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Abstract

In this work, a new generalized of the exponential distribution, called the beta Topp-
Leone exponential distribution, is introduced. Mathematical properties of the proposed
distribution are also provided, such as, some expansions of the probability density function and
the cumulative distribution function, transformation, quantile function, ordinary moments, and
moment generating function. The method of maximum likelihood estimation is used to estimate
the unknown parameters of the proposed distribution. Also, the performance of maximum
likelihood estimators is investigated through Monte Carlo simulation study. The applicability of a
new distribution is illustrated by the real data set.

Keywords: Exponential distribution, Beta generated family of distributions, Topp-Leone
Distribution, Topp-Leone exponential distribution, T-X family

Introduction

The exponential (E) distribution is applied to a wide range of fields: actuarial sciences,
reliability, engineering, and others. Many researcher attempts to improve this distribution to
become more flexible for modelling data such as, the generalized exponential or exponentiated
exponential (Gupta and Kundu, 1999), the beta exponential (BE) (Nadarajah and Kotz, 2006),
the beta generalized exponential (Barreto-Souza et al., 2010) and the Topp-Leone exponential
(TLE) (Al-Shomrani et al., 2016) distributions. Our main focus in this paper is to introduce a new
modification of exponential distribution using the T-X family of distributions (Alzaatreh et al.,
2013). Let T be a random variable of a generator distribution with probability distribution function
(pdf) r(t) defined on [p,q] and let X be a parent random variable with cumulative distribution
function (cdf) G (x). The cdf of T-X family is given by T

w(G(x))

Fyy(x) = f r(0) dt, (1)

14
where W (G (x)) be a function of G(x) and satisfy the conditions as follows
1. w(G) € [p.ql,
2. W(G(x)) is differentiable and monotonically non-decreasing,
3. W(G(x))>pasx - —cwand W(G(x)) - qasx — .
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Eugene et al. (2002) pioneered this method, referred to as the beta generated (BG)
family of distributions, by utilizing a beta random variable T via W (G(x)) = G(x). Let G(x; §) be
a parent cdf and let g(x; &) = dG(x; §)/dx be a parent probability density function (pdf) of a
random variable X with parameters a, b, and the vector of parameters &. The pdf of BG family is

1
fec(x;a,b,§) = mg(xi HExOH M1 -6 a,b >0, (2)
where B(a,b) = f01 t%~1(1 — t)?~1dt is the beta function. The cdf of BG family is
FBG(X; a, b' f) = IG(X:{)(a' b) (3)

where the function I;(,.¢ (a, b) denotes the incomplete beta ratio function defined by
BG(x;{) (a: b)

B(a,b)
where By (a,b) = fOG(x‘Ota‘l(l —t)P~1 dt is the incomplete beta function. Furthermore, by
using this method, Al-Shomrani et al. (2016) introduced the Topp-Leone generated (TLG) family
of distributions and the TLE distribution with its properties and application to the times to failure
of components. Let X be a random variable having TLE distribution with parameters c,1 > 0,
denoted X ~ TLE(c, 4). The cdf and pdf of TLE distribution are given by

Gre(xic, ) = (1—e ), x>0 (4)

Ige(a,b) =

and

grie(x; ¢, ) = 2cle™*(1 — e‘“")c_l, x>0, (5)
respectively. The rest of paper is structured as follows. In part of results, a new modification of
exponential distribution called the beta Topp-Leone exponential distribution is proposed in
Section 1. Some expansions of the beta Topp-Leone exponential distribution are obtained in
Section 2. Some of its mathematical properties are investigated in Section 3. The proposed
distribution parameters are estimated by maximum likelihood estimation in Section 4. A Monte
Carlo simulation study is provided in Section 5. In Section 6, the flexibility of the proposed
distribution will be explored through application to real data sets. Finally, the last section is the
conclusion.

Results
1. The Beta Topp-Leone Exponential Distribution

We introduce the beta Topp-Leone exponential (BTLE) distribution by setting G (x; §) =

Grie(x; ¢, 1) in Equation (3). Let X be a random variable having BTLE distribution with the vector

of parameters © = (a, b,c,A1)T wherea, b,c,A > 0, denoted X ~ BTLE(a, b, c,A). The cdf and pdf
of the BTLE distribution are obtained as

Fgrie(x; ©) = I(l_e—zxx)c(a, b), x >0, (6)

and

foms (63 €) = gy (1 - e ) 1 - (1- ) T x>0 7)

respectively. The BTLE distribution reduces to the TLE distribution whena=1and b =1. If ¢ =
1 it reduces to the beta transmuted exponential distribution with transmuted parameter equals
to 1. If b=1 in addition to ¢ =1, it gives as the exponentiated transmuted exponential
distribution with transmuted parameter equals to 1. The exponentiated Topp-Leone exponential
distribution is also a sub-distribution when b = 1. The transmuted exponential distribution with
transmuted parameter equals to 1 is clearly a sub-distribution fora =1, b =1 and ¢ = 1. Plots
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of the BTLE pdf for some specific values of parameters a,b,c, and A are shown in Figures 1,
respectively.

b=0.8,c=0.9,A=2.0 a=2.0,c=2.0,A=2.0

b=05

---- b=09
+ b=20

fare(x)
5

fatue(x)
1

a=5.0,b=0.9,A=2.0

fame(x)
5

Figure 1 Plots of the BTLE pdf for some specific values of the parameters
2. Expansions for the BTLE Distribution

Some useful expansions for Equations (6) and (7) can be derived using the exponentiated
exponential (EE) distribution. Let X, be a random variable having the EE distribution with
parameters a,A > 0,denoted X, ~ EE(a,A) and the pdf and cdf of EE distribution are
fee(x 0, 4) = ar(1 — e"l")a_le“x and Fgg(x; a, 1) = (1 — e™)", respectively.

Firstly, for real non-integer b > 0, the term of (1 — t)?~* under the integral is replaced by the
power series, and is expressed as

* c b—=1\ * .
f ta_l(l _ t)b—ldt — Z(_l)L ( ) >J- ta+l—1dt
0 i=0 ' 0
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where the binomial coefficient (”;1) =T(b)/T(b —i)i! is defined for any real b. From Equation
(6), we obtain

Fgrie(x; ©) = ﬁi 7 1 ; (-1 (b : 1) [1 - (1 -(1- e—Ax))Z]

Using the binomial expansion once_more, the cdf of BTLE family will be
w 2j

Fgrie(x; ©) = Z Z w; ik Fee(x; k, 2) (8)

i,j=0 k=0

=D b =1y (ela + D)) (2]
Wiik = B(a, b)(a + i)( i ) j <k)
By differentiating Equation (8), we obtain

c(a+i)

where,

o 2j
feTLe(x; 0) = Z Z Wi,j,kaE(xi k,2). 9)
i,j=0 k=0
If b > 0 is an integer, the index i in Equations (8) and (9) will stop at b — 1, and if both a and ¢
are integers, then the index j will run and stop at c(a + i).

3. Mathematical Properties

In this section, some mathematical properties of the BTLE distribtuion, including
transformation, quantile function, ordinary moments and moment generating function, are
provided.

3.1 Transformation

Let B be a random variable having a beta distribution with parameters a and b. By inverting
Equation (4), we will obtain
¥ = [log(l — B/¢)

-2
follows a BTLE distribution with parameters a, b, ¢, and A.

(10)

3.2 Quantile function

Let U be a random variable having a uniform on interval (0,1). By inverting Equation (6), the
quantile function, Q(u) = F~*(u), of the BTLE distribution is

log [1 - (', b))l/C]} O<u<l1

(11)

Qprie(w; 0) = { Y

where I;1(a, b) is the inverse of the incomplete beta ratio function (Majumder and Bhattacharjee,
1973).

3.3 Ordinary Moments

The rth ordinary moment of the BTLE distribution can be straightforwardly obtained from
Equation (9) as
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o 2j

p= B = 3wy B, (12)
i,j=0 k=0

where E(X}) is the rth ordinary moment of the EE distribution. Nadarajah (2011) that the rth
moment of the EE distribution is

E[XI] = Va0 pd+1
ol =% B - . (13)
From Equations (12) and (13), the rth ordinary moment of the BTLE distribution is
w 2j
, (_1)r o
. ‘TZ kai,,,kWB(k,dH—k) » (14)

i,j=0 k=0
3.4 Moment Generating Function

The moment generating function (mgf) of X, M, (t) = E(e**), can be written from Equation
(9) as
o 2j
My (6) = Z Z WMy, (), (15)
i,j=0 k=0
where My, (t) is the mgf of the EE distribution. Nadarajah (2011) shows that the mgf of the EE
distribution is

My, ® = aB (1~ % ). (16)

From Equations (15) and (16), the mgf of the BTLE distribution is

[oe]

2
My (£) = Z Z] kw,, B (1 - ;\k) (17)

i,j=0 k=0

4. Maximum Likelihood Estimation
Let x = (x4, ..., x,)T be a random sample of size n from the BTLE distribution. The likelihood
function for the vector of parameters ©@ = (a,b,c,\)7 is
n

L(O;x) = nfBTLE(xi; 0)

s et - ey - (- ey

i=1
The corresponding log-likelihood function is

£(8;) = 10gL(8;x) = ) 10g fymis (xi;©)

i=1

n
= —nlogB (a,b) + nlog(2) + nlog(c) + nlog(1) + nlog(c) — 2/12 x}

i=1

+(ac — 1)2 log(1 —v?)+ (b—1) Z log[1 — (1 —v?)€],
i=1 i=1
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where v; = e is a transformed observation. The maximum likelihood estimator (MLE) © of the
vector of unknown parameters @ in Equation (18) can be obtained by the score function
U(®) = 02(0; x) B

00
The components of the score function are

Ua(®) = n(pa+b) = h(@) + ¢ ) logd = v?),

U»(©) = n((a+b) = (b)) + Z log[1 — (1 = v?)°],

0. _—+a210g(1—v2)—(b 1)2(1—17 )Clog(lz)—cv ),

1— 2\¢
U}\(@) = 2 Z xl + Z(ac - 1) Z _2 Zc(b 1) Z (U_Z _xl)((l _v(]?_ v2)c)

where v; = e‘“t and ¥ (-) is the dlgamma function. However these non-linear equations cannot
be solved analytically. Therefore, the value of MLE ® that maximizes the log-likelihood function
can be computed numerically from the non-linear equations utilizing the optimr package (Nash,
2016) in R programming language (R Core Team, 2020).

For interval estimation on the vector of parameters 0, the observed Fisher information
matrix J(®) is obtained because it is not always possible to compute expected Fisher information
matrix I(@). The 4 x 4 observed Fisher information matrix is defined by

]aa ]ab ]ac ]ah

_ 9%£(8; x) _ “ Jop Joc Im
](0) - 00 00T |- : ]CC ]C}\
I

where the elements of J(®) are given by
aa = n(l/),(a +b) — 1/)'(61)),
Jop = n(ll’ (a+b)— Eb 1),

G- 1>z<1‘” D 9);;’ )

2(1 - vz) w’[A -v)) 1] +¢c}
G 1)2( ~4clb - 1)2 -1D2[1-(1-v)2

Jab = Tl_’}b (a+b),

= > log(1 - v),
=
n
Xi
Jax = ZCZ T

i=1
(11— v?)¢log(1 — v?)
aQ-vhH)e-1 '

x; (1 —v?)©
ZCZ( DA - v 1T

Jbe =
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x; (1 —vH)[(1 — v?)° — clog(1 — v?) — 1]

Jo = ZaZ +2(b—1)z _2_1)[1_(1_52)612 ,
where v; = e™*i and y'(-) is the derlvatlve of the digamma function. The total Fisher information
matrix is J,,(®) = nJ(®). In addition, the second partial derivatives can be numerically computed
by using numDeriv package (Gilbert and Varadhan, 2019) in R programming language (R Core
Team, 2020).

The asymptotic distribution of vn(® — @) is multivariate normal N,(0,1(®)™*) where
1(0) is the expected Fisher information matrix. For construct asymptotic confidence intervals, the
1(®) can be replaced by J(©) that is the observed Fisher information matrix calculated at ©. The
corresponding asymptotic confidence intervals with significance level « for each parameter are

a + Za/Z\/jﬁﬂ B t Za/Z\/]W’ ¢ t Za/Z\/.]TCJ /1A t er/Z\/‘m:

where z,, is the quantile 1 — a/2 of the standard normal distribution and j¢, /*%, ¢, and J** are
the diagonal elements of variance-covariance matrix £ = J,,(©) ™"

5. Simulation study

A Monte Carlo simulation study is conducted to investigate the performance of the MLEs
based on bias and root mean square error (RMSE). We consider sample sizes n =
15,25,50,100,250,500 and the different values of the BTLE parameters a,b,c, and A: a = 0.6,b =
0.4,c =1, and A = 2 (non-increasing pdf) and a = 2,b = 0.75,c = 1.5, and A = 3 (right-skewed
pdf). The experiment is repeated 2000 times. An algorithm for generating a BTLE random variable
X with parameters a, b, ¢, and A:

i Generate a beta random variable with parameters a and b, B ~ Beta(a, b).

i, Setx = [M

Table 1 gives the average parameter estimates, average bias, and average RMSE of the
MLEs. The results show that the MLEs are the asymptotically unbiased and consistent, i.e., the
bias and RMSE decrease when the sample size increases.

Table 1 The average parameter estimates, average bias, and average RMSE

BTLE(0.6,0.4,1,2) BTLE(2,0.75,1.5,3)
Sample size Parameters Parameter Parameter
. Bias RMSE : Bias RMSE
estimates estimates
15 a 2.662 2.062 4.366 5.125 3.125 6.750
b 4.608 4,208 11.160 10.186 9.436  18.345
c 4.039 3.039 7.682 7.294 5.794  10.848
A 4.295 2.295 4.827 5.284 2.284 6.609
25 a 2.561 1.961 3.990 3.039 3.125 6.750
b 3.033 2.633 7.124 7.865 9.436  18.345
c 2.549 1.549 4.844 7.670 6.170 12.594
A 4.083 2.083 4.278 5.122 2.122 5.689
50 a 1.811 1.211 2.619 3.056 1.056 3.019
b 1.563 1.163 3.386 3.584 2.834 6.504
c 1.673 0.673 2.472 3.799 2.299 6.086
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A 3.765 1.765 3.441 4.324 1.324 4.334
100 a 1.469 0.869 1.849 2.497 0.497 2.317
b 1.291 0.891 2.198 2.268 1.518 3.374
c 1.286 0.286 1.356 3.421 1.921 4,932
A 2.973 0.973 2.533 3.560 0.560 2.960
250 a 1.205 0.605 1.382 2.861 0.861 2.321
b 0.819 0.419 1.359 1.674 0.924 2.327
c 1.154 0.154 1.003 2.161 0.661 2.061
A 2.640 0.640 1.846 3.061 0.061 1.786
500 a 0.852 0.252 0.896 2.440 0.440 1.911
b 0.994 0.594 1.458 1.271 0.521 1.707
c 1.293 0.293 1.106 2.247 0.747 2.044
A 2.176 0.176 1.511 2.945 -0.055 1.271

6. Application

In this section, the fitted results of the BTLE, BE, TLE, and E distributions are compared with
real data set to demonstrate the flexibility and applicability of the proposed distribution among
the other distributions. In order to evaluate whether the distribution is appropriate, the many
statistical tools are considered: the criteria of Akaike’s information criterion (AIC) (Akaike, 1974),
Bayesian information criterion (BIC) (Schwarz, 1978) and Anderson-Darling test, A* (Stephens,
1974). The data set is the strength of glass fibres of lengths 1.5 cm from the National Physical
Laboratory in England (Smith and Naylor, 1987). Table 2 gives a descriptive statistics summary
of these data.

Table 2 Descriptive statistics summary of the data

n Mean Star)dgrd Median Min Max Skewness  Kurtosis
Deviation
63 1.51 0.32 1.59 0.55 2.24 -0.88 0.80

The maximum likelihood estimates (the standard error (SE) is given in parentheses), the values
of minus loglikelihood, AIC, BIC and A* of the distributions for real data set are shown in Table
3. The lower the values of these statistics indicate a better fit to the data. Since these findings
suggest that the BTLE distribution has the lowest AIC, BIC and A* values, it follows that the BTLE
distribution could be a suitable distribution for the fitting of the data. The histogram and the
estimated pdf plots of the data are illustrated in Figure 2(a). In Figure 2(b), the empirical cdf and
the estimated cdf plots for the data are shown. Furthermore, the goodness-of-fit plots for BTLE,
BE, TLE, and E distributions that consist of Q-Q and P-P plots are presented in Figure 3,
respectively. The conclusion of these plots indicates that BTLE distribution provides a better fit
for the data.
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Table 3 The MLEs (SEs), minus log-likelihood, AIC, BIC, and Anderson-Darling test

Parameter estimates Distributions
E TLE BE BTLE
a ) ) 17.476 0.381
(3.127) (0.195)
5 ) ) 47.795 115.368
(115.945) (130.168)
P ) 31.296 ) 23.309
(9.497) (15.724)
1 0.664 1.305 0.209 0.454
(0.084) (0.119) (0.443) (0.178)
-log-likelihood 88.83 31.383 24.002 15.467
AIC 179.661 66.767 54.004 38.934
BIC 181.804 71.053 60.434 47.506
A* 3.127 4.286 3.127 1.378
(p-value) (0.024) (0.006) (0.024) (0.208)
(a) (b)

Figure 2 (a) The histogram of the data and plots estimated densities of the fitted distributions
(b) The empirical cdf of the data and plots estimated cdfs of the fitted distributions
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Figure 3 (a)-(b) Q-Q and P-P plots for the BTLE distribution, (c)-(d) Q-Q and P-P plots for BE
distribution, (e)-(f) Q-Q and P-P plots for TLE distribution, and (g)-(h) Q-Q and P-P plots for E
distribution fitted to the data

In addition, the variance-covariance matrix for the data is

0.038 5.100 —2.826 —0.027
5.100 16937.844 —882.456 —15.980
—2.826 —882.456  247.195 2.643
—0.027 —15.980 2.643 0.032

Yy =

Finally, we will obtain the 100(1 — @)% asymptotic confidence intervals of the BTLE parameters
0 = (a,b,c, )T, where a« = 0.90,0.95,0.99 in Table 4.

Table 4 The asymptotic confidence intervals of the BTLE parameters based on the data

Parameters 90% 95% 99%
Lower Upper Lower Upper Lower Upper
a 0.060 0.702 -0.001 0.763 -0.121 0.883
b -98.739 329.475 -139.757 370.493 -219.923 450.659
c -2.555 49.173 -7.509 54.127 -17.193 63.811
A 0.161 0.747 0.105 0.803 -0.004 0.921
Conclusions

A new four-parameter distribution called the beta Topp-Leone exponential distribution is
proposed. Its cdf and pdf of the proposed distribution are derived. Some of its mathematical
properties, i.e. some expansions of pdf and cdf, transformation, quantile function, ordinary
moments and mgf are presented. The maximum likelihood estimation is used to find out the
parameter estimates for the BTLE distribution. Through Monte Carlo simulation study we
demonstrated that, the bias and RMSE of MLEs decrease as the sample size increases. Results of
fitting the BTLE, BE, TLE and E distributions to the real data set are evaluated. Considering the
values of AIC, BIC, and Anderson-Darling test, it suggests that the BTLE distribution could
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outperform the other distributions. We hope that the BTLE distribution may attract wider
applications in various areas such as reliability, engineering, and others.
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Abstract

This paper introduces a confidence interval for the parameter in a zero-truncated
Poisson distribution. We adjust the profile likelihood method to construct this confidence
interval by using a function of parameter as a nuisance. The performance of the proposed
estimator is investigated through simulations, and compared with the conventional Wald
confidence interval. From the results, the proposed estimator provides a good performance in
terms of coverage probability in all cases in the study. It also has the short interval length. The
practicality of our approach is confirmed by application to two real datasets, on a cholera-
epidemic and on mortality rates of infants on an estate.

Keywords: coverage probability, interval estimation, non-zero count, Wald method

Introduction

Parameter estimation is an important method in statistical inference. It is widely used in
applications and research areas that rely on continuous or count data. Many approaches have
been proposed for estimating the parameter of interest with good accuracy. In particular,
interval estimation has been developed for the parameters, reliability functions, and applied in
many areas, such as medical science, social science, and engineering. This method is used to
calculate an interval, or range, of plausible values of an unknown parameter (Casella & Berger,
2002). It can also describe the probability level at which the confidence interval will contain the
true value, in contrast with point estimation which provides an approximate value only.

In this paper, we focus on the count outcome variable as a Poisson distribution. Let X
be a Poisson variable with parameter mean A > 0. It is denoted as X ~ P(L.). The probability

density function (PDF) of X is given by
PX = x) = exp(—A)A* ’
X!

where the observed value x =0, 1, 2, .... This probability model is usually used in analysis of
data containing zero and positive events that have low probabilities of occurrence within some
definite time or area range. However, observed data can be truncated. Only positive values of
the Poisson variable are available, or no zero counts are observed at all. In such a case, the
zero-truncated Poisson (ZTP) distribution is therefore more appropriate than the Poisson model
(Dietz & Bohning, 2000). The ZTP model is often used in socio-economical applications,
including research on alcohol and illicit drug use in the social sciences, and biological sciences.
The general PDF of the ZTP variable is given by
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P(X=x,.) P(X=x,))

P(X>0,1) 1-P(X=0,1)"
where x =1, 2, 3, .... (Tang et al., 2012). Figure 1 depicts the ZTP distribution for different
values of A. Papers related to parameter estimation in the Poisson distribution with missing
zero have been discussed by Dahiya & Gross (1973), Johnson et al. (2005), and Nasiri (2011;
2015). For interval estimation, Daidoji & Iwasaki (2012) introduced a confidence interval for A
in a ZTP distribution. They derived the likelihood function and estimated the variance of the
maximum likelihood (ML) estimator for building the confidence interval using the Wald method.
Simulations were used to confirm the performance of the confidence interval. It was found that
the coverage probabilities of the confidence interval proposed by Daidoji & Iwasaki (2012) were
lower than the target probability in many cases, especially when the sample sizes were less
than 50. Many techniques have been developed to estimate the functions of parameter in the
distribution related to the Poisson model. However, most of them were considered in the zero-
inflated Poisson (ZIP) distribution, for example, Taylor et al. (2001), Zhou & Tu (2000), Chen et
al. (2010), and Paneru et al. (2018).

0.8 lambda
—e— 05
0.7 4 —— 1.0
2.0
—o— 3.0
0.6 4 5.0
—e— 100
0.5
oy
2 0.4
-]

0.2-)%\
0.1 m
0.0
1234567 89 101112131415 16 17 18 19
X

Figure 1 Zero-truncated Poisson probability density for different values of A

We know that confidence interval which has a high coverage probability will cover the
true parameter value better than that has a low coverage probability. However, as noted in
Daidoji & Iwasaki (2012) little papers on interval estimation for the ZTP distribution have been
shown. The confidence interval introduced in that paper is also unsatisfactory in terms of
coverage probability. So, we see that this is an important problem and needed to address. The
profile likelihood is an alternative approach for dealing with the nuisance parameters in a
distribution. It can be used to derive the variance of the ML estimator (Young & Smith, 2005;
Bohning et al., 2008). For the ZTP distribution, we know that A is the only one parameter in
the model. The profile method is then reasonably adjusted in this case. The idea for
constructing the confidence interval in this paper is that we assume a function of the population
mean, in terms of exponential, of the ZTP distribution to be a nuisance parameter, and
eliminate this function using the profile method. Then, the parameter of interest is estimated.
The variance of the estimator obtained from this method is used to build the new confidence
interval for A in the ZTP distribution, which may improve the coverage probability of the
confidence interval. Our approach will show here that eliminating a complex function of
parameter by using a simple form can be used and will provide a good estimator.
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The rest of this paper is organized as follows. In Section 2, the definition of the ZTP
distribution and the confidence interval of Daidoji & Iwasaki (2012) for A are explained. We
also derive the likelihood using the adjusted profile function method and introduce the novel
confidence interval in Section 2. In Section 3, we investigate the performance of the proposed
confidence interval using simulations in various situations, and compare it with that of the
existing estimator. Two real data examples are used to illustrate our method and presented in
Section 4. Finally, Section 5 presents our conclusions.

