 units per month in Region 2, (Central Thailand) Chon Buri Province. In each day, the
electrical data are recorded every 15 minutes until 24 hours. The electrical data consist of the average electricity usage on
workday and Sunday. The data are clean and analyzed by using k means algorithm. This research studies the electrical data
from January 2012 to December 2019. The result shows that on the workday and Sunday, the residential that used electricity
more than 150 units per month has the highest of using electricity consumption in the period of 08.45 p.m. to 10.45 p.m. The
centroid in the period is 454,384.59 (kWh) on workday and 499,098.19 (kWh) on Sunday. For the residential that used
electricity less than 150 units per month has the highest of using electricity consumption in the period of 06.45 p.m. — 10.30
p.m. on the workday and 06.45 p.m. — 09.45 p.m. on the Sunday. The centroid in the period is 65,395.48 (kWh) on workday
and 69,653.51 (kWh) on Sunday.

Keywords: k-means clustering, load profile, electricity utilization
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Abstract

The purpose of this study was to study the effectiveness of the government policy program for assisting
farmers in non-performing loan (NPLs) from participation in the rice moratorium project 2016/17. The data was
analyzed by descriptive statistics which it was found that the rice moratorium project 2016/17 was unable to help
farmers enough, some of whom changed from being the status of normal debt to the status of NPLs’ debt. Thus it
causes the bank to incur expenses in managing debts which did not generate income. This research studied on
factors causing NPLs’ debt by analyzing famers’ behaviors from participation in the project, divided into 3 areas,
namely the cumulative interest payments, the principal remaining payments, the change of the status of NPLs’debt
from Nakhon Sawan, Surin, and Phatthalung provinces were a total of 118,508 people.

The results revealed at the end of the moratorium project on rice in the year 2016/17, the number of all
farmers who are the status of NPLs’debt is reduced by 22.84 percent. Six farmers have changed from being the
status of normal debt to the status of NPLs’ debt due to the change of the moratorium project on rice in the year
2016/17. The principal remaining payments decreased by 36.88 percent and the cumulative interest payments

increased by 42.59 percent. In conclusion, the farmers who are NPLs’ debt from the beginning to the end of
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participation in the program have still not repaid their debts or defaulted on their repayments. The factors affect
repayments such as farmers’ behaviors and the external impacts: transferring or changing of the project during
management and the project ending. In addition, the results of grouping farmers’ behaviors show that the
moratorium project on the principal remaining payments and the reduction of interest rates for the formers in the
year 2016/2017 are effective and appropriate for some groups of farmers able to repay the interest at the end of the

project with the low loan (not over 500,000 baht)

Keyword: Analysis of farmers' repayment behaviors, NPLs management, Effectiveness of government policy

program, non-performing loan
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Abstract

Hydrogenated amorphous carbon (a-C:H) films were grown on silicon substrates by radio frequency
plasma enhanced chemical vapor deposition (RF-PECVD) with the RF power of 100 W. The structural properties
of a-C:H films prepared by using RF in continuous-wave (CW) and pulsed-wave (PW) modes were compared.
The pulse frequency of 1 Hz and a duty cycle of 10% were used for PW mode. The deposition time for CW and
PW modes were set as 3 and 30 minutes, respectively. A mixture of argon and acetylene (1:10) was used as a
precursor gas and carbon source, respectively. Raman spectroscopy was used to characterize |D / |G . Near edge
X-ray absorption fine structure ( NEXAFS) spectroscopy was used to identify sz content, while the X-ray
photoelectron spectroscopy (XPS) was used to analyze S|EJ3 contents. Density, roughness, and thickness of the
films were evaluated by X-ray reflectivity (XRR). The experimental results show that the a-C:H film prepared by
using the RF in PW mode gives the ID / |G ratio of 0.76, sz and S}fJ3 contents of 59.3%and 33.2 %, with the
thickness of 53.0 nm and density of 2.1 g/em’. While the RF on in CW mode gives the | /| ratio of 0.57,
sz and Sp3 contents of 62.5% and 29.5 %, with the thickness of 54.5 nm and density of 2.0 g/cm3. Therefore,
with the same RF power and RF on time, the a-C:H film prepared using PW mode gives the structural properties

better than using CW mode.

