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ARTICLE INFO ABSTRACT
Article history: The Chaya leaves have been found to be an important
Received: 1 June, 2020 source of protein, B-carotene, vitamins, ascorbic acid, calcium,
Revised: 30 October, 2020 potassium and iron. It is rich in antioxidant and phenolic compound.
Accepted: 30 April, 2021 This study aims to investigate the effect of concentrated Chaya

Available online: 25 September, 2021 vegetable juice (0 (control; C2), 5, 10, 15 and 20 ¢ on quality of

DOI: 10.14456/jarst.2021.1 Roselle jam (without pectin) and compared with control (C1; Roselle
Keywords: Chaya, titratable jam with pectin). Roselle Jam reduced- sugar with concentrated
acidity, stability, Roselle jam Chaya vegetable juice was evaluated for color, pH, total soluble

solid, titratable acidity, stability and sensory properties. Roselle jam
reduced-sugar with concentrated Chaya vegetable juice was less
dark-red color than C2. The pH of C1 was more than jam from C2,
5, 10, 15 and 20 g of concentrated Chaya vegetable juice. Jam
samples showed pH ranging between 2.55-2.59. While, Roselle jam
added with concentrated Chaya vegetable juice, C1 and C2 were

not significantly different in total soluble solid. The total soluble

solid of all Roselle jam ranged between 66 and 68°Brix. The
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titratable acidity increased with increase in concentrated Chaya

vegetable juice. Addition of 10 g concentrated Chaya vegetable juice

into Roselle jam showed the highest stability. The sensory score of

color, odor, taste, stability of jam and overall acceptance results

indicated that Roselle jam processed from 15 and 20 ¢ of

concentrated Chaya vegetable juice were generally high. However,

the results showed that Roselle jams prepared from concentrated

Chaya vegetable juice are still acceptable. Therefore, concentrated

Chaya vegetable juice could potentially be used for replacement of

the sugar in the formulated jam.
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ARTICLE INFO ABSTRACT

Article history: The objectives of this study were to (1) comparatively
Received: 17 September, 2020  examine the physiological structure and (2) identify the element
Revised: 27 October, 2020 composition of both natural and synthetic fibers that had been
Accepted: 11 November, 2020 periodically landfilled with acid and alkaline soil. Three fiber

Available online: 25 September, 2021 materials including cotton, silk and polyester were buried in the

DOI: 10.14456/jarst.2021.2 known pH soil at different session of time and subsequently
Keywords: morphological analyzed by the Scanning Electron Microscope/Energy Dispersive X-
characteristics, acidity - ray Spectroscopy (SEM/EDX). At a 30-day session: all cotton fibers
alkalinity, landfill revealed a shrunk and oval shape in the acid soil, while its major

element composition (Carbon (C) and Oxygen (O)) were relatively
equal in amount; 64.81% of C and 33.73% of O in an acidic condition
and 64.82% of C and 33.73% of O in the alkalinity. Cotton fibers in
the alkaline soil showed a triangle shape with more areas of torn
surfaces than those in the acidity, and were comprised of 4 major
elements namely C (42.21%), O (41.81%), Silicon (Si) (2.39%), and
Calcium (Ca) (12.61%), while its composition in the acidic soil were
C(61.57%), O (34.75%), Silicon (Si) (1.46%), and Calcium (Ca) (1.51%).

Polyester fibers under the acidic landfill revealed a characteristic of
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rough surface with a flattened and round edge and held more

amounts of soil particles than those of the alkalinity. Interestingly,

apart from its element composition base (C and O), Si was found

under the acidic condition whereas Ca was prominent in the

alkalinity. At the 15-day session, a minor change was observed. The

resultant findings indicated that physiological structure and element

composition of fibers could be identified and be a useful tool in the

forensic facets while the technique used was neither destructive nor

time consuming.
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ARTICLE INFO ABSTRACT
Article history: Variable Squirrel belong to the genus Callosciurus which has
Received: 19 April, 2021 several color patterns as well as and difficult to classify from other
Revised: 30 April, 2021 species. Cytogenetics is the study of chromosomal features as useful
Accepted: 9 June, 2021 tool on taxonomic and evolutionary studies of squirrel. Moreover,

Available online: 27 September, 2021 there are scarcely records of cytogenetics of this squirrel. Therefore,

DOI: 10.14456/jarst.2021.3 the purpose of the present study are to establish karyotype and
Keywords: Callosciurus ideogram, to investigate the NOR site and the pattern of microsatellite
finlaysonii, Karyotype, sequence (GO);5 and (CGG), using convention staining, Ag-NOR
Ideogram, NOR-banding, FISH staining, and fluorescence in situ hybridization techniques. The result

showed that the diploid chromosome (2n) of C. finlaysonii was 40,
the fundamental number was 74 in both sexes, and the sex
determination was XY sex-determination system. The karyotype was
composed of 4 large metacentric, 8 large submetacentric, 8 large
acrocentric, 2 medium submetacentric, 2 medium acrocentric,
2 medium telocentric, 4 small metacentric, 2 small submetacentric,
2 small acrocentric and 4 small telocentric chromosomes. X
chromosome was medium metacentric and Y chromosome was

small metacentric chromosomes. NOR’s were located on
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chromosome pairs 14, and microsatellite (GO);5 and (CGG),, repeats

were highly scattered of all chromosome pairs throughout whole

genome. This result was able to study evolutionary of squirrel’s

chromosome compare with the ancestors. The karyotype formula

was 2n (@0) = L™+ LM g + L g+ M+ M, + M, + 5™, + 5™, +

S*, +S' 4 + sex chromosome. This cytogenetic data provides useful

basic information for further study on the comparison of evolutionary

relationship and cytotaxonomy in the genus Callosciurus.

INTRODUCTION

Around the world, including Thailand,
there are many different types of mammals.
Squirrels are one of the most common
mammals. In the Rodentia Order, the Sciuridae
family can be divided into 2 subfamilies:
Pteromyinae and Sciurinae. Squirrels are wild
animals that can be seen easily for example, it
can be found in forest areas and population
distribution throughout Thailand, especially
Callosciurus finlaysonii is a fairly versatile squirrel
(1). C finlaysonii is a squirrel native to Thailand,
Myanmar, Laos, Cambodia and Vietnam. It has
been introduced to ltaly (2) The C. finlaysonii
belong to the Sciurinae and have 13 subspecies
(3). It has big eyes, large upper and lower teeth
like each pair, and have hair covering the entire
body. In general, the color of the coat can be
found in a wide variety. For example, whole
body cream color, cream color on the abdomen

and there are other parts in black color (4).

Cytogenetics is the study of traits properties and

behavior of chromosomes during the dividing

body cells for growth, or mitosis and gamete
meiosis division, including study of factors
affecting chromosomal changes (5). Currently, it
is reported that squirrels of the genus
Collosciurus have chromosomes 38-40 (6) and
(C. finlaysonii) have 40

colored squirrels

chromosomes. (7). Although C. finlaysonii are
abundant in Thailand, the cytogenetics are
studied and some of the information was
reported but relatively little. Therefore, the

objectives of this research are to study
chromosomes, nucleolar organizer region (NOR),
karyotype, ideogram and the microsatellite
(GO)5, and (CGGyy) patterns that remarkably
presented on the C. finlaysonii chromosomes.
The study moves forward our understanding of
both the karyotype evolution mechanisms and
and

speciation in the genus Callosciurus,

increases  the  knowledge available for
implementation of polyploidy manipulation,
hybridization, sex control, and other potential

genetic improvements in the future.



