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Abstract

This study aimed to search for a proper system for electro-flotation harvesting of
microalgae Dunaliella salina with a minimization of metal contamination. An applied electrical
current caused cell aggregation and produced small bubbles which levitated cell clusters to the
top surface. Since no electrolytic erosion for cathodes (negative electrodes), we tested the
harvesting by using planar cathodes, lying in the bottom of the reactor, made from different
materials and forms. For a given electrical current, all cathodes resulted in a similar harvesting
efficiency as well as the energy consumption. Unlike the cathode, the anode (positive
electrodes) usually erodes in the electrolytic process. To avoid contamination of released metal,
we used only graphite plates as the anode. Different settings of graphite anode plates (located
above the cathode) were studied. For a given electrical current, all cases of anode settings had
a similar harvesting efficiency but the energy consumption increased with the distance between
the anode and the cathode. For a given setup of electrodes, we showed that both the
harvesting efficiency and the energy consumption increased with the applied electrical current.
By considering the above results as well as the fact that the stainless steel plate is cheaper and
easier to handle in comparison to the graphite plate, we suggest that a combination of graphite
anode and stainless steel cathode is an appropriate set for microalgae harvesting with an
avoidance of metal contamination. Furthermore, for a convenience of the collection of the
levitated microalgae cells, the top surface should be leaved widely opened by setting the
graphite anode plates near the wall of the reactor. Finally, a large scale harvesting of the
microalgae cultured with outdoor conditions is demonstrated in Nakhon Ratchasima, Thailand.

Keywords: Dunaliella salina, harvesting, electro-flotation, stainless steel, graphite

Introduction

Microalgae have a potential in a wide variety of applications. Microalgae have been
considered as the natural sources of energy and bioproducts including carotene (Lamers et al.,
2008; Zhu & lJiang, 2008). Several research pathways have been explored to improve the
economics of the microalgae production including microalgae harvesting (Christenson & Sims,
2011; Dassey & Theegala, 2013). Different techniques of microalgae harvesting are currently
investigated, e.g., chemical coagulation/flocculation, flotation, filtration, centrifugation, and
electrical based process. Microalgae utilization is not economically sustainable due to difficult
and high cost of harvesting. The operation cost depends on the harvesting method as well as
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type of microalgal species. Quantitative and comprehensive cost comparisons of difference
harvesting methods and microalgal types can be found in review articles, e.g., Lee et al., 2013;
Barros et al., 2015 and Marrone et al., 2017. While centrifugation can harvest most algal types
with rapid cell harvesting, its operational cost is much higher than others. The operation cost of
other methods is quite similar.

Flotation is a process where gas bubbles fed to the liquid medium providing a lifting
force needed for particle transport and separation. Electro-flotation generates bubbles through
electrolysis (Baierle et al., 2015; Zhou et al., 2016; Vandamme et al., 2011). The generation of
these bubbles can be done at both electrode and coupled with the electro-coagulation that
occurs through the electrolytic oxidation that happens at the cathode (Gao et al., 2010).
Separation by such flotation depends on bubble flux and size (Coward et al. 2014).

Electro-flotation harvesting of microalgae has been recently investigated by using
electrodes made from various kinds of metals including Fe, Al, Cu, Mg and stainless steel.
(Bleeke et al., 2015; Ryu et al., 2018; Ghernaout et al., 2014; Xu et al., 2010; Zenouzi et al.,
2013; Shuman et al.,, 2015; Dassey & Theegala, 2014; Barros et al., 2015). During an
application of electrical current, the positive electrodes release metal ions into the medium.
These residual metal ions potentially act as coagulant and liberate adversely affecting
microorganisms due to their toxicities in aqueous and microalgae biomass (Kim et al., 2012).
An avoidance of this metal contamination has been demonstrated by using graphite plates for
both positive and negative electrodes (Misra et al., 2014; Zhou et al., 2016).

In this article, we presented a study of microalgae harvesting using electro-flotation. To
avoid adding metal contamination into the harvested microalgae, graphite plates were used as
the anode which usually eroded by electrolysis. In contrast, an applied electrical current does
not cause erosion of cathode. Therefore, we tested cathode plates made from different
materials and forms. Then, the configuration of graphite anode as well as the electrical current
were varied. A proper setup of electrodes was designed by considering the harvesting efficiency
and energy consumption. Finally, a harvesting of the microalgae in a large scale was
demonstrated.

Materials and methods

Microalgae Dunaliella Salina strain KU 11 (Wu et al., 2017) were cultured in transparent
glass chambers (30 cm x 60 cm x 40 cm) using a modified Jonson’s medium with 2 M NaCl
(Wu et al., 2017). Each chamber contained 50 litres of medium and illuminated by fluorescent
lamps with an average light intensity of 54 umol m™? s™ from top for 24 h day™. Harvesting
experiments were carried out when the microalgae cultured for 14 days and the cell density
was about 14.1x10° cells ml™.

As shown in Figure 1, the experiments were conducted using 4.0 liters of the
microalgae culture in a transparent rectangular reactor with dimensions of 5 cm x 30 cm x 35
cm. The cathode plate was laid in the bottom of the reactor while the anode was set (either
vertically or horizontally) above the cathode. An electrical current was applied using a DC power
supply (Wanptek, Model KPSOD) in constant current mode.

The effect of electrode types as well as their configuration on the microalgae
harvesting was studied. Four different cathodes (lying in the bottom of the reactor) were
investigated; cathode I: a stainless steel plate with dimensions 4 cm x 28 cm x 0.1 cm, cathode
II: a stainless steel plate with dimensions 2 cm x 28 cm x 0.1 cm, cathode III: a perforated
stainless steel plate with dimensions 4 cm x 28 cm x 0.1 cm, 3-mm round holes and 40% open
area, and cathode 1V: a graphite plate with dimensions 4 cm x 28 cm x 1 cm
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To avoid contamination of metals usually released from electrolytic erosion, we used
the anodes made from only graphite. Four configurations of the anodes were tested in the
setup using only cathode I. A couple of graphite plates with dimensions of 4 cm x 35 cm x 1
cm was set vertically at the left and the right of the reactor. The space between the cathode
and the anode was varied for three cases: 1, 10, and 20 cm as anode I, II and III, respectively.
The fourth configuration (anode IV) was a single graphite plate with dimensions of 4 cm x 28
cm x 1 cm, which was set horizontally with a distance of 20 cm apart from the cathode.

The influence of applied electrical current on the microalgae harvesting was examined
in a setup with a couple of vertical graphite anodes setting at 1 cm (anode I) apart from a
stainless steel cathode I (4 cm x 28 cm x 0.1 cm in dimensions). The applied electrical current
was varied as 2, 4, and 8 A.

To determine the harvesting efficiency, 10 ml samples were collected from the middle
of the reactor every minute during the experiments. The optical density of the samples was
measured by using a spectrometer (Ocean optics, model HRS-4000). The harvesting efficiency
was determined from the reduction in the optical density at a wavelength of 550 nm (ODss) as

harvesting efficiency (%) = (1-A/B) x 100,

where A is the ODss5g at time t and B is the ODs5 before the application of the electrical current.
The culture medium is used as the blank in the measurements so that in a null test (without
microalgae), its optical density A is zero. The electrical energy consumption was estimated from
the applied electrical current I (A), the applied voltage V (V), time t (h) and the microalgae
volume L (m?®) as

energy consumption =1 x V x t /(1000 x L)

which has a unit of kWh m™ as usually reported (Barros et al., 2015).

To demonstrate the microalgae harvesting in a commercial scale, the microalgae
Dunaliella Salina strain KU 11 were cultured in raceway tanks with a volume of 800 liters with
outdoor conditions (Wu et al.,, 2017) in a salt production company located in Nakhon
Ratchasima, Thailand (15- 8.4 N, 101- 9.4 E).

Microalgae biomass was harvested in a large transparent rectangular reactor with
dimensions of 50 cm x 100 cm x 50 cm. Four graphite anodes (45 cm x 50 cm x 1 ¢cm in
dimensions) were placed vertically close to two opposite walls and above a stainless cathode
plate (45 cm x 90 cm x 0.1 cm) which was laid at the bottom. A strong electrical current 120 A
(the voltage of 12 V) was applied from a DC power supply (MEAN WELL SE-1500-12).

Results and discussion

Figure 1 demonstrates an example of the microalgae harvesting using electro-flotation.
Prior to the application of the electrical current, the microalgae culture appeared dark green as
in Figure. 1(a) and had a high optical density. When the electrical current was applied, many
small bubbles generated from the electrolysis were distributed throughout the reactor. In the
course of time, the bubbles as well as the levitated microalgae gradually accumulated as foam
at the top surface. In Figure 1(b), the medium became lighter green at 5 min after the
application of the electrical current and the harvesting efficiency was 49.3%. When most of the
microalgae were lifted to the surface, the foam at the top surface appeared as two layers: a
green layer with concentrated microalgae lying above a white layer composed of tiny bubbles
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(e.g. in Figure 1(c) and Figure 1(d) where the harvesting efficiency was 87.3% and 90.0%,
respectively).

Figure 2 shows an example of cell aggregation of the microalgae Dunaliella salina
induced by the applied electrical current. The microalgae are small single cells distributed
throughout the culture medium, e.g., in Figure 2(a). These microalgae cells behave like
suspension since they have negative charged surface (Vandamme et al.,, 2013). After an
application of electrical current, e.g., 4 A for 5 min shown in Figure 1(b), the single cells were
induced to form larger clusters, e.g., in Figure 2(b) and Figure 2(c). The cell clusters were
much larger than the individual single cells. Since larger particles can easier to be lifted by
bubbles so that the microalgae harvesting is facilitated by such the electrically induced cell
aggregation, as reported earlier for other microalgae cells, e.g., Chlorella Sp. (Zhou et al.,
2016) and Scenedesmus acuminatus (Bleeke et al., 2015).

Figure 1. Microalgae harvesting using an electro-flotation. Sequential images (a) — (d)
illustrate the experimental results at 0, 5, 10 and 15 min, respectively. A stainless steel cathode
(4 cm x 28 cm x 0.1 cm in dimensions, cathode I) was laid in the bottom and a couple of
vertical graphite anodes (anode I) was set at 1 cm above it. The applied current was 4 A.

@ - - B o)) ©

Figure 2. Images of microalgae Dunaliella salina under microscope: (a) a 10x image of single
cells that stayed separately in the culture medium, (b) a 10x image and (c) a 40x image of a
large cluster of the cells induced by an applied electrical current.

Figure 3 shows the harvesting efficiency obtained from the setup with four different
cathodes. In these experiments, the anode I, a couple of vertical graphite plates at 1 cm above
the cathode (as shown in Figure 1), was used and the applied electrical current was 4 A. All
cathodes gave similar curves of the harvesting efficiency. At the beginning, the harvesting
efficiency increased very fast. At 10 min, the harvesting efficiency reached about 80% for

-4 -
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cathode IV (made from graphite) while other three cathodes gave a higher efficient of about
87%. For longer times, the harvesting efficiency still increased but with slower rate: at 20 min,
the harvesting efficiency from all cathodes reached similar values of 89% and 97% at 15 and
20 min after the application of electrical current. Thus, in the initial phase of 10 min, the
graphite cathode gives a lower harvesting efficiency than the stainless steel cathodes while all
cathodes provide similar efficiency after 15 min.

100 -

80 1

60
—O—cathode I

Harvesting Efficiency (%.)

40 7 —a—cathode II
50 —C—cathode III
. —0— cathode IV
0 L T T T 1

0 5 10 15 20
Harvesting Time (min)

Figure 3. Efficiency of the harvesting using different cathodes; cathode I: a stainless steel
plate (4 cm x 28 cm x 0.1 cm), cathode II: a stainless steel plate (2 cm x 28 cm x 0.1 cm),
cathode III: a perforated stainless steel plate (4 cm x 28 cm x 0.1 cm, 3-mm round holes and
40% open area), and cathode IV: a graphite plate (4 cm x 28 cm x 1 cm). A couple of vertical
graphite plates was placed 1 cm (Anode I) above the cathode.

Figure 4. Microalgae harvesting with different anode configurations. A stainless steel cathode
(4 cm x 28 cm x 0.1 cm in dimensions, cathode I) was laid in the bottom. (a) — (c) A couple of
graphite anodes was set vertically at the left and the right with a distance of 1 cm (anode I), 10
cm (anode II), and 20 cm (anode III) above the cathode I. (d) A graphite anode was set
horizontally with a distance of 20 cm (anode IV) above the cathode 1. The images were taken
at 15 min after electrical current application.
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Microalgae harvesting by using four different configurations of graphite anodes was
studied in cooperation with cathode I. As shown in Figure 4, when most of the cells were
harvested, i.e., when the harvesting efficiency was more than 80%, typical foam layers
composed of a green layer of concentrated microalgae lying above a white layer of small
bubbles occurred in all cases. Note that for the cases of a couple of vertical graphite plates in
Figures. 4(a) — 4(c), the foam layers close to the anodes were thicker than those at other
positions while for the case of horizontal graphite plate, the form was distributed evenly
through the length of the reactor. This comes from the fact that the bubbles produced from the
vertical graphite plates moved up nearby the plates but the horizontal plate generated the
bubbles those raised evenly throughout the length of the plate.

The harvesting efficiency from experiments using four different anode configurations
(see Figure 4) are shown in Figure 5. Similar to the results in Figure 3, after the application of
electrical current was started, the harvesting efficiency grew up very fast and exceeded 80%
within 10 min for all anode configurations. Then, it increased slowly. After 6 min, the harvesting
efficiency of anode IV was higher than the others while that of anode III was the lowest.
However, all curves reached similar values of 96-98% at 20 min.

100 -~
& 80 1
o
]
‘g 60 1
&=
L
€ 40
E —A—anode I
% —1+—anode II
T 20 4 —0—anode III
—O0—anode IV
0 L T T T 1
0 5 10 15 20
Time (min)

Figure 5. Efficiency of the harvesting using different configurations of the anodes. The curves
labeled anode I, anode II, anode III, and anode IV were obtained from experiments using the
setups in Figures 4(a) — 4(d), respectively.

Figure 6 shows the harvesting efficiency from experiments using different applied
electrical current. The electrodes were set as in Figure 1. It can be seen clearly from the graphs
that the higher electrical current results in the higher harvesting efficiency at all time of the
experiments. Similar to the previous results in Figure 3 and Figure 5, the typical graph shape in
which a fast increment of the harvesting efficiency was followed by a slower grow up. The first
interval of such fast increment depends on the applied current: For 2, 4, and 8A, the harvesting
efficiency reaches 77.4%, 84.7%, and 91% at 10, 8, and 5 min, respectively. The very strong
current provided 100% of harvesting efficiency at 13 min while the cases of 2 and 4 A, the
harvesting efficiency reaches 92.4% and 96.0% at 20 min. These present effect of electrical

-6 -
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current on the harvesting agree to the study using other microalgae Chlorella vulgaris and
Phaeodactylum tricornutum where the electrodes made from aluminum and iron (Vandamme et
al., 2011).

The energy consumption of the electro-flotation harvesting are summarized in Table
1. It was calculated from the harvesting time of 15 min where in most of the experiments the
harvesting efficiency was at least 90%, except for the lowest current of 2A with the harvesting
efficiency of 82.8%. For the setups with anode I and the applied current 4 A, all cathode I-1V
gave very similar energy consumption values of around 1.0 — 1.1 kWh m™ (see setups 1-4 in
Table 1). In contrast, the graphite anode configuration strongly affected energy consumption:
an enlargement of the cathode-anode spacing from 1 to 20 cm resulted in an increment of both
the voltage (from 4.1 to 7.0 V) and the energy consumption from 1.03 to 1.75 kWh m? in
setups using cathode I and the current 4 A (setups 1, 5-7). Note that the setups 1-7, where
the applied current was fixed at 4 A, provided similar harvesting efficiencies around 90-96%.
For a given set of electrodes, both the harvesting efficiency and the energy consumption clearly
increased with the applied electrical current. By comparing setups 1, 8, and 9, the increasing of
the applied electrical current from 2 to 8 A caused a raise of the harvesting efficiency from 83%
to 99%, however, the energy consumption increased from 0.41 to 1.63 kwWh m™.

100
80
60

40

Harvesting Efficiency (%.)

0 !‘ T T T 1
0 5 10 15 20

Time (min)

Figure 6. Effect of the applied electrical current on the harvesting efficiency. The setup
composed of cathode I and anode I, as shown in Figure 1, were used.

Although the results show that the setups using different cathodes give approximately
similar harvesting efficiency and consume similar energy, a stainless steel plate is more suitable
to be used as the cathode as the following reasons. A graphite plate is fragile so it is prone to
be broken during operation. It is difficult to produce a graphite plate thinner than 1 cm so it
results in a relatively high production cost of a graphite plate, in comparison to, e.g., a stainless
steel plat with the same area size. Finally, in comparison to other cheap metals, stainless steel
is robust against corrosion caused by the culture medium of Dunaliella salina which contains
high concentration of NaCl and other chemicals.
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The setups with different anode settings provided a similar harvesting efficiency but the
energy consumption increased when the anode was set farer from the cathode. These results
agree to previous reports where both the cathode and the anode are made from the same
materials: graphite (Zhu et al., 2016) or stainless steel (Ghernaout et al. 2015). For a given
distance from the cathode, the orientation of the anode, i.e., vertical or horizontal setup, does
not affect the harvesting process. Furthermore, the top surface of the reactor should be leaved
widely opened to facilitate the collection of the foam of concentrated microalgae cells (foam
layers in Figure 1 and Figure 4) during the application of electrical current. Therefore, vertical
graphite plates setting close to the stainless steel cathode and near the walls of the reactor are
appropriate to be used as the anode.

Table 1. Energy consumption and harvesting efficiency of different setups at 15 min.

space current voltage harvesting energy
setup electrodes ('::m) (A) (V)g efficiency consumption
(%) (kWh m)

1 cathode I, 1 4.0 4.1 90.00 1.03
anode I

2 cathode II, 1 4.0 4.1 91.83 1.03
anode I

3 cathode III, 1 40 42 95.03 1.05
anode I

4 cathode IV, 1 4.0 43 89.76 1.08
anode I

5 cathode I, 10 4.0 5.6 93.12 1.40
anode II

6 cathode I, 20 4.0 7.0 90.88 1.75
anode III

7 cathode I, 20 40 7.0 95.76 1.75
anode IV

8 cathode I, 1 20 33 82.8 0.41
anode I

9 cathode I, 1 8.0 4.9 99.00° 1.63°
anode I

@ The results were obtained at 10 min.