Keywords: hydrogenated amorphous carbon film, RF continuous-wave (CW) mode,

RF pulsed-wave (PW) mode, RF-PECVD, structural properties
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Abstract

The present study aims to compare the number of minutiae from latent fingerprints treated with five
cyanoacrylate adhesives, ethyl-2-cyanoacrylate concentrations ranging from 84.5 — 99.5%, to the forensically
specific ethyl-2-cyanoacrylate adhesives (ECA Sirchie). The result showed that the number of minutiae obtained
from the 99.5% ethyl-2-cyanoacrylate adhesive was comparable to that from ECA Sirchie when the fuming time is
40 minutes. The fingerprints treated with the 99.5% cyanoacrylate adhesive were stored at room temperature for 4
months and the result showed that their minutia remained detectable. Furthermore, the the functional testing by
group samples of latent fingerprints prior to cyanoacrylate fuming was tested using the fingerprint stored at room
temperature for 1, 7, 14 and 30 days. Following the fuming with the 99.5% ethyl-2-cyanoacrylate adhesive, it was
revealed that the 80% of fingerprints stored for 1-30 day showed a very good to medium quality, respectively. The
numbers of minutiae obtained from these fingerprints were sufficient for person identification according to the
standard guideline of the Office of Police Forensic Science Thailand. In conclusion, this study showed that the
99.5% ethyl-2-cyanoacrylate adhesive can be effectively used for the development of latent fingerprints and could
replace ECA SirchieTM. This can reduce the cost of cyanoacrylate fuming techniques since the 99.5% ethyl-2-

cyanoacrylate adhesive is cheaper than ECA Sirchie.

Keywords: Latent fingerprint, Non-porous materials, Cyanoacrylate, Fuming technique
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Abstract
Vacuum impregnation is a non-destructive technology, use to introduce external liquid into the structures
of food matrices. The aim of this study was to investigate the effect of vacuum and relaxation times on the qualities
of roselle (Hibiscus sabdariffa L.) and butterfly pea (Clitoria Ternatea L.) vacuum impregnated rice. A vacuum
pressure of 50 mbar was applied for 10 and 20 min (Vacuum time), following atmospheric pressure restoration for
10 and 20 min (Relaxation time). The result shown that, lightness (L* value) of both herbal plants vacuum
impregnated rice reduced with increasing the vacuum and relaxation times. Whereas, the values of water loss, mass
fraction of fruit occupied by impregnation liquid (X), sample volume deformation () and effective porosity (E,)
were increased as increasing the vacuum and relaxation times. In addition, the impregnated rice treated with 20 min
vacuum time and 20 min relaxation time significantly highest antioxidant properties including, total phenolic
compounds, total flavonoids, total anthocyanins, DPPH-radical scavenging activity and ferric reducing antioxidant
power (FRAP value). The roselle vacuum impregnated rice showed significant higher total flavonoids (483.79 mg
Catechin equivalent/100g) and FRAP value (55.64 Trolox equivalent/100g) than butterfly pea vacuum impregnated
sample (155.09 mg Catechin equivalent/100g and 25.41 Trolox equivalent equivalent/100g, respectively).
This study indicated that the longer vacuum and relaxation times were useful for enriching the herbal plant extracts

in rice.
Keywords: Vacuum impregnation, Vacuum time, Relaxation time, Herbal plant extracts
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AR eHsnavesmsdsznoudan Tavesd ludaas uansanaayu lnsa 135 ¥4 Dajanta et al
o13) Tagwauaisana 250 luTasans AUa15aZa18 Sodium nitrite (Merck, Germany) NUAIWITVH YU
S I Jd o a ) 1 A A = Y a .
sesidud 911w 75 Tulasans ¥l vortex waztinlundauiy 5 1H nmiv@vasazaty Aluminum
. I3 J o a o ]
chloride (Merck, Germany) ANMANTY 10 ofidud 11w 150 1uTnsans waylianiudaie Vortex taziiulu
81911AVANQUHYN 50 DIFUTFATEE WU 5 UIN IANA1TA018 Sodium hydroxide (Merck, Germany) 1213
Jd o a %’ d o a Y= o [
wutu 1 Tuars 919w 500 Tulasaas uaziinausua 775 lulasaas weulfwdnsuddie vortex 1111 5amn
MIPANAULAIAIBIAT DI UV-Vis Spectrophotometer (Evolution 201, USA) A11me1nau 510 w1 Tumas A
3179 Total flavonoids 1111128 mg Catechin equivalent (CE) /100 g 11/3 801N e unUN 3 1M U195§1UU04 Catechin