Journal of Applied Research on Science and Technology (JARST), Vol 20, Issue 2, 2021 27

ISSN: 2773-9376 (Print), 2773-9473 (Online)

MATERIALS AND METHODS

Sample collection

Samples of 3 male and 3 female
squirrels were collected by placing a mousetrap
cage on a tree at the junction between SC03 and

SCO7 buildings, Khon Kaen University, Thailand.

Chromosome preparation, Giemsa’s staining

and AgNORs banding technique

Metaphase chromosomes were directly
prepared in vivo as following (8) and (9).
Subsequently, chromosomes were stained with
20% Giemsa solution and 50% silver nitrate for

Ag-NOR banding (10).
Chromosome checking

Twenty metaphases of each specimen
were selected and photographed. The length of
the short arm chromosome (Ls) and the long arm
chromosome (Ll) were measured from 20
perfect metaphase plates of each sex, while the
length of the total arm chromosome (LT) was
calculated (LT = Ls + LU). The relative length (RL),
(@n,
deviation (SD) of RL and Cl were estimated. The
Cl (o/p + g) between 0.50-0.59, 0.60-0.69,0.70-
0.89, and 0.90-1.00 are described as metacentric

the centromeric index and standard

(m), submetacentric (sm), acrocentric (a), and
telocentric (t) chromosomes, respectively. The
fundamental number (NF) was obtained by
assigning a value of 2 to the m, sm and a
chromosomes and 1 to the t chromosomes. All
data were used in karyotyping and diagramming

(11).

Fluorescence in situ hybridization (FISH)

FISH was performed on metaphase
chromosome spreads with specific probes bind
to the target DNA location (12). Both rDNA probes
were directly labeled with the Nick-translation
Labeling Kit (Jena Bioscience, Jena, Germany),
using the fluorescent labels Atto488 (185 rDNA)
and Atto550 (55 rDNA), according to the
(13). The using of
microsatellites d(GC);s, and d(CGG),, probes

described by (14) was followed with slight

manufacturer’s manual

modifications. Sequences were directly labeled
with Cy3 at 5 terminals during synthesis by
Sigma (St. Louis, MO, USA). FISH was performed
on mitotic chromosome spreads (15) under
highly stringent conditions, as previously
reported. The evaluation was carried out on an
epifluorescence  microscope Olympus BX50

(Olympus Corporation, Ishikawa, Japan).
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Figure 1 Metaphase chromosome plates and karyotypes of male (A-B and E-F) and female (C-D and
G-H), squirrel (Callosciurus finlaysonii Horsfield, 1824), 2n=40 by conventional straining (A-
D) and Ag-NOR banding (E-H) technique. Scale bars indicate 5um. The arrows indicate

nucleolar organizer regions (NOR)
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Figure 2 Karyotype of squirrel (Callosciurus finlaysonii Horsfield, 1824) 2n=40 (C, F) arranged from
chromosomes after double-fluorescence in situ hybridization (FISH) with 55 rDNA (red) and
18S rDNA (green) probes (A-C), FISH with d(GC); 5, (A-B) FISH with d(CGG),, (D-F). Bars indicate

5 pm. The arrows indicate probe signals
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Figure 3 Idiograms of the squirrel (Callosciurus finlaysonii Horsfield, 1824), representing the haploid
set (n) by conventional staining (A) and Ag-NOR banding techniques (B). Arrows indicate

NOR site.

Table 1 Cytogenetics review in the genus Callosciurus

Species 2n NF Karyotype Sex system NOR  Locality Reference
C finlaysonii 40 78  8m+4sm+20a+6t  X(m), Y(m) - Thailand Tanomtong et
al., (2009)
C. finlaysonii 42 74 12m+20sm+6a X(sm), - Thailand Usa pasuk
Y(sm) (2010)
C. finlaysonii 40 - 12m+20sm+6a X, Y - Malaysia Nedler et al.,
Philippines (1975)
Indonesia
C finlaysonii 40 - 8m+d4sm+20a+6t  X(m), Y(m) - Thailand  Pinthong et al.,

(2016)
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Species 2n NF Karyotype Sex system NOR  Locality Reference
C. erythraeus 40 12m+14sm+6a+6t X, Y - Thailand Pinthong et al.,
(2016)
C. caniceps 40 12m+8sm+14a+6t X, Y - Thailand Pinthong et al,,
(2016)
C. caniceps 40 68 - X, Y 16 ASEAN Oshida and
countries  Yoshida, (1999)
C flavimanus 40 72 - X, Y 15 ASEAN Oshida and
countries  Yoshida, (1999)
C. eryrhraeus 40 70 - X, Y 15 ASEAN Oshida and
countries  Yoshida, (1999)
C. nigrovittatus 40 70 X, Y 16 ASEAN Oshida and
countries  Yoshida, (1999)
C. notatus a0 68 X, Y 16 ASEAN Oshida and
countries  Yoshida, (1999)
C. prevostii 40 70 X, Y 16 ASEAN Oshida and
countries  Yoshida, (1999)
C. erythraeus 40 - X, Y - ASEAN Oshida and
countries  Yoshida, (1999)
C. prevostii a0 - X, Y - ASEAN Oshida and
countries  Yoshida, (1999)
C. albescens 38 - X, Y - ASEAN Oshida and

countries  Yoshida, (1999)

Remarks: 2n = diploid chromosome number, NF = fundamental number, NOR = nucleolar organizer regions, m = metacentric

chromosome, sm = submetacentric chromosome, a = acrocentric chromosome and t = telocentric chromosome

Table 2 Means of the short arm length (Ls), long arm length (L1) and total arm length of chromosomes
(LT, relative length (RL), centromeric index (Cl) and standard deviation (SD) of RL and ClI of 20

metaphase cells of the male and female (Callosciurus finlaysonii), 2n=40

Chro. pair LS LL LT RL£SD CIzSD Chro. Size Chro. Type
1 1.540 2613 4.154 1732 +0.278 0.631 + 0.040 Large Submetacentric
2 1.669 2385 4.054 1.704 + 0.297 0.583 + 0.019 Large Metacentric
3 1.243 2669 3912 1.642+0.292 0.674 = 0.047 Large Submetacentric

4 1.066 2353 3419 1.445+0.229 0.678 + 0.051 Large Submetacentric
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Chro. pair LS LL LT RL£SD CIzSD Chro. Size Chro. Type
5 1.001 2320 3321 1.387 £0.210 0.696 + 0.051 Large Submetacentric
6 1.261 1874 3135 1.330 £ 0.234 0.591 + 0.048 Large Metacentric
7 0.886 2244 3131 1309 +0.196 0.715 + 0.040 Large Acrocentric
8 0.869 2213 3.081 1.289 +0.203 0.716 + 0.039 Large Acrocentric
9 0866 2161 3.027 1.261 +0.209 0.714 + 0.031 Large Acrocentric
10 0.772 2064 2835 1.191 +£0.209 0.722 + 0.028 Large Acrocentric
11 0.73¢  1.736 2470 1.065+0.231 0.695 +0.050 medium  Submetacentric
12 0.000 2460 2460 1.025+0.221 1.000 £ 0.000 medium Telocentric
13 0.599 1.499 2.098 0.877 £0.161 0.711 £ 0.028  medium acrocentric
*14 0.575 1449 2025 0.847 +0.144 0.713 + 0.019 small acrocentric
15 0.616 1.273 1.889 0.781 +£0.163 0.680 + 0.050 small Submetacentric
16 0.726 1.028 1.754 0.739 +0.121 0.580 + 0.034 small Metacentric
17 0.000 1.658 1.658 0.6914 +0.1175 1.000 + 0.000 small Telocentric
18 0592 0.829 1.420 0.598 +0.104 0.576 + 0.026 small Metacentric
19 0.000 0.864 0.864 0.360 + 0.063 1.000 + 0.000 small Telocentric
X 1.092 1364 2456 0.996 + 0.368 0.578 + 0.034  medium Metacentric
Y 0.146 0.216 0.361 0.156 +0.166 0.578 + 0.021 small Metacentric

Remarks: Chro.: Chromosome, *: NOR-bearing chromosome

RESULTS AND DISCUSSION

Diploid chromosome number (2n), fundamental
number (NF) and karyotype of Callosciurus
finlaysonii

The model diploid number of C
finlaysonii was 2n = 40 chromosomes and the
fundamental number was 74 (NF = 74) in both
male and female. The sex determination system
was XY with the karyotype formula 2n (40) = L™
AL e L g+ M, M, + M, ST+ S

,+ S, +S", + Sex Chromosome.