To demonstrate the microalgae harvesting in a commercial scale, the microalgae
Dunaliella salina was cultivated with outdoor conditions in a raceway tanks as in Figure 7(a).
We enlarge the electrodes composed of a stainless steel cathode plate lying in the bottom of
the reactor and four graphite anode plates setting vertical above the cathode and near the two
opposite walls. The microalgae harvesting volume was scaled up 50 times of the laboratory
scale so that the reactor was enlarged from 5 cm x 30 cm x 35 cm (as in Figure 1) to 70 cm x
100 cm x 50 cm. The scale up was mainly done in the width direction from 5 cm to 100 cm (20
times). To increase the stability of the large reactor, the length was extended from 30 cm to 70
cm (about 2.33 times). The height of the reactor was increased from 35 cm to 50 cm and the
height of the culture medium in the reactor was set to about 30 cm so that the culture medium
were about 200 L.
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Figure 7. The microalgae harvesting in a commercial scale using a combination of electrode
types. (@) The microalgae Dunaliella salina was cultured with outdoor conditions in raceway
tanks. (b) During the harvesting, the cells were lifted at the top surface while (c) the medium
below was clear. (d) The concentrated microalgae at the top surface was collected by using a
colander.

Conclusion

We have presented an investigation of electro-flotation microalgae harvesting using
different electrodes. When an electrical current was applied, the single-cell microalgae
Dunaliella salina were induced to form larger clusters those subsequently were lifted by small
bubbles to the top surface as a foam layer. While a graphite plate was used as the anode, all
cathodes (stainless steel plate, perforated stainless steel plate and graphite plate) gave a
similar harvesting efficiency as well as energy consumption. For a given electrical current, the
energy consumption was reduced by setting the graphite anode close to the cathode while the
harvesting efficiency was not altered. For a given setup of electrodes, an increasing of electrical
current resulted in a reduction of the harvesting time and also an increment of the final
harvesting efficiency; however, more energy was consumed. Finally, a large scale harvesting
using a combination of graphite anode and stainless steel cathode, while metal released from
the anode was avoided, was demonstrated for the microalgae Dunaliella salina cultured with
outdoor conditions in a salt production company located in Nakhon Ratchasima, Thailand.
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Abstract

The description of the firefly reproductive structure is relatively under-researched.
Therefore, we initially observed the differentiating stages of spermatogenesis in the adult male
firefly, Pyrocoelia tonkinensis, which could be the very first report in Thailand. All firefly
specimens gathered from Nakhon Si Thammarat province, Thailand, were processed using the
standard histological technique. It was divulged that a pair of testicular structure with several
sperm tubules was seen. The stage of spermatogonia within testis follicle could be divided into
three main zones, namely zone I (growth), zone II (maturation), and zone III (transformation).
In this process, each zone contained the differentiating stages of spermatogenesis, which was
classified into six stages based on size differences and the histological organization (especially
in the chromatin organization) including spermatogonia, primary spermatocytes, secondary
spermatocyte, spermatids with two sub-steps, and spermatozoa. The detailed information
about male P. tonkinensis reproduction could generate not only a baseline data to be better
known but also contribute to the future works regarding ultrastructure and physiology of the
reproductive system. This would then be supportive of the conservation and management of
the firefly in Thailand.

Keywords: firefly, histology, reproduction, sperm cell, Thailand

Introduction
Several investigations concerning the reproductive system of arthropod species have
been exclusively observed because it is fundamental for ecology and physiology as well as the
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species conservation. Then, this information has been used in various documents, such as in
the biological control and the outbreak of insect pests. Regarding previous studies, they
speculated that the structure and ultrastructure of the reproductive insects were a complex
process of cellular development and morphological changes (Gerber et al., 1971; Karakaya et
al., 2012; Ozyurt et al., 2013). The histology of the insect reproductive system was composed
of two distinct parts including gonadal tissue and reproductive duct (Drecktrah, 1966; Ozyurt et
al., 2013). The similar pattern had been reported in dock bug, Coreus marginatus (Hemiptera:
Coreidae) (Karakaya et al.,, 2012), shield bug, Graphosoma lineatum (Hemiptera:
Pentatomidae) (Ozyurt et al., 2013), and common emigrant, Catopsilia pomona (Lepidoptera:
Pieridae) (Tongjeen et al., 2014); however, the knowledge of a basic structure of the
reproduction in firefly is currently limited in Thailand and still has wide rooms for the further
investigation.

Fireflies, also knowns as lightning bugs or glow-worms, are one of the beetles
belonging to the family Lampyridae (order Coleoptera). They are considered being beneficial
beetles in which their larvae can act as natural enemies for suppressing slugs and snails in
natural or agricultural systems (Mckenna & Farrell, 2009; Branham, 2010). Despite their
ecological importance, the reproductive biology regarding microscopic structure has been left
unexplored. As part of on-going research on the reproductive system of Thai insect groups, the
adult male firefly, Pyrocoelia tonkinensis Olivier, 1886, one of the most critical lampylids, their
reproductive structure were chosen to study. This firefly is endemic to Southern Asia including
Thailand (Jeng et al., 1999). In this regard, a quest for a description of the spermatogenesis of
P. tonkinensis was initiated using the histological technique. The outcomes of this project could
provide the in-depth understandings on the male reproductive structure for the purpose to
support the reproductive cycle and management of the firefly in Thailand.

Materials and methods

Ten adult male Pyrocoelia tonkinensis fireflies with body length of 1.50+1.91 cm
(meanxS.D.) were observed during breeding season from the rubber plantation during the
rainy season (October to December 2016) at Chawang District, Nakhon Si Thammarat Province,
Thailand (8°28'10" N, 99°29'45" E). They were euthanized by rapid cooling shock (Wilson et
al., 2009) and fresh specimens were fixed with Davidson's fixative solution (~48 hr) for
histological technique (Dietrich & Krieger, 2009).

According to a standard histological technique, the abdominal segments of A.
tonkinensis were to be detached and processed (Presnell & Schreibman, 1997; Suvarna et al.,
2013), embedded in paraffin, sectioned at 4 pm thickness, and finally stained with Harris's
haematoxylin and eosin (H&E) (Presnell & Schreibman, 1997; Suvarna et al., 2013). After
staining, a structure of the testicular structure and spermatogenesis of P. fonkinensis were
investigated and photographed with a digital light microscope (Leica TE750-Ua, Boston
Industries, Inc., USA). Each stage of the spermatogensis was performed with 50 randomized
cell per slide under Leica light microscope (40X) by a standard program LAS version 4.9.

Results and discussion

Several investigations of the gonadal structure in the insect have previously reported
(Bahadur, 1975; Bairati, 1968; Ferreira et al., 2004; Wheeler and Krutzsch, 1992); however,
the records of histological observations showed that the study on reproductive histology of
firefly is rarely known (Demary, 2005; South et al., 2008). Therefore, this study was conducted
to continously observe the increased information on firefly reproduction under light microscopy.
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All samples from our study showed that all insects were histologically considered to be a
sexually mature testis because the testis of male P. tonkinensis was composed of several sperm
tubules in the abdominal region (Figure 1A) where the mature sperms were stored (Figure 1B).
It was similar to those observed in other insect groups (Adams, 2001; Freitas et al., 2010;
Karakaya et al., 2012). The histological examination of the sperm tubule was enclosed by a thin
layer of connective tissue (Figure 1C).

Based on the differential stage of male germ cell within the sperm tubule, it could be
categorized into vitellarium and germarium (Figure 1D). At the overall histology of sperm tube,
only spermatogonia frequency distribution was easily distinguished and produced within the
vitellarium at the outer rim of the tubule near the adipose tissue (Figures 1C-1D). After the
vitellarium region, the presence of the germarium continuously occurred and was classified into
three sub-zones: growth, maturation, and transformation (Figure 1D). This feature was
relatively similar to some insects (Tongjeen et al., 2014; Ozyurt et al., 2014).

The observation on the growth zone indicated that it usually contained only
spermatocytes (Figure 1D & 2A) whereas an apparent formation of the maturation zone
consisted of the spermatids under two meiotic divisions (Figure 2B). Shreds of evidence yielded
that the transformation zone finally located in the sperm tubule and usually presented in the
spermatozoa (Figure 2B). This feature echoed the findings of the previous studies of predatory
stink bug, Podisus nigrispinus (Lemos et al., 2005) and Italian striped bug, Graphosoma
lineatun (Ozyurt et al., 2013).

In this current study, a detailed information of the spermatogenenic stages of A.
tonkinensis in the sperm tubules was classified into six successive stages according to size
differences and histological organizations, especially the chromatin organizations including
spermatogonium, primary spermatocyte, secondary spermatocyte, spermatid with two sub-
steps and spermatozoon, as similarly related to some invertebrates such as three different
Tentyria (1zzetoglu & Giilmez, 2018) and giant river prawn, Macrobrachium rosenbergii (Sagi et
al., 1988; Polijaroen, 2010).

Spermatogonium

The spermatogonium had a very largest size (12.87+0.98 pm in diameters) and
appeared as a round shape (Figure 1C). A large centrally nucleus was stained as basophilic
characterizes whereas the cytoplasm was mostly thin and had a basophilic stain (Figure 1F),
which was similar to that of other spermatogonia in Drosophila melanogaster (Cooper, 1950;
Hardy et al., 1979).

Primary spermatocyte

The primary spermatocyte was developed from spermatogonia by mitotic division. It
appeared in the spermatocyst and formed as an oval or spherical shape with an average cell
diameter 10.56+0.65 pym (Figure 2C). A prominent basophilic nucleolus, containing patchy
heterochromatin, appeared (Figure 2C).

Secondary spermatocyte

According to the first meiotic division from primary spermatocyte, the formation of
heterochromatin of the secondary spermatocyte was found increasing (Figure 1C). It remained
in spermatocyst (Figure 2C). The size of this stage was about 5.98+0.56 um in diameter
(Figure 2C). This indicated a decrease of the cell size when compared to previous stages.
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Figure 1. The light photomicrograph of the testicular maturation of Pyrocoelia tonkinensis. A-
B: Localization of the testis (T) containing in the sperm (Sz) within sperm tube. C: sperm tube
was enclosed with the connective tissue (Ct). D: Two vitellarium (Ve) and germarium (Ge) of
the sperm tubule was classified, which germarium could be divided into three main zones, zone
of growth (Zg), zone of maturation (Zm) and zone of transformation (Zt). E-F: Spermatogonia
(Sg) was observed in the vitellarium. Note: Ad = adipose tissue.

Spermatid

The prominence of the spermatid could be divided into two sub-steps (early and late
spermatids as shown in Figures 2D & 2E). Early spermatid showed that the nucleus enlarged in
size, but it had a smaller size than the secondary spermatocytes, approximately 4.45+0.98 pm
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in diameter (Figure 1D). A strong heterochromatin condensation of this stage was centrally
distinguished (Figure 1D). Afterwards, it transformed into the late spermatid. This stage
completely condensed the heterochromatin and was in the beginning to produce the tail (Figure
2E).

Figure 2. The light photomicrograph of the spermatogenesis in Pyrocoelia tonkinensis. A-B.
Differenting stages of spermatogenesis [such as primary spermatocyte (Ps), secondary
spermatocyte (Ss), early spermatid (Est), late spermatis (Lst) and spermatozoa (Sz)] within the
sperm tubules (St). C. Primary spermatocytes (Ps) and secondary spermatocytes (Ss). D. Early
spermatids. E. Late spermatid. F. Spermatozoa. Hc = heterochromatin, He = head, Ta = tail.

Spermatozoa

During the spermatozoon process, the mature spermatozoon was the last one of
spermatogenesis, which was formed in two distinct regions: 1) a packed head (quite close to
the elongated shape and thin (about 15-20 um): 2) a tail region (flagellum) in the sperm tubule
(Figure 2F).
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Consequently, the spermatozoa migrated into the vasa efferentia (Figure 3). The
structure of the vasa efferentia was located in the middle area of the testicular parenchyma
(Figure 3A), which it was surrouned by simple cuboidal epithelium (Figure 3B). They were
separated into individual spermatozoa (Figure 3B), as similar seen in G. /ineatum (Ozyurt et al.,
2013)

Figure 3. The light photomicrograph of the occurrence of spermatozoa in the vasa efferent
(Ve) in Pyrocoelia tonkinensis. Note: Sce = simple cuboidal epithelium.

Conclusion

Our research indicated that the male reproduction system had a testicular structure
with several sperm tubules, as likely seen in other insects. The accuracy of information form
this research could provide the background knowledge of P. tonkinensis reproduction, which
would lead to insights for further in-depth studies such on the ultrastructure and physiology of
the reproductive system. Hopefully, this currently would then construct greater understandings
to support the conservation and management of the firefly in Thailand.
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Abstract

This paper illustrates novel use of nonparametric regression in the challenging problem
of reliably identifying true association patterns in high dimensional data without the cost,
inherent in existing methods, of increasing the false positives. The proposed nonparametric
association test (NPAT) treats p-values from multiple hypothesis tests as summaries of
association that preserves the correlation in the data and capitalises on this correlation to
increase power while minimising false discoveries, relative to existing methods. Distributional
results are used to support estimation of the tuning parameter and significance thresholds for
NPAT. The method is applied to the WTCCC study of Crohn's disease and results compared with
a sequence kernel association test (SKAT) that conversely uses nonparametric regression
techniques to group sets of explanatory variables, prior to association testing. Results show
that NPAT is efficient, computationally tractable and produces findings comparable with
Bonferroni correction while SKAT misses a strong association signal in the data.

Keywords: correlation structure, genomewide, multiple testing, nonparametric regression

Introduction

A key challenge in the statistical analysis of high dimensional datasets with a small
number of individuals studied relative to the number of explanatory variables is the so called
"curse of dimensionality” (Bellman, 2003). Although multiple hypothesis test procedures
provide a solution and are computationally feasible with stable algorithms, the associated lack
of power can mitigate against their usage in, for example, genomic studies where small effect
sizes are the norm. This paper addresses this lack of power by novel use of nonparametric
regression in multiple hypothesis tests of data from a genomewide association study (GWAS).
GWAS is an approach which involves rapidly scanning a large number of SNP markers across
the genome to find genetic variations associated with a particular disease or condition. A single
nucleotide polymorphism, or SNP, is a variation at a single position in a DNA sequence among
individuals.

Permutation tests control the error rate in multiple hypothesis test procedures by
comparing each observed test statistic with an empirical distribution constructed from the
observed data. In the "exact" test, this distribution is based on each possible data permutation
while in the Monte Carlo test, the distribution is based only on a randomly selected subset of
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permutations. Benefits of a permutation test are that no assumptions regarding the null
distribution of the test statistic are required and the data's correlation structure is potentially
inherently accounted for in the empirical distribution. However, while resampling is suitable for
smaller studies, substantial computational effort in still required in high-dimensional studies
despite effort, (see for example Dudbridge & Gusnanto, 2008), to reduce this burden.

Bonferroni correction a/m, where m is the number of hypothesis tests conducted, is
the most basic method for controlling the type I error @ in multiple hypothesis tests but it is
well known to be conservative when the independence assumption between tests do not hold.
Furthermore, due to the large number of tests in a GWAS, there is no gain in efficiency from
using traditional modifications such as Sidak (1967) and Holm, Hochberg and Rom procedures
(Olejnik et al., 1997). Risch & Merikangas (1996) recommended that Bonferroni correction
should be modified to @ = a x 1078, This ad-hoc recommendation, which has been claimed
(Johnson et al., 2010) to be the standard in GWAS, is based on an estimated 10° genes in the
human genome (now accepted as an overestimation) and 10 independent tests for each gene.

Cheverud (2001) proposed that the eigenvalues of the correlation matrix for observed
SNPs in the GWAS be used to estimate the effective number of independent tests M.x This
number then replaces m in the Bonferroni correction. However, Cheverud's method is still
overly conservative when there is high LD among SNPs (Li & Ji, 2005). Nyholt (2004) suggested
a modification of the Cheverud's approach to improve the adjustment by excluding all SNPs in
perfect LD except one, but this was still found to be overly conservative. Li & Ji (2005)
proposed a method based on partitioning each eigenvalue into integral and fractional
components. They argue that each integer represents identical tests and should be counted as
one in M. On the other hand, the fractional part represents a partially correlated test that
should be counted as a number between 0 and 1. The authors only present results on a small
number of SNPs (< 15 for each gene) and did not clarify how to perform the method in large
datasets. (Gao et al., 2010) proposed a principal components approach, which they call
SimpleM, based on use of clusters or small subsets of SNPs, in an attempt to filter out the
correlation among tests. M.z is derived from the number of principal components that explains
a certain percentage of the variability in the data. In practice, this percentage is subjectively
determined by the researcher. Gao et al. (2010) evaluated their approach with a related
approach (Moskvina & Schmidt, 2008) that estimates the number of independent SNPs using
pairwise linkage disequilibrium (LD) directly. Using two real GWAS datasets, they found that the
simpleM approach gave the best approximation (the smallest distance) to the thresholds
obtained using permutation whereas the method by Moskvina gave more conservative
estimates and Bonferroni gave the most conservative results. The authors further claim that the
simpleM approach greatly reduced the computer time and resources required.

As in the above independent number of tests approach, multi-marker methods attempt
to alleviate the multiple testing burden by pooling information within the observed dataset. A
commonly employed technique is to aggregate the effects of markers within a known genomic
region and then testing for joint association with the disease. Classic aggregation approaches
include combining the p-values from single hypothesis tests (Fisher, 1932) and assessing the
smallest p-value within the set of m values (Tippett, 1931). In situations where the statistical
tests are not independent, Fisher's method tend to be anti-conservative while Tippett's method
has well-controlled type I error rate but has been shown to have low power to identify multiple
genes with small effects (Dai et al., 2012). Modifications of Fisher's method proposed for
genomewide studies, based on use of only a subset of the p-values in calculating the test
statistic, include the threshold truncated product (Zaykin et al., 2007), the rank truncated
product (Dudbridge & Koeleman, 2003) and the adaptive rank truncated product (Yu etal,,
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2009) methods. The difference between the threshold and rank truncated methods is that the
test statistic in the former is calculated using only those p-values smaller than some pre-
specified threshold while in the latter it is calculated using a pre-specified quantity of the
smallest p-values. For dependent single SNP tests, the overall significance level is obtained by a
permutation method. The adaptive rank truncated method extends the rank truncated method
by first calculating test statistics for a pre-specified range of possible truncation points in the
ordered set of all p-values from the single SNP tests. These test statistics may then be
compared with the relevant distributions and the p-value for the global hypothesis test is then
the smallest among the set of p-values obtained.

An obvious limitation of the above modifications of Fisher's method is the need to pre-
specify truncation points or thresholds, the choice of which can be somewhat arbitrary for
genomewide studies and can affect the power to detect true associations (Chen et al., 2013).
To avoid the threshold selection problem, Chen et al. (2013) proposed a sequential method for
rejecting the global null hypothesis based on the cumulative product of the ordered p-values.
More specifically, p-values from the single SNP tests are first ordered from smallest to largest
and a sequence of test statistics are constructed. The first element of this sequence is the
smallest p-value, the second element is the product of the first element and second smallest p-
value, the third element of the sequence is the product of its second element and the third
smallest p-value, and so on. The distributions of these test statistics are obtained using a
permutation procedure and the thresholds for declaring significance are determined
numerically. The authors present simulation results suggesting that the type I error rate will be
close to the nominal value and that the power of the test procedure is comparable to the above
modifications of Fisher's method.