(Fluka Biochemica, Switzerland) Tua9a T uIUN 10-100 Wg/ml aaiian R ﬁJu 0.9990

d
4.4 mynnzridSnaesuenInlasentiv (Anthocyanins)
a 7 Aa a 9 = v A as
asnauaeilsumaisuouInlyertiuludruaSuarsanaiisayu Insa1ui5vo Huang et al.
@ a aa [ @ 14 o Aa aa [
(2019) Tagnaualsana 2 Jaaans nuaisazaretlves pH 1.0 $1u2u 2 Uadans uagwanalsana 2

aa [ @ 4 ° a aa Y 9 o 9 ¥ o 1 AaA A
aaans nuamsazarwivies pH 4.5 91UIU 2 Yaaang weru 1719171428 Vortex mnuum”lﬂw“lumw

f=9)]

aungiiveuu 30 Ui TanimIganauLEaIAI8IAT B9 UV-Vis Spectrophotometer (Evolution 201, USA) 1A

2O
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! v H
ﬂﬁu 510 L 700 W1 1UILAS ﬁ’mammﬂ?mmmmmsuauTw'lmmuuwwm“lumiﬁﬂﬂmﬂaumiﬁ 41D I1891U

1ut128989 mg cyanidin-3-glucoside (CGE)/100g

_[(A510 — A700)pH 1.0 — (A510 — A700)pH 4.5]XVXnxM
ex Lxm

o In'laseniiu (mg cyanidin-3-glucoside/100g) x 100 4)

A ' A A A ' A A
Me: A, AB AINMIgANAULEIN 510 WTWwAs A, A AIMIgANAULAIN 700 W1 TUILAS
Ed
V fie 51asvesansana (aaans) M Ao miin Tuanaves cyaniding-3-glucoside
(449.2 n5u/Tua)
A . . J ' A ' 4 aag
n A0 Dilution factor Y8A1TALANIAIDE € Ao M luasuenwenain
(26,900 aa3/Tua/suANAT)

a ¥ o o ' o
L Ao ANUAI19V09 Cuvette (1 (HUALNT) m Ao 1MINUeii0E1e (A5Y)

4.5 3!?1513?%%]71%6’1&1461&33?;\3?(53 DPPH radical scavenging activity (DPPH)

maﬁmﬁ13ﬁqw§€1’mawa§mz DPPH Glm’fnm?aJmiaﬁ”ﬂﬂaﬂnizéammmamaﬂé’nﬁumﬁ%mi
V04 Dajanta & Rongkom (2017) TagWdua1sdna 1 4aaans NUA15aza18 2,2- Diphenyl-1-picryhydrazyl (Fluka
Biochemica, Switzerland) AN 0.2 Tad Tuand $11au 2 Taaans wauliidiu@ds Vortex tulufiiaunu
30 U ’Slﬂi"hﬂﬁ@ﬂﬂﬁuuﬁ a828 UV-Vis spectrophotometer (Spectrophotometer evolution 201, USA) ‘ﬁﬂ’ﬂilfﬂil
aau 517 i Twwas d1nsuyaniuguldieniuea (Lab-scan analytical science, Thailand) A2131% 0Ty
50 WesIFud unuasana uInA1 DPPH 14198 Ascorbic acid equivalent (AAE)/100 g Tagnf3suiisui
311111033 1V89 Ascorbic acid (Fluka, USA) Tugaeanududuii 1-50 pg/ml Fafien R” 1l 0.9990

a

4.6 3sﬂi1zﬁqﬂ'§€imm§gaam$ Ferric reducing antioxidant power (FRAP value)
ATIINTIZH NI AIUOYYAB3E FRAP value “lmsfma‘%31miﬁfﬁ”ﬂni:zgﬂmmzﬁhﬁumﬁ% MIVBI
Dajanta & Rongkom (2017) Tasmauaisana 400 lulasans fuaisazals FRAP reagent (Fluka Biochemica,
Switzerland) 31191 3,000 TuTA5a05 Raru i uad e Vortex ﬁuiuénﬁwmuﬂuqmwgﬁﬁ 37 pafiyalFee

WL 4w ﬁﬂﬂ’iﬂﬂ'mﬁﬂﬂﬂauuﬁ 4828 UV-Vis spectrophotometer (Spectrophotometer evolution 201, USA) il
AMNVEIAAY 593 U TUIAT ﬁm%mg@mmu“l%’mmuaa (Lab-scan analytical science, Thailand) mmm’fuﬂ'u

50 1Wlesidud unuasana AMuUINAT FRAP valuelu11198 mg Trolox equivalent (TE) /100g Tag/Souiousy