Methods
Let Y=(%,Y%,....Y,) be a random sample of size n from a zero-truncated Poisson
(ZTP) distribution. The conditional PDF of Y is given by
exp(-A)A" [ y;!
1-exp(-2)
for / =1,2,.. n.The observed value y;, =1, 2, 3, ... and the mean parameter of the un-
truncated Poisson distribution A > 0. The mean and variance of Y are given by

PY =y, ly,>0,A)=

A
E(Y)= ew ) )1(
and
A A
SARErTEy [l_ exp(1) —J ’

respectively (Winkelmann, 2008). The point estimator of A is obtained by maximizing the log-
likelihood function logLZ(%,y;) or the logarithm of joint PDF of V,,Y,,...,Y,. Thus, the ML
estimator for A of the ZTP model is derived by the following processes:

0 0 2

—logL(n,y;)=—1lo PY=y,ly,>0,x

=109 L, y;) ax[ 91}( vily:> )j
or

2 109L01,y,) =2 3, 10gi. - mh - Sloa(y, - nlog(a- exp(-1)|.

i=1 /=1
Solving the equation %Iog L(:,y;)=0 for A, we have

A

exp() o

where Y = ZY,. / n denotes the sample mean. Since the ML estimator for A does not provide
/=1

the closed-form solution, the estimated parameter is then approximated by the iterative
approach, using the expression:

AED =Y (1— exp(—a©)). )3(
In calculation, the suggested initial value is corresponded to the sample mean of variable Y.
The procedure will be iterated until the value of A in the (¢ +1)th and the value of % in the
t —th converge. In other word, the difference of these values must be small and close to zero.
Note that since A is ML estimator, its function has invariance property (Tan & Drossos, 1975).
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1. Confidence interval of Daidoji and Iwasaki (2012)
Basically, the (1-a) 100% confidence interval for L is constructed based on the Wald

method. The general form is given by
A+ zam/l/ar(i) ,

where 7 is the ML estimator for A, Z,,, is the (a/2)th quantile of the standard normal

distribution, and l/ar(i) is the estimated variance of 4. Based on a property of the ML
estimator, 4 approximately converges to a normal distribution with mean 1 and variance
1/I(L), where I()) is the expected Fisher information (Casella & Berger, 2002). From the
ZTP distribution, 7(1) is given as
0? n1-(x +1)exp(—r
10)=-E (Wlog L(, y,)} - (x(l(— ex;(—f)()z )

Using the estimated variance of 7 from the inverse of I(%), Daidoji & Iwasaki (2012)

introduced the Wald-type confidence interval for A, which is given as follows:
a, =3+2,, J ML=eXp(A)”
nl—(n+1)exp(-A))

As can be seen from their paper, (7,, provides coverage probabilities lower than the nominal

level in many cases in simulations. The new confidence interval is therefore considered to deal
with this problem.

A

2. Proposed confidence interval

The interesting point of our method is started from the two equivalent equations
related to the mean: the population mean of the ZTP distribution given in (1) and the
expression corresponding to the mean given in (2). From these two formulas, we have

Evy=—2 -y
1-exp(-r)
which follows that
1-exp(-A) = % . )5(

Here, the function 1-exp(-A) in the log-likelihood, logZ(%, y;) as noted above equation (2), is

assumed as the nuisance parameter. It will be eliminated by substituting A /Y as used in the
profile likelihood method. Then, we achieve the log-likelihood:
logL,(%, y,) = Z”:y,. Iogk—nk—ilog(y, )—nlogx + nlog y.
i=1 i=1
This function is used to derive the expected Fisher information, which is given by
0? n(h —1+exp(-1))
I (W) =—-E|=logL,(\,y,) | =
/M (aﬂ 9L, 0y )J A2 (1—exp(-1))

Note that this function is entirely different from 7()) presented in the previous method derived

by Daidoji & Iwasaki (2012). Using the inverse of Ip(i) as the estimated variance of the
estimator, the novel confidence interval for A is then given by
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A2(1-exp(-A))
n(h—1+exp(-i)) '
where % is the ML estimator obtained by an iterative method shown in (3). Again, we note that

the confidence intervals given in (6) and (4) have entirely different formula. The performance
of these two confidence intervals is investigated using simulations.

Uy =it2,, J )6(

Simulation study

The simulations were performed to explore the performance of the methods for
estimating the confidence interval for A of the ZTP distribution. The study was designed to
cover cases with different sample sizes, as n = 10, 20, 50, and 100, reflecting small to large
samples. The true parameter (1) was given by 0.5, 1, 2, and 3. The confidence level (1-a )
was set at 0.95. Following the simulation method in Daidoji & Iwasaki (2012), we generated
the data from standard Poisson random numbers by discarding the zero values using R
programming (R Core Team, 2019). We then computed the maximum likelihood estimator for
L from A0 = y(1—exp(-1?)). The sequence started at A =y, and stopped when

[ A — A | <0.00001. Each combination of situation was repeated 10,000 times. The
performance of the confidence interval was calculated by

Acpzn(LsksU)
10,000
for the average coverage probability and
10,000
> W, —Ly)
— h=1
10,000

for the average length, where n(L <X <U) is the number of simulation runs for A that lies

between the lower limit L and upper limit ¢. A confidence interval which has a coverage
probability greater than or close to the nominal coverage level means that it contains the true
value with a given probability. In other word, it can precisely estimate the parameter of
interest. The confidence interval that satisfies the criterion is the best in comparison. If the
confidence intervals perform well in terms of coverage probability and have the same average
probability value, they will be used to compare the average length. The confidence interval
which has a short length interval denotes that the estimate is close to the parameter value,
which is needed in interval estimation.

The performance of the confidence intervals considered in this paper is summarized in
Table 1. The coverage probabilities of the proposed confidence interval, namely (7,,, were

grater than or close to the nominal coverage probability at 0.95 in many cases in the study.
They are increased, when A or 7 increased. Obviously, (7, performed better than the

compaired estimators in terms of coverage probability. The confidence interval of Daidoji &
Iwasaki (2012), namely C7,,, had the coverage probability much lower than 0.95 when 7 <50.

The behavior of C7,, in the current simulation study was similar to that presented in Daidoji &

Iwasaki (2012). Next, we considered the performance of the confidence intervals in terms of
average length. (7,, had the short expected length, which was acceptable. The expected

lengths of C7,, and (7, were slightly different. However, we noted that (7,, actually covered
the true parameter X in computation. These results are also shown graphically in Figure 2.
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Table 1 Coverage probability and expected length of the 95% confidence intervals for A in the
zero-truncated Poisson distribution

Coverage probability Expected length

n A y CT y (T
10 0.5 0.9209 0.9409 1.0575 1.1013
1 0.9000 0.9466 1.4725 1.5700
0.9210 0.9556 1.9440 2.1340
3 0.9392 0.9678 2.2723 2.5188
20 0.5 0.9310 0.9421 0.7863 0.8170
1 0.9207 0.9472 1.0603 1.1301
0.9356 0.9606 1.3843 1.5214
3 0.9501 0.9703 1.6080 1.7841
50 0.5 0.9460 0.9485 0.5075 0.5267
1 0.9485 0.9547 0.6779 0.7227
0.9449 0.9679 0.8781 0.9656
3 0.9457 0.9671 1.0190 1.1312
100 0.5 0.9337 0.9496 0.3600 0.3735
1 0.9456 0.9544 0.4811 0.5129
0.9479 0.9689 0.6213 0.6833
3 0.9479 0.9691 0.7206 0.8001
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Figure 2 Plots of coverage probability (left) and average length (right) of the 95% confidence
intervals on the settings: n = 10, 20, 50, 100 and A» = 0.5, 1, 2, 3.
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Overall, the coverage probability of the proposed confidence interval outperformed that
of the compared confidence interval in all cases. The length of interval was also small on
average. The confidence interval proposed in this paper is suggested to estimate the Poisson
parameter in the ZTP distribution.

Numerical illustration
There are two real data examples in this section.

1. Cholera data
We used the data on a cholera epidemic in an Indian village obtained from Bdhning &
Schon (2005). The dataset included the number of households (observed frequency: O.) with

exact numbers of cholera / cases: O, =32, O, = 16, O, = 6, and O, = 1, so that the sample

size n = 55. Bohning & Schon (2005) pointed out that, although the original data presented in
McKendrick (1926) reported the frequency of houses with no cases of cholera, households with
zero cases were ignored because they were not relevant to determination of the number of
affected houses. Only the associated / —th household that was clearly affected by cholera, or
any case count which was greater than zero, was applied. The histogram of this dataset is
shown in Figure 3.

354
204 .
30
254
z
2 15 .
8 g 20
Q @
& B L[]
5 $ 154
&
¥
g 10_
{
5 5
04 L]
] 1 2 3 4
0 .

T T
1 2 3 4 Yy
number of cholera case: y ®  expected frequency
O observed frequency

Figure 3 Histogram (left) and plot of observed and expected frequencies (right) under the
zero-truncated Poisson distribution for cholera data (AIC = 111.56)

Before applying our method, the distribution of cholera data was checked. We tested
the following hypotheses:

H, : The data follow the ZTP distribution
H, : The data do not follow the ZTP distribution.
Using the chi-square goodness of fit test (Cochran, 1952),
k (0 _ E.)2
2 _ i i

i
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where O, is the observed value and £, is the expected value related to the ZTP probability.
Under the null hypothesis, %? has a chi-square distribution with k& —2 degrees of freedom.
Note that, in calculation the expected frequency £, which was less than 5 was pooled. Then,

the observed test statistic was given by 6.63 with a p-value of 0.01. It can be seen that the p-
value was borderline at a significance level at 0.01. We next considered the plot of observed
and estimated frequencies to support the homogeneity of the distribution. It is shown in Figure
3 (right). Clearly, the cholera data followed a ZTP distribution with Akaike information criterion
(AIC) of 111.56. The ML estimator for A was 0.97. The 95% confidence intervals obtained
from the proposed and existing methods were calculated. C7,, was (0.63, 1.31) and (7,, was

(0.65, 1.29) with lengths of interval of 0.68 and 0.64, respectively. Based on the invariant
property of ML estimation and our method, the 95% confidence interval for the mean of
cholera cases in an Indian village was given as (1.35, 1.80), or 1.56 on average.

2. Infant mortality data

We used the data on the number of mothers on an estate who had at least one live
birth and one neonatal death. They were obtained from Shanker et al. (2015). The original data
reported the number of mothers from neonatal deaths / cases: O, =71, O, =32, O, = 7,

0, =5,and O, = 3, to the total n = 118. Only observable counts were reported. The

frequency distribution of the observed used data is shown in Figure 4 (left). The chi-square
statistic was used to test the distribution of a ZTP. This was given as 0.68 with a p-value of
0.41. Therefore, the infant mortality data considered here significantly followed a ZTP
distribution with AIC = 259.46. This dataset was suitable for our purposes. The ML estimate for
L obtained by the iterative method was estimated as 1.06. The 95% confidence interval from
(I, was given by (0.81, 1.29) with interval length 0.48. The (7, was (0.83, 1.28) with

interval length of 0.45. The mean of number of mothers from infant deaths was 1.62 cases with
95% confidence interval of (1.46, 1.78).

From this example, if the data were assumed to be the Poisson distribution as often
used with 4 = 1.62 and AIC = 330, interval estimation for the mean was given as (1.33, 1.91).
It can be seen that the interval length of this method, where it did not come from the
reasonable probability model, was greater than that of the proposed method. We just point out
that the use of appropriate statistical tool for the available data will lead to the right solution.
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Figure 4 Histogram (left) and plot of observed and expected frequencies (right) under the
zero-truncated Poisson distribution for infant mortality data (AIC = 259.46)
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Based on these two examples, we conclude that the lengths of the confidence intervals
are small, with (7, having a slightly smaller length of interval than (7,,. The findings

considered in this section therefore support the simulation results.

Conclusion

Profile likelihood method has been generally used to construct the confidence interval.
This method keeps the parameter of interest fixed and maximizes the nuisance parameter (for
elimination the nuisance parameter). From the ZTP model, we point out that the population

mean of this distribution is equivalent to the sample mean, leading to ¥ =/ (1—exp(-1)) .

For this, the function in the denominator of the previous equation is eliminated to keep only the
parameter of interest (1 ). The likelihood function under this method is then used to derive the
variance of the ML estimator, and is applied to estimate the confidence interval. We note here
that this adjusts the idea of the profile likelihood method.

The performance of the proposed confidence interval was conducted by simulations.
The results confirmed its good performance in terms of coverage probability and expected
length. The coverage probabilities of the proposed confidence interval were satisfied the
nominal coverage level, while the expected lengths were small. The confidence interval for A
proposed in this paper outperformed the confidence interval constructed based on the
traditional method using the likelihood function. This shows that our proposed method is
accuracy and precision to estimate the true parameter. Moreover, it is easy to compute our
confidence interval using a basic programming language. In practical terms, the novel
confidence interval is therefore recommended for estimating the parameter in the zero-
truncated Poisson distribution.
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Abstract

Thailand is one of the countries which has been affected by the coronavirus disease
(COVID-19) pandemic as it is known a severe acute respiratory disease. COVID-19 was first
emerged in Thailand in January, 2020 and the number of infected people on a daily basis has
increased significantly over a year. A valid data set of COVID-19 cases in Thailand was collected
by the Department of Disease Control, Ministry of Public Health. This paper, therefore, was
subjected to the report of cases to the estimation of statistical models using count
autoregressive regression based on Poisson distribution and cubic B-spline regression analysis
to quantify patterns in the incidence for different groups of COVID-19 patients in Thailand. The
findings in Phase I (12th January, 2020 — 19th December, 2020) show that male patients with
specific age groups influence the spread of infected disease. In addition, the cubic B-spline with
optimal tuning equal to 8 is the best-fitting model in Phase II (20th December, 2020 — 15th
February, 2021). The models may be used to predict numbers of COVID patients overall, as
well as in key subgroups. In addition, the findings will better inform the planning of the national
strategies in preventing and controlling the pandemic.

Keywords: Autoregressive Model, Coronavirus, Cubic B-spline, Generalised Linear Model,
Poisson Regression

Introduction

The coronavirus disease (COVID-19) has currently spread across the world and has
become a worldwide pandemic which totaled a number of confirmed cases to exceed hundred
thousand and is still significantly increasing daily. According to the World Health Organization
(WHO) report of 15th March, 2020, the five countries with the highest cumulative number of
confirmed cases of COVID-19 infections are China with 81,048, Italy with 21,157, Iran with
12,729, Republic of Korea with 8,162 and Spain with 5,753 (“Coronavirus disease 2019
(COVID-19) Situation Report — 55”, 2020). The virus spread among the people through
breathing, sneezing, coughing and talking in close contact. The most common symptoms of
COVID-19 are high fevers, coughs, body aches and shortness of breath. Other symptoms
include the loss of the sense of smell, breathing difficulties and chest pain, however, in some
cases, they may display no symptoms at all. The severe of COVID-19 is lung affected and multi-
organ failure. In order to prevent the spreading of the virus, we need to increase our personal
hygiene: washing hands with soap frequently, having a face mask on and also social distancing
(Grant et al., 2020; Singhai, 2020).
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The first case of COVID-19 pandemic in Thailand was reported on 12th January, 2020,
when a Wuhan resident who travelled to Bangkok tested positive for the virus and within the
first month, the confirmed cases were 19. Eventhough the initial number was not as high as in
China or other countries, the confirmed cases increased dramatically to 1,609 at the end of
March. The government announced the locking down of the country and controlled people who
wanted to commute from hometown to other provinces. In March and April, the government
allowed Thais in abroad countries to come back to Thailand and which showed an increasing
number of new cases who had been infected from outside countries. To control the spreading
of the disease, they had to state quarantine for 14 days before going back to their hometown
and that has contributed to a reduction in the number of new cases infected in Thailand in May
and later. The majority number of cases who were infected in Thailand, exclude Thais, is
Burma who most working in Bangkok, Nonthaburi, Samut Sakhon and Songkhla. Whereas the
source of infected cases from foreign countries into Thailand, the top five are India, France, US,
UK and China.

According to the reports from Department of Disease Control, Ministry of Public Health,
the outbreak of pandemic had two phases, the first one is covering the period from the
announced date on 12th January, 2020 to 19th December, 2020 while the second period covers
from the announced date on the 20th of December to the present day. The daily confirmed
cases used in this paper were collected from the first case until 15th February, 2021, which
totals 24,714 in all ("Open government data of Thailand”, 2020).

The number of daily confirmed cases is count-valued time series. The methodologies
based on generalised linear model were introduced for modelling on count time series. Zeger
(1988) proposed the method for time series of counts and explored the relationship  between
a response variable with a within-group correlation structure and a set of independent
variables. The model was used for investigating trends in US polio incidence. Fokianos & Fried
(2012) considered an autoregressive Poisson model for count time series data. Tsay (1984)
considered a linear regression model for the autocorrelation function of observed series using
the method of least squares. The models due to Kirdwichai (2017) are based on Poisson and
negative binomial distributions that dealing with a count data in incidence of AIDS in Bangkok.

Indeed, many ongoing researches have made use of splines to model the continuing
time periods within non-linear time series models. Huang & Shen (2004) explored a smoothing
method using polynomial spline to fit regression models for non-linear time series. Amorim et. al.
(2008) proposed a method for estimating time-varying coefficients in the rates model using
regression B-spline. We also considered spline regression to investigate the time-varying
autoregressive model for counts to study the spread of COVID-19 in Thailand.

This paper attempts to model the confirmed cases for two phases which the analysis
used R software (R Core Team, 2016). For the primary model, we wish to identify the group of
gender and age that affect COVID-19 incidences using generalised linear model (GLM). In the
second phase, the gender and age are not fully reported. As a result, the GLM cannot be
implemented to estimate incidences for different subgroups. The cubic B-spline regression is
therefore considered as a statistical method to fit the model of cumulative humber of cases
instead.
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Materials and Methods

One of the most statistical techniques for investigating and modelling the relationship
between response and explanatory variables is regression analysis which can be linear and non-
linear. A regression is called linear when it is linear in parameters. A regression model for
response y; measured at n, time points for the group is

y,=f(x;B)+e, i=12..r 1)

where  f(x;;8)=[f (X, B)..... T (X, .B)] is the vector for function f of the explanatory
variables x and unknown parameter vector #= (5, f,--- ), and &; is a vector of errors with

covariance matrix oV (Kirdwichai, 2017). The general form of the model using matrix notation is
y=Xf+¢ (2)

where y is an nx1 vector of responses, X is an nx(k+1) design matrix, # isa (k+1)x1

vector of unknown parameters and & is an nx1 vector of errors. The estimation of parameters
can be accomplished by a method of ordinary least squares (OLS). The least-squares function is
expressed as

S(B)=g'e=(y—XB)(y—Xp)

where X is a design matrix. To find the vector of least-squares estimators, ,3 , the function S

is minimised with respect to unknown parameters and equate the derivatives to zero. The least-
squares estimators must satisfy

* =2XY+2XXB=0

o),

(Montgomery et al., 2012).
The hypothesis testing for the individual parameter, ﬁj, will be tested under the null

hypothesis
Hy: B;=0.

Generalised Linear Model

The number of COVID 19 confirmed cases is longitudinal count data which can be classed
in Poisson distribution. The normality assumption for the model in Equation (1) is therefore invalid.
The generalised linear models (GLMs) allow response variable from different distributions
(McCullagh & Nelder, 1989). The model can be expressed in general form as shown in Equation (2).
The parameters can be estimated by a method of maximum likelihood. The likelihood function

[
based on Poisson (exp(/, + Z B;%;)) distribution (Cameron & Trivedi, 2013) is
j=1
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n K
=1 j=1 i

o S|

In this paper the number of the patients over time was investigated. This study examined
the model of COVID-19 patients where monthly count of cases is response variable and month and
gender are independent variables.

Cubic B-spline Model

The polynomial regression model is one of the importance class where the response is
curvilinear. Durbin (1960) researched on regression model with an autoregressive model of order
1 (AR (1)). The model shown in Equation (3) is the polynomial regression of degree k when the
response at a time 7 depends on previous time 7—-1 :

=~

y=Y Bxl+e, 3)
j=0
where y is a response, ,Bj,jzo,l,...,k are unknown parameters and & is an error which has

normal distributed with mean 0 and variance o? (Montgomery et al., 2012).

The polynomial regression can sometimes be poor to fit to the data when the function
behaves differently in different parts of the range of x. Piecewise polynomial spline is one of the
techniques that has been able to deal with this issue. Splines (Rodriguez, 2001; Fan & Gijbels,
1996) are piecewise polynomial of order k . The cubic spline (k = 3) is usually adequate for most

practical problems. The basic cubic spline model with h knots,
<t <o <t

with continuos first and second derivatives is

3 ~h
E(y)=S(x)= ZﬂOjXJ +Zﬂ| (x—t)3
=0 i=1
where

(X_ti)+: .
0 if x-t; <0.

However, the number of knots is still left behind to be an issue and if the number of
knots is large, the matrix XX becomes ill-conditioned. The method called the cubic B-spline can
overcome this obstacle (Montgomery et al., 2012; Eubank, 1999). The cubic B-spline model with
sequence h knots is shown in Equation (4).
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h+4
E(y):S(X):Z7’iBi(X)r (4)
i=1
i x—t)°
B(X)= > I(—J) , i=12..,h+4
T 6=t
m:i—_4
L m# ) i
where y;, i=12,..,h+4, are parameters to be estimated.

Since a spline is a piecewise polynomial and its shape depends on the degree of the
spline function and the number of internal breakpoints. Although, the cubic spline (degree = 3)
is practical use, the tuning parameters which are degree of freedom and number of knots to
obtain the best has to be investigated. Sookkhee et al. (2021) evaluated the optimal parameters
in the spline regrssion by tuning the degree of freedom in genome-wide study. The finding of
optimal parameter using bs() function in R language (Perperoglou et al., 2019) depending on
tuning parameters which are degree of freedom (df), knots and degree. The coefficients were
computed for regression quantile B-spline with fixed knots and varying the different df (Molinari
et al., 2004; Sookkhee et al., 2021; Sookkhee et al., 2021).

In this paper, a cubic B-spline was selected to fit the cumulative number of confirmed
cases in Phase II of the disease spreading due to the announced information is incomplete in
gender and age. The optimal parameters are an extension of the study to obtain the best fit to
the data.

Results and Discussion

The COVID-19 population of 24,714 studied here have been divided into two phases, the
early phase of the outbreak, Phase I, has 4,331 (17.52%) cases while the new emerging, Phase II,
has 20,383 (82.48%) cases. All 4,331 confirmed cases in Phase I consisted of 2,356 (54.40%)
males and 1,975 (45.60%) females, while gender class and age group in Phase II, are not available
online. The patient statistics in Phase I, the numbers and the percentages of confirmed cases, are
shown in Table 1. In this research the average age of patients is 38 years and the most confirmed
age group is between 25-29 years as can be seen in Figure 1.

Confirmed Cases in Phase I

The cumulative numbers of monthly confirmed cases for both males and females in
each age group are shown in Figure 2 and Figure 3, respectively.

We applied GLM based on Possion distribution with a log link function to fit the models
for monthly cumulative number of cases by gender. The estimates, standard errors and p-
values are shown in Table 2. The analysis results indicate that the fitted model is appropriate to
the data. A scatter plot of the monthly cumulative number for two gender groups, male and
female, and fitted models are shown in Figure 4.

In order to investigate the effect of age subgroups in the groups of gender, the Poisson
regression is also applied. The p-values in Table 3 reveal the only specific age subgroups that
are significant at the level 0.05.
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Table 1 The number of confirmed cases (percentage) in Phase I for each age groups.

Sex
Age group (years, Total
ge group (y ) Male Female
<4 34 (53.97%) 29 (46.03%) 63 (1.45%)
5-9 25 (55.56%) 20 (44.44%) 45 (1.04%)
10- 14 22 (41.51%) 31 (58.49%) 53 (1.22%)
15-19 58 (48.33%) 62 (51.67%) 120 (2.77%)
20-24 223 (42.88%) 297 (57.12%) 520 (12.01%)
25-29 305 (46.42%) 352 (53.58%) 657 (15.17%)
30-34 290 (51.06%) 278 (48.94%) 568 (13.11%)
35-39 271 (53.88%) 232 (46.12%) 503 (11.61%)
40 - 44 249 (57.11%) 187 (42.89%) 436 (10.07%)
45 - 49 232 (61.38%) 146 (38.62%) 378 (8.73%)
50 - 54 185 (60.86%) 119 (39.14%) 304 (7.02%)
55-59 170 (65.38%) 90 (34.62%) 260 (6.00%)
> 60 292 (68.87%) 132 (31.13%) 424 (9.79%)
2,356 (54.40%) 1,975 (45.60%) 4,331
Confirmed cases in Phase | by age
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Figure 1 Scatter plot of COVID-19 confirmed cases in Phase I by age.
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Figure 2 Profile plot of cumulative number of male COVID-19 patients in Phase I by age.
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Figure 3 Profile plot of cumulative number of female COVID-19 patients in Phase I by age.
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Table 2 Summary statistics for the Poisson regression model.

Parameter Estimate  Standard error p-value
Lo 6.2740 0.0145 0.0000
B 0.2254 0.0110 0.0000
B, 0.1341 0.0017 0.0000

COVID-19 patients by gender
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Figure 4 Scatter plot of the monthly cumulative number of COVID-19 patients in Phase 1. The
lines are fitted models for two gender groups, male (solid line) and female (dashed line).

Table 3 The p-values for age groups that are significant.

Age group p-value
15-19 0.0113
30-34 0.0443
35-39 0.0478
40-44 0.0000
50-54 0.0013
55-59 0.0000
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A possible explanation why gender is significant for some specific age groups is due to
the fact that it does not take into account many other factors that influence the spread of
infected disease, for example, the behaviour and life style of individuals (e.g. travel, social,
careers and government policies, etc.)