Alternatively, Wu et al. (2010) proposed grouping SNPs based on prior biological
knowledge of their proximity to genes or haplotype blocks and evaluating the joint effects of
each group. The authors argue that grouping in these so-called SNP sets permits the borrowing
of information from correlated SNPs and increases the power to detect individual SNP effects. A
logistic kernel-machine regression model is used to allow for modelling of epistatic and
nonlinear effects. Proposed kernels include a measure of the number of alleles shared by a pair
of individuals in the study and can be viewed as providing measures of genetic similarity
between two individuals in the study. The authors propose use of the score statistic in testing
association between SNP set and disease. The null distribution of this statistic is a complex
mixture of x? distributions which the authors approximate by a scaled x? distribution. The scale
parameter and degrees of freedom of this approximate distribution are estimated using the
method of moments (see Wu et al., 2010, for details). Simulation results presented by the
authors suggest that the type I error rate of their sequence kernel association test (SKAT) is
protected and that SKAT has greater power than Bonferroni-corrected single SNP tests. This
semiparametric method for modelling the joint effect of markers was proposed by Liu et al.
(2007) while theory underpinning the approach utilised by the authors can be found in Hastie
et al. (2009).

This paper illustrates novel use of nonparametric kernel regression for interpreting
results from single SNP tests by capitalising on the location and correlation of SNPs to reliably
identify true disease-gene associations and, at the same time, reduces the number of false
positives. The proposed nonparametric association test (NPAT) avoids the aforementioned
computational and other issues associated with existing methods and is premised on the fact
that the majority of SNPs in a GWAS cannot be associated with the disease of interest and
hence the collection of p-values from single SNP tests will mainly comprise of non-significant
results, or noise, possibly interspersed with true signals of disease-gene association. Then the
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challenge is to distinguish these rare signals from the noise. Framed in this context, the
problem is similar to other application areas requiring signal cleaning such as microarray
experiments where nonparametric regression is frequently used to remove systematic biases
arising from the technology used to obtain the data, (see for example Lee, 2004, for details).
Results of the method applied to The Wellcome Trust Case-Control (2007) study of Crohn's
disease is compared with results from SKAT and multiple testing with Bonferroni correction.

Materials and methods
The general nonparametric regression model with one predictor variable may be
written as

u; = b(x;) + ¢, (1)

where u; and x; are the i™response and predictor, respectively, i = 1,..,m and b(*) is an
arbitrary function of x. In this paper u; is the -log;o transformation of the p-value p; from the
association test of the i™ SNP while x; marks the position of this SNP. As in linear regression,
it is standard to assume that &; ~IID(0, o%). Unlike linear regression, the function &(*) is not
specified in advance via a set of parameters and hence fitting the model involves estimating
b(*) directly, rather than via parameter estimation. Most methods implicitly assume that b(*) is
a smooth, continuous function and thus nonparametric regression may be viewed as nonlinear
regression, but without explicitly stating the form of the function to be fitted.

Nadaraya (1964) and Watson (1964) proposed to estimate b(*) as a locally weighted
average of the responses u;, i = 1,...,m by using

g(X) — Tim wima)y (2)

ERwixa) '

where the assigned weights w(x,x;) = K[%}/h are determined by a kernel function K and the

size of the weights are determined by the smoothing parameter k. Common kernels are usually
functions of the distance between SNPs with the property that SNPs in close proximity to the
i*™m SNP contribute more to the fitted value ii; than SNPs further away. The normal kernel with
weights
)
w(x,x;) = T (3)
s o3

is used in this paper.

The value of the smoothing parameter h is very important when fitting a nonparametric
regression model as too large a value results in oversmoothing and potential loss in information
while too small a value leads to insufficient accounting of the noise in the data. Existing
methods (Wand & Johns, 1995; Hardle, 1990) for finding the optimal value for h are
computationally expensive to implement in large datasets and additionally, the guiding principle
underlying commonly used cross-validation methods is optimisation of the predictive power of
the fitted regression curve, which is not the objective in this paper. Rather, of interest is
identification of sections of the fitted curve that are highly unlikely to confirm to any of the
possible patterns under the global null hypothesis of no association between disease and gene.
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This is achievable by finding the smoothing parameter that produces a good estimate of the
noise by allowing for the correlation in the data. In this light, it is proposed to select a
smoothing parameter satisfying the condition that the average squared residuals from the fitted
model equals the difference estimate (von Neumann, 1941) of the variance o° defined as

= — X8 (U —up)? (4)
This method is justifiable on the basis that

E(s3)~ (1-2m3tr2.,), (5)

(Inm n10)?
and so s3 is adjusted for the correlation of adjacent SNPs in the data. Indeed s3 is expected to
be a slight underestimate of the true noise which is appropriate for the stated objective of
finding local structures in the data. Furthermore, there is precedence for use of a differencing
approach (see for example Hart, 1991) in methodology for estimating the smoothing parameter
in kernel regression problems.

In order to prove equation (5) above, first note that the distribution of the random
variable U = -logo(p) is exponential with rate parameter 2 = In(10) and furthermore that
Cor(U,Uy),i #i' is approximately equal to the correlation 77/ between the j®and ("
SNPs. (This result in proved in a forthcoming manuscript). Assuming b(x;, ;) & b(x;) gives s} as
approximately izm‘lﬁsm—s)z which, by expanding the square and summing, becomes

(MSR}— —¥mile,, &, where MSR = —ZE 11 &2, Taking expectations

E(s3)~ E(MSR) — — X E(£:5341)- (6)

Equation (5) follows by noting that from the distribution of U, E(MSR)ZFLW' and by

definition of covariance, the assumption E(s;) = 0 and using the property that covariances are

2
preserved under linear transformations, E(e;z,,4) & IT‘E‘l’;z
n i

Evidence for disease-gene association is likely to be provided by SNPs that are
correlated with the disease causing gene(s) and pooling this evidence should increase the
chance of finding true associations while spurious associations are less likely to likewise
supported. In other words, utilising the correlation structure in the data is likely to improve
both true positive (TP) and false positive (FP) rates of the test procedure. The kernel in
equation (2) assumes that that physical proximity is a good proxy for correlation. This is a
reasonable assumption for genomic data. In addition, NPAT identifies regions of the genome
that show significance with the disease which is relevant as there is no guarantee that disease
pre-disposing SNPs will be studied in the GWAS. Under the proposed method, significant
regions are genomic regions for which the plot of the fitted nonparametric regression curve
against basepair position of SNPs lie above some significance threshold.

The fitted value o, = Tyw(x;,x;)U; of the nonparametric model is a linear

combination of exponential random variables with different rate parameters w(x;x;)In(10);
J=1,..,m and so follows a hypoexponential or generalized Erlang distribution, ignoring the

dependency structure. It follows that a significance threshold that is adjusted for multiple
testing and assumes independence of tests is g,_= given by
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o0 o
fqi_gf[u}du =1-—

where f(u) is the density of the hypoexponential distribution with rates w(x;x,)In(10);
j=1,...,m and « is the global type I error of the multiple hypothesis test procedure. In
situations where evaluation of this threshold is time consuming, the following normal
approximation may be used. As the expected value of U is clearly 1/In10 while the variance is
given by

. 2
Var(U;) =~ m (Z}”zlw(xj, xz-) +2%5 w[:xj,xi-]wl:xj,xi-] szjf), (7

it follows that an approximate significance threshold is provided by

2
ﬁ(l + ql_%J(E}llW(xpr +2 Eja:j’ w(xj,xi-)w(xjf, xz-) 7}?’)): (8)

where q,_= isthe 1 —% quantile of the standard normal distribution.

Results
Simulation study

In a simulation evaluation of the proposed approach, each of the 1,504 genotypes in
the UK Blood Services dataset is first used to construct two haplotypes, to give a total of 3,008
haplotypes. The constructed haplotypes are randomly paired to simulate genotypes of 13,479
SNPs each, and having LD pattern consistent with that of the UK Blood Services Cohort. Next a
disease pre-disposing SNP, rs3789038 located at position 4486587bp on Chromosome 16, is
selected and used to simulate a total of 3000 diseased individuals and 3000 unaffected
individuals based on a log-odds ratio for disease of 0.2. A plot of the LD pattern in the region
containing SNP rs3789038 is produced in Figure 1. This data, comprising 6000 randomly
generated genotypes of 13,479 SNPs each, is then analysed using the proposed NPAT and
SKAT with 5% significance level. Whether a region containing the disease SNP is correctly
identified as associated with the disease as well as the number of false positive regions is
recorded for both tests. Simulation results of the true positive (TP) and the false positive (FP)
detection rates based on 1,500 replications of the above is shown in Table 1. As the results
show, the FP rate of NPAT is approximately 10% that of SKAT whereas the TP rates are
comparable.

Table 1. The TP and FP rates of NPAT and SKAT with disease SNP rs3789038 and effect size
0.2

Method TP rate FP rate
NPAT 0.83 0.00087
SKAT (default) 0.85 0.00939
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WTCCC study

The proposed NPAT is illustrated using WTCCC (The Wellcome Trust Case-Control,
2007) genotype data at 13,479 SNPs on Chromosome 16 for 2005 individuals with Crohn's
disease and 1,504 controls from UK Blood Services. All analyses were done in R (R Core Team,
2016). The WTCCC study reports evidence for disease-gene association at SNP rs17221417
located on gene NOD2 and cites the significant region 1,250,000 basepairs to either side of
rs17221417. The boundaries of this region, which was pointed out to experience high levels of
recombination, were chosen to coincide with SNPs for which the —log;, p-values were deemed
to have returned to expected levels under no genetic effect.

A manhattan plot of the —log;q p-values for single SNP tests assuming an additive
genetic model is provided in Figure 2. Application of NPAT next involves smoothing this plot
using the method described in the above section with predictors the SNPs' basepair positions
scaled to lie within the interval [0,1]. Using equation (4), the value of s3 =0.2873933 was
calculated and the value of the smoothing parameter h = 1.26635 x 107 producing mean

. 1 ~ . . .
square residual — Xy —1i;)? equal to s was found using a simple search algorithm. The

fitted curve (solid line) and threshold values (dotted line) provided by equation (8) with type I
error @ = 0.05 are superimposed on the manhattan plot. A group of SNPs will be declared
significant if the fitted curve exceeds the threshold.

Grouping the WTCCC SNP data by genes and intragene regions produces a total of 914
groups. For purposes of comparison, these groups were also analysed by applying SKAT with
its default linear weighted kernel and the default parameter for the correlation structure
kernels. The SKAT p-values (squares) and its Bonferroni threshold (dot-dashed line) based on
914 tests are also plotted in Figure 2, as is a Bonferroni threshold (dashed line) based on the
13,479 single SNP tests with a global type I error & = 0.05.

As is evident in Figure 2, NPAT finds two significant regions, the larger of which is
110,000 basepairs wide on gene NOD2, located at around 4.93 x 10’ basepairs and contains a
cluster of 24 SNPs (rs16948715-rs11076540) that includes SNP rs17221417 at 50,000 basepairs
from rs16948715. The second significant region found by NPAT is a cluster of two SNPS
(rs4471699, rs11644392) located in the intron (non-coding) region of locus NR_002453.5 and
has not been reported in the WTCCC (The Wellcome Trust Case-Control Consortium, 2007)
study. SKAT also finds this second region and a cluster of three SNPs (rs16957197,
rs13312720, rs868213) in intron regions around 6.71 x 10’ basepairs but fails to detect the
NOD2 gene (p-value = 0.096). All regions declared as significant by NPAT and SKAT were also
found to be significant using Bonferroni multiple testing correction.

Discussion

NPAT isolates regions of the genome that present true signals of disease-gene
association by enhancing these signals and simultaneously suppressing the noise generated by
the large number of genetic markers that are not associated with the disease. Evidence for this
is provided by a simulation evaluation and the results of the analysis of the WTCCC data. Note
that there is biological support for a link between NOD2 mutations and Crohn's disease (Philpott
et al., 2014; Nabatov, 2015). Unlike existing multi-marker methods which attempt to increase
power by aggregating the effects of markers within predetermined genomic regions, NPAT is
shown to use the information contained in the data to determine the pooling of the evidence
and the form of the fitted curve. Furthermore unlike SKAT, NPAT is less computationally
demanding, the association patterns do not depend on pre-selected groupings of SNPs and the
actual effect of causal SNPs or SNPs linked to the causal SNPs on disease are readily available.
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This latter point is invaluable in quantifying the disease-gene relationship and in the design of
follow-up and replication studies.
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0.0 0.2 0.4 0.6 0.8 1.0

Figure 1. Heat spectrum of pairwise values % for 1,000 SNPs within a region of Chromosome
16 containing SNP rs3789038. The observed pattern of small rectangular blocks are of
contiguous SNPs in strong LD.

The non-parametric regression model in this paper was fitted using the Nadaraya-
Watson estimator which has been criticised for its tendency to produce a nonlinear relationship
when the true relationship is linear and for the property that the fitted value for data points at
the boundaries of the dataset are based largely on observations on one side only. In contrast,
local linear estimators preserves linearity and has much better properties at the boundary.
However, the Nadaraya-Watson estimator is simpler to calculate and, for GWAS data, there is
no reasonable expectation that the relationship is linear. Additionally, this estimator is
preferable as it is not influenced by outliers as much as local linear estimators. A simulation
comparison of methods based on Nadaraya-Watson and local linear estimators for disease
SNPS at the edges of the chromosome would nevertheless be interesting. Also of interest is
exploring the threshold error rates with the view of developing more computationally efficient
improvements that do not require the normality and independence assumptions. Furthermore,
it is generally agreed that finding the optimal tuning parameter for any given problem is difficult
and, as often happens when using cross validation methods, is also computationally demanding
and data specific. Additionally, cross validation methods have been shown to perform poorly
when the data are correlated (see Altman, 1990, for example). In contrast, NPAT is easily
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implemented via a simple search for the tuning parameter over a range of values but further
investigations of the effectiveness of the differencing approach is warranted.

The proposed nonparametric regression approach is a promising alternative to existing
methods in terms of improved efficiency and lower false positive rates. Extensions of the
method to non-genetic explanatory variables is straightforward as these can simply be included
in the single SNP models. Finally, it is hoped that the method can serve as a precursor to the
further development of multiple hypothesis testing methods in realm of high-dimensional data
analysis.

Nonparametric and kernel machine analyses of WTCCC Crohn's disease Chromosome 16 data

< _| B Threshold

****** Bonferroni
''''''''''' SKAT

12

10

~logyo(p value)

basepair position

Figure 2. Manhattan plots of p-values from single SNP tests and SKAT p-values (squares)
against their median basepair position, along with the fitted nonparametric regression curve
(solid line) obtained in the analysis of WTCCC study on Crohn’s disease
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Abstract

Aedes aegypti is the carrier of dengue hemorrhagic fever that remains an important
public health issue in various tropical countries, especially Thailand. The use of synthetic
pesticides increases the mosquito resistance and leads to change the mosquito behavior.
Recently, plant extracts and their products have become increasing popular for use as
alternative natural agents in mosquito control. Hence, this research aimed to investigate the
efficacy of the parasitic plant extracts from Paederia pilifera and Cuscuta reflexa for killing the
early 3" stage-larvae of Ae. aegypti. Both dry plants were separately extracted by maceration
with 95% ethanol for 72 h, then filtered and evaporated using vacuum evaporator until
dryness. The mosquito larvicidal activity was evaluated after 24 h exposure at different
concentrations [0 (control), 25, 50, 100, 200, 400 and 800 ppm]. The results revealed that the
C. reflexa extract gave the higher effectiveness to eliminate mosquito larvae than the P. pilifera
extract with LCsy and LCq of 80.55 and 297.94 ppm, respectively. Therefore, current
investigation suggests that these plants extracts can be applied as alternative sources of
mosquito larvicides. Further studies are needed for identification of the active compounds that
can be used in broad spectrum for controlling mosquitoes and also for the determination of the
mode of action of these compounds.

Keywords: Aedes aegypti, Paederia pilifera, Cuscuta reflexa, maceration, insecticidal activity

Introduction

Aedes aegypti (Diptera: Culicidae) is more likely to spread viruses like dengue,
chikungunya, Zika, etc., which are serious problems in several tropical and subtropical
countries. Sub-consequently, morbidity and mortality have been widely documented each year
worldwide (Guzman & Kouri, 2002; EI-Maghraby et al., 2012; Mohankumar et al., 2016). Aedes
mosquitoes usually breed in household man-made water-storage container and preferentially
feed indoors, especially in the morning times and in the late afternoon (Christophers, 1960;
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Ponlawat & Harrington, 2005). Recently, a vaccine against dengue fever has been registered in
the Thailand. However, it cannot be used for everyone because there are still some limitations
in the prevention of the disease. Mosquito control is crucial in order to suppress proliferation of
vector mosquitoes and to enhance quality of environment and public health. Herein, the
prevention and control of mosquito-borne diseases relied on their eradication through two main
measures larviciding and using synthetic chemical insecticides (Polsomboon et al., 2008;
Thongpoon & Poolprasert, 2015). Nonetheless, controlling mosquitoes has led to other serious
problems due to the unselective applications of chemical pesticides. Those insecticides are not
only harmful to human being and other organisms in the environment but also are hardly
degradable and spreading toxic effects. Besides, overuse of these insecticides for controlling
Aedes mosquitoes, like other insects, may enter into the food web and may develop resistance,
a capacity to survive contact with an insecticide (Ghosh, 1991; Govindarajan, 2010; Ghosh et
al., 2012).

During that period, the utilization of natural products such as phytochemicals derived
from plant sources for mosquito control has become popular. Some plant-derived insecticides
including Chrysanthemum, Pyrethrum, Derris, Quassia, Nicotine, Hellebore, Anabasine,
Azadirachtin, d-limonene, camphor and Turpentine have been extensively used in several
countries. In the recent years, less than 2,000 recorded plant species especially in the families
of Asteraceae, Cladophoraceae, Labiatae, Miliaceae, Oocystaceae, Rutaceae and Solanaceae,
that produce numerous chemical factors and metabolites of value have been previously
documented in pest insect control program (Shaalan et al., 2005). These botanical insecticides
can act as insect growth regulators, oviposition attractants, repellents as well as larvicides.
They can also play a vital role in the interruption of the transmission of mosquito-
borne illnesses at the individual as well as at the level of community. Moreover, a multitude of
their active ingredients with distinguish modes of action which lessen the chance of resistance
in mosquito population is included (Sharma et al., 2006; Ghosh et al., 2012; Govindarajan et
al., 2012).

Cuscuta reflexa, a parasitic giant dodder belonging to the family Convolvulacea, is one
of the commonly used in functional food and medicinal tonics. This parasitic plant is mainly
confined to tropical Asia and had a wide host spectrum (Kaiser et al., 2015). Moreover, it is also
used to prevent abortion as well as aging in clinical treatment and often in alcoholic beverages
as nutrient (Anjum et al., 2013). This plant can grow on host by rapping itself around and
absorb nutrient though the vascular system (Vaughn, 2003), which the organic substances from
host plants are transported to Cuscuta plants via phloem connections (Ashwani et al., 2012).
Cuscuta reflexa is one of the major distributed Cuscuta plant in Thailand. Many prior research
studies have indicated that the stem of C reflexa possessed antibacterial, antiviral, anticancer
and antioxidant activities (Pal, 2006; Al-Fatimi et al., 2007; Perveen et al., 2013; Tanruean et
al., 2017a, b).