Chromosome type and size of C. finlaysonii
The karyotype was composed of 4 large
metacentric, 8 large submetacentric, 8 large
acrocentric, 2 medium submetacentric, 2 medium
acrocentric, 2 medium telocentric, 2 small
metacentric, 2 small submetacentric, 2 small
acrocentric and 4 small telocentric chromosomes.
The X chromosome was medium metacentric
and Y chromosome was small metacentric
chromosomes (Figure 1). All parameters of

chromosome are shown in Table 2.
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Chromosome marker of C. finlaysonii

The determination of a chromosome
marker for this species was firstly obtained by Ag-
NOR staining. The nucleolar organizer regions
(NORs) were mapped to interstitial small
acrocentric of the short arm of the chromosome

pairs 14. (Figure 3).

Patterns of microsatellite d(GC),s and d(CGG),,

repeats in C. finlaysonii

The mapping of microsatellite repeats
on the chromosomes of C. finlaysonii showed
that (GQ);5 and (CGG),, signals were observed on
all chromosome pairs. These signals were
distributed throughout the whole chromosomes.

(Figure 2. A-F).
Idiograms of C. finlaysonii chromosomes

studied
1). The

chromosomal

(Table

All  previous

results were summarized
idiograms presenting shapes, sizes and probe
signals on the chromosomes of C. finlaysonii are

shown in Figure 3.

CONCLUSION

The result showed that the diploid
chromosome (2n) of C. finlaysonii was 40, the
fundamental number was 74 in both sexes, and
the sex determination was XY sex-determination
system. The karyotype was composed of 4 large
metacentric, 8 large submetacentric, 8 large
acrocentric, 2 medium submetacentric, 2 medium
acrocentric, 2 medium telocentric, 4 small
metacentric, 2 small submetacentric, 2 small

acrocentric and 4 small telocentric chromosomes.

X chromosome was medium metacentric and

Y chromosome was small metacentric
chromosomes. Which the study results are
consistent with the research of (20) and from the
analysis of the chromosome type in each rod, it
was found that there are types of chromosomes
4, 5, 11, 15 different from the research of (22). It
has been reported that the chromosome rods are
acrocentric type, respectively but the results this
research we are found submetacentric type.
Which in this research paper used a total of
15 cells and in this research used 20 cells or it
may be variation at the subspecies level. (16). The
determination of a chromosome marker for this
species was firstly obtained by Ag-NOR staining.
The nucleolar organizer regions (NORs) were
mapped to interstitial small acrocentric of the
short arm of the chromosome pairs 14. This is
consistent with the research of (16). It was
reported was found on the short arm of the
acrocentric type chromosome. The 14 pair of
acrocentric can be used as a chromosome marker
of variable squirrel because, It has a different
position than squirrels of the genus Callosciurus,
as reported in research by (17). As reported in the
research of (18), Callosciurus canicep, C.
flavimanus, C. erythraeus, C. nigrovittatus, C.
notatus, C. prevostii had the NOR position on the
chromosome pair 16, 15, 15, 16, 16, and 16,
respectively. The reason why variable squirrels in
the same genus have different NOR positions may
be caused by a change in the shape of
chromosome translocation, which is the fracture

and connection of an ancestor chromosome to

form a living organism (19).



34 Journal of Applied Research on Science and Technology (JARST), Vol 20, Issue 2, 2021

In summary, although variable squirrel are
abundant in Thailand. And studies of cytogenetics
some of the information on others is reported
relatively litter. Which the data obtained from the
study can lead to information for use in the
classification or study of the chromosomal

evolution of variable squirrel in the future.
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Article history: Searching the facial area using image processing is an
Received: 4 November, 2020 important step to design face recognition system. But, to detect the
Revised: 21 April, 2021 facial area is still problem for research in order to the shape and face
Accepted: 3 May, 2021 feature are totally difference in each person. This research presents

Available online: 27 September, 2021 the development object detection technique in facial area and

DOI: 10.14456/jarst.2021.4 around eye on YCbCr with HSV color image. In the experiment, 200
Keywords: image processing, images are used as the input which can be classified into two groups
facial area detection, object 1) 100 images without background pattern and 2) 100 images with
detection background pattemn. The YCbCr color model technique is then

applied to all images to classify the skin color from the background.
In the Cb, Cr of YCbCr and HSV color model technique provides the
similar skin color of image index. The sobel edge detection technique

is then used to detect the face feature. The image segmentation
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technique is finally used to search the object obstruction around the
eye. The experiment results show that provides the accuracy as 97%
and 92% for detect the face position and detect the object
obstruction around the eye respectively, in the term of the image
without background pattem. Also it provides the accuracy as 87% and
83% for detect the face position and detect the object obstruction
around the eye respectively, in the term of the image with
backeround pattern. Then the only YCbCr color image. The
experiment of this research show that it can increase the performance
of detect the object obstruction around the eye approximately 7% in
the term of image without background pattern. Moreover, in the term
of image with background pattern, it can increase the performance of

detect the face position and detect the object obstruction around

the eye approximately 9% and 5% respectively.
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study. They were bone-equivalent plastic (B-100), polyvinyl
chloride (PVQ), air equivalent plastic (C-552), radio chromic dye
film (nylon base), polyethylene terephthalate (mylar) and

polymethyl methacrylate (PMMA).  These samples were

Consequently, the theoretical study were separated into 2
types for photon shielding and neutron shielding. The
geometrical progression (G-P) method was used to stimulate
energy absorption build-up factor (EABF) and exposure build-up
factor (EBF), at photon energies ranging from 15 keV to 15 MeV
and up to 40 deep penetration mean free path (mfp) for photon
shielding. Moreover, fast neutron removal cross-section (Zg)
values were estimated by partial density method. The data of
the simulation were found that equivalent atomic number (Zeq)
polymethyl methacrylate (PMMA) had the lowest values

whereas EABF and EBF values had maximum values. Furthermore,
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polyvinyl chloride (PVC) had the highest equivalent atomic number
(Zeg) values whereas EABF and EBF values had the lowest values.
The result for main interaction of photon with matter can be
separated on energy regions that is photoelectric absorption (PE),
Compton scattering (C) and pair production (PP) interactions. PE
is main interaction at low energies ranging, C is main interaction
at intermediate energies ranging and PP is main process at high
energies ranging. The results indicated that polyvinyl chloride
(PVQ) exhibited excellent radiation shielding. Other than fast
neutron removal cross-section value (Zg) of plastics and
polymers, which estimated by partial density method, it was
found that radio chromic dye film (nylon base) had the highest

value. This result indicated that radio chromic dye film (nylon

base) was the excellent neutron shielding material.