Confirmed Cases in Phase II

In order to find a good fit model for the cumulative number of daily confirmed cases,
we follow the model, given in previous section by cubic B-splines. To obtain the optimal
parameters of the spline, the tuning df in the range of 3 - 10 was done using bs() function in R
software. The Akaike’s information criteria (AIC) was chosen to be a criterion to obtain the
optimal tuning. In this study, the optimal df = 8 makes the best fit to the data and gives AIC =
780.3175. The parameter estimates, standard errors and p-values in cubic B-spline model are
shown in Table 4.

It can be seen from the results (Table 4), the individual p-values of the coefficients are
significant at the level of 0.05 and these estimates given the model has R’= 0.9998 and
adjusted- R* = 0.9997. A scatter plot of daily cumulative number of COVID-19 patients in Phase
II and the fitted line is shown in Figure 5.

Table 4 Summary statistics for the cubic B-spline model.

Parameter Estimate Standard error  p-value

2 2171.5 171.7 0.0000
Vs 1099.4 182.8 0.0000
73 6046.5 149.6 0.0000
Va 7675.4 143.1 0.0000
Vs 9438.5 151.0 0.0000
Ve 20831.3 189.0 0.0000
2 19311.8 193.3 0.0000
2 20505.7 152.4 0.0000

Conclusion

This paper examined the good fitting models and analysed incidents of COVID-19 in
Thailand for early and emerging pandemic phases. The GLM based on Poisson distribution with
log link function is chosen to fit the monthly cumulative nhumber of cases for gender group in
the first phase to quantify trends in incidence. In addition, the incidence in each age subgroup
were explored. In the second pandemic phase, the cubic B-spline regression was used to find
the best model that fit the daily cumulative number of confirmed cases. Extending the
evaluation, the issue of the optimal parameter for the spline was also explored. In this paper,
we use R programming language to perform statistical analysis to obtain the model that fit the
data.
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In the first phase, the analysis of GLM based on Poisson distribution shows that male
patients with subgroups of age 15-19, 30-44 and 50-59 influence the spread of infected
disease. Unfortunately, the complete daily information of patients, gender and age has not
been reported in the second phase, therefore, the cubic B-spline regression model was used to
fit the model instead. Investigation on the optimal tuning of spline function found that df = 8
gives the best-fitting model as it has the lowest AIC and high R?.

The models are beneficial for predicting the numbers of COVID patients and identifying
the key subgroups that are affected by the disease. Moreover, the findings will alarm the
government, setting the policies in order to control the pandemic. For further research, it could
be interesting to apply the approaches on other count data which has subgroups. The
investigation of other techniques for fitting a model could be also a possible topic of research.

Daily confirmed cases in Phase |l
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Figure 5 Scatter plot of daily cumulative number of COVID-19 patients in phase II. The solid
line is fitted model using cubic B-spline.

Acknowledgements

We extend our sincere thanks to Faculty of Applied Science, King Mongkut’s University
of Technology North Bangkok, who funded and contributed resources to this study (Fiscal year
2021, contract no. 642060). We also thanks to Mr. Natapat Kirdwichai for proof reading the
article.

References

Amorlim, L. D., Cai, J., Zeng, D., & Barreto, M. L. (2008). Regression splines in the time-
dependent coefficient rates model for recurrent event data. Statistical in Medicine, 27
(28), 5890-5906.

Cameron, A. C., & Trivedi, P. K. (2013). Regression analysis of count data (2" ed.). New York:
Cambridge University Press.

Coronavirus disease 2019 (COVID-19) Situation Report — 55. (2020). https://www.who.int/
docs/default-source/coronaviruse/situation-reports/20200315-sitrep-55-covid-19.pdf
(Accessed: 18 March 2021).

-32 -



The Journal of Applied Science Vol. 20 No. 2: 23-33 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.02.003

Durbin, J. (1960). Estimation of parameters in time-series regression models. Journal of the
Royal Statistical Society: Series B, 22, 139-153.

Eubank, R. L. (1999). Nonparametric regression and spline smoothing (2" ed.). New York:
Marcel Dekker, Inc.

Fan, J., & Gijbels, 1. (1996). Local polynomial modelling and its applications (1% ed.). London:
Chapman and Hall.

Fokianos, K., & Fried, R. (2012). Interventions in log-linear Poisson autoregression. Statistical
Modelling, 12 (4), 299-322.

Grant, M. C., Geoghegan, L., Arbyn, M., Mohammed, Z., McGuinness, L., Clarke, E. L., & Wade,
R. G. (2020). The prevalence of symptoms in 24,410 adults infected by the novel
coronavirus (SARS-CoV-2; COVID-19): A systematic review and meta-analysis of 148
studies from 9 countries. PLOS ONE, 15 (6). https://doi.org/10.1371/journal.pone.
0234765

Huang, J. Z., & Shen, H. (2004). Functional coefficient regression models for non-linear time
series: a polynomial spines approach. Scandinavian Journal of Statistics, 31 (4), 515—
534.

Kirdwichai, P. (2017). Identifying trends and patterns in incidence of AIDS in Bangkok using
generalised linear mixed models. In proceedings of the World Congress on Engineering
2017 Vol II, 5-7 July 2017, (pp. 574-578). London. http://www.iaeng.org/publication/
WCE2017/WCE2017_ pp574-578.pdf

McCullagh, P., & Nelder, J. A. (1989). Generalized linear model (2" ed.). New York: Chapman
and Hall.

Molinari, N., Durand, J., & Sabatier, R. (2004). Bounded optimal knots for regression splines.
Computer Statistics and data analysis, 45, 159-178.

Montgomery, D. C., Peck, E. A., & Vining, G. G. (2012). Introduction to linear regression
analysis (5" ed.). New Jersey: Wiley.

Open government data of Thailand. (2020). https://data.go.th/dataset

Perperoglou, A., Sauerbrei, W., Abrahamowicz, M., & Schmid, M. (2019). A review of Spline
function procedures in R. BMC Medical Research Methodology, 19, 1-16.

R Core Team. (2016). R: A Language and Envirnonment for Statistical Computing, R
Foundation for Statistical Computing. https://www.R-project.org/

Rodriguez, G. (2001). Smoothing and Non-Parametric Regression. http://data.princeton.edu/
eco572/ smoothing.pdf

Singhai, T. (2020). A review of Coronavirus disease-2019 (COVID-19). Indian J Pediatr, 87 (4),
281-286. https://doi.org/10.1007/s12098-020-03263-6

Sookkhee, S., Kirdwichai P., & Baksh, M. F. (2021). The efficiency of single SNP and SNP-set
analysis in genome-wide association studies. Songkilanakarin J. Sci. Technol, 43 (1),
243-251.

Sookkhee, S., Kirdwichai P., & Baksh, F. (2021). The optimal parameters of Spline regression
for SNP-set analysis in genome-wide association study. Science & Technology Asia, 26
(1), 39-52.

Tsay, R. (1984). Regression models with time series errors. Journal of the American Statistical
Association, 79 (385), 118-124.

Zeger, S. L. (1988). A regression model for time series of counts. Biometrika, 75 (4), 921-929.

-33-


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

The Journal of Applied Science Vol. 20 No. 2: 34-42 [2021]
NsRFINeEdaslssene doi: 10.14416/j.appsci.2021.02.004
ISSN 1513-7805 Printed in Thailand ISSN 2586-9663 (Online)

Research Article

Fuzzy Cumulative Sum Control Chart for Monitoring Fuzzy Process

Thitanon Charurotkeerati 1*

!Department of Applied Statistics, Faculty of Applied Science, King Mongkut’s University of Technology North Bangkok,
Bangkok 10800 Thailand

*E-mail: thitanon.c@sci.kmutnb.ac.th

Received: 25/03/2021; Revised: 02/07/2021; Accepted: 17/08/2021

Abstract

Today's market competition is increasing rapidly, product quality control is essential for
manufacturers to maintain mass products with low production costs and high quality. Therefore,
statistical process control (SPC) tools for manufacturing processes are become more emphasized
because of their effectiveness of the control chart is to reduce the variability of the quality
characteristic. The cumulative sum (CUSUM) control chart was developed to detect small shift in
process mean. This paper based on the fuzzy set theory, we develop a fuzzy cusum control
chart, namely Fuzzy CUSUM control chart to accommodate the fuzzy situation where fuzziness
of vague sample data is taken into consideration. The CUSUM control chart and Fuzzy CUSUM
control chart are used to control and monitor the mean of a process. The objective of this
paper is to compare the ability and performance of the existing CUSUM control charts and the
proposed fuzzy CUSUM control chart to detect shifts in a process. These data are generating by
Monte Carlo Simulation technique. The criteria to evaluate the performance of control chart is
average run length in situation process goes out-of-control. The result of comparison shows
that Fuzzy CUSUM control chart is more sensitive than CUSUM control chart in the case of a
process has small shifts in the mean.

Keywords: Cumulative Sum Control Chart, Fuzzy Cumulative Sum Control Chart, Average Run
Length, Normal Distribution

Introduction

Statistical Process Control (SPC) is an importance tool in the production process in
order to improve the quality of the production process. The SPC includes observation, evaluation,
diagnosis, and implementation. Control charts are widely applied in SPC tools. Control charts
were designed to monitor a process and detect shifts in mean and variance of quality
characteristics to assure that the processes are performing in an acceptable manner. Control
charts are prosperously applied in engineering, public health, economics, medicine and in other
areas of applications. Traditional charts are based on a fundamental assumption that process
data are statistically independent and normally distributed when the process is in control. The
idea of a control chart was first proposed by Walter A. Shewhart (1931), which is called the
Shewhart control chart. It is a quality control chart that is suitable for detecting large changes
in the process. Recently, the cumulative sum (CUSUM) control chart presented by Page (1954),
which is effective in detecting small shifts in the process.

In the consideration of real production process, the process is assumed that there are
no doubts about observations. Such type of observations can be obtained by human judgments,
evaluations and decisions. In real applications, the collected characteristic is a continuous random
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variable of a production process should include the variability caused by human judgments,
measurement devices or environmental conditions. These variations result in uncertainty in the
measurement system. In this paper, we discuss the application of the CUSUM control chart for
monitoring in the mean of process. The CUSUM control chart are widely used in engineering
and in health-care. The fuzzy set theory contributes its capability of systematic dealing with
fuzzy data to monitor a manufacturing process with fuzzy sample data. The fuzzy control charts
are more sensitive than Shewhart control chart. It is important to be able to evaluate the
average run length (ARL) when observations are vagueness.

There are many researchers; Kanagawa et al (1993) propose a linguistic control chart
for detecting change in mean and variance of process based on the estimation of probability
distribution existing behind the linguistic data. GUIbay and Kahraman (2007) present a fuzzy
control chart using the fuzzy transformation method and direct fuzzy approach. Later, Wang
and Hryniewicz (2013) proposed a fuzzy cumulative sum control chart using the membership
function of fuzzy statistic. Recently, Muhammad et al (2018) developed an exponentially
weighted moving average (EWMA) scheme when observations are fuzzy data for detecting
small shifts in the process mean. Later, Amanda et al (2019) proposed Fuzzy Control chart for
monitoring mean and range of the univariate process. The Shewhart control chart and the fuzzy
control chart are compared based on the average run length (ARL) and extra quadratic loss
(EQL). The performance of the control chart in monitoring the process mean is calculated using
the average run length (ARL), the ARL is suggested as evaluation criteria. ARL is the expected
number of samples that should occur before a sample shows the out-of-control condition.
There are two characteristics of ARL: 1) the average number of sample taken from an in-
control process until the control chart falsely signals out-of-control is denoted by ARLo. An ARLo
will be regarded as acceptable if it is large enough to keep the level of false alarms at an
acceptable level and 2) the average number of observation that fall within the control limits
before giving an alarm that the process is out-of-control is denoted by ARL:.

In this paper, the fuzzy cumulative sum (Fuzzy CUSUM) control chart is proposed based
on the triangular fuzzy number and compared with the cumulative sum (CUSUM) control chart
via a simulation study. The performance of Fuzzy CUSUM control chart is investigated on the
criteria of average run length. The paper is organized as follows: in Section 1, we introduce the
statistical process control. In Section 2, the CUSUM control chart is described. In Section 3, the
Fuzzy CUSUM control chart for the vagueness data is presented. The performance of Fuzzy
CUSUM control chart is investigated by means of ARL and is compared to the CUSUM control
chart in Section 4. Finally, conclusion of this research are discussed.

Cumulative Sum Control Chart

The traditional cumulative sum control chart was proposed by Page (1954). It is one of
the most important tools in statistical process control, which are used to evaluate the
performance of processes and it could be an effective tool for quickly identifying the change
point of process. The CUSUM control chart is designed to detect small shifts effectively.

Suppose that {xt,t =1 2} be the quality characteristic at time ¢ based on Normal distribution.
The probability density function of the normal distribution is given by

f(x) = %e;[xf]?; —00< X< 00

2no

where u is the mean of distribution
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o’ is the variance of distribution.

Let X, X,...,X, be a sample of size n from the random variable, the sample mean at
time ¢ X, can be calculated by

nj=t

The CUSUM statistics is defined as (Page 1954)
Cy = max(0,Cy + X —a);t =12,... 1)

where  C, is the initial value
a is the reference value of CUSUM control chart.

Hence, the CUSUM control chart will be signal if C, >b, where b is the control limit of CUSUM
control chart.

Fuzzy Cumulative Sum Control Chart

The fuzzy cumulative sum (Fuzzy CUSUM) control chart was proposed by Wang (2006)
to detect a small shift in the process mean. Applying the Fuzzy CUSUM control chart for fuzzy
data based on the concept of fuzzy random variables. The details of this control chart are given
as follows. The fuzzy random variable with the sample size of n was represented by using a
triangular fuzzy number denoted by X, =(X,,X,,X,). Therefore, the sample mean of the
triangular fuzzy number are as follows:

)zt = (Xlt’ Xct’ xn) (2)
_ 1n0 — 1 h _ 10
1= J= 1=

The statistics of triangular fuzzy number are defined as

élt = max(0,6|t_1+)?|t —K) 3)
Cy = max(O,(fct_l + X — K) (4)
Cy = max(O,C}H + Xy — K) (5)

where C,,,C,,.C,, =0 are the initial values and K is the reference value.
The fuzzy CUSUM statistics (C; ) can be calculated by following recursion:

G = 5(Cr+Cn) (6)

Consequently, an alarm indicating an out-of-control process is declare when the fuzzy CUSUM
statistics C, >h where h is the control limit of fuzzy CUSUM control chart.
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Comparison of Performance Control Chart

In this section, a numerical study is performed in order to study the performance of the
CUSUM and Fuzzy CUSUM control chart for monitoring and controlling fuzzy data collected from
a manufacturing process. The Monte Carlo simulation technique is used to generate samples
from the normal distribution. The performance comparison of the control charts is evaluated by
using the average run length (ARL). In case of in-control process, a large ARL value is desired,
while a small ARL value is desired when the process is out-of-control.

The ARL approximation method is the Monte Carlo simulation technique (MC) which
can be calculated by

D RL

ARL= =L 7
v @)

where RL, is the run length of the simulation time i
M is the number of the simulation study.

Let the process of quality characteristic follows a normal distribution with parameter x
and ¢’. In situation the process is in-control state, we let the normal parameter ux =, =10 and
the process is out-of-control state, the normal parameter i = 1, = 4+, where § is the magnitude
of shift size; § = 0.0, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.00 and 1.50 respectively.
The ARL are estimated by running the proposed schemes using the R-language program with
repeated 10,000 times. The ARL is fixed (ARLo) = 370 and 500 respectively, when the process
is in-control. The results of the simulation study are reported in Tables 1 - 4. The parameter
value for a Fuzzy CUSUM control chart was chosen by given ARLo = 370 and 500.

In Table 1, we compare results of ARL: for fuzzy number process between CUSUM and
Fuzzy CUSUM control charts. The values of parameter for CUSUM and Fuzzy CUSUM control
charts were established by setting ARLo = 370 and the sample sizes (n) = 5.

Table 1 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 370 and n=5

Shift size Control Chart
) CUSUM Fuzzy CUSUM
0.00 370.01 370.63
0.10 322.54 150.22
0.20 279.56 89.18
0.30 246.14 63.42
0.40 219.46 49.23
0.50 197.49 40.31
0.60 179.56 34.00
0.70 164.62 29.41
0.80 152.00 25.78
0.90 140.98 22.98
1.00 131.55 20.74
1.50 98.57 13.73
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The ARL values of the CUSUM and the Fuzzy CUSUM control charts of fuzzy data with
sample size n = 5 were reported for simulation studies in Table 1. Table 1 and Figure 1 shows
that the ARL of the Fuzzy CUSUM control chart was lower than the CUSUM control chart, and
the ARL value of the Fuzzy CUSUM control chart decreases rapidly as the shift size () increases
from 0.2-1.5.

400
350
300
250
200
150
100

50

CUSUM Fuzzy CUSUM

Average Run Length

Shift size

Figure 1 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 370 and n=5

In Table 2 and Figure 2, we compare results of ARL: for fuzzy nhumber process between
CUSUM and Fuzzy CUSUM control charts. The values of parameter for CUSUM and Fuzzy CUSUM
control charts were established by setting ARLo = 370 and n = 10.

Table 2 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 370 and n= 10

Shift size Control Chart
) CUSUM Fuzzy CUSUM
0.00 370.00 370.68
0.10 310.73 148.90
0.20 266.62 89.18
0.30 233.36 62.05
0.40 207.30 48.19
0.50 186.57 40.02
0.60 169.56 33.77
0.70 155.38 29.04
0.80 143.35 25.41
0.90 133.07 22.85
1.00 124.19 20.54
1.50 93.01 13.64
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Figure 2 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 370 and n= 10

The results from the Table 2 and Figure 2, we find that the Fuzzy CUSUM control chart
for mean detects all changes more quickly compared to the CUSUM control chart. In addition, it
was found that the efficiency of the Fuzzy CUSUM control chart increased when the shift size
was large, and the ARL value inversely proportional to the shift size.

In Table 3 and Figure 3, we compare results of ARL: for fuzzy number process between
CUSUM and Fuzzy CUSUM control charts. The values of parameter for CUSUM and Fuzzy CUSUM
control charts were established by setting ARLo = 500 and n = 5.

Table 3 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 500 and n=5

Shift size Control Chart
o CUSUM Fuzzy CUSUM
0.00 500.00 500.04
0.10 418.52 176.20
0.20 359.36 105.60
0.30 314.28 74.63
0.40 279.57 57.46
0.50 251.57 47.16
0.60 228.71 39.89
0.70 209.53 34.49
0.80 193.36 30.17
0.90 179.54 26.99
1.00 167.56 24.36
1.50 125.55 16.19
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The results from the Table 3 and Figure 3, we find that the Fuzzy CUSUM control chart
is more sensitive to small process mean shifts than CUSUM control chart.

600.00
CUSUM Fuzzy CUSUM
500.00
400.00
300.00

200.00

Average Run Length

100.00
0.00
0O 0.1 02 03 04 05 06 0.7 08 095 1 15

Shift size

Figure 3 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 500 and n=5

In Table 4, we compare results of ARL: for fuzzy number process between CUSUM and
Fuzzy CUSUM control charts. The values of parameter for CUSUM and Fuzzy CUSUM control
charts were established by setting ARLo = 500 and n = 10.

Table 4 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 500 and n = 10

Shift size Control Chart
) CUSUM Fuzzy CUSUM
0.00 499.46 496.18
0.10 418.52 176.12
0.20 359.43 104.94
0.30 314.60 74.66
0.40 279.65 57.89
0.50 251.62 47.23
0.60 228.59 39.79
0.70 209.47 34.36
0.80 193.40 30.27
0.90 179.47 27.15
1.00 167.50 24.39
1.50 125.53 16.20
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The results from the Table 4 and Figure 4, we find that the Fuzzy CUSUM control chart
is the best control chart in the sense that it has minimizes the supremum of the conditional
Average Run Length (ARL:) when the process has a small shift size (0.10< 6 <1.50).

600
CUSUM Fuzzy CUSUM
500
400
300

200

Average Run Length

100

Shift size

Figure 4 The Average Run Length (ARL) values for the CUSUM and the Fuzzy CUSUM control
charts when given ARLo = 500 and n = 10

Conclusion

In this paper, we compared the performanace of the existing CUSUM control charts and
the proposed Fuzzy CUSUM control chart to detect mean shifts in a process when the data are
fuzzy number. Now, the comparison between CUSUM and Fuzzy CUSUM control charts from
Tables 1-4 reveals that:

(1) The Fuzzy CUSUM control chart for mean detects shifts more quickly as compared
to the CUSUM control chart in the situation of ARLo are 370 and 500.

(2) The performance of Fuzzy CUSUM control chart for mean performs better in case
of small shifts (¢ ) for all sample sizes (n) = 5 and 10.

Hence, it is concluded that the Fuzzy CUSUM control chart for mean is more efficient in
terms of ARLs values and have shown better performance than the CUSUM control chart for
detecting small shifts (0.10< 6 <1.50).

Therefore, a natural extension of this work is that it may consider interesting connections
to multivariate fuzzy issues in future works.
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Abstract

The current study was conducted with objectives to study the adsorption process of silica
from rice husk, to study the phosphorus content before and after its adsorption in silica, to
prepare the phosphorus fertilizer pellets, and to study the release of phosphorus of the prepared
fertilizers. The product is used as a controlled-release fertilizer. The rice husk after calcined at
900 °C for 6 h. got 12% of the silica, which qualified as absorbent material by the XRD and FT-
IR techniques. The porous silica has phosphorus contents at 15.20 g/kg; 1.52% in the raw
material. After soaking with 20 ppm P20s, the phosphorus was increased to 38.13 g/kg (3.81%).
The phosphorous content of the sample was over the organic fertilizer standard. The pellet
fertilizers from silica were prepared by compressing the mixture of silica and binder, which can
be maintained as the fertilizer granules for up to 30 days in distilled water. The phosphorus in
fertilizer powder released up to 79.35% in 648 h while tablets released 48.72% at the same time.
The powder phosphorus fertilizer was found to be a standardized controlled-release fertilizer
while the pallet fertilizer can be considered an excellent fertilizer as it has high phosphorus
content and slow-release capability. It indicates that the mesoporous silica from the rice husk is
one of the alternative components to prepare the controlled-release fertilizer.

Keywords: Controlled-release fertilizer, Mesoporous, Phosphorus, SiO>, Rice husk

Introduction

The rapid expansion in world population brings about higher demand in agricultural yield.
Therefore, agriculturist needs to increase their productivity. In addition to the requirements for
more agrarian produce, technological advancement is also bringing about an increase in health
consciousness. Many chemical fertilizer products are inorganic material of wholly or partially
synthetic origin that is added to the soil to sustain plant growth. The chemical fertilizers increase
the acidity of the soil, reduce the soil's beneficial organism population, and interfere with plant
growth because they contain properties such as sulfuric and hydrochloric acids. To solve these
environmental problems, organic and non-chemical fertilizers have been widely used as green
industrial and agricultural practices get more attention. Organic fertilizer is one of the alternatives
to chemical fertilizers for adding nutrients to the soil. It increases soil organic matter, improves
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soil structure, and reduces soil crusting problems. The growth of plants and their quality is mainly
related to the quality of the used fertilizers (Wu and Liu, 2007; Zhang et al., 2013). Many
researchers are interested in organic agriculture (Bengtsson et al., 2005; Muller et al., 2017) to
achieve sustainable food systems. Organic fertilizers have low crop yields, dissolve rapidly, and
are expensive. However, the disadvantages of organic fertilizers were low stability and low
nutrient, it could be beneficial when used in an appropriate amount. New technologies to improve
fertilizer quality and protect the environments are being developed by such methods as
encapsulating the fertilizer by graphene (Zhang et al., 2014), coating them with inorganic
materials (Tian et al., 2017; Teixeira et al., 2016; Wu et al., 2008) and/or adsorping them into
Zeolite or Silica (SiO2) (Notario del Pino et al., 1995; Cui et al., 2015). These would make
controlled-release fertilizer. The controlled-release fertilizer consists of water-soluble fertilizer
that was encased within a polymer coating-forming a round pill. The polymer coating has small
holes in which water can pass into the pill, solubilizes the fertilizer, and slowly release the fertilizer
from the pill. However, these processes may cause polymer residue in the soil.

Phosphorus (P) is an essential nutrient required for plant growth. Although the substance
is needed in a very low concentration in soil, it greatly affects the growth processes of plants
when there is not enough phosphorus in the planting area. To explain, phosphorus (P) deficiency
can adversely affect the growth and development of crops. The leaf and root can be damaged,
and a break in overall growth could be caused due to a low concentration of phosphorus (Zhang
etal., 2017). Alow concentration of phosphorus can be explained by the reactivity of phosphorus
and the environment. This results in numerous phosphate ions in the soil which is not beneficial
for the growth of plants (Zhang et al., 2017; Zhang et al., 2019; Redel et al., 2019).