Paederia pilifera is commonly known as sewer vine (family Rubiaceae) because of the
strong fetid odor when it is crushed. This vine climbing plant is widely distributed throughout
India and Southeast Asia (Saenphet et al., 2014; Nie et al., 2013). In this regard, the treatment
of gastrointestinal disorders including diarrhea, gastritis, food poisoning, dyspepsia, jaundice
and hyperbilirubinemia have been extensively applied as herbal pharmacopoeias (Sukkho,
2008). Additionally, some previous studies concerning antioxidant activities have also been
documented. Recently, Saenphet et al. (2004) examined its gastroprotective effects and
antioxidant activities based on scientific testes. It could be said that these plants are futile for
villagers. Also, they grow so quickly and spread so they are very commonly seen in the areas.
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As mentioned above, they were rich in secondary metabolites and appeared to have effective
as many biological properties from prior studies; however, no such researches in terms of
mosquito larvicial properties of these plant extracts has been documented. Thus, we attempted
to evaluate the ethanolic extracts from P. pilifera and C. reflexa as insecticides against Ae.
aegypti larvae in this current study. These precursory findings obtained could be applied as
alternative sources and developed as ecofriendly larvicides in mosquito control program.

Materials and methods
Mosquito rearing

A laboratory reared colony of Aedes aegypti larvae was used for the larvicidal activity.
The early 3 instar larvae of F1 laboratory-reared Ae. aegypti were established in the
insectarium of the Office of Disease Prevention and Control 2, Phitsanulok, Thailand and
maintained under controlled insectary condition at 28 + 2°C, 72 - 80% relative humidity, with a
constant photoperiod of 12 h light: 12 h dark. Aedes mosquito was used as a test species
because of its easy collection as well as expedience in rearing and maintaining the life cycle. Its
sensitivity to larvicides makes Ae. aegyptilarvae a good indicator of biocidal activity.

Plant materials

Fresh Paederia pilifera leaves and Cuscuta reflexa stems were collected from the
riversides of Hua Suea sub-district, Maetha district, Lampang province, Thailand between June
to December 2016. Plant specimens including 2. pilifera (PSRU-Rubi-001) and C. reflexa (PSRU-
Conv-001) were morphological identified by comparison with the main herbarium database of
the Botanical Garden Organization, related literatures (Puff et al., 2005; Staples, 2010) and
confirmed by specialist.

Plant extraction

Each plant material was cleaned in water and dried at 50°C in hot air oven for 72 h;
powder was made using an electric mixer. About 100 g of the powder were soaked in 500 ml of
95% ethanol as solvent at room temperature for 72 h. The fluids were then filtered using
Whatman No. 1 filter paper. The crude plant extracts were evaporated to dryness in a rotary
vacuum evaporator. One gram of the plant residue was dissolved in 100 mL of ethanol (stock
solution) and considered as 1% stock solution. From this stock solution, different
concentrations were prepared ranging from 25, 50, 100, 200, 400, and 800 ppm, respectively.

Larvicidal bioassy

The larval bioefficacy of the crude extracts was assessed by the procedure of World
Health Organization (WHO) with some modifications (WHO, 1996; Thongpoon & Poolprasert,
2015). Twenty five healthy, early 3 instar larvae of Aedes aegypti were placed into each 250
ml capacity plastic bowls containing 100 ml of each plant extract of desired concentration
adjusted in water along with controls with ethanol at the same concentration as used for
dissolution and preparation of extracts and water. Trials were conducted with a series of five
different concentrations ranging from 25 to 800 ppm (25, 50, 100, 200, 400, and 800), each
with four replicates of 25 Aedes mosquito larvae, with a final total number of 100 larvae. The
larvae exposed to water with 2% ethanol served as control. All the experiments were carried
out at room temperature of 27+2°C and relative humidity of 75-85%. Larval food was given for
the test larvae. The larval mortality at different concentrations and in the control was counted
after 24 h exposure.
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Statistical analysis

The mortality data were subjected to log probit regression analysis (Finney, 1971) for
calculation the median lethal concentrations (LCsg) and 90% lethal concentration (LCq) and
95% confidence (fiducial) limits. The percentage of larval mortality was computed and when
control mortality ranged from 5-20% it was corrected using formula of Abbott (1925). To
determine the difference in larval mortality between concentrations, ANOVA followed by
Tukey's HSD tests were performed by using SPSS for windows version 16.0 (SPSS Inc., Cary,
NC, US). Results were expressed in terms of mean + SD. A value of p<0.05 was also
considered to be statistically significant.

Results and discussion

The consequence of the various treatments of the ethanolic extracts of Paederia pilifera
and Cuscuta reflexa on the F1 larval progeny of Aedes aegypti was observed. The deleterious
effect for both plant extract treatments on the F1 larval progeny of Ae. agyptiresulted in larval
mortality with LCsq (95% CI; lower-upper) and LCq (95% CI; lower-upper) values of 281.96
ppm (176.51-552.90 ppm) and 1542.69 ppm (718.77-9832.76 ppm) for P. pilifera with slope of
5.827, while C. reflexa ethanolic extract treatments gave 80.55 ppm (70.43-91.59 ppm) and
297.74 ppm (245.79-372.17 ppm) for LCsy (95% CI; lower-upper) and LCq (95% CI; lower-
upper), respectively, and a slope of 28.102. The analysis suggests that having the lowest LCs
and LCqy, values (80.55 and 297.94 ppm), the ethanolic extract from C. reflexa exhibits higher
toxicity (Table 1).

Table 1. Larvicidal activity of ethanolic extracts of 2. pilifera and C. reflexa against 3" instar
larvae of Ae. agypti. Means with the same letter were not significantly different.

% Mortality (Mean + SD)

Conc. (ppm)

Paederia pilifera Cuscuta reflexa
Control 0.00 (0.00 £ 0.007%) 0.00 (0.00 £ 0.00°%)
25 5.00 (1.25 + 1.50%) 17.00 (4.25 £ 2.22°)
50 13.00 (3.25 + 1.71%) 27.00 (6.75 + 2.36°)
100 22.00 (5.50 + 2.52%) 56.00 (14.00 + 2.58°)
200 30.00 (7.50 + 3.42%) 82.00 (20.5 + 2.65%)
400 51.00 (12.75 % 4.99) 94.00 (23.5 £ 1.73?)
800 90.00 (22.50 + 1.00%) 100.00 (25.00 + 0.00%)
LCso (ppm) (95% CI) 281.96 (176.51 - 552.90) 80.55 (70.43 - 91.59)
LCso (ppm) (95% CI) 1,542.69 (718.77 - 9,832.76) 297.74 (245.79 - 372.17)
F-test 35.17* 102.18*
TUkey0.05 6.09 4.53
C.V. (%) 35.14 14.64
Regression# Y = 5.827X + 0.108 Y = 28.102X + 0.114
r 0.992 0.824
R? 0.984 0.679

# = Regression equation (Y): plant extract concentration (X) at 24 hours

r = Correlation Coefficient of mosquito larvae mortality and plant extract concentration

R? = Regression Coefficient

* = Significant difference (p < 0.05)

95% CI = the confidence interval for a group of data for 95% confidence level (lower-upper)
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In this regard, no larval mortality was exhibited in the untreated groups; however, it
was found that the concentration dependent larval mortalities were substantial in both extract
treated groups. Increasing concentrations from 25 to 800 ppm were evident (Table 1). The
highest mortality percentage of larval mosquito tested with A. pilifera extract was 90% whereas
100% larval mosquito mortality could be observed when they are tested with C. reflexa extract
at 800 ppm. Based on the analysis of variance (ANOVA) F-test, there was a significant
difference in means between the concentration groups (p<0.05). Although, the larvicidal
activity slightly rose with increased dosage in all trials, differences between means using the
Tukey's HSD tests were also considered significant at the 95% level of confidence. The results
indicated that means with the same letter were not significantly different as demonstrated in
Table 1.

Generally, several previous researches have been reported that the susceptibility of Ae.
aegypti larvae to a graded series of plant extract under the laboratory conditions was dose
dependent and mortality increased when exposed to higher concentrations (Kaushik & Saini,
2008; 2009). In addition, the toxic effect of these plant extracts were presumably on the
neuromuscular system resulting in unnatural behavior of the treated larval mosquitoes including
lifelessness, uneasiness and coiling motion that was consistent with many former observations
such as the researches of Polsomboon et al. (2008); Kaushik & Saini (2008; 2009); Kumar et al.
(2010); Ghosh et al. (2012) and Thongpoon & Poolprasert (2015). The biological properties of
these plant extracts might be due to numerous chemical compositions including, phenolics,
terpenoids, flavonoids and alkaloids. Such constituents might jointly or independently
contribute to produce toxic activity against the mosquito species (Gohil et al., 2010; Kamaraj et
al., 2011; Mohankumar et al., 2016). The present endeavor is of great medical importance. It
could be useful in controlling a major vector of viral diseases like dengue fever, dengue
hemorrhagic fever, Chikungunya fever and Zika virus which are serious health problems in
Thailand and other developing countries (Guzman & Kouri, 2002; Jansen et al., 2008). Thus,
the larvicidal property of both extracts from P. pilifera and C. reflex against Ae. aegypti could
be explored further through studies on its chemical composition, mode of action and adulticidal
property. Moreover, other aspects like finding the most effective concentration for application,
evaluating the response of different strains (field or laboratory) and larval progeny of
mosquitoes, maturity of the plant material, as well as method and solvent used during
extraction should be further deliberated in the follow up studies. With all these, there is a
greater chance of developing a new mosquito larvicide types from plant extracts for
implantation in Integrated Mosquito Management (IMM) program. Also, other biological
properties of P. pilifera and C. reflexa like arthropod control particularly controlling dengue and
other mosquito-borne diseases can be elucidated.

Conclusion

Evaluation of the biological property of the ethanolic extracts of Paederia pilifera leaf
and Cuscuta reflexa stem displayed a promising larvicidal effect against Ae. aegypti. The 24-
hour exposure of Ae. aegypti larvae on the plant extracts resulted into a substantial larvicidal
property with a LCsp and LCqg of 281.96 and 1542.69 ppm for A pilifera and 80.55 and 297.74
ppm for C. reflexa, respectively. Furthermore, considering the mortality rate of mosquito larvae,
800 ppm showed the highest insecticidal efficacy in which a 90% mortality for 2 pilifera and
100% mortality for C. reflexa was observed. Consequently, it is concluded that the two plant
extracts could be are potential natural agents for controlling or preventing the growth of Aedes
mosquito larvae under the laboratory condition. There are no available reports on the toxicity of
R pilifera and C. reflexa against mosquito larvae, therefore, this is considered as the first report
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in this time. Meanwhile, findings could be further deliberated to elucidate the characterization
to control mosquito vectors instead of using synthetic insecticides. In addition, results
presented here will pave way for further evaluation of the efficacy of the extracts by
considering the specific bioactive present and the most appropriate procedure to prepare the
extracts to attain the best yield and quality of the natural products from both plants.
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Abstract

The purpose of this paper is to report the results of fitting three biologically significant
statistical models, Poisson, negative binomial (NB) and negative binomial-two parameter
weighted exponential (NB-TWE) distributions, to biological data. The results of fitting the
different distributions are compared by using the K-S Test and Cramer-von Mises Test. We
found that the data follows the highest value base on a NB-TWE distribution, which implies that
the NB-TWE distribution is the best fit for these data sets. Therefore, the NB-TWE distribution
is the best choice for biological data that has an overdispersion problem, and are heavy-tailed
with positive skewness.

Keywords: count data, negative binomial distribution, mixed distribution, overdispersion, corn
borer larvae data, pyrausta nubilalis

Introduction

Biology is the natural science that studies life and living organisms. Often, biological
data come in the form of counts from many fields such as bacteriology (Neyman, 1939),
zoology (Fisher, 1941), entomology (Taylor, 1961) and infectious diseases (Lloyed-Smith,
2007). Regression analysis can be applied for these datas, but sometimes it may not be the most
appropriate for count data. A Poisson distribution is usually applied for count data modeling, and
is a good model if variance and mean are equal. Many count data, especially biological data, often
exhibit overdispersion, where the variance is larger than the mean. Hence a Poisson distribution is
not an appropriate model. In the literature, the negative binomial (NB) distribution, which is a
mixture of the Poisson and Gamma distributions, is employed as a functional form (Greenwood &
Yule, 1920). It will relax the overdispersion restriction of the Poisson distribution and lead to one
of the popular alternative distributions for overdispersed count data (Rainer, 2000).

In 1953, Bliss fitted the NB distribution to biological data and found that the NB
distribution was the appropriate probability distribution for fitting the biological data when the
variance is significantly larger than the mean, which suggests that the NB distribution is the
most widely adaptable and generally useful of those that have been proposed (Bliss & Fisher,
1953). White and Bennetts modeled bird counts by using a negative binomial distribution in
1996 (White & Bennetts, 1996), whereas Alexander et al. used the negative binomial
distribution with a spatial model of parasitism in 2000 (Alexander et al., 2000).
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Since the mid 1980s, mixture of distributions have been widely used for modeling
observed situations whose a variety of characteristics. Several studies have shown that mixed
Poisson and mixed NB distributions provide a better fit compared to the Poisson and NB
distributions for count data modelling. Some examples of these distributions include the Poisson-
inverse Gaussian (Klugman et al.,, 2008), beta-negative binomial (Wang, 2011), negative
binomial-beta exponential (Pudprommarat et al., 2012) and negative binomial-generalized
exponential distribution (Aryuyuen & Bodhisuwan, 2013). The results of related works show the
mixed Poisson and mixed NB distribution can be competitive to the Poisson and NB distributions.

In 2017, Prasongporn and Bodhisuwan (2017) introduced a new distribution: the
negative binomial-two parameter weighted exponential (NB-TWE) distribution. This new
distribution is heavy-tailed with positive skewness. The NB-TWE provided a better fit than the
Poisson, and negative binomial distribution for overdispersion data model.

In this paper, Bayesian parameters estimation of NB-TWE is employed, and applied to
biological data. The rest of paper is organized as follows. In methods, the NB-TWE and its
special cases are introduced. In addition, the Bayesian approach for NB-TWE and the
application with real data set are given in results and discussion and some conclusion remarks
are presented in the last section.

Methods
Negative Binomial-Two Parameter Weighted Exponential (NB-TWE) Distribution

First, we present the NB distribution and some of its properties.

Let X be distributed as negative binomial with parameters n and p; its probability mass
function (pmf) is

f(x):(r”_l] p" (1-p) ,x=0,1,2,..., wherer >0and 0 <p < 1. (1)
X

The first two moments about zero and the factorial moments of the NB distribution,
respectively, are given by

where F(t) = ij exp(—x) dx is the so-called gamma function.
0
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Next, we introduce the NB-TWE distribution, which is gained by mixing the NB
distribution with the TWE (two parameter weighted exponential) distribution. The NB and TWE
distributions can be used as alternative distributions to model lifetime data. However, a
limitation of these distributions occurs when the sample skewness measure for data lies outside
its skewness function range. The NB-TWE distribution has a wider range of skewness than the
NB and TWE distributions. The flexibility of the NB-TWE distribution and increased range of
skewness are able to fit and capture features in real data sets much better than Poisson, NB
and TWE distributions.

Definition 1. The pmf of the NB-TWE distribution is

v\ e (x ,- (1+a)(l+ﬂ)(l+a+ﬂ)[2(l+WJ+a+ﬂj Q)
SRR SVl ey vy ovetz2y otz vy

where x = 0,1,2,... and parameters A, r, a and B > 0. (see more detail of proof in
(Prasongporn, 2017))

The behavior of the NB-TWE distribution for different parameter values and some of its
properties and their graphs are displayed in the following corollaries. Moreover, the shapes of
the NB-TWE distribution for different parameter values are illustrated in Figure 1. It confirms
that the NB-TWE distribution is positively skewed and heavy-tailed.

Next, we will present some related distributions and moments of the NB-TWE
distribution.

Some related distributions
The expansion of the NB-TWE distribution is introduced in this section. We present
special cases of the NB-TWE distribution. (see more detail of proofs in (Prasongporn, 2017))

Coroflary 1. If A = 1, and o, p — o, the NB-TWE distribution then reduces to the
negative binomial-exponential distribution (NB-E) with the pmf

h(x):[r”_l]zx:[x)(—l)j L =012, (3)

X \J I+r+j

Corollary 2. If A = 1, and o, B — 0, the NB-TWE distribution then reduces to the
negative binomial-gamma distribution (NB-gamma) with the pmf

h(x):(”i‘1J Z[j)(—l)m x=0,12,... (4)

Corollary 3. If A=1,and limo—o h(x) ,then the NB-TWE distribution reduces to the
negative binomial-weighted exponential distribution (NB—WE) with the pmf

-41 -



The Journal of Applied Science
NsAsIneaanslseene

SR MVRIC

r+j .
1+ 4

Vol. 18 No. 1: 39-48 [2019]
doi: 10.14416/j.appsci.2019.03.001

1
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(5)

Corollary 4. If A=1,and limB—oo h(x) , then the NB-TWE distribution reduces to the
negative binomial-weighted exponential distribution (NB-WE) with the pmf
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Figure 1. Plots of the NB-TWE distribution with some specified parameter values

parameter (a) is r=0.5 , A=1, a=1, =1
parameter (b) is r=1, A=1, a=1, =1
parameter (¢) is r=5, A=2, a=2, B=2
parameter (d) is »=10 , A=2, a=2, B=2
parameter (e) is »=25 , =3, a=2, f=2
parameter (f) is »r=50 , A=3, a=2, B=2

The factorial moment

The factorial moment of order k of X If X ~ NB-TWE (r, A, o, B). is given by

-4) -

(6)
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(1+a)(1+ﬂ)(1+a+ﬂ)(2( + ;jj+a+,8]

(r+k) 3 j
)-S5 3 (S22 (FPREZY (AREYY (RPIET) PR
wherer, A, o and B >0. @)

Next, Bayseian parameters distribution of the NB-TWE will be presented, including prior
distribution, joint density and the posterior distribution of 7, 4,a, 5.