INTRODUCTION

Today, there are use of isotope in
different sectors such as nuclear reactors,
agriculture and medicine. The radiations from
isotope are very dangerous not only harmful for
man but include animal and environment. In the
field of radiation physics, X/y rays and neutrons
are important subject for the study on radiation
shielding (1,2). Build-up factors (BFs) and fast
neutron removal cross section (Xg) are
fundamental quantity to explain shielding of X/y
rays and neutrons, respectively. Materials used
to against radiation should have high atomic
number (high Z) while low atomic number (low
Z) required for neutron (3).

There are many methods for simulating
build-up factors like Geometrical Progression (G-
P) fitting method. The American Nuclear Society
used codes for computing photon energies

ranging 15 keV-15 MeV up to deep penetration

40 mfp for 23 elements, one compound; water,
and two mixture; air and concrete (4). Many
researchers used G-P fitting method to study
radiation shielding properties and reported that
many materials such as inorganic scintillator,
glasses, and alloy (5-7).

Plastics and polymers are long
arrangement molecules and basic material used
for against neutron and radiation because of low
cost, low weight, friendly for environment,
corrosion resistance, effective against radiation and
high-Z nano- and micro-materials dispersed in
polymer matrices have shown the enhancement
ability in attenuating and absorbing high energy
radiation (4,8-11,18). So, the authors interest to
study the radiation shielding and 2 properties for
some plastics and polymers. Radiation shielding
properties were estimated and build-up factors by
G-P fitting method and Xz properties were
estimated by partial density method.
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Table 1 Composition of plastics and polymers (2).

%wt of each element

sample code

O F Ca cl Si

Bone-equivalent

plastic P1 0.0655  0.5370

(B-100)

0.0216

0.0321  0.1675  0.1766 - -

Polyvinyl
Chloride P2
(PVQ)

0.0484  0.3844

0.5673 -

Air equivalent
plastic P3
(C-552)

0.0247  0.5017

0.0046  0.4653 - - 0.0040

Radio chromic
dye film P4

(nylon base)

0.1020  0.6244

0.0989

0.1447 - - - -

Polyethylene
terephthalate P5
(mylar)

0.0420  0.6251

0.3331 - - - -

Polymethyl

methacrylate P6 0.0806  0.5999

(PMMA)

0.3197 - - - -

MATERIALS AND METHODS

The chemical compositions of samples
are exhibited in Table 1.

Build-up factors (BFs)

The determination of attenuation

coefficient for Y-ray was made by investigating
the transmitted radiation intensity | that pass
through thickness x as compared to incident
radiation intensity lp. The linear attenuation
coefficient (W) was explained from exponential
Beer-Lambert's law (19):

| = lore ™™ (1)

The build-up factors (BFs) are basically
value used to design medium for radiation
shielding. BFs are separated into two types, 1.
energy absorption build-up factor (EABF) and 2.
exposure build-up factor (EBF) which obtained

by computing from Geometrical Progression (G-

P) fitting method at energies ranging 0.015-15
MeV and these values are defined by Eq. (3-4).
Firstly, it is very important to know about
equivalent atomic number (Zeq) values as this
value must lie at specific energy between Z; and
Z, atomic numbers (Z1 < Zeq < Zz) which
obtained by Eq. (2): (12-15).
Z (logR -logR)}+Z_ (logR-logR )

Zeq = 2)
logR -logR,

where Z; and Z, are values of atomic numbers

of elements according to ratios Ri and Ry,
respectively. R is ratio (Um)compton/(Mmlroral for
sample at same energy.
B(E,x) = 1+ (b-I{(K-1)/(K-1)}, K# 1 (3)
BE,x)=1+(b-1)x,K=1 (4)

here K (E, x), photon dose multiplication factor, b,
build-up factor corresponding to 1 mfp which
obtained by Eq. (5):
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tanh (X - ZJ -tanh(-2)

3

K(Ex)=cx" +d

1—tanh(-2)
x < 40mfp

Lastly, fast neutrons removal cross sections
(Zr) for samples can be computed using Eq. (6, 7)
(16,17):

ZR/p:Z\Ni(ZR/p)i (6)
Zzzpi (Z)u (7

i R/p

where (Zrp) and Pi are mass removal cross
section and partial density of it element,

respectively.

RESULT AND DISCUSSION

Zeq of plastics and polymers for photon
energy 15 keV-15 MeV are shown in Figure 1. The
energy, deep penetration and samples
dependency of EABF and EBF values are
exhibited 2-5,

effective of Xg is shown graphically in Figure 6.

in  Figures respectively. The

EABF and EBF with energy
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Figure 1 Zq of samples at energies ranging of 15
keV-15 MeV.

Figure 1 shows Zeq for samples with

energies in the range 15 keV to 15 MeV and up
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to 40 deep penetration mean free path (mfp). It
was found that polyvinyl chloride (PVC), P2,
possesses highest Zeq values. The graphs were
not smooth because of K- edge absorption of Ca
(4.04 x 107 MeV), CL (2.82 x 10~ MeV) and Si
(1.84 x 10~ MeV) and content of composition
elements in samples as shown in Table 1.

The EABF and EBF for plastics and
polymers samples with energies at fixed deep
penetration are shown in Figure 2 and 3. From
the figures, it can be separated into three energy
regions: photoelectric absorption (PE), Compton
(PP),

respectively, as main interactions (3). PE is main

scattering (C) and pair production
interaction at low energies ranging, and BFs of
samples have small value in this energy ranging.
While C is main interaction at intermediate
energies ranging, EABF and EBF values increase
rapidly with increasing photon energies for all
samples. After that, EABF and EBF values
decrease which PP is main process at high
energies ranging. This figure presents that EABF
and EBF maximum value were dependent on
deep penetration and composition of plastics
and polymers materials. EABF and EBF values
increase until they reach maximum value and
then decrease with increasing energies. That can
be discussed on fundamental of partial
interaction processes. At low energies ranging,
EABF and EBF values are lowest because of
photons were absorbed at high energy. At
intermediate ranging, EBF and EABF values were
largest because of photons were degradant by
scattering in medium. The highest EABF and EBF
values were observed at 40 mfp, deep
penetration while the lowest values were shown
at 1 mfp. At high energy ranging, photons were
absorbed again. The sharp peak of EABF and EBF
at high energy and deep penetration were
because  of

occurred electron-positron

annihilation in material and then produced
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secondary photons. In really, increasing of deep  because of K- edge absorption of Ca (4.04 X 10
penetration for medium leading to increase 3 MeV), Cl (2.82 X 10~ MeV) and Si (1.84 X 107
thickness of interacting medium as according to  pjay).

high equivalent atomic number as shown in

Figure 1. The graphs were not continuous
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Figure 2 (a-f). EABF at energies ranging 0.015-15 MeV up to 40 mfp for samples.
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Figure 3 (a-f). EBF at energies ranging 0.015-15 MeV up to 40 mfp for samples.
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Figure 4 (a-d). EABF of samples at 0.015, 0.15, 1.5, 15 MeV up to 40 mfp.