Silica (Si02) is a material used widely in many industries as a catalyst, a polymer filler,
an optical device, an absorbent, and a drug deliverer (Cui et al., 2015; Pijarn et al., 2010; Li et
al., 20113, Li et al., 2011b) because it has a lightweight and high surface area. The SiO2 can be
used as adsorptive material for supporting and/or improving the stability of the adsorbate.
Moreover, the SiO: is easy to extract by different agricultural materials such as rice husk, corn
cob, or sugar cane, etc. (Okoronkwo et al., 2016; Affandi et al., 2009; Deshmukh et al., 2012).
Because of the cost, high surface area, and non-toxicity, the capability to decrease the soil acidity
(Tavakkoli et al., 2011) and reduce the residues in soil, silica can be considered a promising
material for fertilizers.

In this study, we prepared the controlled-release phosphorus fertilizer supported by SiO>,
that obtained from rice husk to increase phosphorus and improve fertilizer efficiency with low
toxic residues. The SiO2 composite fertilizer can be a promising alternative because it can control
phosphorus release and extend the dynamics of the nutrient uptake during the growing season
as well as increasing productivity or reducing chemical fertilizer consumption by replacing it with
controlled-release fertilizers.

Experimental Materials

Phosphorus pentoxide (P20s) was obtained by Riedel -de Haén. Hydrochloric acid (HCI),
Ammonium fluoride (NH4F), Ammonium molybdate ((NH4)sM07024.4H.0) and potassium
antimony tartarated (K2Sb2(C4H20s)2) were purchased by Carlo Erba Co., Inc. Sulfuric acid
(H2S04) was obtained by RCI Labscan limited Co., Inc, and boric acid (H3BO3) was purchased
from Fisher Scientific. All the reagents were analytical grade and were used without further
purification. Mesoporous silica was prepared from rice husk collected in the northeastern area
of Thailand.
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Preparation of Silica from the Rice Husk

Mesoporous silica from rice husk was prepared by a modified method from Devarpanah
and Kiasat (Davarpanah et al., 2013). The sticky rice husk was washed with distilled water several
times and dried at 100 °C for 12 h, then refluxed with 1.0 M sulfuric acid (H2S04) for 4 h. The
product was washed with distilled water until the pH of the rinse reached 7.0 and dried at 100
°C for 24 h. The product was calcined in air at 900 °C for 6 h. (Muhammad et al., 2016) The
product was mesoporous silica.

Preparation of Phosphorus-Silica Fertilizer

The phosphorus-silica fertilizer was performed by adsorbing P20s into mesoporous silica.
The 5 g of mesoporous silica was stirred in 60 mL of 20 ppm P20s solution for 24 h. The sample
was filtrated and dried at 60°C for 24 h. The P20s contents before and after adsorption were
investigated by a colorimetric method with Brey II reagent extraction (0.03 N HCl and 0.1 N
NH4F) (Murphy & Riley, 1962). The phosphorus-silica fertilizer was pelleted by adding the powder
sample 1 g in 10 mL of 10% tapioca flour solution boiling for approximately 30 minutes with
continuous heat to make the solution volatile. The samples were passed to 8 pellets by a hand
mechanic. The fertilizer tablets were dried at 50°C for 6 h.

Determination of the Fertilizer Release

The controlled-release behaviors of phosphorus-silica fertilizer were investigated by the
following methods. In the powder fertilizer release, 1 g of powder was added into round bottles
containing 60 ml of distilled water. The bottles were kept and incubated at room temperature,
then 2 ml of sampling was collected at 3, 12, 18, and 24 h, and every 3 days to 30 days. The 2
mL of water was carefully injected into the bottles to maintain a constant amount of solvent
(Zhang et al., 2014). The tablet fertilizer release applied a similar method. However, 8 tablets
of 1 g were used as the sample. Phosphorus content was determined in terms of P.Os by the
Murphy-Riley method (Murphy & Riley, 1962) in both groups. In detail, the samples at 2 mL
were added to the 25 ml volumetric flask. 5 mL of 20% H3BOs, 2 mL of Murphy’s reagent, and
1 mL of 2.5% ascorbic acid were then added and diluted to volume. After 10 minutes, the
absorbance was measured by a spectrophotometer at 870 nm. The experiment was repeated
three times and the percentage of phosphorus released by the fertilizer is calculated using the
following equation where release P is the concentrate of phosphorus that release at the time
points (g/Kg of SiO2) and total P is phosphorus content after absorbed P205 (38.1 g/Kg of SiO2).

release P

percentage P release =
total P

x 100

Characterization

Powder X-ray diffraction patterns (XRD) were obtained on a Bruker D8 ADVANCE
diffractometer using monochromatic CuKa radiation. Diffuse reflectance spectra were recorded
on a Perkin-Elmer double beam spectrophotometer. Infrared spectra of the samples were
performed on a Perkin-Elmer Spectrum One FT-IR spectrophotometer by the KBr disk method.
The scanning electron microscopy (SEM) was obtained from Coax Group Corporation Ltd. (Model
TM3030 S/N 145045-05).
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Results and Discussion

After the rice husk was refluxed with H2SO4 and calcined in the air at 900 °C, the pinkish-
white powder (Figure 1a) with 6.62 percentage of the ash and 12 percentage of silica was
obtained. Generally, the white colour of the ash was received in the amorphous silica structure
while the punkish tinge was established in a higher crystalline content (tridymite or cristobalite)
(Deshmukh et al., 2012). The colour of the product suggests high crystalline and high porous
silica were formed. Moreover, the crystalline was relative to the solubility of the silica, and the
high crystalline was low solubility. Therefore, the non-reactive SiO2 prepared from the rice husk
can be applied to control the fertilizer released. The crystalline SiO2 might be confirmed by XRD.
To improve the potential of the phosphorus-silica fertilizer by using the tapioca flour to coordinate
the powder sample to form the fertilizer tablet, the powder sample 1 g was formed to 8 pellets
showed in Figure 1b. The phosphorus-silica fertilizer tablets were rod-shaped at 1 cm in length
and 0.13 g in weight per tablet.

Figure 1 The powder (a), Fertilizer tablets (b), and Fertilizer tablets after related (c)

The XRD pattern of the sample is shown in Figure 2. The XRD pattern of the SiO2 from
the rice husk revealed the three main peaks at 26 20.8°, 21.8°, and 26.6°, which corresponding
to the tridymite, cristobalite, and tridymite crystals characteristic, respectively (Deshmukh et al.,
2012; Adams et al., 2014). From the XRD pattern of the product indicating the mixture between
tridymite and cristobalite, crystals of silica were formed. Usually, the SiO2 can be transformed
between the tridymite and cristobalite by heating at over 900 °C under suitable purity,
especially the phosphorous content in theSiO2. From the characterization, it was found that the
mesoporous silica that mixes tridymite and cristobalite crystals can be prepared from the sticky
rice husk collected in the northeastern area of Thailand. It had been found that the phosphorous
content of the fresh rice husk (RH) was 0.7-2.2 g/kg and rice husk ash (RHA) at 0.4-1.9 g/kg
(Okon et al., 2005). The material in the current had a high phosphorous content (15.20 g/kg;
1.52%) that consistent with the phosphorous fertilizer application.

T T T T T T
00 2w 300 4 s 60 7o 80
20/ °(CuKat)

Figure 2 The XRD pattern of the silica sample
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The SEM image of silica powder is revealed in Figure 3 The SEM image of silica powder
corresponding to the colour of the sample, silica from rice husk revealed the microporous with a
diameter at 6—7 pm and length at around 20-25 pm, which leads to an excellent absorbent. The
porous structures were highly distributed throughout the rice husks. The material can be applied

SN
to phosphorus adsorption for slow or controlled-release fertilizer.
Figure 3 The SEM image of silica sample

The functional groups of the extracted silica were identified by FT-IR spectrum as
exposed in Figure 4 The FT-IR spectrum of the product revealed the strong absorption peak at
1090 cm! corresponding to the asymmetric stretching vibration of tetrahedra SiO4 (Cui et al.,
2015; Okoronkwo et al., 2016; Attia et al., 2015). The peak at 750 cm™ was designated to the
asymmetric stretching vibration of SiO4. It may be associated with structures having a Si/Al ratio
close to one (Okoronkwo et al., 2016; Adams et al., 2014). Additionally, the signal at 659 cm!
was associated with a network Si-O-Si symmetric stretching that is characteristic of the crystalline
cristobalite, and the band at 480 cm™ was due to network Si-O-Si bending vibration modes
(Okoronkwo et al., 2016; Adams et al., 2014). The characterizations of the silica from the rice
husk exhibited in the functional groups of silinol and silicates confirmed the formation of
crystalline of silica.

The phosphorus-silica fertilizer was performed by absorbing P.Os into mesoporous
silica. Table 1 indicated that the silica from rice husk had phosphorus in high content (15.20
g/kg; 1.52%). It has been reported that the amount of phosphorus in rice husk ash (RHA) was
0.4-1.9 g/kg (Okon et al., 2005), which acts as reflux for tridymite formation of silica (Shinohara
et al., 2004, Haslinawati et al., 2009). The silica in raw material presented the high content of
phosphorus that favours tridymite crystallization was formed corresponding to the XRD pattern
of the sample. After absorbing P.0Os, the sample presented the phosphorus content at 38.13
g/kg (3.81%). The phosphorous content of silica from the rice husk was over the organic fertilizer
standard, which was 0.1-0.4% by weight (Riwandi, 2018). Consequently, phosphorus-silica can
be considered as the alternative fertilizer.

Wavermber fem )

Figure 4 The FT-IR spectrum of the silica sample
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Table 1 The phosphorus content in silica from rice husk
Silica from rice husk Before absorbed P,0Os After absorbed P20s
phosphorus content 1.52+0.04 3.81+0.15
(g/100 g of Si0O2)

The phosphorus release behaviors of fertilizer powder and fertilizer tablets in distilled
water at room temperature were revealed in Figure 5. The release of phosphorus in fertilizer
powder and tablets were increased with time. The phosphorus in fertilizer powder was released
at about 2.03 g/kg (5.31%) after soaking for 3 h and the maximum discharge was 79.35% for
648 h (Table 2). After forming the tablets by using the tapioca flour, the phosphorus fertilizer
pellets were still kept in a good shape as they were at the beginning, and some pellets drifted on
the distilled water without structural collapse (Figure 1c). The phosphorus was not released from
the initial stage to the 18 h; then it was slowly released to 0.85 g/kg (2.20%) at 24 h and
maximum expulsion was 18.49 g/kg (48.72%) for 648 h.

It has been reported that the release of potassium was 93.8% after soaking in water
for 8 h to encapsulate KNOs pellets with graphene oxide (Zhang et al., 2014) and was 60% in
the soil for potassium silicate (Wu & Liu 2007). The release of phosphorus was 96% after soaking
in water for 7 h for phosphorus superabsorbent composite (Liang et al., 2007). The standard of
slow-release fertilizers of the Committee of European Normalization (CEN) was the release of
nutrients at lower than 15% on the third day and not above 75% on the 30t day. The release
of phosphorus in fertilizer powder and tablet revealed at 32.50% and 5.45%, respectively on the
third day and at 79.35% and 48.72%, respectively on the 30™ day. It can be claimed that the
phosphorus fertilizer powder agreed with the standard, while the phosphorus fertilizer tablet had
an excellent slow-release property (Wu & Liu 2007). Although Phosphorus is an indispensable
nutrient, it has a low requirement (2.5-5 g/kg), on the other hand, it needs to be released with
consistency (Riwandi, 2018). However, phosphorus in general organic or chemical fertilizer was
100% released and decomposed which is not appropriate for plants. Findings show that trend
of phosphorus release were decreased at 72 h and increased again after that. It indicates that
the phosphorus was adsorbed and desorbed into the mesoporous of the silicas. This observation
suggested that phosphorus can be absorbed into the mesoporous silica to collect and decrease
solubility as well as increase stability. From this behavior, the fertilizer can be adjusted to the
equilibrium of phosphorous after adsorbed by plants to decrease the decomposition of
phosphorous and continuously release it for plants. The release of phosphorus fertilizer powder
and tablets were slowly consistent; this was good behavior for controlled-release fertilizer. Both
phosphorus fertilizer powder and tablet were suitable for application in controlled-release
phosphorus fertilizer, which is a non-toxic, low-cost, and locally available product. Moreover,
silica can be used to improve the soil by reducing soil salinity. The phosphorus-silica fertilizer
samples were a new alternative to eco-friendly fertilizer.

- 48 -



The Journal of Applied Science
NsaFInendanslszenet

Vol. 20 No. 2: 43-51 [2021]
doi: 10.14416/j.appsci.2021.02.005

Table 2 The phosphorus release behaviors of fertilizer powder and fertilizer tablets in water

time The release of phosphorus in water
(hour) fertilizer powder fertilizer tablets
g P/kg % g P/kg %
0 0.00 0.00 0.00 0.00
3 2.03+0.19 5.31 0.00+0.00 0.00
12 4.80+0.20 12.60 0.00+0.00 0.00
18 7.53+0.50 19.88 0.00+0.00 0.00
24 9.97+0.50 26.18 0.85+0.35 2.20
72 12.37+1.21 32.50 2.07+0.37 5.45
144 14.90+0.36 39.31 4.21+0.71 11.04
216 17.10+0.85 45.06 6.70+0.79 17.68
288 19.20+0.80 50.45 8.10+0.90 21.24
360 21.53+1.14 56.42 10.27+1.25 26.85
432 23.93+1.30 62.81 12.08+1.10 31.59
504 26.33+1.30 69.11 14.93+1.70 39.35
576 28.57+0.85 75.02 16.39+1.30 42.93
648 30.13+0.35 79.09 18.49+1.50 48.46
720 30.20+0.72 79.35 18.59+1.40 48.72
! ,-r""" a
o i-‘"l" .
nAr . P

Figure 5 The phosphorus release behaviors of fertilizer powder (m) and fertilizer tablets (o) in water

Conclusions

The phosphorus-silica fertilizer was successfully prepared by absorbing P»Os into
mesoporous silica from the rice husk. The phosphorous content of the sample was 38.13 g/kg
(3.81%) which is over the organic fertilizer standard. The phosphorus in fertilizer powder and
tablets were maximum discharge at 79.35% and 48.72% for 648 h, respectively. The pellets
were kept in a good shape for up to 30 days. The releases of phosphorus fertilizer powder and
tablets were slowly consistent. The phosphorus fertilizer powder was standardized, while the
tablet was excellent as controlled-release fertilizers. Both phosphorus-silica fertilizer powder and
tablet were suitable for application in controlled-release phosphorus fertilizer, which is a non-
toxic, low-cost, and locally available product.
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Abstract

The study evaluated the nutritional values of eight newly reintroduced vegetables
indigenous to Nigerian. The vegetables were analyzed for proximate composition using AOAC
methods while minerals and amino acid profile were analyzed using Atomic Absorption
Spectrophotometer and amino acid analyzer, respectively. Phytate, tannins and antioxidant
activities were measured by Spectrophotometric methods. The results showed that dry matter,
ash content, crude fiber, ether extract and crude protein (dry weight basis) ranged from 5.0 to
65.9 %, 6.0 to 16.8 %, 5.0 to 14.6 %. 1.6 to 6.8 % and 10.0 to 15.7 %, respectively. The
content of minerals (mg/kg) indicated that iron varied from 6.2 and 100, zinc (0.13 and 4.6),
copper (0.03 and 2.07), calcium (24 to 810) and magnesium (34 and 233), whereas chromium,
nickel and lead were below lethal level. Aspartic acid and glutamic acid were the most
abundant amino acids, the total amino acids (XTAA) ranged from 64.6 to 103 g/100 g protein
out of which between 44 and 49.6% were essential amino acids. Tannin ranged from 1.0 to
33.4 mg/g catechin equivalent, phytate (1.56 to 9.5 mg /qg), total phenol (0.53 to 0.8 mg/g
gallic acid equivalent and the percentage radical scavenging antioxidant activity ranged from
69.5 to 90.3 %. The study showed that the vegetables possess high antioxidant activities and
sufficient nutrients that could meet the recommended dietary intakes if consumed. Hence,
consumption of these reintroduced vegetables could help ameliorate nutrient deficiencies and
solve food security challenges among Nigerians.

Keywords: underutilized vegetables, amino acid, antioxidant, minerals, phytonutrient

Introduction

Wild vegetables in particular play significant roles in the livelihood of many communities
in the developing countries as food and medicine (Arowosegbe, 2013).

Due to urbanization and oil boom that was experienced in the 1970s in Nigeria, a lot of
people migrated from rural areas to seek greener pastures in the cities and urban centres thus
farming suffered a lot of setbacks. Civilization and urbanization brought about the growth of
restaurants and fast — food joints where ready to eat foods, snacks and food away from home
are available and at affordable cost. These away from home foods replaced home made /
kitchen foods. The change in food consumption pattern to that of western diets affects farm
produce especially cultivation of indigenous vegetables which was regarded as economic waste.
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In nature, there are many underutilized greens of promising nutritive value which can
nourish the human population. Many of them are resilient, adaptive and tolerant to adverse
climatic conditions. A large number of these vegetables exist as wild species. These wild
species are subjected to continuous danger of extinction as a result of various human and
environmental factors causing modification or irreversible changes in the crops natural habit
with resultant losses of importance germplasm (Arowosegbe, 2013). This gradual loss of
genetic diversity may deprive future generations with useful resources for the enhancement of
their health (Aletor et al., 2002). Also, a number of these under-utilized vegetables species
known to home, disappeared completely even from the wild.

The change in food consumption pattern had caused a significant shift of disease
burden from communicable diseases and undernutrition to chronic, non-communicable diseases
(NCDs) such as diabetes and cardiovascular diseases (CVDs) (Frank et al., 2019; Chacha and
Laswai, 2020). United Nations Food and Agriculture Organization has widely noted that most
widespread and debilitating nutritional disorders, like birth defects, mental and physical
retardation, weakened immune systems, blindness and even death has resulted from poor
fruits and vegetables consumption habits (FAO,2001).

In order to combat the scourge of food insecurity and diseases especially among the
rural communities in Nigerian, intensive campaigns were launched by international
organizations to promote the importance of under-utilized vegetables especially in the area of
nutrition and economic empowerment especially among women who are key player in the
vegetable production.

One of such initiatives is the Nigerian—Canada Underutilized Vegetable Initiatives
(NICANVEG), a project sponsored through the Canadian International Food Security Research
Fund. The project aimed at enhancing food security, economic growth and conservation of
valuable vegetable species. The Nigerian Canada underutilized indigenous vegetable project
(NICAVEG) was designed to bring back indigenous vegetable to the dining tables by
popularizing their cultivation, marketing and consumption. The initiative is currently promoting
cultivation and consumption of the underutilized vegetables in Nigeria and also to reduce
poverty and empower the rural women economically.

Although, vegetables can be raised comparatively at lower management costs even on
poor marginal lands, they have remained underutilized due to lack of awareness and
popularization of technologies for utilization.

Examples of some under-utilized indigenous Nigerian vegetables being promoted are;
Solanum nigrium (Odu), Verononia amygdalina (Ewuro), Solanum scabrum (Ogumo), Solanecio
biafrae (Worowo), Solanum macrocarpon (Igbagba), Curcibita pepo (Elegede), Amaranthus
cruentus ( Tete) and Bassella alba (Amunututu) (Figure 1).

It is worthy to note that the long-term malnutrition problem of the poor nations cannot
be solved by food aid or food trade with the affluent countries but rather by the adequate
utilization of indigenous plant foods (Umerah et al., 2019). This is because traditional food
resources can make substantial contribution in meeting the nutritional needs of the population,
especially the low-income group and particularly in times of seasonal scarcity.

A diet rich in vegetables (more than 5 servings per day) is recommended along with fruits
and whole grains; an epidemiological study found that a diet of this composition has a negative
association with the risk of chronic diseases. Antioxidants in vegetables are some of the
important nutrients besides vitamins, minerals, and fibre which have been reported to
contribute to health (Olajire and Azeez, 2011). Plant foods have also been reported to contain
anti-nutrients such as tannins, phytate, oxalic acid, and so on which were found to interfere
with mineral absorption and organoleptic properties of food. The objectives of this study were
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to analyze some ‘newly’ promoted underutilized vegetables for nutrients, anti-nutrients and
antioxidant activity. The finding of this study would help us to ascertain that the vegetables will
promote adequate nutrient intake without negative impact, if consumed.

Materials and methods
Sample and sample preparations

Vegetables were collected from the Teaching and Research farm of Obafemi Awolowo
University, Ile-Ife. The vegetable samples (Figure 1) consist of Solanecio biafrae (Worowo),
Curcibita pepo (Elegede), Amaranthus cruentus (Tete), Bassella alba (Amunututy), Solanum
nigrium (Oal), Verononia amygdalina (Ewuro), Solanum scabrum (Ogumo), and Solanum
macrocarpon (Igbagba),

The leaves were detached from the stalk, cut into small sizes, washed to remove
unwanted residue and blanched (pour boiling water on the vegetable and leave for 5 min
before draining the water). The samples were dried in a vacuum oven (Cole-Parmer
Instruments Co., Chicago IL, USA) at 50° C for 4 h, ground to powder, sieved ((0.85 mm
diameter mesh), packed in plastic container and kept in freezer until used.

(a) Local Name: Ewuro (Yoruba) (b) Local Name: Efo Tete (Yoruba)
Botanical Name: Vernonia amygdalina Botanical Name: Amaranthus hybridus

(c) Local Name: Worowo (Yoruba) (d) Local Name: Igbo or Igbagba (Yoruba)
Botanical Name: Solanecio biafrae Botanical Name: So/anum macrocarpon
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(e) Local name: Amunututu (Yoruba) (f) Local name: Odu (Yoruba)
Botanical Name: Bassella alba Botanical Name: Solanum nigrum

(g) Local name: Ogunmo (Yoruba) (h) Local name: Elegede (Yoruba)
Botanical name: Solanum scabrum Botanical Name." So/anum biafrae

Figure 1 Plates a-h showing the pictures of the vegetables

Proximate composition

Moisture, ash, crude lipid, protein, and crude fiber content were determined on the
dried samples following methods of association of official analytical chemists (AOAC 2000)
methods (934.01, 923.03, 920.39, 960.52, and 920.86, respectively); total carbohydrate was
calculated by difference

Carbohydrate = 100 — (Z fiber, ash, fat, protein, and moisture).

Determination of Mineral Content

The mineral content was determined by wet digestion method. The samples (2.0 g)
were digested with nitric and perchloric acids (HNOs / HCIOs: 4:1, v/v) in presence of hydrogen
peroxide in a fume cupboard until colourless solution was obtained, the solution was poured
into 50 ml standard flask and made up to mark with distilled water. The solution was taken for
mineral determination using Atomic Absorption Spectrophotometer (Alpha 4 Model,
FisonsChem-Tech Analytical. UK).
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Determination of Amino Acid Profile

The amino acid profile of the samples was determined by the AOAC (2000) method number
999.13 using a Sequential Multi-Sample Amino Acid Analyzer (TSM) (Technicon Instruments
Corporation, New York) with norleucine as an internal standard.

Amino acid score
The amino acid score was calculated from the expression below:

Amino acid score = mg of essential amino acid in test sample X 100
mg of essential amino acid in 1.0 g reference protein (egg)

Phytate
The content phytate was determined by anion exchange method of Harland and
Oberleas (1986).

Tannin

The content of tannin was determined by the modified Vanillin- Hydrochloric acid (MV-
HCI) method of Price et al., 1978. Catechin was used as standard, the linear range was 0.-1.0
mg/m, R? = 0.967. The result was expressed as mg catechin equivalent/g (mg CE / g) sample.

Determination of Total Phenol

Total phenolics were determined colorimetrically using folin-ciocalteau reagents
according to method of Velioglu et al., (1998). Gallic acid was used as the standard. The results
were expressed as mg gallic acid equivalent /g (mg GAE/g sample).

Measurement of Total Antioxidant Activity

The free radical scavenging activity using the 2, 2 - diphenyl-1-picryl-hydrazil (DPPH)
reagent was determined according to Brand-Williams et al, (1995) To 0.5ml of the extract
sample 4.0ml of the methanol and 4 mL of 0.1 mmol /L methanolic solution of DPPH was added
and stirred. A blank probe was obtained by mixing 4 mL of 0.1 mmol / L methanolic solution of
DPPH and 200 pL of deionized distilled water (ddH20). After 30 min. of incubation in the dark
at room temperature, the absorbance was read at 517 nm against the prepared blank. Free
radicals scavenging activity of DPPH in percent (%) was calculated using the formula given
below. All analyses were done in triplicate.