Results and discussion
Bayseian Parameters Estimation Distribution

The parameters of NB-TWE distribution can also be estimated using Bayesian approach,
which considers parameters as random variables that are characterized by a prior distribution.
Due to parameters in NB-TWE distribution over than zero, the gamma distribution is an
appropriate to the parameter space, so we select the gamma distribution as a prior distribution
r,A,a, [} as shown

b

r ~Gamma (a,,b, ), which pdf 7(r) = mr“"‘le’b”,ar,br >0,

A ~ Gamma (a,,b, ), which pdf (1) = FIZ;)/W e ,a,,b, >0,

a ~ Gamma (a,,b, ), which pdf 7(a) = F?Haa)a e a b >0,

f ~ Gamma (a,,b, ), which pdf 7 () = %ﬂ”ﬁ_le_bﬁﬂ,aﬁ,bﬁ >0
5

According to the likelihood function parameter of NB-TWE distribution as

.- (ea)(s )ivap) 2147 Jeas )
= [jj( ) [HHJ(HMJJ(HM : j(l+a+ﬁ+ z]j(“‘”ﬂ)

A

The joint density of the NB-TWE was expressed as follows

n(r+x—1) &( x, :
f(ylayzs"'aynaraﬂ“ﬂa’ﬂ): H( o JZ( l}(—l)]

i=1 X; j=0\_J

1
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(1+a)(1+[3’)(1+a+ﬁ)[2(1+r;j}+a+ﬂj

X
r+j
(1+—}L j(l+a+ 2 )1+,8+ i j(H a+p+ L i )(2+a+,8)

a, a, a, ap
br rayflefbr b ﬂa‘ b, A ba o’ —1e—b,l0t x bﬁ' )ﬂa/;_le_b/xﬂ (8)

F(a) [{a) [{a,) e

X

and the posterior distribution of r,1,c, f was

I S Y e
ﬂ-(r’ﬂ”a’ﬁb}pyz,...,y,,) = f(yl Yoo Yol 20 & ﬂ) 9)

.TTTTf(yl’yza"'ayn,r,ﬂ,a,ﬁ)dl’dﬂdadﬁ
0000

Therefore, the Bayesian estimator of r, A, &, f under a squared error loss function can
be achieved from expectation of posterior distribution were

Fapes =E(r|y1,y2,...,y,,)=TTT
000

ra(r, 2. Bl yysensy, JdrdAidad

O ey 8

Ages =E (305000, )= [ [ [ [ A7 (r ot Bl 33y, dr d Adad B
0000

OA‘BW:E(Of|ypy2,---,yn)=_|.” arn(r,2,a,B|y,.¥,,....y, )drdAdadp
000

Sl X

Boue =E (B2 ¥, )=[ [ [ [ B (7,20 Bl31 3ssesy, )dr dAdad B
0000

We can obtain estimated parameters »,A,«, [ by using the LaplacesDemon function

in LaplacesDemon package in R program. In the next section, we will illustrate the application
with a real data set with Metropolis-within-Gibbs algorithm, by R Program.

Application study

In studying its use, the NB-TWE distribution is applied to biological data sets and
compared with a Poisson and NB distribution. The first three data sets are the European corn-
borer data, which were presented in McGuire et al. (1957). The first data set provides
information on the number of European corn-borers per plant with groups 0, 1, 2, 3, 4 and 5
having counts of 188, 83, 36, 14, 2 and 1. The second data set has counts of 907, 275, 88, 23, 3.
The third data set is the distribution of Pyrausta nubilalis in 1937 by Beall (1940), with the
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number of insects in groups 0, 1, 2, 3, 4, and 5 having counts of 33, 12, 6, 3, 1 and 1. The
results for fitting the distribution are shown in Tables 1 to 3.

Table 1. Goodness of fit test for the Poisson, NB and NB-TWE distributions when fitting
European corn-borer data

Number of borers Observed Expected value by fitting distribution
per plant X frequency Poisson NB NB-TWE
group 1
0 188 164.32 163.73 194.19
1 83 111.56 107.23 79.49
2 36 37.87 39.39 29.86
3 14 8.57 10.70 11.69
4 2 1.45 2.39 4.82
5 1 0.20 0.47 2.09
Parameters estimates 1 =0.6789 7 = 8.2054 7 = 8.0329
p=105202 A =14.7193
a = 9.6251
/3= 9.7089
Deviance 726.4856 719.4940 718.3184
K-S Test 0.0731 0.0749 0.0191
(p-value) (0.0627) (0.0527) (0.9998)
Cramer-von Mises-W2 0.7642 0.7629 0.0622
(p-value) (0.0107) (0.0108) (0.5549)
Cramer-von Mises-A2 3.4351 3.1092 0.4000
(p-value) (0.0123) (0.0178) (0.5439)

The number of borers per plant X group 1 shows that NB-TWE distribution gives the
smallest value of K-S test (p-value is 0.9998) and Cramer-von Mises A2 test (p-value is 0.5439).

Table 2 shows that the NB-TWE distribution gives the smallest value of the K-S test
(p-value is 1), and Cramer-von Mises A2 test (p-value is 0.5061).

The number of insects X in Table 3 shows that the NB-TWE distribution gives the
smallest value of the K-S test (p-value is 1), and Cramer-von Mises A2 test (p-value is 0.9025).

The number of borers per plant X group 1-2 column, and number of insects X column
in Table 3 are from the data sets that have an overdispersion problem, and are heavy-tailed
with positively skewness. The results of fitting the different distributions are compared by using
the K-S Test and Cramer-von Mises Test, we found that the data follows the NB-TWE
distribution with the largest p-value and gives the smallest value of K-S Test and Cramer-von
Mises Test. It also suggests that the NB-TWE distribution is the best fit for these data sets.
Therefore, the NB-TWE distribution can be considered as an alternative model for count data
that have an overdispersion problem and are heavy-tailed with positive skewness.
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Table 2. Goodness of fit test for the Poisson, NB and NB-TWE distribution when fitting
European corn-borer data.

Number of borers Observed Expected value by fitting distribution
per plant X frequency Poisson NB NB-TWE
group 2
0 907 854.11 883.45 918.05
1 275 356.15 308.50 268.35
2 88 74.25 80.40 75.33
3 23 10.32 18.58 22.71
4 3 1.08 4.02 7.39
Parameters estimates 1 =0.4143 7 = 2.0446 7 = 6.2350
p=08277 A = 18.1648
& =9.2200
/3= 9.5190
Deviance 2235.8843 2205.6814 2210.3294
K-S Test 0.0408 0.0182 0.0085
(p-value) (0.0267) (0.7856) (1.0000)
Cramer-von Mises-W2 1.1156 0.2087 0.0526
(p-value) (0.0013) (0.1635) (0.5153)
Cramer-von Mises-A2 6.7564 1.0785 0.3862
(p-value) (0.0039) (0.1831) (0.5061)

Table 3. Goodness of fit test for the poisson, NB and NB-TWE distribution when fitting
Pyrausta nublilalis data.

Number of insects X Observed Expected value by fitting distribution
frequency Poisson NB NB-TWE
0 33 22.25 23.88 31.07
1 12 20.54 19.13 14.17
2 6 9.48 8.79 5.91
3 3 2.91 3.04 2.55
4 1 0.67 0.88 1.16
5 1 0.12 0.22 0.55
Parameters estimates 7 =0.9228 7 =7.1675 7 =7.9328
p = 0.8868 A =12.1495
& = 10.1997
/3 =10.2329
Deviance 145.9365 140.5059 135.2861
K-S Test 0.1919 0.1629 0.0345
(p-value) (0.0324) (0.1024) (1.0000)
Cramer-von Mises-W2 0.8152 0.5900 0.0289
(p-value) (0.0076) (0.0256) (0.8030)
Cramer-von Mises-A2 3.5561 2.4875 0.1121
(p-value) (0.0116) (0.0389) (0.9025)
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Conclusion

The negative binomial-two parameter weighted exponential (NB-TWE) is a discrete
distribution that is obtained by mixing the NB distribution with the TWE distribution. This new
distribution is heavy-tailed and is positively skewed. By fitting results, it shows that the NB-TWE
distribution gives the smallest value of K-S Test and Cramer-von Mises Test.

From analyzing biological data for which the variance is significantly larger than the
mean, and the data are heavy-tailed, we show the NB-TWE distribution provides a better fit
than the Poisson and NB distributions. Consequently, the NB-TWE distribution is the best choice
for biological data that have an overdispersion problem and are heavy-tailed and positively
skewed.
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Abstract

This research aimed to compare the effectiveness of two forecasting models, ANN-GARCH and ANN-
EGARCH. The two hybrid models were formed by a combination of Generalized Auto Regressive Conditional
Heteroskedasticity (GARCH) and Artificial Neural Network (ANN) models, used to forecast the volatility of the
Stock Exchange of Thailand index (SET). The results showed that both of the ANN-GARCH and ANN-EGARCH
forecasts were highly accurate, measured by root mean square error (RMSE) and mean absolute percentage error

(MAPE) values. With key variables included, the models accurately described volatility forecasts.

Keywords: volatility forecast, leverage effect, heteroskedasticity, Levenberg-Marquardt backpropagation
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1.2x10™-1.9x10°cfu/g NAaoUN5A34 11 1A519UA2873 bromothymol blue reagent indicator LaEA1TAALADN
aa = a a a A A = Ao oA Y
nuanienselulasnudaseny 26 lolsan nageumsnaneenduveuaiizenselulasnuidanen’ld
v
Tagldm3d TamluduamsasdunazinsziiSnavesoontulaedd Salkowski coloring reagent WA
nagounuuuniiie 6 lo Ixnaninaneengulduinigalaonsldns U Tamuaimdudu 1,000 pg/mL oy
o Tanan PY7-6 wanoonGuuIniiga 23.9 mg/L TudiuloTmanduldun LPs-1, CR1-2, CM12-4, PY7-5 118y
CcMs-2 waneenduld 7.0 -22.3 mg/L MInageumINanIvweasadauLaz InszTinalIvwesadulag
HPLC Wyl 2 Telmanldun cMI12-4 ag LP8-1 Geannsondandvwesaauls 13.74 uag 3.94 mg/L
9
AMUAAY MITUNFiAveUARE091nMIAATITHAIRUYDITU 168 RNA ¥ 4 eowus aun
CM12-4 (Pantoea agglomerans), LP8-1 (Stenotrophomonas maltophilia), PY7-5 (Bacillus cereus) 148 PY7-6,
CRI1-2 gy CMS5-2 (Pseudomonas nitroreducens) ﬁ’;:‘]_]llﬁ}’h Pseudomonas nitroreducens (PY7-6) THGERN
= dy I a A =2 a Ao 2 A a A a a A
msanpiifunuaiiGeaiclulasnudasenanga sedidszaninmlunswaalulasnunazeonguile

@ 9 3 Y1
Anyuaznannlaiuileiinmldael
o o w A R a a  a a a 9
Mmdngy: nuaiizens s uTasoudase, oondu, Iuwesaay, ANToUT NG

Abstract

This research aimed to study the efficiency of free-living nitrogen fixing bacteria isolated from the
samples of rice rhizosphere soil on auxin and gibberellin production. The samples of the rhizophere soil were
collected from different areas. The amount of colony of isolated bacteria was counted by using plate count
method. The result revealed that 183 isolated bacteria were obtained from soil samples of the organic rice fields,
the amount of colony at 1.6x106-2.0x107cfu/g and the 127 isolated bacteria were obtained from soil samples of the
chemical rice fields, the amount of colony at 1.2x103-1.9x1050fu/g. Nitrogen fixation was tested by using
bromothymol blue reagent indicator method and selecting of free-living nitrogen fixing bacteria was found of 26
isolates. Auxin production test of the selected nitrogen fixing bacteria was conducted by using tryptophan as an
initial sabstance and the amount of auxin was analyzed by using Salkowski coloring reagent method. The result
showed that 6 isolates produced the most auxin by using tryptophan concentrations of 1,000 llg/mL and the
isolate PY7-6 produced the most auxin of 23.9 mg/L, while the rest, LP8-1, CR1-2, CM12-4, PY7-5 and CM5-2,
produced auxin from 7.0 to 22.3 mg/L. Gibberellin production test and gibberellin content analysis by HPLC
revealed that 2 isolates: CM12-4 and LP8-1 could produced gibberellin at 13.74 and 3.94 mg/L, respectively.

Classification of bacteria from sequence analysis of the 16S rRNA gene indicated that there were 4
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species: CM12-4 (Pantoea agglomerans), LP8-1 (Stenotrophomonas maltophilia), PY7-5 (Bacillus cereus) and
PY7-6, CR1-2 and CM5-2 (Pseudomonas nitroreducens). In conclusion, Pseudomonas nitroreducens (PY7-6)
was the best free-living nitrogen fixing bacteria from this study which had the efficiency to produce nitrogen and

auxin for further study and develop as biofertilizer.

Keywords: free- living nitrogen fixing bacteria, auxin, gibberellin, rice rhizospheresoil
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aa ﬁﬁl’diilﬂﬁﬁﬁﬂﬂi@u llagﬂ’ljlﬂa@uﬂ’]ﬂﬁ’]ﬁ!ﬂ’]ﬁ’]i (TaIZ & Zelger, 2006) NNTANHIULUANLIY
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Azospirillum lipoferum strain RSWT1 118¢ Pseudomonas strain Kyl ¥1odaa3umsiniayay Taveada IPS uag

munanant 1d3esas 18 uay 13.8 a1 (Bashir et al., 2013)

a A

Y+ A 3 2 A ' v A D) )
mﬂ%ﬂﬂmmwmaﬁ]auw3mﬂu’amm’mwﬂummﬁu%amamnmw W%?ﬂﬁﬂﬂu‘ﬂuﬂﬁwﬁ@]"lﬂ?

a

v A v A s A a A =
HAagNTaANANISNUNDFILIAADNITCUUUIANYAT ﬂﬁziﬂ"lﬂu‘ﬂWﬂlLUﬂ‘ﬂLﬁﬂﬂ1ﬂﬂfuﬂﬂﬁ1u15ﬂ@]i@.luiﬂiﬁlu
¥ = Y A | a = g aa ]
IMNFUUITTYINA %Qﬂigﬂaﬂﬂﬁﬂquiﬂiﬁ]u‘ﬂﬂQ(lugllsl]'t‘)\ul,ﬂﬁhluiﬁilﬂullNWﬂﬂﬂiﬂﬂﬁg 78 !L‘]Jﬂ'l/]!,'iflﬂijllﬂiﬂ
=2 Y3 A Y ¥ a 4 Ao ' a a a Aa I
Iluiﬁiﬁ]uﬁ]\?ﬂlsmﬂuﬂﬂﬂnﬂWWUlﬂ 33%%@ﬂ15ﬂﬂﬁﬁ@iiﬂuw%ﬂ\1ﬁfu DONYU IVLUDLIAAY uax“lcﬂmulﬂuu L‘]Ju

Yy & A Yo o s v 3 a o g YA o
(20 "]N‘Wﬁh'llﬂiﬂ’ﬂﬁgIﬂ%ui]']ﬂElﬂiillusl‘uﬂ?iﬂi%ﬂuﬂ?iﬂﬂﬂﬂlﬂﬂmﬁﬂ NITLVTIYVDITIN LLa&’VHlWW‘H@ﬂ“K‘U

v AR

a A X ' 3 Ave

011113 TuAn 18I (Khan et al., 2016; Phookkasem et al., 2011) Dangiziiluniinnuatawansdnu
A ' A a P ' A a A ' ° )
uuaiiiengu PGPR Minailsz Teminemsduaiumsniguosiasuana lnmsiaulusgauTuanaves
2 2 o ' g { o

go3 Iuunga ludlunni ' ld¥any (Babalola, 2010)

=2 < 2 A = a 9 A A o 1A A A A

vauru @ muaiGeasdlulasmudasznnldnannaestianodeegus nusounnislinudia

o o 7q ¥ L 1+ a a 9 P 9. 9
uananuansnihwlszgnd Iniluiledinmiieduaiumsnigvesinld mslddfedinmilsznoudie

A aa

aUNIINITFIa FeesoaseluTasulueimeld nazaunsandeusigems 1eg lugdfnanir 14

a a

L4 1 = @ S o
152 Tomd Taer1unTZUIUMINIIFININ (Dhevendaran et al., 2013) HI98991) ails

U

s A = = a
SAIANDANBIULUANLIY
v

a31luTasnudasznuenldnnauseusindnnidszanimmlumsnanniaoulaaue®an (Faae 1oy

a 4

a 9}' 1 o U a a a 13 @
Gﬂﬂﬂﬁﬂ@uiﬂﬂu@%@ﬂiﬂﬂal"]f"?f@"’llﬂxiﬂqu?I@iillul!fl/lu'ﬂ “PONHU”) LAZIVIUDLIAAU LAZUNTIYNUT

a

P | ~ o

k2 A Y = A = o I + A 1 a
LLiJﬂVIL‘iEJT]ﬂﬂmE‘)ﬂIlﬂ IWBAUNUANLTIYNY ﬂfJﬂTWL”HlﬂzE‘Tilaluﬂﬁﬂﬂ‘l&l1!Lﬁ$W¢’JlHH‘]JH‘]JEJ"ﬁ’Jﬂ1WﬁQLﬁ5ilfﬂ'i

niguesinilanelu

FEMInaaes

MUAUMINARBIULFUENY58] (Completely Randomized Design: CRD) UATIEHANUUANAINI
0@ (Analysis of Variance: ANOVA) Az sURsUANUUANANT LN 9AINABAI835 Duncan’s New
Multiple Range Test (p<0.05) TaoTTuaoumsnaaosai

< U U a
1. MIANUNIVELNAY

9 1
v a A o

& o 1 a a o a X 3 o o
NUAIBENANUTNVTOUTINTMTZAUANLEN 15 wuaas Fuiluszauduaudidyilsznoudie
BuUNsIng (Pennock et al., 2008) 311U 40 10819 Taluganaraanidaniinuazaanainlashvuaaniun
v o 1A 3 o < a = 3 o 1 a 2 ¥ A
uazsWadledean uin ludiiugaumgll 4 esmwaded Taonudiedeauusnumlaslgndeniui
uana1enu 4 39nda ldun Wealna Feasre wzien nazdmyu niuindasuveunyasnsniimsilgnd1n
oA 'y ' a A4 & oA 2 o 1 a Y A ad
agnaaitiodlitosnin 5 Wasuisiiunesniu 2 ngu fie 1) NudednAuIINLalgndIBunsd
an a A 3 o 1A A an S
Asmalgndnluszuuinuasdunid) 2) mudredieaunnulaslgndruall GTmsilgninlagldijend

wazensnlmIndag )
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&’ S A
2. MIByNIBIUUANIIY

1 a o ' A ¥ ) 4 ° A ' =
whdednaus w10 05 Tdasluvaagsuniiiinaulasaae 90 mL vl 120 souaeui

U

A o < o v 1 ' Y -6 2
UIU 30 UIN ‘Vl'lﬂ']ﬂ%ﬂ%'l\?!ﬂuﬁ']ﬂllﬁ'.luu‘ﬂ‘ﬂ 10 t11 (10-fold dilution) w‘lﬁ%mummﬁaﬁm 10 91U

any

1 Y v
° a Y Y . ) Y a
WIUNABUUAINTI911157U TSA (tryptic soy agar) 283 spread plate HAMTFONQUUN 37 oA uvaITe

<3| o o 2 LY 2 A Aa g A = ' I . .
wWunar 24 ¥21u9 911 3 1 ud S nandenunnGea1873 plate count MUY U colony forming unit