A51NATFIUVDY Trolox (Fluka, USA) Tuarannududui 5-35 pg/mi daiia R* iflu 0.9993
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4.7 MINWHUMINABDIMIADA
H 1 d' a
INUAUNITNATBIUY Completely Randomized Design ¥11115NAQ049 3 41 MANRAOLAZIATIZH
AuL51591 1A87F One-Way Analysis of Variance tazif3ouiouanuana19vesnnae 1as35 Duncan’s

. 4 o A4 4 73 o
Multiple Range Test NTEAUANUITOUU 95 wosigua

a d
WAz INTANANTNANDY
wavasmmsurInlumsataaylnsmealdanuaugyaimanazanuduussmalnfdeaniims
mamnvesdinuasuasanaayulnsaamaiia Vi
fudsuasananennszReulaazaensysuiuy luasanaayulnsneldnnuaugyansy
o a g =1 A A 1 [ :, ~ A 4
anuauussemalnailunal 20 1120 wi Tmenuaienion L* difiga (m15190 1) 1ileaninszezna
19 [ Y 19 A o A 4’! 1 Y
mausi luasanaayu lnsnmeldanuduguaimataz/vionnuaunssomednanuiuiu saeldas
o = g P 2 v v 2. ' & = 1A ~
anaayu Insunsndud 1) luTassad e anaadna 1duniu aauvesnt a* Fananedemadua-@el 110
1 a @ ‘2’ a1 A I : 1
MINAABINVNIINATUETANA ADANTLRIVUAINAITUAL (a*) 1T UVIN (a* = 10.48 - 12.39) AT
= Aa o g A a [ o v A 1A ¥ a I
MUATTTUMAVRIENTANARDNATZRBULAY YAzt ESumTananensyFulimanas- 1ty (b*) il
3 = %’ a =) a [ [ @ =}
AU (-b* =-16.94 14 -18.89) naasnenNUTUFHIRUMNTTITUMAVEIAITANAADNOYTY LAZAT a* 1Ay
v Y ) v
b* NAuNuiueduFanuiomnizoznamsusinluasanaayu lnsaeldanudugyainmauaz/mie
o a 3 ] dyl a % I Ao o A [ dﬂ
anuauussmalnaunu tdnasuouIn lsotiusaiuamsddnganuluasananennszReunag

v =2 g ¥ g ' ) 2 Yy o
l!agﬂ'E]ﬂ@ﬂJG]ftlJﬁ'HJTﬁﬂ!.W]'iﬂcb'll!ﬂl’]fmﬁﬂ5\‘]@75’]\1‘1]@\1!.”@ﬂﬂ]131u53ﬁ31@ﬂ53“’]uﬂ’]3 VI M]JPWJ’]ﬂGU(l«! RIGREM]

$1091UUBY Adsare et al. (2016) NNUNAT a* Y I¥U INUNINT (Emblica officinalis) usluansanaduuun

]
= ~

{ S Vo L <
(Garcinia indica) N AuAIMeldan1IzUsTMAUNAUIY 4 52 THa ganI1AIT a* voabu InanaFanign

U

wluansanadununmeldaniizussemenlnduiu 12 uag 3 ¥ 104

zs' = * ok * 9 a Y a A o 1)) [
MINN1T AT L a Uae b ‘Uﬂ\i"’llTJ!ﬁﬂJﬁlgull‘V\liﬂ’JElLﬂﬂHﬂ VI “I/IN’L!Ll,‘]Jil’m?ﬂ']i!L"]f"’lﬂ’ﬂuﬁﬁﬁﬂﬂﬁyu‘l‘v\ﬁ

@ a a J @ ad 1 @
ﬂ?ﬂclg])ﬂ'ﬂuﬂuqmﬂd'lﬂ']ﬁ 50 Haaug HAZANNANUTTOMALNANLANA1IAY
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Herbal plant Vacuum time Relaxation time
L* a* b*
extracts (min) (min)

a b a
10 10 52.09+0.37 11.60+0.63 7.08+0.62
10 20 52.17+1.03" 10.48+0.59° 7.02+0.50"

Roselle

b b a
20 10 50.44+0.80 11.77£0.61 7.03+0.50
20 20 48.2240.90° 12.39+0.53" 6.83+0.71"

b

10 10 48.18+1.22" 1.3740.48" -16.94+1.22"

a ab b
10 20 48.13+1.12 1.30+0.54 -18.59+1.18

Butterfly pea

a a b
20 10 48.23+0.99 1.51£0.68 -18.78+1.36

a b b
20 20 47.27£1.76 0.86+0.35 -18.89+1.18

- - - 7 -

- doyafludunds + druboauumasgiu (o= 3) Snysandinquiuandsiumuminaveandazivayu lnsuaaennuuanaasusdieiifoddymeadansedy
4