Free radical scavenging activity (%) = (A blank = A sample) X 100
A blank

Statistical analysis

Statistical analysis of data was performed using Microsoft Excel Statistical Package
(Microsoft Corporations, USA) and Graph-Pad Instat-3 Package (Graph Pad software Inc, USA).
Results were expressed as mean and standard deviation of triplicate analysis. Analysis of
variance (ANOVA) was employed to determine significant variations among the samples. The
values were considered to be significantly different at p < 0.05.
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Results and discussion

The results of proximate composition of the vegetables expressed as dry weight were
presented in Table 1. The vegetable with high moisture content would require a lot of
vegetables to obtain appreciable dry matter in other words consumer would require to consume
a lot of the vegetable enough to meet daily requirements for essential nutrients. The moisture
content ranges from 34.4 to 95%, these values compare favourably with values reported in
literature for vegetables (Fayeme 1999; Oulai ef a/ 2014). The high moisture content may
induce a greater activity of water-soluble enzymes and co-enzymes involved in metabolic
activities of these leafy vegetables (Oulai et al 2014) an indication of quality deterioration and
wastage within short period of time. Methods like blanching and sun-dry are traditional
methods employed in vegetable preservation.

The content of ash ranged between 6.0% and 19.4%, the highest ash content was
reported for S. macrocarpon. The ash content is a parameter that gave an idea of amount of
the mineral content of the samples. Sample with high ash contents is expected to have high
concentration of various mineral (Elinge et a/, 2012).

The crude fiber value was least in B. alba (5.0%) and the highest value was recorded
by C. pepo (14.6 %). The fibre values obtained in this study were similar to values reported for
most of the leafy vegetables (Odhav et a/, (2007). Vegetables are known to contain high fibre
wich as been documented to be of great importance in health and wellbeing of human being.
Fibre is useful for maintaining bulk, motility, increasing intestinal peristalsis by surface
extension of food in the intestinal tract, curing nutritional disorder and for food digestion
(Olaiya and Adebisi, 2009). Also, it lowers blood cholesterol level and reduces the risk of
various cancers (Nkafamiya et a/,, 2010). However, emphasis has been placed on keeping fibre
intake low in the nutrition of infants and weaning children in order to prevent irritation of the
gut mucosa (Bello et a/, 2008).

The lipid content was lowest in B. alba (1.6 %) and highest in C. pepo (6.8%), the
values were within the range (0.01 to 3.73% and 1.17 — 4.90 %) reported by Kwenin et al,
2011 and Oulai et al 2014, respectivey for some vegetables. The values obtained for lipids in
these samples confirmed the findings of

many authors which showed that leafy vegetables are poor sources of lipids (Ejoh et al., 1996)
and therefore, contribute very little to the energy value of a meal (Olaiya and Adebisi, 2009).
However, it is important to note that diet providing 1 — 2 % of its caloric energy as fat is said to
be sufficient to human beings, as excess fat consumption could lead to cardiovascular disorders
such as atherosclerosis, cancer and aging (Kris- Etherton et a/, 2002). Due to low fat content,
consumption of large quantity of vegetables could be recommended to individuals suffering
from obesity.

The protein content ranged from 10.0 to 15.7%, the value obtained for protein in this
study compared favourably to the range of 2.4 and 8.10 % obtained for leafy vegetables by
Adebayo et a/(2013) and also 4.83 to 11.75% observed by Otitoloju, (2014).

The protein requirement of a moderately active children is 0.8g / kg body weight
(WHO0,1998), it implied that a child whose body weight is 45kg would require to eat about 100g
of the vegetable to satisfy half of the daily requirements for protein. Thus, vegetables could
serve as an alternative source of protein especially among rural dwellers who could not afford
the cost of meat.

The level of carbohydrate was between 36.8 and 57.4 %, the value would compose not
only sugar and cellulose but other component such as lignin and pectin. In absolute terms,
consumption of vegetable would give less than the recommended dietary allowances (RDA) of
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300 g carbohydrate per day (Whitney and Rolfes, 2005), hence it has to be mixed with other
sources of carbohydrate food (Agbaire and Emoyen, 2011).

Table 1 Ash, ether extract, protein, fibre and carbohydrate content of vegetables (as % dry

matter)
Samples Local name  Dry Matter Ash Lipid Protein Fibre CHO
Curcibita pepo Worowo 7.7 £ 0.29 11.6 £ 0.01¢ 6.8 + 0.042 14.6 £ 0.01°  14.6 £ 0.05°  40.4 £ 0.1¢
Solanecio biafrae Flegede 28.2 + 0.5¢ 12.2 £ 0.01¢ 2.7 £ 0.1P 13.7 £0.23° 112 £ 0.06°  46.2%0.1°
Amaranthus cruentus Tate 24.9 + 1.0¢ 16.8 £ 0.6 2.4+ 020 12.8+£0.038 105+ 0.3¢ 47.5+ 0.4b
Bassella alba Amunututy 5.0 £ 0.02h 6.0 + 0.01¢ 1.6  0.0F 10.0 £0.012 5.0 £ 0.01° 57.4 + 0.01°
Solanum macrocarpon Ighagha 20.3 + 0.6 19.4  0.28 3.8 £ 0.2° 15.2 = 0.1b 11.8 + 0.1b 36.8 £ 0.03°
Solanum scabrum Ogunmao 34.9 + 0.6° 15.7 + 0.5 3.9 £ 0.6° 15.3 + 1.5 11.8 + 0.1b 40.3 £ 0.19
Veromonia amygdalina Ewuro 40.3 £ 0.9b 13.9 + 0.4° 6.5 £ 0.4% 11.6 £ 0.2¢ 13.5 £ 0.38 44.5 + 0.4°
Solanum nigrium Od 65.9 £ 1.2° 14.3 £ 0.02° 5.5+ 0.5 15.7 £ 0.1° 13.8 + 0.5° 44.7 £ 0.2°

Mean + SD = Mean and standard deviation of triplicate analysis
Values in the column with the same superscript are not significantly different P<0.05

Minerals

Mineral is important for body’s metabolic activities. The micro elements such as iron,
zinc and copper ranged from 6.2 to 100 mg/ kg, 0.13 to 4.6 and 0.03 to 2.07 mg/kg,
respectively, while the macro-elements, calcium and magnesium respectively ranged from
24mg to 810 mg/kg and 34 to 233 mg/kg; heavy metals such as chromium, nickel and lead
ranged from 0.01 to 0.8, 0.01 to 0.69 and 0.2 to 2.8 mg/kg, respectively. The results obtained
for minerals confirmed the report that vegetables are viable sources of essential elements
needed by the body for growth and development. For instance, the soluble minerals like
calcium (Ca), magnesium (Mg), and iron (Fe), help in the maintenance of acid base balance of
the hydrogen ion concentration of the body tissues. They help complete the absorption of
vitamins, proteins, fats and carbohydrates of the food (Islam et aj, 2004); calcium and iron
furnish all the cells and tissues of the body with the elements and nutritional enzymes which
they need.

Iron plays numerous biochemical roles in the body, including oxygen binding in
hemoglobin and acting as an important catalytic center in many enzymes such as the
cytochrome oxidase (Oulai et al, 2014) while zinc is required in the body for the
maintenance of sense of smell, building of proteins, triggering nzymes and functions as
neurotransmitter. The United State Food, Drug and Agriculture (USDA) (2014) recommend that
zinc should be consumed in low quantity, because it disrupts absorption of copper and iron.

The contents of both lead and copper reported in this study are generally lower than
0.5 mg/100 g and 4.0 mg/100 g permissible levels for lead and copper, respectively,
(FAO/WHO,1991). However, the joint FAO/WHO Expert Committee for Additives and
Contaminants (JECFA) (Codex Alimentarius Commission, 1995) has reduced the value, for
tolerable lead consumption per week (provisional tolerable weekly intake — PTWI) from 0.05
mg/kg body weight to 0.025 mg and copper is 3.5 mg/kg. The reason for the reduction is that
research has revealed further harmful potentials in lead even at a very low level of
contamination. Also, this specification considers the body weight, the greater the weight of the
body the less the adverse effect of lead on the body, it implies that children are more
vulnerable to the effects of lead than adults (Chove et al, 2006). Nickel and chromium are
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essential elements at low concentration and a toxic element when intake is at concentration
higher than 12 mg and 10 mg respectively per day for adults (Othman, 2001).

Table 2 Mineral content of vegetables (mg /kg dry weight basis)

Samples Mg Ca Fe Zn Cu Ni Pb Cr
C. pepo 233 £0.04° 24 +0.01" 13 + 0.03f 0.6 + 0.05¢ 0.37 £0.002¢  0.43 £0.06° 0.05 + 0.001¢ 0.08 + 0.004°
S. biafrae 65 + 0.01¢ 637 £ 0.1¢ 15 + 0.03¢ 1.7 £0.2¢ 0.88 £0.003> 0.7 £0.01¢  0.23 + 0.001° 0.007 + 0.001°
A. cruentus 189 £ 0.1° 649 0.7 57 £0.1° 3.1+0.3° 1.1 £0.14° 23+0.07° 0.27 £0.04° 0.09 + 0.005°
B. alba 34 +0.03" 71 £ 0.049 2.1£0.0 0.13 + 0.04¢ 0.03 + 0.002¢ 0.2 £ 0.01°¢ 0.01 + 0.002¢ 0.01 £ 0.001¢
S. macrocarpon 38 + 0.089 810 £ 0.2° 6.2 £ 0.19 1.5 +£0.01¢ 1.96 +0.006° 2.2+£0.01° 0.17 +£0.001° 0.09 £ 0.002°
S. scabrum 54 + 0.01¢ 268 + 0.9° 44 £ 0.31¢ 1.9 £ 0.03¢ 0.95 £ 0.004> 2.6 £0.01>  0.25 + 0.006° 0.03 + 0.0007¢
V. amygdalina 44 + 0.01 263 + 0.2f 30 £ 0.01¢ 3.3+ 0.02° 1.79 +0.005° 2.8+£0.04  0.29 + 0.005° 0.1 £ 0.0004°
S. nigrium 142 £0.01° 430 +0.1¢ 100 + 0.7° 4.6 = 0.04° 2.07 £0.0072 1.3 £0.06° 0.69 +0.01° 0.8 + 0.00072

Mean £ SD = Mean and standard deviation of triplicate analysis
Values in the same column with different superscript are significantly different at P < 0.05

Amino acids and protein quality

The quality of proteins in foods were evaluated according to its content of essential
amino acids in comparison to the reference amino acid (egg) (used in calculating amino acid
scores) and the amino acid pattern requirements for children (FAO/WHO, 1991). From Table 3,
the content of essential amino acids such as lysine, leucine isoleucine ranged from 4.00 to 6.15
g, 6.31 - 9.61 and 3.11- 5.71g / 100 g protein respectively. Lysine was the limiting amino acid
in C. pepo and A. cruentus while sulphur amino acid is the limiting amino acid in other samples.

Lysine plays an important role in protein synthesis while sulphur containing amino acids
serve as precursors of essential molecules that are involved in the methylation process and in
the development and maintenance of brain and nerves

The total aromatic and sulphur amino acids ranged from 6.81 to 9.69 g and 1.96 to 3.11 g,
repectively. The range of total amino acids (ZTAA) (64.6 t0103 g) and that of the essential
amino acid (ZTEAA) (34.4 to 49.6%) compared favourably with the recommended value of total
amino acid (90.9 g) and essential amino acid (36%) of quality protein source (FAO/WHO.
1991).

Of all vegetables under investigation, S. macrocarpon could be regarded as vegetable
with highest protein quality because it recorded highest value for almost all essential amino
acids whereas C. pepo could be regarded as the poorest in terms of amino acids quality.
However, all the vegetable samples studied could adequately meet the recommended
requirements for essential amino acid in school children aged 2-5y.

The results showed that glutamic acid and aspartic acid were the most abundant non —
essential amino acids. The glutamic acid is easily hydrolyzed to its negative anionic form,
glutamate which joins forces with sodium salt to form monosodium glutamate (MSG), this
compound could contribute to improvement of the flavor and taste of vegetable soup.
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Tryptophan was not analyzed due to its fast destruction in the acidic medium to which

the samples were subjected before analysis.

Table 3 Amino acid profile and amino acid scores (in parenthesis) of some underutilized
vegetables (g/100g Protein)

Sample C. pepo S. Biafrae A. cruentus B. alba S. nigrium V. amygdalin S. scabrum S. macrocarpor ;/;g/*WHO
Lys 4.00 (0.68) 4.99 (0.86) 4.35(0.75) 4.99 (0.86) 5.4 (0.93) 6.5 (1.12) 6.01(1.03) 6.34 (1.09) 5.80
Leu 6.31(0.95) 8.10(1.33) 7.93(1.20) 6.93(1.05)  6.97(1.05) 7.06 (1.06) 7.33(1.11)  9.61 (1.45) 6.60
Tleu 3.51(1.25) 3.11(1.11)  3.89 (1.38) 4.02(1.43) 4.17 (1.48) 3.65(1.30)  4.64(1.65) 5.71 (2.03) 2.80
Tyrt 3.38 (1.16) 3.06 (1.25) 2.58 (1.09) 3.22(1.09) 1.77 (1.07) 2.09 (1.04) 2.74 (1.18) 3.22 (1.53) 6.30
Phet 3.97 4.82 4.23 4.81 4.82 5.35 5.58 6.42
Cyst? 0.66 (0.78) 1.13(0.85) 0.79(0.86) 0.93 (0.80) 1.32(0.82) 1.19 (0.94) 1.39 (0.93) 1.39 (1.24) 2.50
Met? 1.30 0.99 1.25 1.09 0.73 1.17 0.94 1.72
Thr 3.36 (0.98) 3.27 (0.96) 3.41(1.00) 3.11(0.99) 3.55(1.04)  4.02 (1.18) 3.83(1.12) 472 (1.38) 3.40
val 3.98 (1.37) 4.21(1.20) 5.26 (1.5) 436 (1.24)  5.55 (1.58) 6.10 (1.74) 5.17 (1.47) 6.54 (1.86) 3.50
His 1.63 2.01 2.41 1.91 2.10 2.88 2.44 2.60 1.90

Non- Essential Amino Acids

Arg 4.34 5.02 4.59 4.85 4.17 6.89 5.19 6.04 8.00
Asp 6.58 9.01 8.97 9.01 11.53 11.34 10.97 11.44 5.30
Glu 8.05 11.55 10.06 9.68 10.73 13.26 11.32 14.60 5.60
Pro 2.34 3.08 2.97 3.19 4.35 4.04 3.93 5.10 9.43
Gly 3.74 4.01 5.20 4.16 4.60 5.62 4.96 5.91 7.12
Ala 3.97 5.64 4.94 4.02 5.25 6.10 5.37 6.64 3.11
Ser 3.51 3.67 2.97 3.35 3.29 3.62 4.02 5.56 9.90
ZTAA 64.6 77.7 75.8 73.6 80.3 90.9 85.8 103 90.9
SOR 321(496) 337(43.3) 261(344)  354(48) 36,45)  40.1(44) 40.1(46.7) 483(46.8)  >2-8(36)
ZArAA 7.35 7.88 6.81 8.03 6.59 7.44 8.32 9.64 9.64
ZSAA 1.96 212 2.04 2.02 2.05 2.36 2,33 3.11 5.0

*ref amino acid (FAO/WHO, 1991) — requirement for preschool children 2-5 y 1 amino acid

score of tyr and phe 2 amino acid score of met and cys
2TEAA- sum of total essential amino acid:

sulphur amino acid

2ArAA- sum of aromatic amino acid:
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Antinutrients and antioxidants

Tannin, an antinutritional compound which have been reported to decrease protein
digestibility and palatability (Jacobek 2015) ranged from 1.0 in A. cruentus to 33.4 mg/g
catechin. Tannins especially the hydrolysable tannins are water soluble and could be leached
out of the plant tissue during blanching and processing of vegetable therefore, the value
reported in this study could not pose any health risk for the consumers. However, consumption
of vegetables with moderate concentration of tannin is good for human health due to its
antioxidant activity (Oduse et a/, 2012).

Phytate ranged from 1.56 in A. cruentus to 9.5 in S. nigrium. The problem with phytate
in food is that it can bind some essential mineral and nutrients in the digestive tract which
could result in mineral deficiency diseases (Bello et a/, 2008). Phytate forms complexes with
proteins thus negatively affecting protein digestibility, solubility and functionality (Ajala, 2009).
A diet containing between 10 and 60 mg/g phytate, if consumed over a long period of time that
has been reported to decrease bioavailability of minerals in monogastric animals (Elinge et aj,
2012). However, the phytate content of these samples may not pose any health hazard to the
consumers because it is far below lethal level.

Table 4 Anti-nutrient and Antioxidant content in sampled vegetables (dry weight basis)

Tannin Phytate Phenolic Antioxidant
Vegetables
(mg/g Catechin) (mg/ 100 g) (mg/g GAE) activity (% DPPH)
Curcibita pepo 33.4 £ 1.6° 9.27+ 0.3° 0.63 + 0.01 81.9 £ 0.9¢
Solanecio biafrae 23.5+0.3° 6.49 £ 0.4¢ 0.77 £ 0.02° 69.5 + 1.1°
Amaranthus cruentus 1.0 + 0.19 1.56 £+ 0.2f 0.71 £ 0.03" 90.3 £ 1.52
Bassella alba 10.4 £ 0.4° 2.49 £ 0.3¢ 0.77 £ 0.012 87.3 £ 3.0°
Solanum macrocarpon 3.2 * 0.4° 7.54 £ 0.2° 0.60 + 0.06« 75.1 £ 1.6¢
Solanum scabrum 7.5+ 0.14 5.10 + 0.2¢ 0.78 + 0.012 73.3 £ 0.8%
Vernonia amygdalina 5.9 + 0.4 7.8 £0.1° 0.80 + 0,04° 80.9 £ 2.4¢
Solanum nigrium 1.7 £ 0.1f 9.5+ 0.022 0.53 + 0.01¢ 73.0 + 3.05%

Mean + SD Mean and standard deviation of triplicate analysis
Values in the column with the same superscript are not significantly different P < 0.05

The phenolic content of plants contributes directly to their antioxidant action (Mohamed
et al, 2011). The phenolic antioxidant activity depends on the structure of the molecules, and
the number and position of the hydroxyl group in the molecules (Michalak, 2006). The total
phenol (Table 4) ranged from 0.53 to 0.80 mg/g GAE, the highest value was reported for V.
amygdalina. The values of the phenolic content obtained compared with the report of Ajayi et
al., 2020. The percentage DPPH radical scavenging activity ranged from 69.5 to 90.3 %. DPPH
assay measures the ability of analyte to scavenge free radical, thus A. cruentus which recorded
high percentage would be the vegetable with the best antioxidant activity, this observation was
corroborated by the report of Ajayi et al., (2020) that A. hybridus (a specie of Amaranthus)
recorded best antioxidant activity.
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Studies have shown that consumption of polyphenol - rich vegetables is associated with
low incidence of non — communicable diseases such as cardiovascular disorder, diabetes and
cancer, thus, consumption of vegetable is important not only for nutrients but also for their
nutraceutical properties.

It can be deduced from the findings of this study that A.cruentus recorded a better
content of proteins, mineral, antioxidant activity compared to other vegetable which could be
the reason for its wide consumption among folks in Nigeria.

Conclusion

The findings of this study indicated that underutilized Nigerian vegetables contain high level
of fibre, mineral and protein with balanced essential amino acids. The antinutritional
compounds were very low while heavy metals were at micro level. The samples contain high
content of phenolic compound with excellent radical scavenging activity. Reintroduction of
these vegetables into Nigerian menu could help ameliorate mineral deficiency diseases, protein-
energy malnutrition and radical induced non-communicable diseases.
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Abstract

The objective of this study was to forecast the wollongong prices via the use of statistical methods. The
monthly average data, which were gathered from the website of the Office of Agricultural Economics during
January 2005 to May 2020 of 185 months were divided into 2 datasets. The first dataset, which consisted of 180
months from January 2005 to December 2019 was used for constructing the forecasting models via the use of 10
statistical methods, namely, Box-Jenkins method, Holt’s exponential smoothing method, Brown’s exponential
smoothing method, damped trend exponential smoothing method, simple seasonal exponential smoothing method,
Winters’ additive exponential smoothing method, Winters’ multiplicative exponential smoothing method, additive
decomposition method, multiplicative decomposition method, and combined forecasting method. The second
dataset, which consisted of 5 months from January to May 2020 was used for comparing the accuracy of the
forecasting model via the lowest root mean square error. The results indicated that the most accurate method was

the Winters’ additive exponential smoothing method.

Keywords: Wollongong, Box-Jenkins, Exponential Smoothing, Decomposition, Combined Forecasting
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Abstract

Attribute control chart is a common statistical tool used to monitor number of defects or
nonconformities in a manufacturing process. The nonconformities are count data and are Poisson distributed. In
this study we compared the performance of PCUSUM, PEWMA, ISRT ¢ EWMA and PPM charts for detecting a
positive mean shift in Poisson process. The plotting statistics were adjusted for monitoring a positive shift. The
performances of control charts were comparing by using the minimum the average run length when the process
was out of control (ARL)) criterion. The results revealed that the detection performances depend on the shift size
in the process. The PCUSUM chart performed well to detect a small shift when process average was low. The
PPM chart outperformed the others for detecting small to moderate shifts. The PEWMA and ISRT ¢ EWMA,

when A = 0.1, performed better than the others for detecting large shifts.

Keywords : control chart, Poisson distribution, positive mean shift
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o a ' = A A H o o = v 9 ¥ =
WannusuginuguaAnademasuN a1 nuDUenS Inuwdealagldmsulasdoyadlesnian
GRLERT! ﬁﬁ’am“aﬁﬁmm% 991299 (Poisson exponentially weighted moving average based on improved square
root transformation chart : MU ISRT ¢ EWMA) HIWansfAny L1 uHugil ISRT c EWMA Tlsz@nsam
o = < )= 1 a a
lumsasrenumsn)doundasvuiamanldaniumugll EWMA tagunugil ¢ uenainmisudasioyauan
Abbasi (2017) 1&tausuruginruguannasiiaviiidies dmSudeyaninisuanuasilie (Poisson

progressive mean control chart : uwugﬁ PPM) Tﬂﬂ“l«%’ﬁmﬁamamwugﬁmuﬂmmﬂ'wmﬁﬂﬁ’nwﬁ’w (progressive
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mean) HansAny uilenfFuMeunvunugil ¢ uHUYN PCUSUM unigil PEWMA nazunigil DPEWMA

a a A

wu @ lnauwugil PPM Tdszaninmlumsasavtumsnlasundadldanimmugisiad
' 4
urwuginrugudimsudeyaninisuanuseileasgnieuivuuinue naziinisn/Souiiiey
a a a o J 1 v ] a
Uszansamvewnuginiugulasldnissiassnieldaniuniseiaieg Tasaanlugrzisziliuein
< o L2 oA . <
ANWAINITOHIDANNIIAGTIIUNMIATINTUM IINLTUNS 0AAIVDIAURABVOINTZVIUNT 8819 15AA N
a o o aa <3 1 A 2 1 a 1 = 1
winiosandeteyasuausesdrdnny szmuldnmsmviuvesnundsnszuiunmsszdanaidons
' k4 1 ' Y
AUNNAUAININNIINTANAIVDIAURAGYBINTZVIUMS AU UM IFuHUTINEAIVAUMTNNTUYD
1 A a f o Y = v Jq 9 A Y o a
AundgveInszuIumInandesududeslimsUsuud ldmuizay e ldaunsahumuginsugul
2q Y o A 2 1 = A 1 9 a a ' ]
Yszgndlalumansndumaivayuvesaunaslunszuiumsnzne limannu@demeguus s wu Tudm
gadrnIsuMIHaRaUMA1Y Nanudssganaraadui i ldvsomuninuasgiuiue viedu
o wa ' AA o ' A A S T oa a g
assaugulumsidhselimsszunavesisagiialmilunsaindwoudihenmumnivedialng Wudu
A Y Y gaw = o = = a a a o
nnna1INaY givevatianuauleiszSoumsulse@niamunugiinaugulunmsnsedu
1 Y H H '
MIAVATUYDIANRTEVDINTZUIUNMINTNTH N 199 Tagunugiarugunhiundnyl Ao upugil

@ 1

PCUSUM Unufil PEWMA UHUQ ISRT ¢ EWMA tagunugil PPM TaglimsdSumeadavesunugiiaing1n

a Y

T4z d miuunugiinaugue1u@eI81u DY (upper one-sided control chart) 1o 14 1un15A5199UN1S

44 %

d. 1 d' o =1 a a a Y o a 4
wasunlasvesaundsnmuau ‘V]']ﬂ']iLIFJ'EJ’UL‘VI?J'Uﬂigﬁ‘Vl‘ﬁﬂ']W"Uﬂillwuﬂuﬂﬂjﬂﬂuiﬂﬂiﬂfﬂ'ﬁ"l]']ﬁ@\?ll’ﬂuﬁﬂ'li

] '
= A

Y 2 '
Ta !Lmicl‘]fﬂ']ﬂ’J']llEJTJ’NLQGEJHJ’E]ﬂi&”U’Juﬂﬁﬂgu’f]ﬂmﬁﬂﬂﬁﬂ’)u@lu (out of control average run length : ARLI)