'
A v 1

v A AA A 1% 9 d” = Y
(cfu) Aauaen InTatinws yunomsnldanyazuanany lagldgiuazieintiaain (steak plate) UHOMIT U
a [l I Y A A a £ Y 2 3 o X a £ Y
89 TSA DUU I Indaunsens IdiFenusqns udSunusnuureuigns lunasaeimsjudes TSA
A A A g A 9o Vet = A '
ioyeniymuiuduny 13 4 estusadod o ldlumsnaassae'ly
o A a A 3
3. msnadenuuaniSan3lulnsiou
o dy a Y ' dy Yy .
wirohuen ldumadou Tasne¥orinasnomsjuides TSA Tuem1simaiIgas N-free medium
a X Aa = < o o a X A A A
51105 3 mL e lugavgil 37 osrwaidod 11una 24 31109 Tan15195 Yo U NANNINAUN 600
Y
nm Tag14 spectrophotometer 151 1WA INIgANAULAUNIND 0.1 DretFoudas To IsnanlSuiag 0.2 mL ag

a

Glummi'féimsﬁq (semi-solid media) §# 3 N-free bromothymol blue medium 151195 3 mL uﬁ’aﬁuﬁqmwgu 37
ssrusaded Wuna 7 5u niudanamsuldsuulacdveduinnesdies bromothymol blue reagent
indicator (Dobereiner et al, 1976) Taguuaiizenannsonsalulasonld dvesdummmesaznasuanide
Sudhitu SR ulasnudi3s Kjeldahl
4. msnagevlSinaeendu

msnaaesdi 1 1higonuaiitentalulasoui ldnnnmaae1t3nng 0.2 mL ldasluomisiman
TSB tiuftgaivigil 37 esrusaioe funa 24 927w Samnsganduuaavesansazasfiniuenau 600
am 50118 0.1 uazgaldluensmad TsB fidun3d Tamlu (ryptophan) fifinnmududy 600 pg/mL
51as 5 mL vuilunm 3 $u Taedanamanlasunlawesd ienvafidendaoenduszildowdludauy
i JnsznfSueendudles Salkowski colouring reagent (Ahmad et al., 2008; Bharucha et al., 2013) Tag
ihdmemaniumisaianuy 4,000 soudownd funa 30 wif figungd sesruwaido ifumsazas
dmlafnns 0.5 mL uduAy reagent V31183 0.5 mL (FeCl, 0.5 mol azarelu 35% HC10,) ¥ lihiudi
gangitealuiiiadunanu 30 i Sadimsganduuavesmsazatfinnueindu 535 omlas
spectrophotometer 1§11 IR suRsusunsmABNATg I

m3naaesii 2 nageumsnaneendulaslim3a Tamly (tryptophan) Tiilarmduduuanaiaiulng
dodoudas lo Tsaniiaunsanansenduldnnsmaansd 11511035 0.2 mL ldasluemisimad TSB 1y
ﬁqmﬁgﬁ 37 eerusaiFed Funaing 24 5 Tua uasﬁ”ﬂmmiﬂmﬁuuﬁweamiazmammmaﬂﬁu 600
nm 501714 0.1 udrgalderwisiiar TSB Fauns U TamuATianusudu 0, 200, 400, 600, 800 1Az 1,000

[l I o o = a
pg/mL U511a3 5 mL vudlunan 3 Su tazialSinaeenduaie7s Salkowski colouring reagent
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5. msnageulIinaRueIsaau

NZIRBUT o UATZ 1Mo 1M1 LGLP medium Usznoudan y1ATa 100 g/L, K,HPO, 0.2 g/L,
KH_PO, 0.6 g/L, MgSO,7H,0 0.2 g/L, CaCL2H,0 0.02 /L, Na,MoO 2H,0 0.002 /L, FeCL6H,0 0.1 g/L 11ag
Bromothymolblue 0.025 g/L U5ua1 pH 5.5 ﬁuﬁqmwgﬁ 32 pasnaIFea (81 80 rpm (Hudan 5 S Nty
1111 sonicate 15111981 20 117 o 10,000xg 1Fuaan 30 wiR USuA1 pH 3.0 @28 HCL wazinssede
ethyl acetate SAFIEI 1:3 $11IU 3 50U 1AW ethyl acetate ﬁuﬂn%uag:ﬁ'muumwmaﬁ’w
evapulator IQu¥Qi 45 DIAUTATHAIALANUAY 240 AUNTZITI ethyl acetate TLIHOUAITIVERIE methanol
udrianFuavessuersaduTaeinseq high performance liquid chromatography (HPLC) (Tang et al., 2011)
6. m3swunyiiaenuafitalasmsmaduiionale i ndvessudIn 168 rRNA

ﬁﬁﬂﬁlﬁummau%mmﬂﬁﬁa@’]’aﬂﬂmaf‘fﬂagﬁumﬁﬁ%gﬂ (protein precipitation solution 31a A7951,
UTHN Promega Corporation, Uszimaanigeniani) nmanhaduenanuai IS inadiomaiia PR
(polymerase chain reaction)TﬂElGl"laf} primer D 27F(5-AGAGTTTGATCMTGGCTCAG-3) uag 1522R (5™
AAGGAGGTGATCCRCCGCA -3') 111 PCR Product 7 1§1nasivaeuvuiavesiisuenieldaumvihlae
Fhuﬁlﬁﬂmﬁ"lfﬁﬂ’?u (agarose gel electrophoresis) mm‘i’uﬁw PCR product GIJENGT;I‘Hﬁ’m 16S rRNA ﬁqﬁ}NWﬁﬂﬁ}
‘]J?ch‘l/l%dﬁ}’m‘]gﬂ GEL/PCR DNA fragments extraction kit (g'u 70 bp-20 kb DNA fragments, Cat. Number
GMB100, USHN Geneaid Biotech Ltd., 1/5zimer ld1 1) ﬁwﬁzé‘umﬁu’%qwéuﬁmswﬁmﬁwﬁumaiudmmm
B 165 rRNA Taesada Tl mdoiain3 s First BASE Laboratories Uszmenaide udnhdwuwai g
TnfSeuieunugiudeyalagldlisunsy BLAST 409 The National Center for Biotechnology Information

A v J &I aa
(NCBI) W93 agNUTUDUYDLULUANLTY

WNaAN1INAa9l
ﬁw S A
1. MFUSNIBDUUANLIY
y a ) v v Y A s
HansuenreuuAiGenInauseusng1la 310 lolwan uenldeinulasilgndndunid 183

[l Y

ToTaan WsmauuaiiGeunniuaalgndruadl Fawemde 18 127 ToTawan maulsuulalatives
S { @ 1A a I A a i J
vuafizeiuenldnndrediaunalgndnaunsd Tl5maTaTatlegszning 1.6x10%-2.0x10 cfuw/g 1azan
degnauutlaslgnidrundl T5malaTativewuaiiSeogszning 1.2x10™-1.9x10° cfw/g (151971
o A Aa =X
2. msdaenuuafiFensslulasou
wamsandonuuaiizeaseTulasnu’ls 26 loTman uaziinuaiise 6 loTyan dwaaluTasould

79 Taedi loTanan cM2-2 waaTulasinuldgeqa 15.6 mg/L 5090301 fin CM5-2 48z PY5-2, LP1-5, CR6-7
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uaz PY7-6 wan lulasou'ld 8.4, 7.7 uag 6.3 mgL mwaiay dwmsvuuaiisele Taandu nanlulasould
Woona 932119 1.4-5.6 mg/L (A15199 2)
3. msnaaevulSinaeendu

wamsnaaeuANuaIuITalumsnanesnguvenuanGeasaluTasiau 26 To Taan Wieldnmsil

I g/ Y Y 9 Aa A a a Yy o AAa A
Tamluduansaaduanududy 600 pe/mL vuaiiFenansonaneendulan 6 lolaan azihuuaiizen
4 a a 9 a Y Y 1 v A
18 vmageuanuasolumsnanoendu Iaslans U Tamuanududuiuanaianu As 0, 200, 400, 600,
' ~ a A 2 Y 9 a a4 2 ~
800 1A 1,000 pg/mL WU USuaeenFuimiuunTuauanududuveans U Tamuinmuay (a15199 3)
Y 1 )

uazuunRiFend 6 1o Txan naneendulaunigaiioldniy Tamluanududu 1,000 pg/mL Gosdrdun
ynlvndes 1dun lTeTaan PY7-6, LPS-1, CRI-2 ag CMI12-4, PY7-5 tiag CM5-2 Hanoondu'ld 23.9,
22.3,82-8.5,7.5 1ag 7.0 mg/L Mua1ay (J1N 1)
4. msnagevlSinaduiueisady

wamInaaauANVaIa lumnanduesaauvonuanizeas 1 Tulaswu 26 lo Tsan wuni
2 ToTaan fie CM12-4 ag LPS-1 annsanandviwesaauld 13.74 mg/L uag 3.94 mg/L AMUa1AY Ha14 2

Y '
ToTman anansanan ldnaduiesaduLazenTY (A13199 4)
o a A’ a a o W A = d c:’ 1

5. MswUNYiaanuANy 1agmMsaaUHINA INAYBITUAIU 16S rRNA

nuaniFenslulasmunansananeenduuazIuwesaauld wuni 6 le Tsanswunyiinves

a A = q/ o 1 £ a A .;’ﬂ
HUANTINUIY 4 TIINUT Ulﬁ'lm Pseudomonas nitroreducens (PY7-6, CR1-2 Uag CM5-2) G?NLL‘]J?]‘VIHEJ‘VN 3
loTaan wanoondu'ld 23.9, 8.5uaz 7.0 mg/L MWEAD UL Bacillus cereus (PY7-5) Wanoonau'ld 7.5
v Y

mg/L 3l 2mﬂwuﬁ:ﬁwam"lﬁ'maanwuaswmmsaauﬁa Stenotrophomonas maltophilia (LP8-1) HaR90NULLAY
Juwesaan'ld 22.3 az 3.94 mg/L 1Ay Pantoea agglomerans (CM12-4) Wanoonguuazdviuaisaau 1 8.2

uag 13.74 mg/L ANAAL (mswﬁ 4)

3 { a a J
ms1eh 1. U Talativewnuaiizeiven ldanaumlaslgndouniduazin)aslgndrinil

Wunadaladl (cfu/g)

Wuiilgndng — —
ulasigninagunsd ulasifgninunil
weoalni 2.0x10’ 2.3x10"
W1 1.8x10° 1.9x10’
%9318 1.6x10° 1.3x10°
amu 2.3x10° 1.2x10’
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e lolasan Tulasou megL) aev olasian Tulasou (mg/L)
1 CM2-2 15.6" 14 CM2-3 42"
2 CM5-2 84" 15 CM12-4 42"
3 PY5-2 84" 16 LP8-1 42
4 LP1-5 77" 17 LP2-5 3.5%
5 CR6-7 6.3° 18 LP4-10 3.5%
6 PY7-6 6.3° 19 CM8-3 2.8%"
7 CM11-6 5.6% 20 CM9-3 2.8%"
8 CM12-6 5.6 21 CR10-5 28"
9 CRY-4 5.6 22 PY5-3 2.8"
10 LP7-5 49 23 CM11-5 21"
1 CR3-1 49% 24 LP3-9 21"
12 CR6-2 49% 25 CR1-2 1.4
13 PY7-5 49 26 CR8-6 1.4

F-test * F-test *

*UATITHANUUANANNNEDA ANOVA (p<0.05)

319N 3. PsuaeendunuuanizeeseluTasnunaa 1 Taglensd Tamlunianududuuanaianu

unawendumuanutnduveanivlamly (mg/L)

Ao loYastan
0 200 400 600 800 1,000 (ug/mL)
1 PY7-6 6.0° 8.6 10.0° 12.1° 14.9' 23.9°
2 LP8-1 75" 9.1" 10.2" 11.6° 14.3° 223"
3 CR1-2 5.0° 5.2° 5.5° 6.1° 8.3° 8.5°
4 CMI12-4 2.2° 3.3% 4.7% 5.8% 6.8° 8.2°
5 PY7-5 28" 3.0° 3.0° 43° 5.3° 7.5°
6 CM5-2 45" 4.9° 5.0° 5.5° 6.0° 7.0°
F-test * * . . . *

*UATITHANUUANANN DA ANOVA (p<0.05)
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0 e
] ) b
g . 22.3
gb ]
E 20 -
= ] 05 e ;
- . . €
€10 - 73 7.0
gg | . l
0o l l
PY7-6 LP8-1 CRI1-2 CM12-4 PY7-5 CM5-2 Jolastan

519 1. 3mmeenguiunaiiise 6 loTmanndalaunigaioldnsyTamluanududy 1,000 pg/mL

b1} q

AINTILHANUUANANNNADA ANOVA, p<0.05)

v K H
A15197 4. ﬂﬁ51!luﬂ%uﬂl%ﬂllﬂﬂﬂlﬁﬂﬁ?ﬂhluiiﬂiL%uﬁfllli$ﬁﬂﬁﬂ1W1uﬂ15Wﬂﬂﬂﬂﬂ“ﬁu tazautualIaaud

d

A Jolastan 20NTY (mg/L) JutueLsaa (mg/L) HaNMINUUNENIUE
PY7-6 239" - Pseudomonas nitroreducens
2 LP8-1 22.3b 3.94b Stenotrophomonas maltophilia
3 CR1-2 8.5° - Pseudomonas nitroreducens
4 CM12-4 8.2° 13.74° Pantoea agglomerans
5 PY7-5 7.5d - Bacillus cereus
6 CM5-2 7.0° - Pseudomonas nitroreducens

*ATIZHANWIANANNTDA ANOVA (p<0.05)

a d
IsUNaANISTNARY
X A A o ' a Aa Y A A = Aa A Y
HamsuenireuUAfienedregluauDsNUTeUI NG Hilsa TalativewuaiiEenuenlaain
@ ] a Y a A J 1 9 =) =1 o a
arpgnauulasilgninmsunsdnnniulaslgninuall taasdennuanuganauysaivesdnlumlaslgn

9 a A I 1 a 9 = Y v =2
"UTJi‘JuVISEJlJiJ"IﬂﬂTIﬂu"l]"lﬂLL“]Jﬁ\‘ll]Qﬂ“U"l’JLﬂﬂJ AOANADINUIIYIIUVDY Melero et al. (2006) INNITANYI

a S J

nfFouieuquautidvesdumlaunsasdunid Fanundsmasunidariveu lulasu eaesa

A J A dgf

Y a a A a EL a v =) ] A o o o
JINMFINIAVOIYaUNTY Lm%ﬂ%ﬂﬁﬁ3J"UEN!,§)‘L!Ul"’]filﬁl‘uLL‘]Jﬁ\1’EJ‘LWIifJ!,WlI"Uuiﬂﬂﬂ’ﬂllﬂaﬂLﬂiJ’t’JfJNllufJﬁ'lﬂﬂlu

IS v o

a o a a v A a P4 = a A
N'ﬂ’)mi'l&"l’WlN%’Jm?J"Uﬂﬂﬂ‘l!ﬂﬂ’ﬂuﬁllwum‘lﬁ‘ﬂ’Jﬂﬂﬂﬂﬁll'lm’f]uﬂdﬁﬁlﬂ'li'Uﬂullﬁzﬂiu?m‘ﬁ1iﬂﬂ1ﬁ1§1uﬂuﬁ
9

w15 ui3elinanmuesauaiu
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v A aa =< a 4 a a a a
nnmsaamenuuaiizense lulasnudase1d 26 loTwan uaznaaevilszaniammsnaneondu
J a A a a Y da! Y 9 a A A dg! a a Y A A
wun nuaizoraneendu lauiniuaanunduveansy Taluimsiuuaznaneendu launigaiie
143 Tarluanududu 1,000 pg/mL wonuaiienannsonaneondu’la 4 6 loTwan laun PY7-6, LP1-
Y [ =2 dy a A 1 = Y 1
8, CR1-2, CM12-4, PY7-5 11ag CM5-2 doanaednumsanyimsueniouuaiizenguaselulasioulded
aaszdl 18 loTwan Hawsonanoenduld uazwy 3 leTaan lldszansawlunmsnaneenaduldge Tae
a A a a Y A a g’/ Y a
nuafieannsananeendula luetmsvarnauarsasaunsdTamly (Saengsanga, 2014) LAZIIANT
Y Fl 1
LW']%mENL‘?)'E]LHJﬂVILiEJﬁQﬁ Azotobacter sp., Pseudomonas sp. W& Bacillus sp. Tuenisndsianinnid Tamu
' = a a 1y A Y Y 9 a = = a g
nunlitimswaneendu uaduiiuszauaNuEuTuvean3dTamuain 50 84 500 pg/mL USuoonFunay
] 4 4
ILLNUY (Ahmad et al., 2008) 1AZIINATANYONLTBLLANIT BIINAIDIAUTOUTINGII TI1UIU 9 A20614
4 H v
naiuitanaenululsamasu@e ansasenuuaiiseld 53 leTaan uazil 6 loTsan Andneendula
v
g35¥119 0.54-14.05 mg/mL TaelFarsasaunstTamluanududu 5 pe/mL (Singh & Prasad, 2014) 910
o "y oy ' = AL o oa A X " a v
F199UAINA1T AU LANANINMIANEH Fenadenuuaiiienselulasnueddase 18 Pseudomonas

nitroreducens (PY7-6) Wilsz@ansammaneendu 1aunnnii (23.9 mg/L)

v
Ay A o A S

=3 = A a a a a YA
Q1u’]ﬂﬂuﬂﬂ!ﬁﬂﬂllﬂﬂﬂ!iﬂﬁi\?lluiﬁi!,%u‘ﬂNﬂigﬁ'ﬂ‘ﬁﬂWWNa@]ﬁ]@ﬂcﬁuvlﬂﬂ 6 "lﬁﬂmmq wazlu 6

~

= Aa A a a a o 4 ] 4 a =~
"laTcma‘n N!L‘llﬂ‘ﬂLifl'i/lﬁ'?llﬁﬂﬂﬁ@'ﬁ]ﬂL‘llﬁ]!.ﬁﬁﬁuvlﬁ} 2 llﬂi“]ﬂ'mfl Mﬂmimuuﬂamwuﬁwmnﬂm%umm an
y
ﬁyﬂﬂgﬁluﬂqm%ﬂﬂﬂiiﬂ 1 3 wia A0 Bacillus cereus, Stenotrophomonas maltophilia Wa& Pantoea agglomerans
= a o 1 9 . 3 &I 1 A 1 o o 1 I ,j‘
Gﬁﬂﬂ?%Lﬂﬂﬂuﬁi?ﬂﬁ@ﬂuqﬂ S. maltophilia Hlurene Tsnluauneinaemssnuiausu Lﬂuwammmmmm

a a a dy a a g A < tg d‘tg '
Aatnaveslsateavin msaawe luszuumaaudaane uazmsaadelunseumaon iHuyonaonos

S A

a & 2 & { )
UgFuz lurnnde wo'ldnm il luawnadon (Chang et al., 2015) P. agglomerans Wlunnaiizeninnumag

a

¥, 2 a o o 2 - 2 .
Tny Wudgene Tsalunsuazluau wu'ldnaluiy naasaumoindad ludanadon au 1 vaziuazooalu

a

a 1 1 ~ a I =
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Production of vinegar from jackfruit rags and jackfruit seeds
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Abstract

Jackfruit rags and jackfruit seeds contain 19.77 and 38.26 % of carbohydrate, respectively. This was the
main component which can be enzymatically digested into reducing sugar and used as a raw material for vinegar
production. In this research, the jackfruit rags and jackfruit seeds were digested with enzymes at various
concentrations. It was found that the digestion of the fibrous material of jackfruit with 0.004% cellulase at 50°C,
pH 5.0 for 240 min gave the highest amount of reducing sugar at 6.3 g/l whilst the jackfruit seeds were digested
with 200 pl of alpha-amylase at 90°C, pH 6.0 for 180 min and further reacted with 400 pl of glucoamylase at
60°C, pH 4.5 for 360 min provided maximum 15 g/l of reducing sugar. The optimal amount of jackfruit seeds for
the highest reducing sugar production was 60 g/100 ml, in which released 50.276 g/l reducing sugar. The
enzymatic digested rags and seeds were then fermented with 4% Saccharomyces cerevisiae TISTR 5049, the
ethanol yield was 10.4 and 11.4%, respectively. Thereafter, 10% Acetobacter aceti TISTR 354 was utilized to
convert the ethanol to acetic acid. The amount of acetic acid derived from those of jackfruit rags and seeds within
7 days were 4.5 and 5.2%, respectively. The properties of the vinegar fermented from fibrous materials and seeds
of jackfruit were analyzed. It was found that calcium and magnesium contents were high. In addition, it contained
vitamin C and antioxidant activity. Therefore, a drink from such vinegar was developed. The sensory quality test
showed that adding honey had the highest score of the overall acceptance. As for the development of other
products, the salad dressing received the most acceptable on the taste and overall likeness when compared to chili

sauce and pickled chili.