ANl 95 1WesiFud (P<0.05)

' ' " " P oA P 3o
- L *=MAnua; a* = +a1auad Hag - Aaed; b *=+A1anaod uag - MauNu

wethdaSumsanaayu Inshdundsnarlumsugdnlumsanasennsz@eunaaz Ao nonydu
@ o ad ' o @ < ' o v
moldnnudugyanmaazanuauussOmalnanuananuudavINaaIa doRIendesmatvee
s < = o = v o Y X 2 v X .
M AuNsRUMIININFuveImsananonnszisuasazaonoysut Tl luilove undalauinyusdis
Fawu omunaimsusinluarsanaayu lnineldanzanudugyainemaganuduussemalni

A g = A
910 10 W19 114 20 WA (DA 1)

Roselle vacuum impregnated rice Butterfly pea vacuum impregnated rice

o

10/10 min 10/20 min 20/10 min 20/20 min

10/10 min 10/20 min 20/10 min 20/20 min

@

H o < a o g v o !
ﬁﬂﬁ 1 ﬂ'IWﬁﬂﬂJ'J'Nlllﬁﬂ"fﬁ')!ﬁiuﬁ'ﬁﬁﬂﬂﬂ'ﬂﬂﬂi%ﬁ]EI‘ULlﬂ\iuag’;ﬂﬂﬂﬂm“ﬁuﬁ}ﬂﬂﬂﬁguﬂuﬂ'ﬁ Vlﬁ u!L]JiL'Ja1

u o

msusvnluasanaayulnsmeldanusugyannmmazanuduussenmlndnuanaian
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~ o A 3 A Y
Ysuasvesensanaayu InstunsnFud 1 lumaadn (X) vazanunjuneenlivesasana
a = Y v 3 9 a0 A 24 A K] @
ayulwsnawsounsndudg Iassadrawaadna (€) Taunuduiiomuszoznaimsugdnluaisana
Y @ A a a g = Y ~ [} o
ayulwsmeldanuaugamauag/mieussernialndein 10 i iy 20 wii Tasdnnusluaisana
g 1% o = [ Aa a o =} o a
ApNNIZABLIAILEABNE YT UM AN ILgYANMANTZAD 50 TAaD13 WU 20 W LzANNA UL TMING
WU 20 W17 WA X wag €, QN‘I?IQM (0.48 - 0.50 m’ liquid/m3 sample LAY 0.24 - 0.32 m’ internal gas /m’ sample
o w d’ Y XA ] 3 9 v 3 o Aa
ade) (M 2) Aediitiesainlnssad wouudadilszneumegnguvnaan NN dshiiving
< J < ] ?,‘ a Aa 1 @
Tuanadnnigngululassadeveamaainugu 1 Iaiiu ussg uagensanaayu lwsawnsouns niush
' < o 1 A '
gIassadnveanaatvawiiunszuaums Vi I8 (Makmuang et al., 2016) tagmMsAuaIMs U110 14
@ a o Y a ‘i' A Y < 9 2 I
anuaugaanauazussonalng siildinaiiuinielulassadeveauaadiuiniu uwavinnis
(Y P I v o ' A A g
YgreaIvoanesoInanieluInssadwveaunanianaz Wowemeaina1IIznas UNeeNIINGHTUYDUAA
Y
1 lugrsvesmsugdimeldanudugygina sniuasanadyu lnsezunsndudig lassasieves
< ] ] o a o
want 1 lugveamsusiineldnnuduusseImalnd (Krasackoopt & Suthanwong, 2008) 1/5¢ApU Y
. . O 4 3 .
narlumsusinlumsanaayulnsiuiuiuszinanisuanalasunlaasuniu arsanaayulngds
\ < 2 o Ao
ausounsndung laseadnveunand1a Iduiniu (Phianmongkhol et al., 2015) #0AARDINUTIBNUNTIVY
] Y H v Y ) v
V94 Benyakart et al. (2016) MWUNA X vos¥uuzaznonuyluasazare o To Indiniiuay diomiunainsuy

@ I @ a I
moldnnuaugyanen 5w iy 10 w1 vazanuauussemalnann 10 Wi Wy 30 wii

[ Impregnated sample volume fraction (X, m’ liquid/m3 sample)