EABF and EBF with deep penetration

EABF and EBF values of samples with
deep penetration are shown in Figures 4 and 5 (a—
d), respectively, at energies (0.015, 0.15, 1.5 and 15
MeV). From these figures, EABF and EBF values
increase with increasing deep penetration. At 0.015,
0.15 and 1.5 MeV, EABF and EBF values of all
samples varies directly with Zeq and the lowest
values of EABF and EBF are P2 sample. At energy
15 MeV, P6 showed highest EABF and EBF values
that because of pair/triplet interaction of samples
produced electron/positron pair. The rest of

positrons were annihilated by electron and

generate two secondary photons at energy 0.511
MeV. Photons probability for escape through higher
thickness of samples were increased, resulting in
larger EABF and EBF values. Finally, the excellent
radiation shielding medium, low values of buildup

factors were desired.
Fast neutron removal cross-section (2¢)

The fast neutron removal cross-section
Yk (cm™) value of plastics and polymers are
exhibited in Figure 6. It was found that Zg (cm™)
of radio chromic dye film (nylon base), P4, was
highest. Therefore, P4 is the best neutron

shielding compared with other samples.
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CONCLUSION

From the present study, EABF and EBF
values of plastic and polymer samples are
maximum values at intermediate energies ranging,

where Compton scattering is main interaction. Zeq

for polymethyl methacrylate (PMMA: P6) has
lowest values whereas EABF and EBF values have
maximum, while polyvinyl chloride (PVC: P2) has
highest Zeq values whereas lowest for EABF and EBF
The
chloride (PVC: P2) has more shielding effectiveness

values. results exhibited that polyvinyl
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Karyotype

Black- bearded Tomb bat is classified as the genus of
Taphozous and has a very similar morphology. The knowledge
can provide cytogenetic information potentially useful to support
on taxonomic classification. Five males and six females were
collected from Mahasarakam province and Khon Kaen university,
Khon Kaen province. The 20% Giemsa’s and 50% silver nitrate
solution, respectively were applied to stain the chromosomes.
Chromosomes were prepared from bone marrow tissue. The
chromosomes harvesting was investigated by hypotonic-fixation-
air drying technique. Giemsa’s staining, Ag-NOR staining and
fluorescence in situ hybridization (FISH) staining techniques, as
well as microsatellites (GC);5 and (CGG),, as probes were applied.
The karyotype, idiogram, position of NORs and microsatellites
were performed in the present study. The results show that the
diploid chromosomes number was 2n = 42 and the fundamental
number (NF) were 74 chromosomes in both female and male of
T. melanopogon. The autosomes consisting of 8 large
metacentric, 8 medium metacentric, 2 medium submetacentric,

2 medium acrocentric, 2 small metacentric, 4 small
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submetacentric, 4 small acrocentric and 10 small telocentric
chromosomes. The sex determination is XY, X chromosome is
medium metacentric chromosomes and Y chromosome is small
submetacentric chromosomes. NOR sites appeared to telomere
of the short arm of the chromosome pairs 15 small acrocentric
type and chromosome pairs 20 small telocentric type. The
pattern of both microsatellite (GC),5 and (CGG) 4, repeats were
distributed throughout the genome as well as to all
chromosomes. Karyotype formula described as 2n (42) = L™ ¢ +

M™ g+ M™, + M, +S™,+ S 4+ S° 4 + S'y + Sex Chromosome.

INTRODUCTION the diploid chromosome number of H. larvatus
was 2n=32, and the fundamental number as 66 in
Black-bearded Tomb bat is a common
both males and females (4). The karyotype was
studied of M. horsfieldii was 2n= 44 from

Thailand. The results showed that the diploid

bat in Thailand. Belongs to the family
Emballonuridae. There are 14 species of

taphozous. it can be found in 4 species in

chromosome number of S. kuhlii was 2n= 36,
Thailand, black-bearded tomb bat (Tasphozous

and the fundamental number was 52 in both
melanopogon), long-winged tomb bat (T.

male and female. (5). The number of diploids was
longimanus), large-winged bat (7. theobald)),

42 rods (2n = 42). The karyotype were studied of
naked-rumped pouched bat (T. saccolaimus) (1).

Taphozous nudiventris, which the source of the
Studies have shown that bats in this genus have

sample is in the region of Turkey. (6). The
the number of diploid chromosomes is between

Karyology was studied of Ten Vespertilionid Bats
42 and 44 rods (2n = 42 - 44) (2). It is estimated

(Chiroptera: Vespertilionidae) from Taiwan. The
that the black-bearded tomb bat has similar

result showed three Myotis species (M. formosus
numbers of diploids to another bat of the same

watasei, M. latriostris, and M. taiwanensis) have
genus. Karyological analysis were studied of the

the standard Myotis karyotype of 2n = 44 with FN
lesser Asiatic house bat (Scotophilus kuhlii) from

= 50 (7). Cytogenetics is the study of genetics
Thailand.  The results showed that the

through cytological methods and genetics.
fundamental number (NF) was 52 in both male

structure, number, function, behavior and
and female and the diploid chromosome number

variation of chromosomes. These properties that
of S. kuhlii was 2n=36 (3). Chromosome analysis

affect the expression of the gene (8). Studying
and morphometrics of the intermediate roundleaf

cytogenetics brings benefits in areas such as in
bat (Hipposideros larvatus) from Northeast

medicine, it is used to diagnose genetic diseases.
Thailand were studied. The results showed that
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The evolution of organisms from the cellular
change. This is because the study and comparison
of karyotypes are important in the study of
phylogenetic closeness and Taxonomy to classify
certain organisms (9). Karyotype were studied of
three  Lonchophylla  species  (Chiroptera,
Phyllostomidae) from Southeastern Brazil. All
three species showed the same diploid number
2n = 28 and an autosomal fundamental number
FNa= 50 (9). Conventional staining technique has
been used to determine chromosome number
and karyotype composition. Structure, number,
type, size, and morphology of a nucleolar
organizer region (NOR) may be specific to
populations, species, and subspecies. NOR
staining is frequently used to compare variations,
as well as to identify and explain specifications
(10). Molecular cytogenetic experiments have
demonstrated that NORs are the chromosomal
site of gene coding for 5.8S, 18S, and 28S rRNA, in
humans and several mammalian species. NORs
can be wused as markers for evolutionary
chromosome studies (10). Recently, molecular
cytogenetic studies using fluorescence in situ
hybridization (FISH) for mapping repetitive DNA
sequences have provided important contributions
to the characterization of biodiversity and the
evolution of divergent fish groups (11). However,
conventional cytogenetic and fluorescence in situ
hybridization technique is the conduction of DNA
probes binds to target DNA on Black-bearded
Tomb bat have not yet been performed. Black-
bearded Tomb bat is classified as the genus of
Taphozous and has a very similar morphology.

Accordingly, the present study is the cytogenetic

report on Tasphozous melanopogon of Thailand
and accomplished with both classical and
molecular cytogenetics. It is therefore the source
for the study of the cytogenetics of the Black-
bearded Tomb bat (7. melanopogon) by

Giemsa’s  staining, Ag-NOR  staining and
fluorescence in situ hybridization techniques,
which results from a study of genetics. The
cellular level of the Black-bearded tomb bat will
give us more detailed insight into the
chromosome level as a supporting material for

further identification of bat species.

MATERIALS AND METHODS
Sample collection

Five males and six females of Black-
bearded Tomb Bat were collected from
and Khon Kaen

Mahasarakam  province

university, Khon Kaen province.

Chromosome preparation, Giemsa’ s staining

and AgNORs banding technique

Metaphase chromosomes were directly
prepared in vivo as following (8) and (9).
Subsequently, chromosomes were stained with
20% Giemsa solution and 50 % silver nitrate for

Ag-NOR banding (12).
Chromosome checking

Chromosome counting was performed

on mitotic metaphase cells under light
microscope. Twenty cells each of male and
female with clearly observable and well- spread
chromosomes were selected and photographed.