Keywords: jackfruit rags, jackfruit seed, vinegar
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H Y Y v g 2 9 A 4
nanualhidiu TuaziBeadionsoatly

a

= ~ Xy a @ a oy oM 3 g A y o ¥
6.2.2 wo@Wsn 93 eUNINHI 1/2 Alansy Winura 1 Mille idudaiey inde 1 FouTlaziieia 3
v a A o ¥ a Y Y a qy 3 299 = ¥
210 nszfendatlonilden 1 1 inszifienass 1 818 dawinliazernazdainlinuaiuiuneudu 9
! a A a Yy a ¥ 9 Y1 = H 2 £ 2 2 Y o
Tansziivwlonildon winude @mihduaeyldnaunin uazinszifiouass dusunszifeuiiy udni
o a ¥ oA o = = 9 9 A ' t!‘
Fagavnmuanlaniestlu a awilisuazidea naznseueininesn lanifeduunen Avevs llas gesa
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Abstract

The objectives of this research are to present a mixed double exponentially weighted moving average-
Tukey’s control chart (DEWMA-Tukey) using a moving range to detect process variation, when the process is
symmetric and asymmetric, and to compare performance in detecting variation among Tukey's control chart
(Tukey), double exponentially weighted moving average control chart (DEWMA), exponentially weighted
moving average-Tukey control chart (EWMA-Tukey) and double exponentially weighted moving average-
Tukey’s control chart (DEWMA-Tukey). Criteria used to determine performance is the out of control average run
length (ARL,) when in control average run length is given to 370 and 500. The numerical results are obtained
from the Monte Carlo simulation. It is found that when the ARL_ =370 and the width of moving range (MR) is set
at 1, 3 and 10. The performance of DEWMA-Tukey is superior to the DEWMA and Tukey control charts for
detecting changes in process variation for both of symmetric and asymmetric distribution and all magnitudes of

change.

Keywords: nonparametric control chart, dispersion, moving range, average run length, Monte Carlo simulation

method
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A a o ] 3 AA o [

3 az 10 MIvanuaan ¥ lumsanuluadsaisesnilumsuanusaniidnyas luauuias Ae Msuanuaa

Thya msuanuasunuin wagmsunuslial nagmsuanuasiiianyazauinas Ae msuanuasan)ais Tag

UNDNITIVINUETAIAIAIT NN 1-8 AU

M3190 1. A1 ARL, U93URUIAIUANYDL Tukey, DEWMA, DEWMA-Tukey 1182 EWMA-Tukey 0181

NTZUIUMITUMTUINUIL Weibull (2,1) ez ARL =370

MR § Tukey DEWMA DEWMA-Tukey EWMA-Tukey
ke, =4.118 k,=19.691 ke, =0.0239 k, =1.488
2 1 370.0+0.152 370.810+ 0.431 370.0+0.210 370971 0.52
1.2 308.472 + 0.529 208.919+ 0.212 128.419+0.034  252.6110.03
1.4 259.197+ 0.394 106.337 + 0.074 66.217+0.018  229.46T0.01
1.6 194.367 + 0.294 74.723 4 0.038 53.611+0.011  121.09T0.01
1.8 170.239 + 0.265 37.881+0.031 19.659+ 0.008 86.6110.00
2 131.015+0.177 24.008+ 0.012 11.718+ 0.005 33.7710.00
2.5 48.717+ 0.064 8.811+ 0.003 2.469+ 0.002 9.7610.00
MR 5 Tukey DEWMA DEWMA-Tukey
ke, = 4.0981 k,=13.7101 k,=1.193
3 1 370.11210.105 370.61110.128 370.11610.531
1.2 359.41110.425 324.75010.218 293.10010.114
1.4 300.32110.322 289.51610.222 201.41110.235
1.6 287.45610.312 256.43910.173 109.34310.112
1.8 259.32610.719 197.390%0.128 80.77810.192
2 200.43110.417 187.1110.670 41.92110.812
2.5 189.91110.123 154.3210.417 19.43210.984
weng . £ Ao maadeuuuinasguuesm ARL, nazdaudsailum ARL, figa
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M519N 1. (AB) A1 ARL_UDILNUNTAIVANUDI Tukey, DEWMA, DEWMA-Tukey #ag EWMA-Tukey n1e1d

NTZUIUMITUNTUINUIY Weibull (2,1) ez ARL =370

MR § Tukey DEWMA DEWMA-Tukey
ke, =2.187 k,=14.2091 ke, =1.0397

10 1 370.67 & 0.0138 370.1032 X 0.018  370.519 % 0.023

12 333.489 £ 0.261 303.118 £ 0.015  276.965 % 0.338

1.4 251.039 £ 0.258 261449 0.013  230.091 * 0.335

1.6 222.618 £ 0.324 243.894 % 0.0011  179.610 % 0.324

1.8 187.518 £ 0.331 194.194 £ 0.009  140.936 = 0.322

2 163.194 £ 0.286 177.619 & 0.007 71.323 % 0.255

2.5 134.651 £ 0.301 105.441 % 0.005 38.551F 0.234

T i ' o & o
HVne - + ﬁi’) mmmﬁﬂqmummgmmmm ARL1 wagaudeuilum ARLl@nfjﬂ

M5190 2. A1 ARL_909unufinuguued Tukey, DEWMA, DEWMA-Tukey #taz EWMA-Tukey 2181

NIZUIUMINNITUINU Gamma (4,2) LAz ARL, =370

MR 5 Tukey DEWMA DEWMA-Tukey EWMA-Tukey
k =42011 k,=12291 k,=3.4619 k, =238
2 1 370.016 £ 0.026 370.1951 0.193 370.840 £ 0.311 370.94T0.43
12 361.23810.516 3119151 0.477 240.104 % 0.402 241.80 T 0.40
1.4 229.604 1 0.333 197.231£0.308 172.229%0.107 199.87%0.29
1.6 168.446 £ 0.239 145.61910.248 100.578% 0.058 12156 0.17
1.8 124.693 1 0.174 119.933 1 0.091 47.681% 0.042 51.46%0.07
2 92.59710.134 69.507 1 0.084 27.6691 0.004 21.39%0.03
2.5 757511 0.125 56.819 1 0.092 6.109% 0.004 18.79 % 0.03
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M15199 2. (F10) A1 ARL_ Y0HUANAILANUBY Tukey, DEWMA, DEWMA-Tukey #ag EWMA-Tukey ng1d

NTZUIUMITUNITUINUIY Gamma (4,2) ae ARL, =370

Vol. 18 No. 1: 94-115 [2019]
doi: 10.14416/j.appsci.2019.05.002

MR Tukey DEWMA DEWMA-Tukey
k, =4.2011 k, = 12.291 k, =2.38
3 1 370.11210.105 370.61110.128 370.42110.531
1.2 369.12110.425 352.12010.218 283.01010.114
1.4 321.94110.422 301.11610.412 231.36110.325
1.6 291.1610.712 243.33210.173 193.8710.152
1.8 267.19610.319 201.18010.128 149.2110.192
2 259.41110.647 177.29110.130 121.321%0.812
25 201.19110.513 142.56310.756 97.11210.714
MR S Tukey DEWMA DEWMA-Tukey
k, =2.418 k, = 15.691 k, =0.939
10 1 370.947 £ 0.251 370.991 = 0.104 370.146 £ 0.148
12 32225710257 313.081 £ 0.972 228.173 % 0.142
14 301.411%F0.142 297.143 + 0.927 193.144 X 0.614
1.6 284.256F 0253 211.263 + 0.013 101.641 % 0.091
1.8 216.2851 0.042 193.863 & 0.051 81.64 % 0.082
2 197.845 = 0.095 121.732 £ 0.023 63.275 % 0.032
25 152.91 & 0.024 93.723 £ 0.0112 48.275 % 0.092

T i ' o TR o
Hyune - + ﬁﬂ mmmﬁﬂdmummgmﬁumm ARL1 wazaudeuilum ARL1 f1ga

1nM5 190 1 uSeuifieuainnuenniumas ARL, Henszuanumsinsuanuss Weiball (2,1) 1az
A1 ARL, = 370 Tagldmunarlumsmimiidonaoud MR = 2,3 uaz 10 upuginrguitiauelu
DEWMA-Tukey J1l5e@nsnnlumisnsindumsnlasuulasdnnumugiiniuguved Tukey 1HUQNIAILAN

DEWMA Hagunugiaiugy EWMA-Tukey Tunnszavvunamsulasunasesmnsiiiineszilsie
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M15199 3. A1 ARL_ U0AUHAILANYES Tukey, DEWMA t1ag DEWMA-Tukey mal@nszuaunisiimsuan

1199 Beta (5,2) 1tag ARL =370

k) Tukey DEWMA DEWMA-Tukey
k, =6.591 k, = 19.0023 ke, =2.1402
1 370.451 £0.491 370.32710.172 370.01310.045
1.2 291.54410.291 275.59110.284 241.62710.013
1.4 250.48410.212 220.71910.152 177.51110.011
1.6 234.64810.185 170.94410.018 76.59810.009
1.8 198.44910.136 135.50110.038 50.943%0.008
2 120.99410.118 107.62310.006 34.59410.005
2.5 98.18410.109 93.84910.007 3.18910.003
5 Tukey DEWMA DEWMA-Tukey
ke, =32116 k, = 13.901 ke, = 03210
1 370.67 £ 0.0138 370.1032 & 0.018 370.519 & 0.023
1.2 333.489 1 0.261 303.118 & 0.015 276.965 X 0.338
1.4 251.039 & 0.258 261.449 + 0.013 130.091 & 0.335
1.6 222,618 £ 0.324 243.894 % 0.0011 79.610 X 0.324
1.8 187.518 £ 0.331 194.194 = 0.009 50.936 = 0.322
2 163.194 1 0.286 177.619 = 0.007 31.323% 0.255
25 134.651  0.301 135.441 & 0.005 28.551 % 0.234
S Tukey DEWMA DEWMA-Tukey
k, = 0418 k, =10.7091 ke, =0.939
1 370.947 £ 0.251 370.991 % 0.104 370.146 1 0.148
1.2 322257 X 0.257 313.081 £ 0.972 228.173 %+ 0.142
1.4 301.411 X 0.142 297.143 £ 0.927 193.144 X 0.614
1.6 284.256 + 0.253 211.263 £ 0.013 101.641 % 0.091
1.8 216.285 1 0.042 193.863 & 0.051 81.64 X 0.082
2 197.845 £ 0.095 121.732 % 0.023 53275+ 0.032
2.5 152.91 & 0.024 93.723 £ 0.0112 18.275 % 0.092

v { ' o S o
U - + ﬁ’t‘) mmmﬁmmummgmmmm ARL1 sazadeaullua ARLlﬁﬂf:(ﬂ
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M15197 4. A1 ARL_ Y0UHUYIAIVANUDI Tukey, DEWMA, DEWMA-Tukey 1182 EWMA-Tukey n181d

ATZUIUMTUMTUINUDY Laplace (5,4) uag ARL, =370

MR 5 Tukey DEWMA DEWMA-Tukey EWMA — Tukey
ke, =4.2011 k,=12.291 k, = 34619 k,=1233
2 1 370.016 £ 0.026 370.19510.193 370.840 1 0.311 370421 0.74
1.2 361.23810.516 311.91510.477 240.104 £ 0.402 229.63%0.27
1.4 229.604 1 0.333 197.231£0.308 1722291 0.107 134.63%0.14
1.6 168.446 1 0.239 145.6191 0.248 100.578 £ 0.058 96.39% 0.09
1.8 124.693 1 0.174 119.933 £ 0.091 47.681%0.042 76.88%0.07
2 92.59710.134 69.507 1 0.084 27.669% 0.004 65.27%0.06
2.5 75.751£0.125 56.8191 0.092 6.109% 0.004 49.94%0.04
MR 5 Tukey DEWMA DEWMA-Tukey
ke, =2.418 k,=11.691 ke, =4.939
3 1 370.127 % 0.650 370.274 £ 0.023 370.141 £ 0.053
12 332.861 £ 0.861 263.135 1 0.321 222.973 % 0.0521
1.4 291.011 & 0.422 227.159 £ 0.361 183.011 % 0.331
1.6 284.256 £ 0.089 191.271 = 0.380 127.542F 0.0132
1.8 203.533 1 0.043 143.651 & 0.011 73.521 % 0.0731
2 199.71 & 0.024 101.413 & 0.0192 52.612% 0.0702
2.5 172.74 £ 0.0198 82.431 1 0.0138 33.136 X 0.913
MR 5 Tukey DEWMA DEWMA-Tukey
k,=13018 k,=14.0811 ke, =0.51201
10 1 370212 % 0.192 370.012 & 0.960 370.165 + 0.012
1.2 354.183 1 0.123 281.371 £ 0.153 217.181 % 0.723
1.4 300.723 £ 0.192 247.112 £ 0.013 164.175 X 0.136
1.6 271.131 £ 0.021 200.142 £ 0.0272 108.175 X 0.109
1.8 231.186 £ 0.032 171.142 £ 0.001 91.27% 0.082
2 163.913 T 0.065 154.123 £ 0.0174 60.164 % 0.142
2.5 146.13 £ 0.0198 100.577 & 0.058 31.275% 0.194
winomg . Ao MamDeununasg e ARL, tagdudsuiium ARL diga
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13T 2 nfsfeudanueniumas ARL, iiienszuIumsin1Tianies Gamma (4.2) tazan
ARL, = 370 Tagldmunalunmsmaridaadouii MR = 2, 3 uag 10 unugiauquiiuauelny DEWMA-
Tukey Tlsz@ninmlumsasansumsnlasunasdniumugininquues Tukey urugiinuny DEWMA
HazUHUTAIAN EWMA- Tukey Tunnszduvinamsulaounlasueamnsiinesziling

MM 3 nFeuisuaanueniumas ARL, donszuaumsinIuening Bew (5.2) nagal
ARL, =370 TavlFmuna lumsmaiidonaouil MR = 2, 3 1ag 10 uwugﬁmmuﬁﬁuauaimj DEWMA-
Tukey fdszAniamlumsasresumsilfeuntasdniunuginiunuues Tukey uazunuginiugw
DEWMA lunnsgavvnamanlasunasuesmaiimes i

VA ei 4 nfsufeumanueniumas ARL, iifenszuumsinisuaniad Laplace (5.4) nagn
ARL, = 370 munalumsmimiideaoudi MR = 2 fiszdumaaounlassmnniinesylin s<1.6
unuinnay EWMA-Tukey Hlsz@ninmlumsasnnsumalaeunlasinhumugininguues Tukey
19z DEWMA-Tukey tasfiszduvinamsiasuntas §>1.6 unugiinaugu DEWMA-Tukey T1/3s@nSam
Tumsasaesumanlasuntasdindr unuginIunuves Tukey 1ag EWMA-Tukey d1%35un3fiii MR = 3 taz
10 WU AAAN DEWMA-Tukey Hlszaninmlumsassumanasunasdniumiginangy Tukey

1aEWMA-Tukey Nnszavvinamslasumla

M319f 5. A1 ARL, Y09HUIAIUANYOY Tukey, DEWMA, DEWMA-Tukey 1tazEWMA-Tukey 1816

NTZUIUMITUNTUINUAL Weibull 2,1) uae ARL, =500

MR 5 Tukey DEWMA DEWMA-Tukey EWMA-Tukey
k= 1119 k,=11271 ke, = 1.3041 k,=1.604

2 1 500.501 = 0.013 500.107 = 0.032 500.162 £ 0.452 500.75 £ 0.76
12 412.649% 0514 389.911 + 0.038 231.988 & 0.030 56.67 X 0.03

14 364.197 & 0.505 332.841 & 0.029 156.556 & 0.026 30.71 % 0.01

1.6 230.108 £ 0.458 189.648 & 0.026 106.418 & 0.022 21.78 % 0.01

1.8 198.455 & 0.361 138.493 + 0.23 75.458 & 0.021 17.08 % 0.00

2 121.664 & 0.049 113.237 2 0.020 20.807 X 0.018 14.13 % 0.00

2.5 106.590 & 0.038 79.293 £ 0.017 11.228 £ 0.016 9.98 % 0.00
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M15199 5. (9) A1 ARL_ Y0aUHUIAIVANUBI Tukey, DEWMA, DEWMA-Tukey 4agEWMA-Tukey 711