0.60 - [F] Effective porosity (€., m’ internal gas/m3 sample)
a
050 4 ¢ b b a b b b
5
- @
é 2 040
-
c
E g0 0.30
- St
s o
& E
£ E 0.20 -+
E =
g 2
E 2 o010 -
5 °
«
>
0.00 -
10/10 ‘ 10/20 ‘ 20/10 ‘ 20/20 10/10 ‘ 10/20 ‘ 20/10 ‘ 20/20
Roselle extract Butterfly pea extract

Vacuum times (min)/Relaxation times (min)

- 128 -



The Journal of Applied Science Vol. 20 No. 1: 118-136 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.01.009

a a o A = g d 9 ' A v o
a2 Psmasvesansanaayu lustunsndud I luwdadnn () sazamnnungunseyldvesmseana
ayulnsiawnsounsndudng Tnssad &) Hrdsuamsanaayu lusdromaiia Vi dumlsnaimsus

moldanudugainauazanusuussenalnanuanaeny

a3 9

- a ¥ = g3 o a o
nosiduansgapdenn (Water loss) tananulesisuamsgapdorivesiasuaisanaayu lns
v ' a @ ¥ a A J 3 J a3 g =
WAIIUNTZUIUMS VI W umsanaayu lnsnsgessiiatinlesiduanmsgadainiuan (@519
= @ =2 Y 4 3 9 '
2) waasdsasanaayy Insunsngud 1) luTassadvouwaadnlusgninenszuiums VI (Benyakart et
a Y = v o A - a 2 A a
al., 2016) TagdasuananennszitouuasazasnsyFulnlesiFudmsgadnitanas vazAmansunsn
1Y ' ] 3 ' A v oo W aa § A '
Fuvesmsanaayu Insihg InseafruwaadmuniiuedaiivedAgnieada (P<0.05) otiunmainsuy
dlumsanaayulninieldnnuaugyainauaz/vseusseimalng i lddiasumsananennsziey

uanazaensyFuiusluaisananeldanngayania 50 Hadus uiv 20 U1 LazANUAULTTOIN S

'
o

a a A s a3 = 73 2 Yy o =
Unauu 20 N Unlediuamsgadsidinga (-35.57 uaz -38.70 1WlesiHud) doanaoINUNANIANYIVD
. = ' - a3 2 2 A
Phianmongkhol et al. (2015) ANuI e siFuamMsgadotinvesruueilitlanazuauaigliusluaisazaiy
ToTaIntiauaz 1¥na1msusneldanudugyania 50 Taauns tazanuduussonelndn 20 w120
' v 4
i Iadinmsusguneiitlanazuauaiglaisazatele TaTniiauiu 10 W1H/10 wIH 18 Martinez-
= ' 2 2 ' 3 % AL
Valencia et al. (2011) DD IMsiNaIMsusFwmasuluasazatoiiaiauiuiu (10-360 wri) aawala
s 3 o aF L ' = = = 3 = gy ] L
esiFudnsgadorvedrumasuanad FuaaIdamstaisazaeiinaunsngudig 1nsid3 9veary

! E
asuuInNUu

m3ei 2 waveanaimsusinluaisadaayulnsmeldnnudugyyinia 50 Taduisuazanudu

ad Vo - a3 ) a o v a
“]JiiEﬂﬂ1ﬂﬂﬂ@]‘1/]lmﬂﬁNﬂuﬁmﬂ@ﬂ“ﬁu@]ﬂTiq‘illulﬁﬂuﬂlf’Nﬁlﬂ’JLfﬁllZ‘T"Iiﬁﬂﬂﬁialull‘Wiﬂ'JfJMﬂuﬂ VI

Plant extracts Vacuum time (min) Relaxation time (min) Water loss (%)

10 10 16374015

b
10 20 -23.33+0.35

Roselle c
20 10 -27.57+0.15

d
20 20 -35.57+0.40

10 10 -l4.00ﬂz0.52€l

b
10 20 -35.77+£0.42

Butterfly pea c
20 10 -32.90+0.56

d
20 20 -38.70+0.26
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v { ' { 2 o o o { o ' ' o oa
ﬂi’ﬂuﬂmﬂummﬁﬂ + ﬁ?ulﬁﬂﬁmull'lﬂiﬁ'llﬁ]'lﬂﬂﬁ‘ﬂﬂﬁﬂﬁ 3 ua:maﬂyimmamqyﬁmﬁuﬂméumﬂ’l’au‘,a“lmmazﬂaamuﬁ

o 1Y

uAnAAULARIANULANANTURE T TBd AYMIaDANTZ AN 95 nloFIFus (P<0.05)