FunasilumsnFeumey

I5MINAae

Y

1. apvazdoyalUNSZTLIUMS
° v ° o ad o =2 =~ )
- Amuald X, unu Swausesdmiiinulugadeya e t daimauanuaifiaadie
wiimes u
A ' v
- Wenszuaumsegmeldnsniugy
o Y 1 a A 1 Y
muuald 2, unu AuRdevesnszuumaiieagmeldmsniuny uay
o unu AUTBuUUNIATTIUYEINTEUIUNS 1N O = ] 14,
9
Tumsadetismuald g, i 3,5,8, 10, 12 uag 15
- ilenszuaumseguenion AU

o Y ' { 4 ' '
ﬂT]’iuﬂGlW H UNny ﬂ1lﬂaﬂﬂ]@ﬂﬂ53u3uﬂ1ﬂﬁ@@gu@ﬂlﬂﬁ@ﬂqiﬂjuﬁlu Iﬂﬂ‘ﬁ M=y + 00

O unu vwansuasuudasvesnunaslunszuiums minv 0.1, 0.3, 0.5, 0.7 1ag 0.9
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° ' 2 a A ' 9 .
- ﬂT]’iuﬂﬂ1ﬂjquﬂqjqﬂlﬂaﬂlu@ﬂigﬂquﬂ15ﬂgﬂ181ﬁﬂ15ﬂqﬂﬂu (in control average run length: ARLO)

110 200

2. Uszonveaunugiindugy

- UAUHI PCUSUM
v - 4 o d DA ga X
Lucus (1985) Idia@uounugil PCUSUM tive 5 lumsasivdumsulasunlasvesaundeiminiy
YOINTZVIUMINTNMHININT I MUIUAIEDATIREIATUDUYDWAHUYT PCUSUM (upper one-sided

PCUSUM statistic) @910

C =max(0, X, -k + X, ) (1)

= Y a

e CF unu madatufeiuuuvesnugil PCUSUM o nat t uazimua C; =0
X, wnu Smusesdminnulunszuiums o e t

v 9 A o Y
K unuaionns (reference value) mudaldan

k= (= 14)/(In g4 =N 1)) @)

fmuald h unu Jasnanruguuuveswugll PCUSUM Tagazidonar h fmunzauiio 1 18
A1 ARL, 1111 200 $1e1 C;” wnndia1 h idwiua uaasninszusumsnaneguonmionisniugy
(Lucus, 1985)
- AU PEWMA
9 a o @ @ = ' =
Borror et al. (1998) laiduouwugil PEWMA dwisuasvsumsnlasunlasaundslunszuiums

Aa A aa a A
VI%Jﬂ']i!Li]ﬂ!LiNﬂ'J“IN Iﬂﬂﬂﬂ?ﬁﬂ@]ﬂlﬂﬂ!muauﬂﬁ]ﬂﬂu G
Z, =X, +1-A)Z,, 3)

o Z, unu madAvesuwugil PEWMA o a1 t uazimua Z, = 14
\ ! %’ £ {3 o
A unu manadimin (0< A <1) luntidvua 4 =0.1 a2 0.2
d‘ = dy v 2 dﬁl 1 q' = o [ 1 Qad'
iesninmsaniaulamsasiaiumsmuinvesaundsnszuiums shmsdSumanan gl
uwugdl Tasdmuald Z7 unu madadraferduunvesunugld PEWMA (upper one-sided PWEMA
.. ° = 1 aa Y] A A ' 9 9
statistic) & 1981 t himsufSeuifenaada Z, Auaunfevesnszuiumsiieadnieldmniugu (4, )

k) + _ v o Y wal Y1 aa + A Y] o
Z, > py udd Z7 =Z, lumanauiu i1 Z, < g, wlSulvmada Z; Jawmiu g, aeaums

Z" =max(y,, Z,) 4)
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(Morais & Pacheco, 2001) 11a2MUIVTATINAAIVANVUVDWNUYT PEWMA (UCLogymn) 18910

A
el 3)

UCL =u +L
pEWMA — Ho 2o 1

A ' o A o = V1
Wo L unu AANINNNINUDIVANTHUAANIURY G]th’iﬂW ARL,=200

fimana Z; Iaunnnnmaindiianiuguuy taeannssuIumseguenimionsniuny

(Borror et al., 1998)

- UAUI ISRT c EWMA
Sukparungsee & Mititelu (2016) @teruounugii ISRT c EWMA Fuiluupngiifiwaunnnumugi

a o 9 S 9 = Y aa o @ A
EWMA HASLNUN ISRT ¢ 1/|1mmﬂmaumla1/mmim]ml,ﬁmﬂac]fﬂﬂﬂclﬁmmﬂﬁm llﬂﬂ']ﬁﬂ@ﬁ']ﬁiﬂllwuaﬂ

U

@

ISRT c EWMA ﬂd‘ﬁ
S, = X, +(1L-2)S,, ©)

o S, unu MadAveswugil ISRT c EWMA a1 t uazimua S; = /14

A uny ae291min (0< A <1) luitimviua A =0.1 uaz 0.2

g’; o U aa ag Y o @ 19 A A A é’ o Y
nntulSuamadavewnugl imingandmivassumsulasunlasnimay Tasmviua

S, unu MadAduReIduUYe KU ISRT ¢ EWMA (upper one-sided ISRT ¢ EWMA statistic) &4 1381 t
imsnfSeunfeuaada S, dusiniaesvesnundeveinszuIumsiiesgnieldanisninan (4 )

Y Y + v oo Y waql. P aa 4+ A "o [
& S, > \J# udr S =S, lumanduniu &1 S, < g4, azUsuldmada S Tanwmiu /g, dsauns

S, =max(\/t4,S,) ©)
azdmumIasinanIuguUuYeuRu)l ISRT ¢ EWMA (UCL g ¢« puma) 19910
1 1 A
UCLisar cewma = /26 +H [E - mj ﬁ ®)

A ' ) A o = Y
wo H uny ATNITNNINUYDNUVANTTUAAIUAY “lﬁ(l‘ﬂﬂq ARL0=200

ﬁ'm'mﬁa S+ lﬂﬂﬂ’j??h UCL lLf‘TﬂQ'hﬂSWTJ'J‘Hﬂ1i@du@ﬂlﬁﬁ@ﬂ1§ﬂ]ﬂ‘ﬂu
t ISRT ¢ EWMA ¥ § 4
(Sukparungsee & Mititelu, 2016)

- UEUN PPM

Abbasi (2017) Idta@ueunugil PPM dmisuasniumsnlasunlasvesaunaesvestioyaninmsian

v = 9 a = o . 3 1 _aa a o &
Llﬁ]\?ﬂ'JCIN IﬂfJGlG]fﬂ']LﬂafJ"Uﬂﬂmﬂyaiu@ﬂﬁﬁ]ua%?a’lﬂ%ﬂﬂu (progresswe mean) lﬂUﬂ']ﬁﬂ@]"UfJ\uLWUQll U
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2 X
PM, = t? ©

o PM, unu madaveaunugil PPM o a1 t uagimua PM, = X,
Tagliaunae E(PM,) = 1, wazanuulsdsu V(PM,) = £ (Abbasi, 2017)
t

mﬂﬁ'uﬂ%”uﬁmﬁﬁmmuwugﬁ Taotmuald PMFunu sadddiuferduuuveanugil PPM
(upper one-sided PPM statistic) &4 1701 t 1fFsuineunmada PM, ﬁ'ﬂﬂ'nﬂéElﬂl@ﬁﬂixﬂ)umﬁlﬁﬂﬂg:ﬂwslﬁ}
MIAWAN (1) 81 PM, > g udr PM," = PM_ lumenduiu é1 PM, < g sz15uldarada
PM," fiawmny g, aeawms

PM," = max(z,, PM,) (10)

o 1 o w a P
HAZMUIUAIVATINANILANUUYDIUHUNI PPM (UCLpy) 1891

1 /ﬂ
UCLPPM =ﬂ0 + me TO (1D

A ' 9 A o = Y
e Ly, unu manuniuvesdadiiuaniugu $aldar ARL, =200
I @ 4 @ o o [l a {
f (t) unu Wanduves t (arbitrary function) Tdie1lSudiasnaniugu lauldnhanulllunsdain

t figwn lumsdsviidmiua f(t) =t°" (Abbas er al., 2013; Abbasi, 2017)

Y aa o ' '
mmada PM," mnnnm UCL,,,, nemininszuiumseguenmilen1sniugy

e
waanlums)Seuiney
a a a a @ ' A A A 3 a [
mynfFeuieulsz@ninmaewnugiiniugu lumsas AR asINLIY H150191NAIAIY

mﬁqmﬁmﬁaﬂszmumiagjuaﬂmﬁamsmmu (out of control average run length: ARL)) ﬁ'mam“l@fmn

ARL, = 1 (12)

1-p
A A a A = J ] I A 1Y J ' Y
LU ﬂ A9 ANUNANAIALUUN 2 (type I error) “]N!f]Juﬂ'.]']iJuﬁ]xIf]J‘Ll’VIﬁ]$ﬂﬂ3J§°lJ'J']ﬂ§$°U'J°Ll?J§J'ﬂ']fJG],@]

4 1 { { 1 I § J
M3 eaundsvenszuiums lanlasunladhl waz 1—- g fe anwiwzdluinuinszuiums

' A A = Yy (A Ada Ao
YUINIVUINITAIUNY LlJfJﬂ']!ﬁlﬁfJ"llENﬂi$1J’Juﬂﬁllﬂ!,ﬂaﬂu!,lﬂﬁ\1llﬂ IﬂﬂllNuQNﬂNﬂi%ﬁﬂ NANA TIUITD

o { < : { o
asvsumslasunlasldsiaiEa e lia ARL, fidn
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YUABUITNITIA0Y

v
aAav A

° a o 4 a A a
Tugddeiildmssravauonanis 1a (Monte Carlo simulation) 1VefAn¥1szANSnMYa BN

9 1
AIVRY f’uu@mm‘ﬁmiai’mmmuﬁm%{uﬁmmgﬂﬁ 1

mnua L4 O uazAIum y2A

Haesdeyannnsuenuassihgamnaiines L4

fmuamimesdmiudazunugiiniugy

A uaz Lwse H #la1 ARL, =200
MuumadaLazInINANIANUNYBIIAAZ UYL
o ‘s' A A o o
vihuganianegmiieladinaniIunuUY

v

i=it+l

i < 1,000

NO

fuuAnlszinuves 1- g
¥

AUIUAT ARL,

d' o oA H asy o a o
31]7] 1 HUAIMIAUHUNULEASTUADUITNTTIA0INDUANTS |
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Aan1Innaod

namaSoufoulseaniamveanuginiugulunisas 19U MM NYeIA IR A8VD
nszuaumshimsusassainaue lugduuumsa Taesmuald

PCUSUM UNY UWUQN PCUSUM
PEWMAL uny unugl PEWMA Wedmua A =0.1
PEWMA?2 uny uHugl PEWMA iefmua 4 =02

ISRT c EWMAI unt uwugil ISRT ¢ EWMA ilofmua A =0.1
ISRT c EWMA2 Ut upugll ISRT ¢ EWMA tilofvua A =02

PPM UNY uRUQL PPM

MINA 1 AINNNIIARABVOIRAZUHUNAIIAMTBANRAY L4 N 3, 5 Az 8

o o) PCUSUM  PEWMAL PEWMA2  ISRTc EWMAI1 ISRT c EWMA2 PPM
3 0 200.20 199.96 200.44 200.36 200.00 200.36
0.01 162.13 173.85 169.46 172.24 179.18 162.84
0.05 111.16 106.27 119.33 99.23 122.94 72.36
0.1 29.18 58.47 77.65 52.60 77.82 29.01
0.3 3.65 8.73 18.85 6.81 16.66 3.16
0.5 1.69 242 6.49 1.73 5.29 1.54
0.7 1.30 1.00 2.84 1.00 2.32 1.25
0.9 1.17 1.00 1.71 1.00 1.00 1.15
5 0 200.20 200.28 200.08 200.64 200.04 200.36
0.01 156.76 176.21 182.08 174.86 181.59 161.21
0.05 68.70 105.08 127.98 100.95 121.79 70.49
0.1 28.58 58.31 82.75 53.67 78.93 28.50
0.3 3.57 8.62 19.74 7.14 17.04 3.09
0.5 1.67 2.38 6.52 1.83 5.28 1.51
0.7 1.29 1.00 2.85 1.00 2.36 1.24
0.9 1.16 1.00 1.62 1.00 1.00 1.14
8 0 200.88 200.04 200.08 200.08 199.521 199.84
0.01 161.03 175.22 183.39 175.25 182.02 161.60
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Hy ) PCUSUM PEWMAIl PEWMA2 ISRTcEWMAIl ISRT c EWMA2 PPM
0.05 70.08 106.99 129.20 102.68 125.93 71.84
0.1 28.83 58.46 84.28 55.24 80.23 28.82
0.3 3.57 8.59 19.76 7.30 17.67 3.09
0.5 1.76 2.23 6.33 1.89 5.55 1.51
0.7 1.28 1.00 2.78 1.00 2.37 1.24
0.9 1.16 1.00 1.61 1.00 1.00 1.14

MINA 2 AINNNIIIRABVOIRAZIHUNAIUAMTEANRAY L4 MIAY 10, 12 uag 15

Hy o PCUSUM  PEWMAI PEWMA2 ISRTcEWMAI1l ISRTc EWMA2 PPM
10 0 200.16 200.16 200.36 199.76 200.76 200.12
0.01 161.66 175.65 183.82 173.31 182.82 154.66
0.05 73.44 105.33 131.20 101.85 127.19 69.46
0.1 30.21 57.15 84.14 53.91 80.59 28.39
0.3 3.52 8.13 19.29 7.06 17.20 3.01
0.5 1.63 227 6.22 1.90 5.47 1.49
0.7 1.27 1.00 2.76 1.00 2.40 1.23
0.9 1.15 1.00 1.55 1.00 1.00 1.14
12 0 199.88 200.24 200.28 200.321 200.321 199.84
0.01 159.24 176.90 182.22 174.16 182.55 158.60
0.05 72.58 104.72 129.22 100.86 127.78 70.76
0.1 31.23 58.51 86.53 55.08 83.23 29.43
0.3 3.47 8.23 19.66 7.20 17.82 3.04
0.5 1.62 2.24 6.31 1.88 5.62 1.50
0.7 1.27 1.00 2.71 1.00 2.37 1.23
0.9 1.15 1.00 1.53 1.00 1.00 1.14
15 0 200.32 200.16 200.24 200.08 200.08 200.12
0.01 161.84 173.73 184.06 172.59 184.23 158.38
0.05 73.85 105.26 131.41 102.68 128.21 68.58
0.1 30.17 57.59 85.79 54.64 82.45 28.17
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Ho o PCUSUM PEWMA1 PEWMA2 ISRTc EWMAI1 ISRT c EWMA2 PPM
0.3 3.45 8.23 19.63 7.27 17.93 2.97
0.5 1.63 2.24 6.29 1.92 5.65 1.49
0.7 1.27 1.00 2.70 1.00 2.41 1.22
0.9 1.15 1.00 1.55 1.00 1.00 1.13
M4 3 asnaglszansnmvewnuginuauiildmanundundemiigaluudasnsd
o) Hy =3 Hy =5 Hy = 8 Hy = 10 Hy = 12 Hy =15
0.01 PCUSUM PCUSUM PCUSUM PPM PPM PPM
0.05 PPM PCUSUM PCUSUM PPM PPM PPM
0.1 PPM PPM PPM PPM PPM PPM
03 PPM PPM PPM PPM PPM PPM
0.5 PPM PPM PPM PPM PPM PPM
PEWMALI PEWMALI PEWMALI PEWMALI PEWMALI PEWMALI
7 SRTCEWMAI ISRTCEWMAI ISRTCEWMAI ISRTCEWMAI ISRTcEWMAI  ISRTcEWMAI
PEWMALI PEWMALI PEWMALI PEWMALI PEWMALI PEWMAI
09 ISRTcEWMAI  ISRTcEWMAI  ISRTcEWMAI  ISRTcEWMAI  ISRTcEWMAI  ISRTc EWMAI
ISRTc EWMA2  ISRTcEWMA2  ISRTcEWMA2  ISRTcEWMA2  ISRTcEWMA2  ISRT c EWMA2

AMANNEMIURABVD AR LIUTIAIUANNEA IR ATYRINITUIUMsAeuntlas (ARL,) naasly
A A a Y o A 1 a A R Ada
M50 1 uaza19199 2 Tasunuginiugulial ARL, dngalundaznsal azdednduunuging
a a o 4 X ' = Yt o =
Usz@nsnmlumsasndumamudnvesaundonszuiums las awdasluased 3
deAundenszuIumstiantesdaunais (g 191n 3,5 uag 8) Tuamsaunud unugil
PCUSUM taz urughl PPM T ARL, Tiuanaanumimin desioisanauiamsnlasunlamui unugi
d a a o = < Y a a A
PCUSUM H1lsz@nFamlunisasiedumsulasumlasvina@n (8 =0.01,0.05) ldaniunugistiaguy
Tuymzumugd PPM asredumsnlasuntasvinanais1da (0.0 < 8 <0.5) unugil PEWMAT unugil
ISRT c EWMAI ttazusugil ISRT c EWMA2 Hlszaninmlumsasaresumsulasuntasvuialnglaa
Tao unugll PEWMAT tag uwugil ISRT c EWMAT Tiszaniamlndifeeiu
WeANRRENIZVIUMITAMIN (L4 NI 10, 12 uaz 15) uwugl PPM as9dumsn)asuuiaa
I 1 { o J a H a
yuraandeiunatanainlda 0.01 < § <o.5) Tasldar ARL, Nandmouwugd Tuvazunugil
PEWMAI (W1 ISRT ¢ EWMAI tiagunul ISRT ¢ EWMA2 Tilsganiamlumsasrnsumanlasumlaq

walng)laa Tao uwugll PEWMAT uag umugil ISRT c EWMAL fidszaniamIndifesiuiie & =07
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uaz wag uWugl ISRT c EWMA?2 Hilszansamindifesnuunugll PEWMAT tag umugil ISRT c EWMAL

e & =09

a d
I9N3AMANSNAADY
3 A [ a a = @ =
unswnuiuwugil CUSUM wazuwugil EWMA Hanuansalumsasiesumsnlasuniaa
< I~ ao & 1 4 1 = A a @
ynaanlaa Tuaudtelinun eaundsvesnszuiumsinnios uwugil PCUSUM aunsoasinduns
A I Y 1 a a A A < 1 1w @ 1Y A
nasumlasvinaan ldanuwuglaiaou iesnilumsuinazaunuavesmdunanua18199 9
o [ ' aa a < ' aa o a
Uszneunumsdiumatavewwugiiliitlumadadiaufierdunu (upper one-sided statistics) 91 1A 1HUA T
A o A  yya X ' < a =
ANURBYAad Hazasans UM Inlasuuasvuia@dn 15990 edielsAaw unugll PCUSUM ]
i 1 Y 9 4 1 Y
Usz@ninmanaulionunasvenszuaumsianiu fietierviiesnanurugi PCUSUM gniauiay
o v Y Ao ] a g Ao v A a s 1Y
ndmsudoyaniimsunusailimdalnaudrnzianyuzmsusnussuidurnlenisiimesiiaios
[l < 4 T = a1 A 2 A o 2
a1 lsiamuiion undsveenszuIuMs ALY Msuanusavesteyatimszldnyuz duunasniu
Fade0WAWaAnTzNUADY 5T ANTNMUB LN PCUSUM (Hawkins & Olwell, 1998; Abujiya, 2017)

a

I PEWMA 1iag uwuqﬁ ISRT c EWMA

@ @

dy o = v
sl IBIATan ALY Tag g

ey anununl Iunquue UYL EWMA WU tHug
y 9 l
HszAnTamdesniumugll PCUSUM fistionaiioanainluan?
a Y o w . . Y ' . o YN o @
u5U5 1B UdUTING (asymptotic variance) BNUNT 1FANMUUTUTINLUUATY (exact variance) T 1HUATING
AuguUUIAInINAaeanInILAY #0197 17 liannsaaseiumsnlasun)aslugnduvesnszuiums
1 1 a o ! ! a a 4 4 a 1 \J g £y U
18 danalia ARL, vowunugiainanganiuwugiisiaou uaziearsanaarnimin (1) wua ms
[ S o 1 a a a 4 1 o o o
fruamarniminiinanelsza@ninmuswnugiiniugules A Aliandesmuzdmivasiesums
= < o < a a
naguuiasvuiaian (Lucas & Saccucci, 1990) a99zMu' 18910 uwul PEWMAL uag unugil ISRT ¢
EWMAI1 &aiviua A =01 Hisz@niamlndifesiu nazlilsz@nsamandt uwugil PEWMA2 uaz
uHuQi ISRT ¢ EWMA2 Bafmua A =0.2
a = a A 1 d' n) Y 1 a a
uWugl ISRT ¢ EWMA Tszansamlumsasiesumsnlasumlasvinalug ldanumugiisia
' PO ~ o a L& a 1 aa
o Nailileannumugl ISRT c EWMA gaviannuiainusugil c Fuiluuwugilunguuesuwugiziasin
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Abstract

The objectives of this research are to study the components of self-acceptance of the elderly people,
analyze the confirmatory factor model of self-acceptance and compare of confirmatory factor model of self-
acceptance of the elderly people in Chum Ta Bong District, Nakhon Sawan province the sample used in this study
is a group of 770 elderly people edged 60 years or over in Chum Ta Bong district, Nakhon Sawan Province. We
found that the appropriate confirmatory factor model of self-acceptance of the elderly people in Chum Ta Bong
District, Nakhon Sawan province is the first order factors models of self-acceptance containing 4 latent variables,
that is perception, personality, self-esteem and society status. Each latent variable was measured from the observed
variables with a statistically significant of 0.05, and goodness of fit index with empirical data was presented as
follows: }(2: 670.95, }(2 /df =133, GFI =0.93, AGFI = 0.87, CFI = 0.99, NFI = 0.98, RMSEA = 0.029,
SRMR = 0.045.

Keywords: confirmatory factor, self acceptance, the elderly
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Abstract

The objective of this research is to propose A Mixed Exponentially Weighted Moving Average - Optimal
Synthetic modified Tukey’s control chart (EWMA-OSMTC) for detecting process mean , when the process is symmetric
distributions. And compared The performance of Tukey’s control chart (TCC), Optimal Synthetic Tukey’s control chart
(OSTC), Exponentially Weighted Moving Average — Modified Tukey’s control chart (EWMA-MTCC) and A Mixed
Exponentially Weighted Moving Average - Optimal Synthetic Modified Tukey’s control chart (EWMA-OSMTC). The
performance of control charts is measured by the Average Run Length ( ARL ). The in control Average Run Length (
ARL ) is given to 370. In order to approximate ARL, the Monte Carlo simulation method. The results found that
EWMA-OSMTC control chart is more efficient to detect shifts of the process mean than TCC, OSTC and EWMA-

MTCC control chart for all magnitudes of change.