NTZUIUMITUNTUINUIY Weibull 2,1) uae ARL, =500

Vol. 18 No. 1: 94-115 [2019]
doi: 10.14416/j.appsci.2019.05.002

MR § Tukey DEWMA DEWMA-Tukey
k,=1.9811 k=732 k,=2.108
3 1 500.647 1 0.013 500.436 & 0.199 500.169 & 0.708
12 475524%0.013 410.245 1+ 0.3843 317279t 0.113
14 448478 X 0.049 327.846 £ 0.345 218.820 % 0.148
1.6 2982581+ 0.027 254.835 % 0.324 127.294 %+ 0.019
1.8 200.142 % 0.087 199.345 & 0.102 101.992 % 0.009
2 175.257 & 0.024 105.36 = 0.058 79.247 X 0.005
2.5 95.141 1 0.044 62.951 % 0.0256 32.187 % 0.003
MR 5 Tukey DEWMA DEWMA-Tukey
ke, =1.0519 k, = 7.6401 ke, =2.1109
10 1 500.192 % 0.0321 500.436 £ 0.512 500.169 % 0.009
12 472.241 % 0.0021 430.193 & 0.591 341.093 X 0.031
14 399.431 % 0.0128 321.871 £ 0.013 204.613 X 0.0513
1.6 341.701 £ 0.0193 291.612 £ 0.073 151.163 % 0.0823
1.8 290.812% 0.091 220.592 % 0.102 100.013 % 0.071
2 263.152 % 0.0182 151.136 £ 0.183 69.138 + 0.033
25 191.621 % 0.162 90.512 1+ 0.136 36.861 % 0.631

v { ' o S o
e - + ﬁ'ﬁ) mmmﬂmmummgmmmm ARL1 tazadeaullua ARLIGITE‘]"Q

1nM15197 5 1WFeuieuaInueTUmas ARL, Hen5zuIuMIINMsuInus Weibull (2,1) naz
A1ARL, = 500 Tasldmunarlumsmisiidondoud MR = 2, 3 uaz 10 uwugiinduguiniudue lu
DEWMA-Tukey J1l5z@nsmunlumsnstniumsn)asuulasdninumugiiniuguues Tukey Huginiugy

a @ { a 4 U
DEWMA 1aztHu)inI171 EWMA-Tukey Tunnszauviiamsilasumlasvesmsiiimeszilang
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M5197 6. A1 ARL, U0IUNUNAIUANYOL Tukey, DEWMA, DEWMA-Tukey 182 EWMA-Tukey 7181

NTZUIUMITUNTUINUIY Gamma (4,2) ae ARL, =500

MR  § Tukey DEWMA DEWMA-Tukey EWMA-Tukey
K, =4288 k, =9.461 k,=3.241 k,=2.38
2 1 500421 £ 0355 500.072 E 0.316 500.199 X 0.147  500.59 F 0.29
12 441.058 £ 0.582 393.507 £ 0.018 362210 £ 0.033 307.09T 0.39
1.4 410.634 £ 0.551 324.841 T 0.016 297673 T 0028  265.89T 0.48
1.6 365.931 £ 0.539 274622 T 0.011 179319 0.026  155.09% 0.36
1.8 299.414F 0243 188.519 T 0.010 107.917 £ 0.025 80.71% 0.28
2 231282 T 0212 109.594 £ 0.009 52.769 T 0.024 39.56 T 0.21
2.5 190.411 £ 0.158 86.649 T 0.008 10.265 T 0.021 5.20% 0.07
MR 5 Tukey DEWMA DEWMA-Tukey
ke, =4.1801 k,=93114 ke, =3.0015
3 1 500.192 % 0.631 500.103 % 0.931 500.113 £ 0.971
12 452971 £ 0.623 421.761 £ 0.117 399.243 % 0.138
1.4 381.723 % 0.0131 324871+ 0.512 281.715 % 0.197
1.6 349.175 X 0.0103 298.162 & 0.132 112.863 %+ 0.261
1.8 281.753%0.0173 201.751  0.923 89.543 % 0.026
2 149.741 £ 0.0139 99.615 £ 0.012 53.761 % 0.163
25 82.735 1+ 0.0153 55.762 % 0.016 29.143 % 0.099
MR S Tukey DEWMA DEWMA-Tukey
k, =3.7061 k, = 14.1091 k,=2.5019
10 1 500.661 1t 0.366 500.417 & 0.709 500.126 & 0.204
12 480.700 & 0.359 249.827 & 0.365 205.096 £ 0.204
1.4 368.227 1 0.345 139.667 & 0.208 118.403 + 0.232
1.6 276.244 = 0.324 85.179 £ 0.129 68.093 = 0.042
1.8 218.943 £ 0.309 75.114 £ 0.037 45619 0.094
2 179.269 £ 0.287 57.957 & 0.062 24.830 % 0.032
2.5 136.927 & 0.262 49349 1 0.221 10.095 % 0.011

R A 1 = < ' o
HNELYA - * ﬁﬁ] MAIUVYAUVUNINTIIUVBIAT ARL, tazaavsuum ARL f1ga
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M3190 7. A1 ARL ¥9HUNIAIVANTD Tukey, DEWMA, DEWMA-Tukey Haginuiniugy EWMA-

Tukey Mol@AnszuIUMsHNsUINIAT Beta (5.4) 11ag ARL, = 500

MR k) Tukey DEWMA DEWMA-Tukey
k, =3.936 k,=12.0714 k,=9.121

2 1 500.512 + 0.421 500.712 1+ 0.019 500.350 £ 0.018

1.2 251.846 + 0.359 438.191 % 0.016 196.051 X 0.015

1.4 172.230 £ 0.252 387.114 £ 0.014 151.658 % 0.014

1.6 136.591 = 0.194 254324 % 0.012 90.981 % 0.012

1.8 123.681 £ 0.175 133.231 £ 0.010 61.954% 0.0011

2 99.605 1 0.142 120.912 & 0.008 56.520 = 0.009

2.5 83.227 X 0.117 94.681 = 0.006 34.631 % 0.008

MR 5 Tukey DEWMA DEWMA-Tukey
k, =3.029 k,=10318 k, = 8295

3 1 500.250 & 0.25 500.325 + 0.107 500.925 1+ 0.252

12 380.252 1+ 0.413 379.141 X 0.176 341.285 X 0.205

1.4 344321+ 0.925 334.635 1+ 0.853 323.925 % 0.202

1.6 257.100 £ 0.258 227.129 £ 0.0148 204.295 %+ 0.205

1.8 226.099 T 0.035 197.915 £ 0.295 165.325+ 0.925

2 150.105 = 0.025 129.253 & 0.025 97.120 % 0.205

25 116.855 & 0.025 102.109 & 0.025 83.205 % 0.025

MR 5 Tukey DEWMA DEWMA-Tukey
ke, =1.9109 k,=8.942 k,=4301

10 1 500.017 £ 0.0137 500.497 & 0.173 500.163 1 0.015

12 487.112X 00116 401.81 % 0.109 391.821 % 0.137

1.4 439.185 & 0.108 378.16 £ 0.163 203.818 % 0.141

1.6 387.153 + 0.162 298311+ 0.128 189.153 %+ 0.031

1.8 320.936 £ 0.132 209.286 £ 0.092 79.216 & 0.014

2 263.104 1+ 0.193 167.263 £ 0.017 53.209 % 0.153

2.5 141.186 & 0.174 93.752 % 0.012 30.175 X 0.937

T i ' o & v o
HUAYe - + ﬁﬂ mmmﬁﬂdmummgmmmm ARL1 tazaudeuilum ARLlﬁnfjﬂ
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M5197 8. A1 ARL_Y0UAUYIAILANYBI Tukey, DEWMA, DEWMA-Tukey #1a2 EWMA-Tukey n11d

NTZUIUMITIMTUINUY Laplace (5,4) WagARL = 500

S Tukey DEWMA DEWMA-Tukey EWMA-Tukey
ke, =4.981 k,=15.4221 k,=18921 ky=1341
1 500.001 T 0.56 500.00 = 0.479 500.003 T 0.824 500.98 % 0.83
12 482391t 0.721 409.615F 0028 386195t 0.162 253.0410.34
14 426553 0.708 340308 £ 0.021 243597 0.077 145.75T0.17
1.6 383.497 T 0.623 301.591 £ 0.017 211.114 T 0.048 103.22%0.10
1.8 330.881 T 0.599 276.482 £ 0.016 178.618 T 0.039 81.69% 0.07
2 261591 T 0524 226341 T 0.014 96.419 £ 0.034 69.07% 0.05
25 162.914 T 0.505 192.648 T 0.008 21.604E 0.029 52.4810.04
5 Tukey DEWMA DEWMA-Tukey
k, =1.291 k, = 10.7401 k,=35191
1 500.866 = 0.139 500.233 & 0.258 500.255 1 0.532
12 453246%0.183 432519 £ 0.205 402.250 %+ 0.205
14 3740420205 328.858 1+ 0.295 256.205 X 0.258
1.6 341.997 % 0.295 252.276 £ 0.925 160.959 & 0.255
1.8 163.582 % 0.295 136.259 & 0.251 111.254 % 0.157
2 127.148 £ 0.250 101.252 & 0.025 74.825 % 0.256
25 91.049 & 0.029 75.250 & 0.335 46.295 % 0.257
5 Tukey DEWMA DEWMA-Tukey
k, =1.9109 k,=8.942 k,=4301
1 500.017 £ 0.0137 500.497 & 0.173 500.163 1 0.015
12 487.112F 0.0116 401.81 £ 0.109 391.821 % 0.137
1.4 439.185% 0.108 378.16 £ 0.163 203.818 % 0.141
1.6 387.153% 0.162 298.31 %+ 0.128 189.153 = 0.031
1.8 320936 0.132 209.286 X 0.092 79.216 £ 0.014
2 263.104 £ 0.193 167.263 £ 0.017 53.209% 0.153
2.5 141.186 £ 0.174 93.752 % 0.012 30.175 % 0.937

v { ' o S o
e - + ﬁ’t‘) mmmﬁmmummgmmmm ARL1 sazadeaullua ARLlﬁﬂf:(ﬂ
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1A T 6 nBsuifeumanueniumas ARL, iiienszuIumsTinInanieg Gamma (4.2) tazin
ARL, = 500 Tagldmunailunmsmaidaadonii MR = 2, 3 uag 10 unugiauquiinauelny DEWMA-
Tukey Tlsz@ninmlumsasandumsnlasunasdniumugininguues Tukey urugiinuny DEWMA
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Abstract

Tuberculosis is a contagious disease caused by Mycobacterium tuberculosis which can spread from
person to person through the air by breathing, coughing and sneezing or staying with the patients for a long time.
In Thailand, there is a high tuberculosis problem since each year the number of patients and resistant patients
increased. In this research, we constructed a mathematical model of tuberculosis in Thailand with vaccination and
anti-drug treatment. The model consisted of susceptible, vaccination, exposed, infected, resistant and recovered.
Then, we investigated equilibrium point, the stability of disease-free equilibrium point, a basic reproduction
number by using next-generation method and sensitivity analysis on the basic reproduction number. Next, we
provided numerical solutions by using Fourth order Runge-Kutta. Subsequently, we compared numerical solutions
with patient’s data from 2014 to 2017 and found that the error was 9.0868 percent. Furthermore, improving the
numerical solution by using simple linear regression and polynomial regression on some parameters made the

error decreasing by 0.3 percent.

Keywords: tuberculosis, equilibrium point, basic reproduction number, stability
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Abstract

The objective of this article is to show physical perspective interpretation of conservative laws normally
used in engineering problems by illustrated how to derive those conservative laws in fluid mechanics; mass,
momentum and energy conservation from continuum mechanics perspective. Here, we use Cartesian coordinates
to show that, at any time £, mass flowing through a control volume is conserved. By the fact that mass in a
system is always constant, we could gain the mass conservation equation in a control volume by proving that the
rate of change of mass in the control volume equals to the mass balance between the in- and out-mass fluxes. In
the meantime, by the 2" Newton’s law applied at any time £, the total forces Z F acting on a control volume
that has its mass Om are proportional to the fluid mass acceleration, we can deduce the momentum conservation
equations. Finally, by using the fact, from the 1" law of thermodynamics, that rate of energy changed in a control

volume equals to rate of heat combined with rate of work changed in and out of the control volume.

Keywords: conservation of mass, conservation of momentum, conservation of energy, Cartesian coordinates
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o

o { Y { a '
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%(/)AXA)’AZ)Z( ~PVx X+Ax)AyAZ
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equation)
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—+V-pv=0 “)
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Wienameianuivesvedlna
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a o w 4
Vlﬁ‘VlNllﬂcluLLU'J X, ¥y Hag z 91ua1al Laglialaesing

=)
ZD

N IN N s & '
Tag &, &, uaz O, WuNAMBINTIANIY
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ox oy 0z

< = 4 @
Ljﬂ!@]ﬂgﬂqqnliqllﬁglrr]ﬂlﬁﬁglﬂiLﬂﬂuﬁiuiguullﬂugu g ﬁ”lunliﬂwnlﬂqﬁ}ﬂnlﬂwqﬁﬁjﬂ 3.1 1ulﬁﬂﬁ15 Bird et al.,
A4 Ao L4 &
1960 tiag Bird et al., 2002 Gluﬂuﬁ]m!ﬁﬂ\?ﬂ'ﬁaﬂgﬂ!QW']5Gluﬁ%‘]JU!LﬂuWﬂﬂﬂ'lﬂWﬂuu%\iﬂ']ﬂﬁllfnﬁ 4 ﬁ)nﬂu

Ms lransddvesvedlva (steady flow of compressible or incompressible fluids) N5 (4) ﬂzaﬂgﬂrﬂu

V.pv=0 ™
e
a(§X)+a(gy)+a(ng2):0 ©
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V-v=0 ©)
fufie
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lvanisada i ldiues

ngeySnu U
v ! v v v Y
ngMseys Y luwuduiiiunnnngnisindeuiveaiiafu (Newton’s law of motion) 51330 luditl
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o XA a k4 < { o XA a k2
nasmnAuiuAl 04 18 1 ussie OF, wazuaneeniduusaivinunuiuiy o4 18en 2 ussde OF, uas OF,

1317 3 (9919 6.3 Tu Munson et al., 2002)

"y
@
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31]7] 3. HEANLIIVUINA 5FS NNITMUUNURNT 5/1 1a ] ONYNYUBDN LTI 5FS gnsauaneeniunsingg

o X a < 4 o X a
mnnuiuA o4 18 1 ussde OF, nazuanesmilunsaduuunuiui o4 186n 2 ussde OF, uag OF,

v
v @

v
AUANWAUAININ (normal stress, 77, ) Ao

. OF dF
r,=lim —*=—="= (1
540 § A dA

Y A A . st .. . ¥ A d' .
mmmumau“luuumﬂuﬂ 1 (shearlng stresses in 1 direction, 7T, ) uazﬂ’nmﬂumauiuumuﬂuﬂ 2 (shearmg

. . . A
stresses in 2™ direction, 7,) Ao
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s ) vo &
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HAZINAANUAUAMININ 7T
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ussimannaNuAuluNianie x MavneasmvensinImnuazusuRou Iaeimvua liusanwe 1y luns
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y+Ay

P, (x+Ax,y + Ay, z + Az) nasamveussiaannannduluiianie z fe

dF. 0
2 é‘F’Z,S — z,8 a7Z.xz ﬂ-}’z 872’.22

=— + + Q1)
av- ox oy 0z
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Y. 6F, =Y 6F, 6. +) 0F, &6+ 6F 6, (22)
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(x+Ax , y+Ay, z+Az)

Ty | z+Az : /
|TC}=A |y+Ay<l . |
Toxx | x Toxx | x+Ax
/
] Az
v &y
(., 2)

X

H T a I A o : 1A o [l
sUii 5. waasngueymaved InalulSuasarvguumnadn 9 AxAyAz  AlWuwrilcegndna
a A Ao v & Y A X a
P1 (X,y, Z) 1@ N UUISVUUDUNTYAUN (inertia frame) NUANUIAUAIRINUAZANUIAUIRDUUUWURND

Psmesaruguiniaainlaems nalunuiunu x, y,uag z

Tuitusanely F, finaulaforthminvesngueymavesluarthues insunguenmavesivayinas
muauuNAEn 9 AxAyAz eglumunsaliugae g dagui 6 dufurasauvessamoly E, fifnan
dminveangueymnvesluaie (giate 6-3 1az 9-6 Ty Cengel & Cimbala, 2006)

Dy =Fyppy =mg (23)

_ a ¢ o .
Tay g Aonameinsa 11NN (gravity vector) 1ag

g=2.6,+g,6,+g.6. (24)
uazuIaveINgueyMaved lnafonaguuesnNunILLULAz AT veInguayMaves lua
om=pAxAy Az (25)
fubusansadeunsanoly F, TundaziuaunuIdsad
D F,=g pAxAyAz (26)
Y F,=g, pAxAyAz @7)
D F, =8 pAxAyAz (28)
msaaeAauMIi (26)— (28) #18 AxAyAz 1218
2. 0F,=g.p (29)
2.0F,,=¢g,p (30)
20, =g.p (3D
waziinameirasmveasamelusdenitelsmasiideuluunu x, y uaz z fe
Y. 6F, =Y 6F,, 5.+ 6F,, 6,+Y 6F., 6. (32)
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) H v 9
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ﬂQN@HﬂWﬂmﬂﬂqﬂalﬂﬁﬂuﬂ (flnﬂlﬁﬂlﬁﬂﬂﬂWuﬂiﬂillllluﬁil) HUND

Y
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Ty Wy 7 P 0 O To T, Ty
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7Z.zx 7Z.zy ﬂ-zz 0 0 P sz sz Tzz

a 9 A

4 &
Tyx NWUANIATUDULU

ci (J 1 Ao A = . . d'dy Y = Yy A
31]7] 8. LL?T@]\W]’J?JEJN*U?Nul“ﬁﬁ‘ﬂllﬂﬁ!,ﬂaﬂu‘ﬂ (moving fluid) Iﬂﬂ“luwunauaumﬂmmvlwmzummmumau

v ) &~ g A ! v o AR a g
i’)\ﬁ]"lﬂﬂf’)uﬂklﬂ"lﬂ‘llﬂﬂllﬁﬁm"lﬂﬂu GINIIﬂ')"lllli')ﬂqqﬂ')"lﬁluﬂ"lx‘lﬂﬁUﬂuﬂWH
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§=l0 1 0 (43)
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=T, 47
T, =T, (48)
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S ov, N ov, )
= ox Oz
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ov, iy ov, iy ov, iy v ) o%v, N o%v, N o’v, _8_P+ ©3)
Pla e ey ) Hlae Tar a2 | ax L
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flvadhsSinasasuauiiauiuuin ) sazliunaawdeniilvasenaintSinasaruauiiauiiuay (-

- o

UU (AN 5.1.4 Y93 Osswald & Hernandez-Ortiz, 2006)
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;
qx|x W qx|x+Ar | 5
x| = |
L LA
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y — | 4 N
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Eﬂﬁ 9. uﬁmmimamﬂam%’aummnqmummmllwamuﬂ‘%mmmmmmmaﬂ 9 AXAyAZ
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4., ) AxAy + DAXAYAz (68)
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R v 7 o Ao S Y
vz lagdaumseoyiiuging llveangmseySnEnaan (conservation of energy) Tuszuuunuiinannd 15y
voulnan lullgnseuaiila

DT 0
=Y T % g (70)

oT or oT
=—k,—, =—k, —, =—k — 1), (72),(73
. TR = (71), (72)(73)

I 1 o v .o o w
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“ Di 8y oz’
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P Dt
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(Denn, 2008)
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