wavesalumsuzdlumsanaayulnsmeldnnudugyamarezanuauussimalnfdeaniang

Mueyyadaszvesiaasmsanaayulnsdremadin VI

Binamsmueyyadaszludnuadumsanaayulns
Vg o o A o a a
szoznamsusuaatnlumsadaayulns luaanganudugaainiaiszdy 5o Jadgus uaz
1 Y o aa d’f A g A A o I A
naimMsusnielannuauussemalnanuinauan 10 Wi Wu 20 win Ieam Inidsnaasdsznou
= a 2 s a P a g a A 1 1 A v o W
Huodnnua a1 TaueeauazuonIn lyeiiuludruasuayu Insne 2 wilamuuniuedniivedAgnig
ana (P<0.05) dewaliduaiuayuInshinswaadnluasadanioldannzgaanma 50 Haduns w20
= [ a A A =Y a ?;); 4 a
1A uazANNARDTTNMANALY 20 117 TS naensdseneuilueannaviua e Tauesauazueu In leseaniiv
gaiiga Taedhudsuasananennszeutazaondydullsnumsdueyyadasesa 530.20 naz 214.54
o = [ ' <3 I
mg/100 g MUY uazliosndsznouaiulug (72.29 - 9125 wlefidud) Wumsisenouarlauesd
A o { 1 2o ) o
(M3197 3) AOANFDINY Moreira & Almohaimeed (2018) NT181UNITZazIAMIUFFUTUATI IUasAnATin
snneldanudugyaimauazussernalnanuiunid (15 /15 uii) awra liswiudFaiidS
v v
mslszneviiueaniauageniinmisugnieldnnuaugyamauazussemalnadunit (s uIi/s uii)
p1NNBTIAYNNADA (P<0.05)
am’ =} 4 o U a 1 1A
aonnszRgunaIloInlsznouvesad1saIlauesd lungy Flavonol vatesiia diulvgne
Gossypetin, Hibiscetin, Quercetin 11¢ Sabdaretin LS WUTT Tu ﬂﬁ:JJ wouInloeriufe Delphinidin-3-O-
sambubioside, Cyanidin-3-O-sambubioside, Cyaniding-3,5-diglucoside it @ ¢ Delphinidin (Tsai et al., 2002)
o = I @ a [ [N
apndgFuiliarsszneudarTiuesdiluesdsyneunanvesansdueyyadasy Tasaiuluailuaislu
ﬂijiJ Flavonol glycosides, Kaemferol glycosides, Quercetin glycosides Las 17 “luntjmmuiﬂ'lmmﬁu (Anthika et al.,
= a 3’; I = a @ I~
2015) silszpeviluednianuaiiuas Idauazsamnaludnuazna litanuaiuisalunis 1 lalasiou
o a = < Aa o =g ' ' ¥ a o w
azpounueyyadasenlaswiluluananianuadessailumsngara lesmsai oyyaddszuazMInoyya
a Ao A Ly a Y Y I o Y Ay a
daszldlaonse uenaniidalignimueyyadsasyneseuslemitnieaeu lminmihndueyyadase
115198 (Pradeep & Sreerama, 2015) tagm 39Uy lesauvealany (Metal chelator) (Pereira et al., 2009) 39
a o w ¢ A A ' o a A &
tunumddagylumsdnifeuraduaziilomovessamennmsiateveseyyadase disueninleeiiwiu
a A o J P ald?:’/ =) dza 2 A = wa o Y
arsavseseniaglunguuesarlauseanIndasuaduas My Tdsudsdurliauauiailuarsdn

a Ao A 2 ya & a A o a Y 1
’E]Hﬂ;llaﬂﬁizﬂﬂ Lummﬂmmmﬁmﬁaslumﬂwmaﬂm@uaﬁi3m’s)”laTmL%uaw@uﬂuauyja@ﬁiﬂﬂ@ﬂw
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< dyw =3 £ [ £ <3