Keywords: Tukey’s control chart, Optimal Synthetic Tukey’s control chart, Exponentially Weighted Moving Average
— Modified Tukey’s control chart, A Mixed Exponentially Weighted Moving Average — Modified Optimal Synthetic

Tukey’s control chart, Monte Carlo simulation, Average Run Length
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MIUINUIIVVANNIAT 3 NITUIALIL AD NTLIALTNA (Normal(0,1)) nmmmm”baya (Weibull(3.5,1))
uazmsnanuasat/as (Laplace(1,1)) TaeldTsunsy R lumssiassdoya Fanmssiassdoyaszdimaiinnis
° a = o a a a a A ' o A
P1aemouans la Funaa lumsnfSoumeulssaninwuewHuAIUANILHITININAINNVIITUREY

& a 'R 9 9 A 9 9 ' A
Wenszuumsnan liegnisldmsniuan (ARL ) Swwugiintuaulalia ARL desgaudaadunugil

9
@

v A a a IS = d"

ﬂ’J‘]JﬂiJuuiJﬂSZﬁWﬁﬂWWMWﬂijﬂIﬂﬂiJﬁ1fJﬂ$L’E)EJﬂ JU
9 1 1

3.1 ﬂjuﬁauﬂﬁﬁ1ﬂuﬂﬂ1ﬂ’ﬂllfﬂ’.ﬁumﬂﬂlm$ﬂ?ﬂﬂﬂﬁWWﬁULlNugl}ﬂ’Jﬂﬂl}

- smuamsaiimin (1) veunuginuau EWMA-MTCC iiaz EWMA-OSMTC i (4 =0.2)

-smuamdanhmindmdulsuaanned () vesunugiaiugil ENVMA-MTCC iag EWMA-
OSMTC tMAY (W =3)

- fnuasesumaaounasimasvesnizuiums S Wity 0.10, 0.15, 0.25, 0.5 @ HTUMTLINUIY
U35n@ Normal(0,1) ag & 191171 0.01, 0.05, 0.07, 0.10 drmFunisuanuaslaya Weibull3.5,1) ag & 1Ry
0.10,0.2, 0.5, 0.7 d1SUM3LINLIIA1Ua1% Laplace(1,1) Tauidensmuaszaumsnlaoumlassinde & dmsy
udazmsuenuadlimisniiowinnisusansiinandefuiie s s dunslaounlasnunas@enfundadawna
Tt (ARL ) usagzszdumanldounladli &uandusnnaauannsafingan Iddany

- MuuanNENTURABionszUIUMIBYMelAMIAIUaN (ARL, ) MY 370
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- fmuatlsznnae Indisznnd 8 lunmsdnaTaeldlsunsy R aunsadnenldnn [7]

- MUIVAADAVDWHUYTAIVAY TCC, OSTC, EWMA-MTCC ttaz EWMA-OSMTC

- AUIUNIAINNE1D (Run Length: RL) 1uLwiaziamaau@'azuwugﬁﬂauau‘lmm‘;ﬁ@mmzmugﬁ
AIUAN TCC, EWMA-MTCC, tiag OSTC 1tM1A110° 501 uHUiAIUANHAN EWMA-OSMTC 1171 10° 501

wazuUIAAI0619 10° AIM5UNNUAUTAIUANENIUIHUATAIUANHEY EWMA-OSMTC ¥84n15H0N1D

a11a1% Laplace(1,1) fildunasediaumiy 10° ded mmﬂoﬁ”ﬁafJ'Nuasfﬁ’mauiauﬂ15ﬁ16§1mamwiamwuaﬁ
arugu liiAumszurugiaiuaueay EWMA-OSMTC Idalumsilszuianauiu naznadninsainld
vinadieega 10° li'lduanaanunsal ldviunadedis 10°
M 1M K, uage1 L v8amsuaniaesni Normal(0,1) 1ag ARL, = 370
L K, ARL,
0 =0.1 0 =0.15 0 =025 0 =0.50
1 2.828 303.68 196.93 75.35 9.66
2 3.146 295.16 183.29 65.42 7.78
3 3.325 289.95 175.71 60.81 7.05
4 3.448 287.17 171.57 57.81 6.70
5 3.542 284.74 168.17 55.80 6.51
8 3.735 279.95 161.60 52.28 6.31
9 3.783 278.76 160.08 51.54 6.31%
10 3.825 27791 158.85 50.95 6.33
31 4.254 269.58 149.14 47.78 7.42
32 4.266 269.42 149.00 47.77% 7.47
33 4.277 269.33 148.89 47.80 7.53
69 4.532 267.65 147.42 49.80 9.01
70 4.537 267.60 147.39* 49.88 9.05
71 4.542 267.57 147.40 49.95 9.08
100 4.653 267.09 148.47 52.27 9.88
101 4.656 267.06* 148.48 52.35 9.91
102 4.659 267.13 148.52 52.43 9.93

MUOIHE : ONHIAIMUT* AD A1 ARL, Mgauaazszaumsilasunilasnunie
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INA1TN 1 Uaaeal K, 1ag L veaunu)iniugunal EWMA-OSMTC diumsuanuanidsng

]
A

(Normal(0,1)) Nictamalian ARL, maavesuaazszaumIn/asunlasnundedeifiuim L=9, K,=3.783 1

=

1 ARL, igaiiszaumsldeundasaundadu (5 =050 fle ARL =631 uag L=32, K, =4.266 1

o I~ @ = 1 a A o w =
ARL, mganszaumslasuudasaundedu (0 =0.25) fiA1 ARL, =47.77 @d 1Ay 1130101 10euns 1w

Taaaginni 1

310 250
305 o
300 200
295
E 290 E 150 — & <>
280 \
275 50
270 —
265 0
0 50 100 150 0 20 40 60 80 100 120
L L
(3=0.10, K, =4.656) (8015, K, =4.537)
80 12
70 10
60 /
50 kv“‘/‘ 8
— —
g‘ 40 5, 6
30 4
20
10 2
0 0
0 50 100 150 0 20 40 60 80 100 120
L L
(6=0.25, K4 =4.266) (6 =0.50, K4 =3.783)

= = A ' A o Y o
HUYLYA : IATLUA AD JANLTAINT K4 wag L i ld ARL] aga

s 1 A1 K, wazA L 1A ARL, digadmsumsuanuassnd Normal(o,1)
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m31afi 21 K, ez L veamsuanuas 1adya Weibull(3.5,1) uag ARL, =370

L K, ARL,

0 =0.01 0 =0.05 0 =0.07 0 =0.10
1 2.789 264.71 143.05 76.46 32.15
2 3.096 251.81 129.81 65.79 26.12
3 3.268 245.12 123.14 60.68 23.44
4 3.387 240.15 118.98 57.57 21.92
19 3.985 217.03 102.16 46.82 17.89
20 4.003 216.70 101.88 46.56 17.85*
21 4.020 216.05 101.41 46.48 17.88
34 4.187 210.78 99.00 45.72 18.32
35 4.197 210.38 98.87 45.71% 18.37
36 4207 210.36 98.94 45.74 18.44
59 4.369 206.13 98.27 46.51 19.82
60 4374 206.35 98.22* 46.54 19.88
61 4.380 206.13 98.37 46.65 19.96
119 4.585 204.18 101.93 50.57 23.24
120 4.587 204.01* 101.93 50.61 23.28
121 4.590 204.26 102.09 50.73 23.34

WUEIKg - ONBIAINUTE AD A1 ARL, fgaudazszaumsnlasunlasnunie

110A13190 2 naaam K, 1z L voaunugiiniugueay EWMA-OSMTC dniumsuanuasladya
{0 ' ° ' o { ' i & S
(Weibull(3.5,1)) fidawaldA1 ARL fgavewuaazszaumsnfasuulasaunasdaazifiuiin L=20, K, =4.003

1 ARL, maganszaumsnlasuntlasaundoilu (O =0.10) fian ARL =17.85 1ag L=35, K, =4.197 i

1]
a @

' o = 1 A g A o =
M (ARL)) mganszaumslasuntasamaaiu (0 =0.07) i1 ARL, = 45.71 muday amnsaemiiey

nsllddagilniwi 2
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300 300
250 250
200 g 200 g
d d
Z 150 Z 150
< <
100 100
50 50
0 0
0 50 100 150 0 50 100 150
L L
(6=0.01, K, =4.587) (06=0.05, K, =4.374)
90 35
2
70 25
[
% 40 < 15
30 10
20
10 5
0 0
0 50 100 150 0 50 100 150
L L
(6=0.07, K, =4.197) (6 =0.10, K, =4.003)

WO : 3TN i yafinaaam K, uaz L ihld ARL diga

g2 1k, uazar L ildan ARL, dgadmsumsuenueslidya Weibull(3.5,1)
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M3A 3 A K, tage1 L veansuaniuasat)anss Laplace(1,1) ag ARL, =370

L K, ARL,
0 =0.10 0 =0.20 0 =0.50 0 =0.70
1 3.206 324.40 229.96 39.80 12.56
2 3.615 324.07 227.48 37.02 11.28
3 3.849 323.72 22633 35.90 10.84
4 4.012 323.13 225.47 35.34 10.66
5 4.138 323.10 225.12 35.01 10.62*
6 4.240 323.02 224.86 34.85 10.63
7 4325 322.76 224.62 34.77% 10.67
8 4399 322.76 224.61 34.77 10.74
9 4.464 322.70* 224.51* 34.79 10.83
10 4.522 322.84 224.67 34.86 10.93
11 4.574 323.10 224.89 34.96 11.04
12 4.621 323.16 224.95 35.03 11.14
13 4.665 32323 225.11 35.17 11.26
14 4.705 323.41 22531 35.30 11.38
15 4.741 323.43 22531 35.40 11.50

WUBIKY - ONBIAINUTE AD A1 ARL fgandazszaumsnlasunilasaunie

NAIT AN 3 Laaea K, ac L ‘U’t‘NLLWH{]ﬁﬂ’J‘UﬂMWﬁM EWMA-OSMTC dmsumsuanuanalais

i ' ° ' o { ' i & S 0
(Laplace(1,1)) idawa i ARL, Migaveudazszaumsnlasunlasaundedeziiuin L=5, K, =4.138

1]
= @

A1 ARL, miganszaumaasundasanndniu (5 =07 Ao ARL =1062 nag L=7, K, =4.325 1A

]
~ @

° { ' I3 ' o w
ARL, mganszaumsuasuudasaundedu (5 =0.5) A1 ARL, =34.77 Mud1AY a1m130101010euns 1l

Tddsginmi 3
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324.6 231
3244 |« R
324.2 A\ 230 \
324 \\ 229
- 3238 — 298 \
i + i
T 3236 7 *
< \ ot < 227
323.4 \ ra \
323.2 rad 226
323 "
3228 \"W/ 225
322.6 224
0 5 10 15 20 5 10 15 20
L L
(6 =0.10, K4 =4.464) (8 =0.20, K4 =4.464)
41 13
40 \ 125 ¢
39 \
2.\ 2 \
< 37 \ < 115 o
36 \ /
34 105
0 5 10 15 20 5 10 15 20
L L

(8050, K, =4.325)

(8=0.70, K, =4.138)

WG : 9N Al yafinaaam K, uaz L ihld ARL diga

g3 Ak, wasm L Alda ARL, dmgadmfumsuenuasan)ans Laplace(l,1)
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M3197 4 A1 ARL, Y9UNURNAIVAN TCC , EWMA-MTCC,0STC Haginu)inIuagy EWMA-OSMTC meld

Afoyaunu991ind Normal(0,1)

UHUYH TCC OSTC EWMA-MTCC  EWMA-OSMTC
o

0.10 317.7 299.2 310.8 267.0

(K, =1.722) (K, =1.5383, L= 100) (K, =4.891) (K, =4.656,L=101)
0.15 297.1 272.1 285.9 147.3

(K, =1.722) (K, = 15307, L=93) (K, =4.891) (K, =4.537,L="0)
0.25 246.4 208.6 173.9 47.7

(K, =1722) (K, =1.5243,L=288) (K, =4.891) (K, =4266,1=32)
0.50 135.3 119.4 422 6.3

(K, =1.722) (K, =1.4696, L=53) (K, =4.891) (K,=3.783,L=9)

d‘ d' a ' 12 d‘ d' Y s a

1013190 4 wazzilani 4 lumsSeuMeuannuensumas ARL, Woteyalnsuanuaelsnd
Normal(0,1) WUUHUYTAIVAN EWMA-OSMTC U1 ARL, A1 IUHUYTAIUAN TCC, OSTC UaguHugil
AN EWMA-MTCC nszaumsnlasunilainunds & =0.1,0.15,0.25,0.5 uadaadupu)iniugy EWMA-

OSMTC @wnsnasavsumalasunilasaundovesnszuiums laanimmuginiugu TCC, OSTC, EWMA-

MTCC

400
300
\ —e—TCC
200
\ \\\\:\\ —m— OSTC
100 \\’. —&— EWMA-MTCC
0 \b\ﬁ —e— EWMA-OSMTC

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ARL1

o o v A
szaumsasuulasnunae

sl 4 AAnweNTUMasURIHUYNAIUAY TCC, EWMA-MTCC, OSTC HazunuginIuan EWMA-OSMTC

=1

meldteyaiimsuantaalsnad Normal(0,1)

U
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M3190 5 A1 ARL, Y9UNURNAIUAN TCC , EWMA-MTCC,0STC Haginu)inIuAy EWMA-OSMTC meld

ﬂ’l'au“ammgm"bﬁya Weibull(3.5,1)

UHUQH TCC OSTC EWMA-MTCC  EWMA-OSMTC
o
0.01 297.9 283.6 265.3 204.0
(K,=1464)  (K,=1366,L=150) (K, =4.748) (K, =4.587, L= 120)
0.05 156.3 125.4 110.2 98.2
(K,=1464)  (K,=1351,L=120) (K, =4.748) (K, =4.374,L=60)
0.07 114.8 86.1 73.7 45.7
(K,=1464)  (K,=1338,L=100) (K, =4.748) (K, =4.197,L=35)
0.10 74.9 53.0 44.1 17.8
(K, = 1.464) (K, =1207,L=20) (K, =4.748) (K, =4.003, L=20)

11519 suazgdamd s lumsnfSeuifisuainnuedsumas ArRL, iedeyalinisuanueg

4 U a 1 ° J a
Tadiya Weibull3.5,1) WU mAHUIAILAN EWMA-OSMTC 3f1 ARL, #1nunugiaugy TCC, OSTC uag
HHUNIAIUAN EWMA-MTCC Nnszaumsilasunasnunds & =0.01, 0.05, 0.07, 0.10 LAAIIWRUYTAILAY

EWMA-OSMTC @w150a3299umsilasunasannaesvesnszuiunms laanimmuginiugy TCC, OSTC,

EWMA-MTCC

400

300

\ —e—TCC
200 |(®

\ —=—0STC
100

—A— EWMA-MTCC

ARL1

0 O —&— EWMA-OSMTC

0 0.1 0.2 0.3 0.4 0.5 0.6

o < V4
szaumslasuudasnuaae
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M3197 6 AN ARL, Y9UNURNAIUAN TCC , EWMA-MTCC,0STC Haginu)inIuAy EWMA-OSMTC meld

ﬂ’l'au“aglﬂﬂggﬁ]aa1ﬂa1m Laplace(1,1)

UHUYH TCC OSTC EWMA-MTCC  EWMA-OSMTC
o

0.10 346.8 370.1 356.3 322.7
(K,=3759)  (K,=1.633,L=1) (K, =6.100) (K, =4.464,L=9)

0.20 340.5 360.0 303.9 224.5
(K,=3759)  (K,=1.633,L=1) (K, =6.100) (K, =4.464, L=9)

0.50 309.7 296.0 126.6 34.7
(K,=3759)  (K,=1.633,L=1) (K, =6.100) (K, =4.325,L=7)

0.70 278.2 239.5 67.6 10.6
(K,=3759)  (K,=1.633,L=1) (K, =6.100) (K, =4.138,L=5)

M3 6 nazglnmii 6 lumsnBeufeuaanueniumis ARL, diodoyafimananuasanlas
Laplace(1,1) WU uAuAAI1gN EWMA-OSMTC 51 ARL, #1073 mKuginunu TCC, OSTC nagunugil
AN EWMA-MTCC nnszdumsinlaounlassinde & =0.10,0.20,0.50,0.70 eraaiunuginangm EWMA-
OSMTC mmm@53%5Uﬂ1iLﬂ§ﬂuLzﬂaqﬂ'wméﬂmmnizu’Jumillﬁ’?m’jmwugﬁmmgu TCC, OSTC, EWMA-

MTCC

400

RN

200

\\‘\ \. —m—OSTC
100 \\ —a— EWMA-MTCC
\\g —e— EWMA-OSMTC

0 0.2 0.4 0.6 0.8

ARL1

—_—

1.2

o 5 Vo4
szaumsilasuulasnunae

311 6 A1ANETUIRABVRIUNNYTAIVAN TCC, EWMA-MTCC, OSTC 11agiiiginIuay EWMA-OSMTC

moladeyalinsuanuasaiaias Laplace(l,1)
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Y a

9 Y v
msiszgnalinudeyasia

u

1nTeyasnins Inaveuit ludasueil 1871-1930 Imsuanuassn@ Normal(1100, 125) 1%y

9 a 7 a 7a a A a ' $
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H o Ao o ad(w a A A Yo A
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ansema
Y v '
MNMIIVBUNVIMHUAAIVAY EWMA-OSMTC enusnnsdndumsilasunilasnundeveanssuiu
v
M3auuIAs laanIMHUIAIAY TCC, OSTC, EWMA-MTCC Tuaiuitenssae lomvzvensvouiuanisiny

TuFoaweimsuanuas lauinasionsaeulsz@ninmuewrugiiniugy EWMA-OSMTC
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Abstract

The objective of this research was to apply geographic information system to analyze flood susceptibility
in San Pa Tong District, Chiang Mai Province using frequency ratio (FR) and relative frequency ratio (RFR)
methods. Ten flood causative factors were analyzed namely elevation, slope, curvature, topographic wetness index
(TWI), rainfall, distance from the river, stream density, soil drainage, road density, and land use. The inventory
flood data were randomly separated into 70% training data and 30% testing data. FR and RFR methods were applied
to assign the correlation values between class factors and the flood training data. Then the flood susceptibility maps
were prepared and classified into very low, low, moderate, high, and very high. The FR method results revealed
that the study area was classified as a very high level of 42.8094 sq.km. (24.6809%) while the RFR method yielded
a very high result of 48.9114 sq.km. (28.1989%). The result from RFR method also revealed that the three most
influencing factors were elevation, distance from the river, and soil drainage. The validation results using the area
under the curve (AUC) showed that the success and prediction rate of FR methods were 79.1719%,79.2925%,

respectively while the success and prediction rate of RFR method were 88.4687% and 88.8565%.
Keywords: flood, flood susceptibility, geographic information system, frequency ratio, natural hazard
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Abstract

The objective of this research is to investigate correlations of variables that affect the dust particle size
not more than 2.5 microns (PM2.5) and dust particles not more than 1.0 microns (PM10), to find suitable
distribution and model, and to assess the risk of air pollution in Khon Kaen city. The results showed that variables
affecting to PM2.5 are PM10, NO,, CO and O, and variables that affecting to PM10 are PM2.5, NO,, and O,.
Appropriate model and distribution for monthly PM2.5 data on the covariables when using the generalized extreme
distribution are X [J GEV(u(X),0,&) where (X)= -7.01+0.31(PM10)+0.21(NO,)+9.16(C0)+0.22(0,),
0 =18.24 and & =—0.11which is Weibull distribution. Appropriate model and distribution for monthly PM10
on the covariables when using the generalized extreme distribution are X [] GEV (u(x),,&) where u(X) =
-13.37+0.75(PM2.5)+0.27(NO,)+0.42(0,), o = 24.57 and & =0.07 which is Gumbel distribution. Appropriate
model and distribution for daily PM2.5 on the covariables when using the general Pareto distribution are
X [0 GPD(o(X),&) where o(X) = 21.85+0.11(PM10)+0.31(NO,)-5.72(C0)-0.17(0,) and & = —0.31 which
is gamma distribution. Appropriate model and distribution for daily PM10 on the covariables when using the
general Pareto distribution are X [J GPD(o(X),&) where o(X) = 19.65+0.08(PM2.5)+0.08(NO,)+0.13(0,)
and & =-0.11 which is gamma distribution. In addition, the relevant organizations can apply the result of the

return level to find measures to prevent and solve the problem of increasing air pollution.

Keywords: generalized extreme value distribution, generalized Pareto distribution, air pollution
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Abstract

This research was aimed to study appropriate quantity of Tuna powder. The appropriated quantity of
Tuna powder were varied at 2 4 and 6% of sticky rice flour. All of samples were analyzed sensory quality using 9
points hedonics scales color (L* a* b*) moisture content (%) water activity (a,) expansion volume. All of quality
data were compared. It was found that Tuna powder effected to flavor, overall acceptance, L*, hardness, water
activity and moister content (after). The consumers highest accepted at 2% of tuna powder. It showed appearance
color flavor taste crispyness expansion and overall acceptant at 7.00 6.63 6.77 6.43 7.27 7.40 and 7.13
respectively. The physical and chemical quality in puff sticky rice was conducted in color (L* a* b*) texture
(hardness) water activity (a ) expansion and Moisture content (before and after). The research showed that
lightness (L*) 54.77 redness (a*) 5.57 yellowness (b*) 21.13 hardness 0.29 N a_ 0.38 expansion 3.86 and

Moisture content before 11.62 and after 5.41 respectively.

Keywords: Sticky rice, Puff sticky rice, tuna powder, miso flavor, product development
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Effects of Watermeal (Wolffia arrhiza (L.) Wimm.) powder
supplement to the quality of fresh noodles
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Abstract

The objective of this research was to study the optimum quantity of powdered watermeal (PWM) which
was mixed into noodle products. The noodle products were tested for their physicochemical properties as well as
their shelf life. In this research, PWM was produced by drying fresh watermeal (Wolffia arrhiza (L.) Wimm.) in
hot air oven at 50 °C for 5 hours, then it was grinded and filtered using an 80-mesh sieve. The ingredients of the
fresh noodles were wheat flour, water, salt, sodium carbonate, and eggs. PWM was added in different amounts of
0,2.5,5,7.5, and 10% by weight the wheat flour. It was found that the physical property of lightness (L*) values,
redness — greenness (a*) values and yellowness — blueness (b*) values decreased with increasing amounts of
PWM, which was evidenced by the increasing green color of the noodles. It was noted that as increasing amounts
of PWM were used, hardness of the noodle increased and their chewiness, tensile strength and elasticity
decreased. However, with a PWM content of 2.5% the noodles demonstrated similar physical property to that of
original noodles (with 0% PWM) whilst showing better chemical property and nutritional value. The addition of
PWM at 2.5% resulted in the noodles containing 15.51% of protein, 4.22% of fiber, 0.07g of gallic /100g DW of
phenol compound and 5.42 mg of chlorophyll /kg DW which is higher than the original noodles (with 0% PWM)
which contained 14.73% of protein, 4.13% of fiber, 0.01g gallic /100g DW of phenol compound and no traces of

chlorophyll. It was observed that the chemical quality of noodles with PWM at 2.5% were better than that of
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original noodles (with 0% PWM). The two noodle products were able to be stored at 6+2°C for 6 days as

evidenced by their color values, texture profile and microbial quantity which adhered to Thai community product

standard: egg noodles (TCPS:732/2552). Therefore, this research found that the mixing of PWM at 2.5% resulted

in the same physical property and shelf life as original noodles but resulted in a higher nutritional value.
Keywords: noodle, Watermeal powder, shelf life
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voalithnalsznoudioanuiudosas 6.65 rfovaz 2047 Tsaudovas 23.82 luiudovas 3.73 1dule
o113 ¥e0ay 9.76 tazand 10 lansadesay 4533 (Tasrhminila) naasianed 1 Faandasuluaise

o A o & a I ' 13 A Yy J v El Y ¥
uazu’mmiwammmmmmmimmaamm ﬂa't‘JI‘]_l"]ﬂ (VlﬁULﬂ) 1/1ammq'1611mmﬂ!,ﬂsmauummﬂamau

=

famgil so esridsadea wuinSinafianudurisudesas 626 TTusAudesas 18.89 Tuiudesas 0.83
i Tu'lamsadosaz 56.68 §ulsoninsfovas 14.57 nazidr¥esas 17.60 (Taetimiinida) (Cheerapatiyut et
al., 2009) WittoaAdsznoue 9 volith élgiuag'ﬁ'uﬁmwmm%’auiummﬁm@ﬂw @y S nady uaaeng
qmwgﬁmmﬁw Anuiuvearh GT'NTJwa@'aﬂa"lﬂmsﬁamﬁzﬁms%ﬂmaqa (Ruen-ngam, 2017 ; Rowchai &
Somboon, 2007)

uaﬂmnﬁhlﬂiﬁmqgﬂﬁﬁﬁﬂﬁ”ﬂqiundmaaiﬁ%ﬁmﬁ’umisﬁu wazastlszneuiuealuilFuugs
Tagnuirldihwedisuanas T5Tlas 50.86 mgke (Taorhminuda) mdwalsiumib 135 g/100 ¢ (Tag

%,’ LY [ %’ o % a o 2
Wiinue) nazasdseneuiueaminy 1.23 g gallic/ 100 g (Tagimiinui) Fenas IsHaansumgs
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v @ % ' [ 3 @ . =
ANUsen1nd tazdnMArioN FAANNINY 1.14 1oy 11.98 mg/g (IAerMTnuUa) (Izaki et al., 1986) Y1

msdsznevluealimganiue gy U wzany azlad tazuzun #dinn 0.74 1.04 0.83 0.68 uag 0.42 g gallic/

4 ' 3 =

3 @ o_ v o I '
100 g (TAg1 1M 1AL ) AIUEIAY (Halee & Rattanapun, 2017) #9411 Ty uilunvasvesarsdiu

PRNFATULAL VAN TAFUINTGA

(") (v
d‘ 4 =S ) g ) g ) g
51U 1 dnwazilsinguesd i n.lvhaa uaz v. 191

d’ = J = ¥
193197 1 mm:mﬂﬂsznaummmm"lmmm

pam1)3zno1l SIEETRLY
MU
L* 30.96+0.10
a* -4.25+0.22
b* 19.44+0.15
Y a2
Ml
X 9
ANUFYU (Fo8a) 6.65+0.62
it Fevaz Tasrihminuia) 20.47+0.47
Ts6u Govaz Tasrimiinuiia) 23.8240.74
Tl Gevaz Tasrimiinuiia) 3.73+0.46
) P 3 v
wuleeins Gevas Tasriminuia) 9.76 £0.68
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pam1l3znoLl SIERTRET!