The length of short arm (Ls) and the length of
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long arm of chromosome (L1) were measured to
calculate the length of total arm chromosome
(LT, LT = Ls + LU. The relative length (RL), the
centromeric index (Cl) and standard deviation
(SD) of RL, Cl were also computed to classify the
types and size of chromosomes according to
(13). All parameters were used in karyotyping
and ideogram according to (12), and (13). The
Cl{o/p + g between 0.50-0.59, 0.60-0.69, 0.70-0.89,
and 0.90-1.00 are described as metacentric
(m), submetacentric (sm), acrocentric (a), and
telocentric (t) chromosomes, respectively. The
fundamental number (NF) was obtained by
assigning a value of 2 to the m, sm and
a chromosome and 1 to the t chromosome. All
data were used in karyotyping and diagramming

(14)

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Fluorescence in situ hybridization ( FISH) with

d(GC)15, and d(CGG)lo prObeS

FISH was performed on metaphase
chromosome spreads with specific probes (15).
Both rDNA probes were directly labeled with the
Nick- translation Labeling Kit (Jena Bioscience,
Jena, Germany), using the fluorescent labels
Attod88 (18S rDNA) and Atto550 (5S rDNA),
according to the manufacturer’s manual (16).
The usage of microsatellites d( GC) 5, and
d(CGG),, probes described by (12) was followed
with slisht modifications.  Sequences were
directly labeled with Cy3 at 5" terminals during
synthesis by Sigma (St. Louis, MO, USA). FISH was
performed on mitotic chromosome spreads (17)
under highly stringent conditions, as previously

reported (18).
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Figure 1 The metaphase and karyotypes chromosomes of the Black- bearded Tomb Bat ( T.
melanopogon) 2n=42, male (A-B and E-F) and female (C-D and G-H) with conventional

chromosome staining and Ag-NOR staining banding technique (E-H). Bars indicate 5 um.
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F H d(CGG),,?

Figure 2 Metaphase chromosome and karyotypes of male (A-D) and female (E-H), Black- bearded
Tomb Bat (T. melanopogon), 2n=42. Fluorescence in situ hybridization (FISH) with d(CA);s
probe of male (C) and female (G), FISH with d(CGG),, of male (D) and female (H). Bars

indicate 5 pm. The arrows indicate probe signals.
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Figure 3 Standard idiograms of the Black-bearded Tomb Bat (7. melanopogon, 2n = 42) from

conventional chromosome staining (A) and Ag-NOR staining banding (B) techniques.

Table 1 Cytogenetics review in the genus Taphozous

Species 2n  NF Karyotype Sex system Locality  Reference

Taphozous 42 64 18m + 6sm + 16t X(m)/Y(a) India Ray- Chaudihuri et

melanopogon al. (1971)

T. longimanus 42 64 18m + 8sm + 16t X(sm)/Y(a) India Ray- Chaudihuri et
al. (1971)

T. theobaldi 42 64 24msm + 16t X(m)/Y(sm)  Thailand Harada et al
(1982)

T. melanopogon 42 62 16m + 6sm + X(m)/Y(sm)  Thailand  Narumon et al.

2a + 14t (2012)
T. nudiventris 42 64 18m + 6sm + X(m)/Y(a) Turkey  Asan et al. (2007)
16t
T. nudiventris 42 66 10m + 12sm X(sm)/Y(t) Egypt Attia et al. (2007)
+ da + 14t
T. nudiventris 42 64 18m + 6sm+ X(m)/Y(a) Turkey Asan and Albatrak

16t (2007)
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Species 2n NF Karyotype Sex system Locality  Reference
T. melanopogon 42 64 2dmsm + 16t X(sm)/Y Philippines Rickart et al
(1999)
T. nudiventris 42 64 2dmsm + 16t X(msm)/ Turkey Arsalan and Zima
Y(a) (2014)

Remarks: 2n = diploid chromosome number NF = base chromosome number m = metacentric chromosome

sm = submetacentric chromosome a = acrocentric chromosome and t = telocentric chromosome

Table 2 Means of the short arm length (Ls), long arm length (L) and total arm length of chromosomes

(LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of RL, Cl of 20 metaphase

cells of the male and female (Black-bearded Tomb Bat), 2n=42

Chro. Pair LS LL LT RL£SD CIxSD Chro. Size Chro. Type

1 2920 3.387 6.307 0.0953+0.004  0.537+0.021  Large Metacentric

2 2699 3.144 5843 0.088+0.004 0.537+0.019  Large Metacentric

3 2536 3.092 5.628 0.085+0.005 0.548+0.025  Large Metacentric

4 2358 2945 5303 0.08+0.005 0.554+0.027  Large Metacentric

5 1.744 2,052 3.796 0.057+0.003 0.540+0.026  Medium Metacentric

6 1.670 1975 3.645 0.055+0.002 10.542+0.017  medium metacentric

7 1.231 2.158 3390 0.051+0.004 0.638+0.030  medium submetacentric
8 1.487 1.892 3379 0.05+0.003 0.558+0.029  medium metacentric

9 1.479 1.691 3.170 0.048+0.003 0.534+0.019  medium metacentric

10 0.896 1.606 2502 0.038+0.004 0.643+0.026  small submetacentric
11 0.748 1.397 2.145 0.032+0.002 00.653+0.036  small submetacentric
12 0.958 1.109 2.067 0.031+0.003 0.535+£0.024  small metacentric

13 0.628 2706 3.333 0.05+0.003 0.811+£0.020  medium acrocentric

14 0.494 1.774 2268 0.034+0.003 0.782+0.036  small acrocentric

15 0.456 1.532 1.988 0.03+0.002 0.770+£0.036  small acrocentric

16 0.000 1.732 1.732 0.026+0.002 1.000£0.000  small telocentric

17 0.000 1.662 1.662 0.025+0.002 1.000+0.000  small telocentric

18 0.000 1.451 1.451 0.021+0.002 1.000£0.000  small telocentric

19 0.000 1.349 1.349 0.02+0.002 1.000+0.000  small telocentric
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Chro. Pair LS LL LT RL+SD CIxSD Chro. Size Chro. Type
20 0.000 1.104 1.104 0.0167+0.002 1.000+0.000  small telocentric
X 1432 1.724 3156 0.046+0.016 0.543+0.018  medium metacentric
Y 0.63¢ 1.193 1.826 0.03+0.012 0.651+0.019  small submetacentric
Remarks: Chro.: Chromosome
RESULTS AND DISCUSSION Chromosome marker of Taphozous
melanopogon

Karyotype, diploid number of chromosomes (2n)
and fundamental chromosome number (NF) of

the Taphozous melanopogon

The results show that the diploid
chromosomes number was 2n = 42 and the
fundamental  number  (NF)  were 74
chromosomes in both female and male of T.
melanopogon in both male and female.
Karyotype formula described as. 2n (42) = L™ ¢ +
M™ g+ M, + M, + S™ 4+ S+ S+ ST+

Sex chromosome.

Chromosome type and size of Taphozous

melanopogon

The karyotype is composed of 8 large
metacentric, 8 medium metacentric, 2 medium
submetacentric, 2 medium acrocentric, 2 small
metacentric, 4 small submetacentric, 4 small
acrocentric  and 10 small  telocentric
chromosomes. The sex determination is XY, X
metacentric

chromosome is medium

chromosomes and Y chromosome is small

submetacentric chromosomes (Table 2) (Figure 1).

The determination of a chromosome
marker for this species was firstly obtained by Ag-
NOR staining. The nucleolar organizer regions
(NORs) were determination of a chromosome
marker for this species was firstly obtained by Ag-
NOR staining. The nucleolar organizer regions
were appeared to telomere of the short arm of
the chromosome pairs 15 small acrocentric type
and chromosome pairs 20 small telocentric type.

(Figure 3).

Patterns of microsatellite d(GC) ;s and d(CGG) ¢,

repeats in Taphozous melanopogon

The mapping of microsatellite repeats
on the chromosomes of T. melanopogon
showed that (GC) 5 and (CGG) o signals were
observed on all chromosome 1, 6 and 13 pairs.

(Figure 2. A-H).