3IALTI UDNIINUYIY mnﬁc?f TUMIDNLEY (Anti-inflammatory activity) uazqmé’ﬁumm (Anti-carcinogenic activity)
aw a 1 a A a I =
(Miguel, 2011) 18914 3T0N19MU52110IM152y10503 Taaemnsitineu Inlserfiwiluesdisznoudl
' ' o B A o 3
druretleesnunioannnuidosvesmsmnalsavasadeniale uzis vy Tsassuulszam uaz I3
Y 1w . s o A A ad o Y A
donodnta (Li et al., 2017) uazasisznovnarlruesailussndnginolunsawsssumamesiminnlu
v o v A A Y o X o JdAa A = Y a a
mstloanusuaseaInsidgd madhateveuresmazdainnuiy saudedestumsinalsauazmsina
i v

poNFATUVOUTAAN 1AT VAT (Majer et al,, 2014) ensszaeuna TIuesdasadudamsaiie
pyyadATIATMIABYYADATZHIUNIING INA19Y Ao 15U MineYyaddse gansas uFunanoondiou

o & o oy a L o g ¥ oa Lo ¥ ama
sazdudamshauvesou lxinaiweyyadase (Mierziak et al., 2014) ¥ 1dWa1 Truesalgnsdvel s o
an 4 a v o ¥ a X Y Y A £y a 3 A Y 4
aanleseanmiatu dugimsinaiiioton AuMsuAiaIveana Aumanaliaiilanamen Aumsui tay

@ A 1 a < @ v ¥
MIBED (Cao et al., 1997) taziidIuteanmiing lsanzs wa: Isavaamoeniale (Ignat etal, 2011) AatUT1

a o A o Y ao A2 a ¢ s R A A
msumnsanaayu lwsivann ldnnauiseliadiesdilseneuvesmsszneura Tiwesdgeailudnmadon
: a g v o

wilsvesonnsndlulse Teniesramelumsiesiulsa

@

319 3 Ysmnmasaeyyaddaszludruasuayu Insdromaia vi ndumlsnanlumsusanaluas

@ a

anaayulnsneldnnusugyaima 50 aduns wazanusuussemmlnanuanaiani

L)

Vacuum Relaxation Total phenolic Anthocyanins Flavonoids
Plant extracts
time (min) time (min) (mg GAE/100g) (mg CEG/100g) (mg CTE/100g)

d d d
10 10 18.30+0.44 2.64+0.08 293.5043.57
10 20 28.86:+0.85° 3.39+0.12° 343.50+2.65
Roselle N N X
20 10 34.33+0.44 43140.14 361.44+4.53
20 20 41.63+0.54" 4.78+0.12" 483.79+3.53"
d d d
10 10 19.36+0.66 2.1340.18 105.38+1.35
10 20 30.94+0.47° 2.67+0.04° 120.1942.07°
Butterfly pea
b b b
20 10 49.49+0.50 3.04+0.10 125.58+1.62
20 20 55.78+0.29" 3.67+0.04" 155.09+2.61"
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Abstract

The research aimed to study effect of soybean preparation methods (method 1 using water and heat, and
method 2 using sodium bicarbonate and heat) on physicochemical and sensory properties of soy milk. It was
found that soymilk prepared by method 1 contained higher content of protein, carbohydrate, and panelists'
acceptance scores in terms of odor, taste, texture, and overall liking than method 2. The moisture, protein,
carbohydrate fat and ash contents of soy milk which prepared from method 1 were 90.71, 3.83, 3.41, 1.73, 0.32%
(wet basis), respectively. Thereafter, the soy milk prepared from the method 1 was used for producing soy milk
powder using a spray dryer. The effects of inlet hot air temperature (150, 160, and 170 °C) and maltodextrin
concentration (9, 12, and 15% (w/v) on physicochemical properties of soy milk powder were studied. The results
showed that drying with the inlet hot air temperatures of 160 and 170 °C with maltodextrin concentration of 15%
(w/v) gave the good quality of product with the highest solubility index (I ml) and stability value (31%).
Therefore, the best condition for production of spray-dried soybean powder which gave the highest solubility
index and stability value while the lowest energy consumption was using maltodextrin 15% (w/v) and inlet hot air

temperature at 160 °C.

Keywords: spray drying, soy bean preparation, soy milk powder, maltodextrin, hot air temperature
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Abstract

The purpose of this research was to obtain the rainfall forecasting model and disseminate information for
be used in establish strategies for the proper planning of agriculture, drainage systems and other water resource
applications in Buriram province, by forecasting the monthly rainfall in Buriram province. January 2010 to
December 2019 of 120 value were used and divided into 2 sets. The first 108 values from January 2010 until
December 2018 were used for the modeling by Decomposition Method, Simple Exponential Smoothing Method,
and Transfer Function Method. The last 12 values from January to December 2019 were used for checking the
accuracy. The research results find that the for all the forecasting methods the had been studied, Transfer Function

Method is the forecasting by percentage basis, Mean Absolute Percentage Error (MAPE) is the smallest value.

Keywords: time series, ARIMA, air temperature, wind speed
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