aua
L* 30.96+0.10
a* -4.25+0.22
b* 19.44+0.15
Y a
muAll
M3 10 laase Govaz Taerimiinuiia) 45.33+0.82
@A TsAiu (mg/100 g Tastiminuiia) 1.3540.04
Wuoa (g gallic/100 g Tagtimiinu) 1.23+0.01
naalsflad (me/ke Taerimiinuia) 50.8620.00

values (Means = SD) N =3

= g A 4
2. wamsanedSnadlvrimetimanzanlumswanuzni
1 l:' | :’
2.1 MaveauzHiNan 1UiIHg
=2 =) d' 43!‘ dldld a 2 ' %’ = Y
pansAnIMAUznigasiugu nazugninimaaulsua lviwaduSiadesaz 0 2.5 5 7.5
¥ o " A A A v Y = K ' ' 3 a =
uag 10 v auile wule@ulsua liwannvuaaralifainnueadng (LY aanudludua - &
e (a¥) manuiludimaes - 1118u (b*) vesuzniiaaasetuiiivddymeana uaasdansei 2 Tasnou
AINVLHUTAT L* UAUNIAY 55.27 40.22 37.97 35.55 1A 26.79 AUAIAY A1 a* YAUNINY 3.72 0.07 -0.60
-0.70 1A% -0.80 MUAIAL HATAT b* WAUNINY 25.00 14.14 13.19 10.91 UAE 9.77 AN HIA1 L* a* uag b*
4 VY prp— §y A ~ 3 ° A ' '
anad 1Ween luihead d@euzaendemivS nanuarudisasilduzsniianuaiieanad (A1 L* anad)
A A 9 E ' A A ' = 1 o A A
AV ATVNTY (A1 a* anad) UTHABIAAAT (A1 b* aAad) Fageandednuzla 2 vesuzrlineuadn
A o A o q ¥ ¥ Aq ' 2 a ' 424 2 "
diohwzniimngas llanyiIdiduuzyll e Tanuaanniunasanana L iiuiu min 61.18
) A A o X a o ]
44.12 43.88 36.71 UAZ 27.47 Az APANR N U UT 2 Yo suzHiindInsain Funanmswosdavewiiagmsyly

= X

H y 1 S 4 T a = U . . .
anmziiiinnn Tagaznosdunuiuiiogurgigeuuiioni1msinanald lussu (Gelatinization) vl

U

¥ a = a v Y @ A
a1 snnamsaanilaeiinnufeudalimldinamsgadolsumaas Isilad luluiiazaie ldunin 1y

. Y} o o q ¥ ] a o ¥ a ~
a7 (Chinnasarn & Krasaechol, 2020) tazanu3 audain i InseadwvesnasIsad lwlvivianszuiumsil e

a o .. . o 4 Asa A = v & Y o Yy
@ Ty (Pheophytinization) MmlduznilFveIourang (Phongramun et al., 2011) aaduanudewihlva
A A4 2 A 2 A = ) A Y ) o
VNULHUUAT L* MWUUU Uzmmﬂ’nuﬁlﬁmﬂmummﬂ%EJ‘]JmEJ‘]JmJ‘U%mJﬂ’fJumﬂ "'If\ﬁ]&’llﬂﬁ@ﬂﬂﬁ@\?ﬂﬂﬂ'] a* Ly

' A ' A S A oo oA ALK o w
f1b* 1/]LLﬁﬂ\iﬂ']llﬂsluﬂﬁvnﬂﬂ'f]']lllﬂuﬁlﬁuEJ'J Llagﬂqjulﬂuﬁlﬁaﬂﬂﬂlwumu ALY
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2 A aa i ' ' o
M1319N 2 mammuz'ﬂn‘wwau‘lmmwﬂuﬂ?mmma ] NOUAINUASUAIAIN

1] 20’
51 lviime L* a* b*

Y H o 1 @ * ' @ * ' @ *
(iﬂﬂﬁgu']ﬂuﬂl!ﬂﬁ) NOUAIN NadaIn NOUAIN NadaIn NOUAIN NadaIn

'3 a a a a a a
FATNUZIU (0) 55.27+0.60 61.18'+0.34 3.72°+0.07 1.03°+0.12 25.00'+£0.69  24.24'+0.52

2.5 40.22°+1.23  44.12°£0.57 0.07°0.07  -1.44’+0.16  14.14°:0.32 24.36'+0.32
5 37.97°+0.81  43.88°:0.34 -0.60°:0.03  -1.64°0.35  13.19°t1.05  18.28°+0.53
7.5 35554028  36.71°£0.60  -0.70°:0.04  -1.99°:0.06  10.91°+0.57 17.26°+0.45
10 26.79°£0.66  27.47°+0.45 -0.80+0.04 -2.25°0.11  9.77°t1.13  11.73°t0.15
NI : fsnusiulEnfiseiulunds wneds SaomuaneiumaadavesFina lding
(p=0.05),

* TunuIue U HUNED9 ANNLANANAIUN A DATDIULHINDULATHAINITAIN ( p=>0.05), values (Means +

SD)N=3

(M (V) Q)] Q) Q)
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4 v Y 1 @ v Y a
5U7 2 dnvuzvesusnlinan liihwineuainuazndsadn Tagnay liimalsumiesaz n.ov. 2.5 9. 5

4
. 7.5 Qe 9. 10 ﬂJ@QuTﬂuﬂlLﬂﬂ

2.2 ANhdase (a,) MazanuruveszvilinanlvThmg
. 4 4 4 1 a_ v 7 .
huznligagasiugiv uazuzniinau litihnen 4 gas Ao Sovaz 2.5 5 7.5 uaz 10.0 (Taniwin
d‘ 2 L ) % 1 =) %’ a 2 g U d‘
utle) ndalirumsarnunianlsunaniivase (o) tazUsuaaNuFL HaN1INAABIEAIAIAIT NN 3
v ' X ¥ o :
WUIIA1 2, AAAIIIN 0.89 D4 0.75 uazAfFInannuFuananIniooas 25.43 i9 20.98 Tastimiinaa #ns
V¥ L e awa y 4 (2
@ulaivimeluaanailie a, uazanuduvesuzniinanlutiwans 4 gas Ao Sevaz 2.55 7.5 uaz 10.0
90‘ @ = dsll A [ 3.‘ A o I Y A o
(Tagiminuile) vazanaseinuzuiigasiug i iiosain liiwdidnyuzifuvewd ulondusiuny
' ° A o LIRS H A ° Y1 -~ X A A
dyunauTumshuznd ld lahmegaiTuuzull dawasildn o, vaziSunaanuduvesuzvlianasile
a v Y 2 Yy o A o A v v A A A o 2
@y 11HaunTY aeandean U TANAN Tvurad Iy wudemylSuadn Tunaauinay

& A
USuUANNTUYBIULHUIZanad (Phongramun et al., 2011)

4 ' y AA v ¥ '
M3197 3 A1 a,, tazANNFUVIUEHARaY lithaelulS e 9

Wanarling . ALY
Favazihmrinutla) P B Fovaz Tasrhmiinan)
qmiﬁugm(o) 0.89°+£0.00 28.43°+0.14
2.5 0.81°+0.00 26.67°£0.76
5 0.79°+0.00 25.88° £0.41
7.5 0.77°+£0.00 23.15°+0.74
10 0.75%£0.00 20.98" +0.89
NIBINe = Snusiuanaiulunian wineda Tanuuand1efunaada (p<0.05) values (Means +
SD)N=3

¥
A v v

2.3 anvaieauiava sz vitNadlving

@ ¥ o o § ' 3 [ { ' a ' 3 1 o Y1 <
aﬂHiLlmﬁ@ﬁllWﬁ‘ll'f)\1'1JZﬁﬁﬂﬁuvl‘llunlﬁﬂﬂﬂﬂ@'ﬁ'mﬁ 4 W'U'J'lﬂ'lﬁmllhlﬂlu'mﬂﬁﬂﬂaﬂ'ﬂﬂﬂ']ﬂ'ﬂlllﬂlﬂ

v P ' ' v \ g gll
(Hardness) Y030z HUgATNUFILEAT 0.13 N ddudznlnay 1uiimane 4 gas fo $ouaz 2.557.5 U8z 10.0

H o A A X g o A ' ¥ A A 9 '
(Tagsimainuila) Tannuvuilu 0.14 0.15 0.17 uag 0.22 N euaiay (iiean luihweidud ) luaunaw

H 2 %.) 1 a 1
1z ldgain i lnguulundsendiuSnani lifsanelunsifalaldedeauysal (Tanasombun et al.,
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2014; Palasuwan et al., 2019) 39%11% TnssaZevesuzwi lludnss nags lduusniinde asandoaruy
Snvazibeduiadiunnuendeluname (Chewiness) 9211A1aAA9910 0.05 N 54 0.01 N tiiof3ualirh
nalunaasaaue LAY tazduiuiiuAve S mannuiuiianadas dmiunsnaaeUns A
(Tensile strength) 1AMWYK Y (Elasticity) vosuzwiinay lthnais 4 gn3 TAnaaas nazdinMueniigas

1 i ' ' » i
fiugu itesnnesdszneuiiiludulelu lihrazih livaunsmaseuTassadnves Tusauuaz aansy

o q ¥ ¥ T § o 3 ' ) Y o g ¥ { '
voalam i lasaadaveala luuvans e iworhuis adluusy uazdadlududairldue s v uazuiadie

a v ¥ 1w 3y Y 1 a v ¥
(Tanasombun et al., 2014; Palasuwan et al., 2019) M3an lvihmaeanyazitiodudanuin madulviinedos
%’ Y] o Y Aa o [ =\ [} T g A o d" @ @ Y =
az 2.5 Tasshmiinuile sz lduguiilidnvusdnvuzmiionjy liuds Tdnvazitiodudalunndium
=

@ d

' v ¥ 4 % g a {
nagouan M 19 lihaelulsmaou Fuiluldawmasprumdasusigusuusniian (une.732/2552)

4

l:' v dy o CY d' Al
319N 4 amgmzmafmNﬁmmmwuwau'lmmm“lmﬁmmmq il

Ly A anuendely IERTOR ANUPANgY

Yana limg 2

v v N) N134A87 N) (Pa)
(iaﬂazumuﬂuﬂa)
(N)
Fy

FATNUTIU (0) 0.13°+£0.00 0.05°+0.00 17.24°+0.17 -14.22°+0.30
25 0.14°£0.05 0.03°+0.00 16.42°+0.10 -15.38"+0.41
5 0.15°+£0.05 0.02°+0.00 14.36°+0.39 -18.64°+0.59
7.5 0.17°+0.05 0.01°£0.00 11.40°+0.38 -21.77°+0.35
10 0.22°+0.11 0.01°0.00 8.70°+0.25 -25.11°+0.89

v FJ

WUIME : - @I0NBINUANAINAU TUIUIAT HUEDe TANUIANANAUNINEDA (p=>0.05), values (Means =
SD)N=3

U g’ =) A} v d‘ 1 :
24 mig}ﬂm‘umuazmigiymmg‘mnmmaﬂummmﬁuwaﬁlmmm

v f 1]
N139A% LU (Water absorption) ua:mﬁqtyLﬁaizmwmimﬁ'w (Cooking loss) mawzﬁﬁqm

4
°

4 { v ¥ H o o ! ! o
ﬁugm L!ZﬁgU%WﬁWﬁNI‘lﬂJUWWQ%}@ﬂﬁ% 2.557.5008 10 ﬁumumunuﬂq LLﬁﬂ\?ﬂ\‘]ﬁTﬁNﬁ 5 NUINTHAFUUN
ﬂlﬂﬂﬂxﬁﬁﬁﬂﬁﬁ%?ﬂ%}ﬂﬂag 94.14 91.11 86.66 81.11 1ag 67.77 AINa19Y ﬂ?i@ﬂ%ﬂﬁ?ﬁﬂﬁﬁ]gdﬂwﬁiﬁlﬁyu

A Y ' o & o ' A% a A A o 2 9 Y A
USUULLU meﬁu"lll‘]/\l@ﬁﬂ’f] G]Nﬁﬂ‘Hﬂ!%ﬂ’]'liJ‘l;lll"’llﬂQ'Ué‘ﬁﬁlluumﬂ"l]'lﬂﬂ'lﬁ/lUS:ﬁll@ﬂ%ﬂu'lﬁl']"lﬂiuﬂlm&’ﬁuﬁiﬂ
a ' ~ v 3 ' A ~ v Y [ 1 a
a9n ’mm‘umiqnﬂﬁﬂssmnmimﬁ’mmmwuwﬁn%m ‘W“]J’NﬂWSLWN'l]ilIWmllﬁlJuTWQﬁQWﬁﬂﬂﬂWiQigLﬁﬂ
3314'J'W\‘]fni’l’qi\‘]ﬁ}‘l\l‘ll@\iﬂg‘ﬁﬁﬁLﬁNﬁuLﬁWfTU%}@ﬂﬂg 2.68 2.95 3.98 8.16 48% 13.55 AINA19 1 lﬁ'ﬂ\ﬁnﬂ

H T ’0’ H a { X - -7
panlsznoundludulelulviweaidyas 1 luduuzniog lldaunamsadaiuse lada e (Disulfide
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o o { o ) o2 % Y J a '
bond) voaTsaurvaas¥luuzu i liuzul liudause salinalddaaasmnamsuanoonlussninams
o 1 v 5 s ' H ' 3
arnuazdidanalios luTaangaoenainidaaaisregluiisgyiansaInuIndu (Phongramun et al., 2011)

' o a = < ' ' = § Ay 1 a ' 3
dawarhldinanmsgdevewdaluszniemsdugannuzuligasiugiui lutimsay laimg

y ¥ 4 ) %’
M1519N 5 M3QAGUL (Water absorption) Hagmsgaydeanns#i11dgn (Cooking loss) veeuznlina luiih

P
W lirhng magasuth MIGUYTITZHINMIHIAW
Fovazrhniinudla) ($ovaz) ($ovaz)
gmﬁugm (0) 94.14'+£1.92 2.68°+0.51
2.5 91.11°°+1.92 2.95°+0.06
5 86.66'+3.33 3.98°+0.89
75 81.11°+1.92 8.16°+1.58
10 67.77°+3.85 13.55%0.05

[ F2
HUALYe - ®e- @GNy NUAnA19n U TULuIAY ﬁlﬂﬂﬁﬁ UANUUANANAUNNADA (pZ0.0S), values (Means +

SD)N=3
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i]Tﬂﬂ"IiﬁﬂHWﬂiiJTmllﬁlJuTWQﬂ!‘Hll"l%ﬁlliuﬂWiWﬁ@lUgﬁll WwoenlSeumeuaa an a, ATNITU
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{ A § 4 i A a 1 %}
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a

1 B v 3 Y o A = 1 Y o A v ¥ o= A A
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a

3 o

' 3 v A o a 7 7 a '
'lmumwaaaz 2.5 LW@UW%ﬂ’JLﬂiT%‘HW1@\‘1‘?1“]Ji$ﬂf’J“]J‘I/I"lell,!,ﬁgﬂﬂﬁﬂ“]J’t'ﬂf!ﬂﬁ!,ﬂﬂiﬂ‘]el"lﬁ’f)ulﬂ

¢ o a RS

2.5 aantlszneumaniivesuzrinnan lviiwg

o = ] %’ 9 %; @ a 4 4 =1 s 1Y

Mugninan lviimedesas 2.5 veaimiinuids TSmsiziesndsznoumaninfisumneuny

A & a P o A v A A VY Aoquy & A

VNUGATNUFIV HAMIAATIZHIAARIT 190 6 wubeian luiweasluugniivhldesdlsenoumanll
[ [ A A dg! 9 a o A g = = = Y =3 A 49!
darulvguesugnimuaun TasmwizasiueonaaduniulsnaTlsautazdSmanudma Tsnunuay
I Y H @ Y ¥ o Y o a Pt s
1y 15.51 Feoaz Taormiinure 1ag 0.170 mg/100 g lagiimiinuds awa1ay Usuailuoaiin 0.07 ¢

e a ' H o < = a
gallic/100g Tagsimiinuia uazaas IsWadnan 5.42 mgke Taeiminuia dauSuailueanaznaslsilag
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) ' A A & Y Ao a ad A 3y 0o q ¥
wutlesuinuaz lunuaeTuuznligasnugiu Feaeandosnunuisemswan lansadiu luiiesas 1 9h14d
NS TisAudeeas 4.24 Fegannlensagasasgiu Tl5uallsdudesay 3.97 (Chaikulsarcewath &

a [ 9o’ < a v (A o a [ A =
Amsem, 2007) tazraveamsrasy luidesas 20 TuFenTnuaadvlinily ldnaasuainySuialdsau
A ds! ) 9 = g‘/ v A a a =3 o o .
inauiludovaz 7.64 BnnsdalilFinainiue (B-carotene) gaa 133.56 1uTasn51/100 n51 (Boonwittaya,

o ¥ 3 A o @ A~ 0 q ¥ Ao ! 4 2 9
2016) muumiNﬁu"lmmwﬂuwamnmmmwuiN3Jwawﬂwuzwuuﬂmmmﬂmmmsmmuma

Y
A

3 J A { ' ¥
M319i 6 ?Nﬂ‘ﬂi3ﬂi]‘]J‘I/INLF‘I?JGU’E]Q‘]J%“Vill’c;fﬂEWUWI“L!!,LﬁZ‘]J%WﬁWﬁN“lGULHWQ

@9

aendszneumanail uwi’}qmﬁugm vzniiwaylithredevas 2.5
Ay (Jovaz)’ 28.43+0.14 26.67+0.76
i Fovaz Tagrhmiinute)’ 4.0840.96 4.22+0.76
Tsiu @ovas Taeinninuda) 14.73+0.62 15.510.05
Tusiu Govaz Taetmainua)’ 4.50+0.26 6.76:0.77
Fulsonns Zevay Tasrhmiinuia)’ 4.13%0.82 4.22+0.43
i Tlaase (Zovay Tngtminuie) 54.9940.65 57.554+0.43
wdualsfin (mg/100 ¢ Tasrhminuda) 0.029+0.00 0.17040.05
Wuoa (g gallic/100g Tagrhminuda)’ 0.0120.00 0.07+0.00
aaelsilad (me/ke Taorininuie) 0.00+0.00 5.42+0.00

e - lunuiueu ¥ueda AUnaelinuIANANAUNINADA (p=0.05), values (Means + SD) N = 3
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Abstract

The objective of this research was to investigate the optimum conditions for producing Sangyod pregelatinized rice
flour by using a twin drum dryer. This study explored factors, namely: temperature levels of a twin drum dryer adjusted into
three levels: 120, 130 and 140 degrees Celsius and the rotational speed adjusted into 2 levels: 1 and 2 rpm. Factorial CRD
was used as research design to study the optimal recipe of Massaman Flavored Sangyod Rice Spread. The content of Sangyod
pregelatinized rice flour solution was adjusted to be 30% and 40% with 20, 25% and 30% of Massaman curry paste and 10 and
20% of fresh butter. Later, the physical, chemical and consumer acceptance were tested. The testing results indicated that the
optimum conditions for producing Sangyod pregelatinized rice flour were a twin drum dryer’s temperature of 140 degrees
Celsius with 1 rpm. Under these conditions, obtained Sangyod pregelatinized rice flour were slipped off the surface of the dryer
very well with low final viscosity and recovery values. The obtained spread products were more easily applied than
pregelatinized flours under other conditions. Furthermore, the optimal recipe of Massaman Flavored Sangyod Rice Spread was
the ingredients of 30% Sangyod pregelatinized rice flour solution, 20% Massaman curry paste and 10% fresh butter content.
There were no statistically significant differences in the spreadability (p>0.05) between the obtained product and the peanut
butter product (control) with 3.91 gram of dietary fiber and antioxidant activity by DPPH of 45.18 mg / eq (Trolox). When

consumer acceptance was tested, it was found that the overall preference was at a moderate level.
Key word : Spread, Sangyod Rice, Pregelatinized, Twin drum dryer
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Abstract

The objectives of this research were to study the effects of drying methods (freeze, microwave, and hot
air drying) and conditions (low, medium, and high) on yield, beta-carotene, and lycopene content of gac aril
powder. Gac aril was dried using a freeze-dryer under different drying conditions: low, medium, and high (where
the second stage of temperatures were 40, 50, and 60 °C) for 120 min. Gac aril was dried using a microwave oven
under different drying conditions: low (using 480 W microwave power for 15 min), medium (using 560 W
microwave power for 13 min) and high (using 640 W microwave power for 11 min). Gac aril was also dried using
a hot air oven under different conditions: low (hot air temperature of 60 °C for 540 min), medium (hot air
temperature of 70 °C for 480 min) and high (hot air temperature of 80 °C for 420 min). It was found that gac aril
dried using a freeze dryer under medium and high conditions resulted in the highest value of yield, beta carotene,
and lycopene content and insignificant difference (p>0.05). Freeze drying of gac aril at medium condition using
lower drying temperature resulted in lower energy consumption than at a higher condition. Therefore, the optimal
method and drying condition of gac aril was freeze drying at medium condition (using a second stage drying
temperature of 50 °C) which gave the highest yield (21.46%), and highest beta-carotene and lycopene content

(10.19 and 1.98 mg/g dry weight, respectively).

Keywords: beta-carotene, freeze drying, gac aril, lycopene, microwave
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Abstract

This research aimed to study banana strains and determined the suitable amounts of coatings in fiber
coating from banana leaf sheath for use in handicrafts. The studied factors were two species of banana trees namely
Gros Michel Banana and Cultivated banana. The amount of micro wax was studied in three levels which were 0%,
50%, and 100% of paraffin wax weight. The test plan was Factorial in CRD, which resulted in a total of 6 samples.
The research was to select suitable sample by scanning the surface characteristics with a scanning electron
microscope and studying the color, maximum tensile force, and moisture content. The research results were found
that fiber from banana sheath that was coated with micro wax, 100% weight of paraffin wax was suitable for use in
handicrafts. The product was light yellow, had a brightness value (L*) of 63.92 (a*) of 0.08 and (b*) of -3.61, a
maximum tensile strength value of 100.73 N, an elongation of 8.33%, and a moisture content of 4.98%. The

characteristics of the coated fibers were evenly smooth across the entire strand.

Keywords: Fibers from banana leaf sheath, Handicrafts, Coating
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Abstract

The catalytic performances of tungsten catalysts supported on zirconia with different tungsten precursors
were studied in the dehydration of ethanol to ethylene. Tungsten/zirconia catalysts were prepared by wet
impregnation method using tungsten chloride, ammonium metatungstate and phosphotungstic acid as the tungsten
precursors. The prepared catalysts were characterized by X-ray diffraction, N, adsorption-desorption isotherms,
Fourier transform infrared spectroscopy, Atomic absorption spectrophotometry, Transmission electron microscopy
and Temperature-programmed desorption of NH,. It was found that the tungsten precursor was an important factor
affecting the amount of weak strength acid sites in the catalysts. The catalysts synthesized using phosphotungstic
acid as the tungsten precursor exhibited the highest conversion and ethylene selectivity. The highest activity can be

attributed to the presence of the highest weak to moderate: strong acid sites ratio.

Keywords: tungsten/zirconia, dehydration of ethanol, tungsten precursors, ethylene
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Abstract

In this research, a nitride layer on tool steel was synthesized using a plasma-assisted nitriding process at
low temperatures. Before nitriding, the SKD61 tool steel was cleaned with a hydrogen plasma for half an hour.
Then, it was heated in a vacuum with 450 °C for half an hour and followed by plasma nitriding for 4 hours. The
nitrogen flow rate was kept at 1000 sccm and mixed with the hydrogen as a different flow rate of 0, 300, and 500
sccm. The operating pressure was held at 149 Pa. The plasma was generated using a 10 kHz power supply with an
average power of 53 W. The optical emission spectra during the plasma nitriding process were analyzed. The
atomic nitrogen species were detected at the wavelengths of 427.33 and 585.57 nm. The atomic hydrogens at the
wavelengths of 434.05, 486.14, and 656.28 nm also were founded. The energy-dispersive X-ray spectroscopy was
used for the elemental analysis of a sample. The atomic nitrogen concentration decrease with the increase of
hydrogen flow rate. The structural property of the nitrided specimens was examined using the X-ray diffraction
technique. The &-Fe,N phase was found corresponding to the 26 of 41.17, and the y'-Fe,N phase was also detected
at 47.97 and 70.2. Moreover, the CrN phase arising from the precipitation was identified at 63.30. The thickness
of the nitrided layer was estimated from the SEM image. It appears that the nitrogen can diffuse into the
specimens up to 184, 93, and 77 um. The Vicker hardness of the nitrided samples was increased from 5.43%0.63
GPa to 11.36£1.20, 12.1740.35, and 7.42%0.62 GPa that is corresponding to the hydrogen flow rate of 0, 300, and

500 sccm, respectively.

Keywords: Low-temperature plasma nitriding; Tool steel; SKD61
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Parameters Plasma cleaning Preheating Plasma nitriding Cool down
Operate pressure (Pa) 16 0.7 149 0.7
Voltage (V) 475%15 - 220, 240, 340 -
Average power (W) ~175 - ~53 -

H, flow rate (sccm) 500 - 0, 300, 500 -
N, flow rate (sccm) - - 1000 -
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(a) Pristine x300 (b)-Pristine x3000
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scem U8 H, 500 sccm (H500)
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Abstract
In this article, the skew-normal distribution is introduced which includes the normal distribution as a
special case. Many characterization properties and applications of this distribution are summarized. The

estimation of a skew-normal distribution parameter is also presented.

Keywords: skew-normal distribution, normal distribution, skewness, method of moments estimator
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