Idiosrams  of  Taphozous  melanopogon

chromosomes

All previous results were summarized,
and idiograms presenting shapes, sizes and
probe signals on the chromosomes of T.

melanopogon are shown in Figure 3.
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CONCLUSION

The result of black-bearded tomb bat
indicated that the karyotype formula described
as: 2n (@2) =" g+ MT g+ M, + M*, + ST, +
M+ S, + S + Sex chromosome. Diploid
number was 2n = 42 chromosomes and
fundamental number was 74 (NF = 74) for male
and female of T. melanopogon. which is
consistent with the number of diploid somatic
chromosomes and previous studies from (19)
and (20). And the results of the study showed
that the type of sex chromosome was consistent
with the previously study of (21). The number of
diploids being studied is found in black-bearded
tomb bat, for example in the study of T.
longimanus chromosomes (22), T. theobaldi. (23)
and T. nudiventris (24). With the corresponding
number of diploid chromosomes. It shows that
the black-bearded tomb bat does not have a
large variety of chromosomes within the genus.
While  the  number  of  fundamental
chromosomes is between 62 and 66, they are
not highly variable. Number, type and size of T.
melanopogon chromosomes, 8 large
metacentric, 8 medium metacentric, 2 medium
submetacentric, 2 medium acrocentric, 2 small
metacentric, 4 small submetacentric, 4 small
acrocentric  and 10  small  telocentric
chromosomes. The sex determination is XY, X
chromosome is medium metacentric
chromosomes and Y chromosome is small
submetacentric chromosomes. (Table 1). Which
is consistent but there are a number of
chromosome types acrocentric more It is also

different from previous studies that did not

detect the acrocentric chromosome (24).
Chromosome marker of 7. melanopogon, the
determination of a chromosome marker for this
species was firstly obtained by Ag-NOR staining.
The nucleolar organizer regions ( NORs) sites
appeared to telomere of the short arm of the
chromosome pairs 15 small acrocentric type and
chromosome pairs 20 small telocentric type. The
pattern of microsatellite (GC) 5 and (CGG) 4,
signals were observed on all chromosome 1, 6

and 13 pairs.
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Article history: This research aimed to study the behavior of heat
Received: 26 March, 2020 transfer. And heat in the inverse temperature phenomenon in
Revised: 24 May, 2021 which the problem of pollution and there are various toxins mixed
Accepted: 15 June, 2021 in the air that are created by humans and nature. Because humans

Available online: 27 September, 2021 need to breathe. And unable to separate toxins from the air Thus

DOI: 10.14456/jarst.2021.7 making the process of breathing automatically bring toxins into the
Keywords: heat transfer, the body Therefore, this research is to study computer simulations to
temperature inversion study heat transfer. And heat during inverse temperature
phenomenon, concentration phenomena. To study and explain the models, behavior, diffusion,
diffusion concentration of toxic substances that are affected by variables in

the equation such as temperature, convection temperature. Flow
velocity and the concentration of toxic substances. By using a
model and analyzed with four basic equations: 1. Equation of
continuity 2. Momentum equation 3. Energy conservation
equation 4. Diffusion equation of substance concentration Using a
computer program numerical solution based on finite element
methodology. From the studly, it is found that the air temperature
in high altitude areas. This is an important variable indicating the

effect of toxic substance concentration distribution. Therefore, the
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concentration of toxic substances in the second case and the

second case is the second level. In this study, the results showed

that the concentrations of toxic substances were lower, so new

fish were more likely to be contaminated. The results of this study

can explain the two phenomena. Case study of inversion of 1 layer

by temperature, the results show that the accumulation of sulfur

dioxide is less than two opposite temperatures.
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ARTICLE INFO ABSTRACT

Article history: Kratom (Mitragyna speciosa Korth) is a tropical plant in
Received: 18 September, 2020  Thailand, which an addictive effect. Kratom is classified as a Penal Drug
Revised: 16 November, 2020 Category-5 of the Thai Narcotics Act 2522 (1979), the least restrictive
Accepted: 29 December, 2020 and punitive level. Mitragynine is a major alkaloid of Kratom and is
Available online: 18 October, 2021 responsible for its opioid effects, which has pharmacological action.

DOI: 10.14456/jarst.2021.8 Therefore may increase the use of kratom by pretending to be medical

Keywords: mitragynine, urine,  benefits. This research aims to study method validation to quantify
blood, online-SPE-LC-MS/MS  Mitragynine from Kratom in serum and urine by using Online-SPE-LC-
MS/MS. This method has six topics for validation. First, the linearity has
r* (0.995 - 1.000) in blood and urine equal to 0.9998 and 0.9992,
respectively. Second, the specificity has not to be disturbed in the
chromatogram of Mitragynine in the blood and urine. Third, the
accuracy with %recovery (£ 15%) in blood and urine equal to 95.25-
109.12% and 94.98-111.20%, respectively. Forth, the precision shows
that the Intraday-Precision and Interday-Precision values are %RSD

(<15%) within acceptable levels in both blood and urine. Fifth, the
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detection limit (S/N ratio > 3) in the blood and urine is equal to 0.20,

0.15 ng/mL, respectively. And sixth, the limit of quantitation (/N ratio

> 10) in the blood and urine is equal to 1.0, 2.0 ng/mL, respectively.

The obtained LOQ has to be in the right criteria. The determination of

Mitragynine in the blood and urine using this method is appropriate. This

method could analyze samples precisely and reliably.
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MUY ﬁaﬁumu’i%’aﬁ%qﬁwmiwmaaummgﬂéfaq
YadivATEimUsInaesanstunsilatiu Tusiegis
metanw e denuaytaany Ae3s Online-SPE-
LC-MS/MS 1agyinn1snaaeuA1dgni 8498475
31A3199 6 Wads wu3wadedt 1 linearity A1 1
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0.15 ng/mL ANEFU WAzt e 6 lmit of
quantitation (S/N > 10) luidenuazdaaziiamiiiy
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wulslunseviendudnlvaifeanslunguueanases
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Tunslafiy wdrdummardiud sauuunsgu

#u9nS (Relative Standard Deviation; RSD)

4.5 FATIANVBINITATIAINY (Limit of
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0.15 0.20 unlunsuredadans uay 0.10 0.15 0.25
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IINAITLANAITUINTFIUTIN (Mixed  ansdusunululasuilawnsy (Chromatogram) ves
standard) v14 5 ¥9im Ao wisdu lawuleasiiiu  aslunslatiu lnenaifansivluneduil (Retention
Tunsitatiu lostins1du wasnsunea adlumiog1e  time; RT) Windu 3.46 3.30 3.41 3.50 wag 2.96 Ui

Wenan ienaaauanudnnizty linufinves  Aua1au AIgUi 2

Mitragynin

gynine
Y = 2.902e-3X + 2.46e-4; R*2: 0.9998; Origin: Ignore; W: 1/X: Area

3.2
3.0-
2.8
26
24
2.2
2.0-
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ngimL

JUN 1 nemannsgukansauduiusserieanududuvesasasangunsgiulunsilatiu ludenuas

Area ratio
RT 0001100
346
330
20 2%
100~

4 34
%0
804
704
60

1 356
50 [

1 015 141 368 413 456 477 653 671 708 724 812 9% 1016
73] 15 A X 1145674, B S70(7.087, 13 5 I
o 053 081 117 159 185 25 363 409 471 491516 557 607 635 674 637 733 759 802 860 898 924 985 1008 1078
] _ 047 203 361 382 455 482 508 538 572 630 670 69 748 805 839 868 917 948 1002 1080
10 000 035 114 146 187 240 276 389 452 484 511 546 582 649 670 711 759 789 841 862 913 939 1003 1024 10.76
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JUN 2 uanan1snaaeuANNIINg (Specificity) vosansunasgulamsilaiuluden

A19199 1 Aranututuniluiesigd aranudntuianalanautnTunIg 9 Lag %Recovery U4

ashunslafiuludiegruion

AS  AMUNTY  %Recovery  AMUANTW  %Recovery Aududu  %Recovery

lunsilatiu luysilatiu lunsilatiu
100.00 300.00 800.00
(ng/mU) (ng/mU) (ng/m0)
1 98.57 98.57 309.87 103.29 761.96 95.25
2 99.11 99.11 315.48 105.16 766.31 95.79

3 100.40 100.40 327.36 109.12 797.58 99.70




Journal of Applied Research on Science and Technology (JARST), Vol 20, Issue 2, 2021 95

ISSN: 2773-9376 (Print), 2773-9473 (Online)

aseli  amududu  %Recovery  Aududu  %Recovery anududu  %Recovery
Tunsilatiu Tunslatiu Tunsalatiu
100.00 300.00 800.00
(ng/ml) (ng/ml) (ng/ml)
4 96.50 96.50 320.88 106.96 791.93 98.99
5 95.17 95.17 322.41 107.47 793.07 99.13
6 100.81 100.81 313.76 104.59 820.74 102.59
F’hLQ?i.EJ 98.43 98.43 318.29 106.10 788.60 98.58

A15199 2 AAududuft lUiiesed AeudntunAwIulafnuNTuRg 9 LagAl SD kag %RSD

yasanstunsibatiu Tusregraien

v v =
anutudulanslatiy

Intraday-Precision

Interday-Precision

(ng/ml) Al SD %RSD  Aade SD %RSD
100.00 98.43 2.21 2.24 98.31 1.69 1.72
300.00 31829 641 2.01 315.33 2.94 0.93
800.00 788.60  21.69 2.75 797.13 3.14 0.39

dethansazanemnsgiuluvslatiy dnou
3 AL Ut U L wn’ 100.00 300.00 waz 800.00
wilunfusiedadfing W medoUANNYNFADIUALAIY
8987833 Online-SPE-LC-MS/MS wuiransazane
w1msgrulunsalatu 100.00 300.00 wag 800.00
UlunsuR ol ad ans 1A 1ANLTUT UVDIANT
Tunsilatiu waswindu 9843 31829 uaz 788.60
wilundusediaddng audiu Fadlethanadeildn
FLRAINAN %recovery NUIIALRAETBIAIIT LA
100.00 300.00 waz 800.00 ulunsusioladans den
ag Tuv 19 95.17-100.81 103.29-109.12 uag 95.25-
102.59% Uy Famsedi 1 wasidievhuvegeu
varaiug Tnedunumandudsiuunnsgiu
FunNnsueIAIdudU 100.00 300.00 wag 800.00
ulunsunedadans wui Intraday-Precision &l@n
WA 2.24 2.01 1A 2.75% AIUAIAU d195UNT
AinszRansywinedu den Interday-Precision iU

1.72 0.93 uay 0.39% AUaRUSImIsIeR 2

91nnsinatsazatsuasgulunslatiy
WU 3 ANUTNTY LewA 0.10 0.15 0.20 wlunsy
foladans umaaeu limit of detection #2838
Online-SPE-LC-MS/MS nudnansidutudisnfigaiid
A S/N ratio 1nN3n 3 ¥4 5 91 Ae 0.20 uilunfusie
fadans laglamn S/N ratio MR 5.16 3.24 4.25
3,87 uay 3.79 HIM13T 3

91nnsinatsazatsuasgiulunslatiy
WU 3 ANUDNTU tAuA 1.00 1.50 uag 2.00 wilu
nSusiodiaddns A meaeu limit of quantitation A7
35 Online-SPE-LC-MS/MS wuinanuidiuduiinniia
3R S/N ratio 1nnndn 10 % 5 91 Ae 1.00 wilunu
sadadans nalarn S/N ratio Winiu 13.82, 14.89,
13.01, 13.01 wag 12.85 waviiiothArmududures
Tuslatiu Aalduuanm %recovery wuiildien
g lut29 81.7-97.6% wazidl oA LINMIAT %RSD

NUIPANANTU 7.47% 99517 4 hag 5
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AN 3 NM9AT LOD 9993536AT121 970 Signal to Noise (S/N) ratio 91A2stadusing ) Tudegaden

¥easelt  amududulumsilatiy anududuluvslatu anududuluvslaiu
0.10 (ng/ml) 0.15 (ng/ml) 0.20 (ng/ml)
1 2.06 1.95 5.16
2 3.96 3.31 3.24
3 3.57 371 4.25
4 1.95 4.42 3.87
5 1.98 2.78 3.79

A39% 4 N15AT LOQ 90153tA5129 910 Signal to Noise (S/N) ratio MiAnuidutunng o Tusiiagaden

¥eesed  anududulinsiletiu anudutulunglatu anududuluvslatu
1.00 (ng/ml) 1.50 (ng/ml) 2.00 (ng/ml)
1 13.82 17.61 18.13
2 14.89 22.36 31.86
3 13.01 22.54 22.54
q 13.01 17.78 24.30
5 12.85 20.95 21.31

A1519% 5 N157 Accuracy Way Precision 89 LOQ Tudieg1aden

- 7 T o S
MYIATM ANty vasanslunslatiu 1.00 ng/ml

[

Signal to Noise (S/N) ratio Afiale (ng/ml)  %Recovery

1 13.82 0.98 97.6
2 14.89 0.84 84.1
3 13.01 0.84 83.5
q 13.01 0.85 85.2
5 12.85 0.82 81.7

Aade 0.87

SD 0.06

%RSD 7.47

2. N15NAFOUAIINNABIYENNTTTLATILYH 0879
Uaaniz
91nnsiatsazatsuasgiulunsilatu

U 6 ANududu oA 1.00 10.00 125.00 250.00

500.00 ka 1,000.00 UNluNSUADIARANT U INAFBU
ANUFUNUSITHAUNTIN IS Online-SPE-LC-MS/MS
1A8N13a59NTINLINTFIURANIANUFURUT T899

ANt uvesasaratennsguluvslatu uag
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Sandauiiud A¥ald wuildnsdunseiegui 3
Faslefaman 2 wuindiamiadu 0.9992 annms
WNEsHINSE U (Mixed standard) 4 5 %iin Ao
wiisdu lawulensifiy lunsiladu lnsting diu uag

151311098 asldaIziUan WevadauANLI NG 1Y

Tainwuiiavesansausuniululasunlaunsy vesanslum
slatiu Tneaniianslaluneduyl (Retention time:;
RT) .MNAU 3.48 3.33 3.45 3.54 |ay 2.98 U

PUAGU AagUT 4

Mitragynine

¥ = 9.940-3X + 3.416e-3; R*2: 0.9992; Origin: Ignore; W: 1/X; Area

Area Ratio

T T ¥ T T T ) T T T
0 100 200 300 400 500

T T T T T T T ) T ¥ T
600 700 800 900 1000 1100

ng/mL

UM 3 namlusspukansaRduiussenienudiduresmsazaeansgulunslaiiv ludaaizuas

area ratio

RT :0.00-11.00

JUN 4 manageunuime (Specificity) vesansunnsgiululaang

dethansazaneuasgulamslatiu $1uou
3 AU uTy L wn 100.00 300.00 wag 750.00
wilunfusiedadfing W medoUANNYNFADIALAIIY
\83%2835 Online-SPE-LC-MS/MS wuinansagany
wmsgiulunsilaiiu 100 300 waz 750 wilunsuse

A aa

Jadans darenutuduvesanstunsilaiu wie

v

WU 101.55 296.68 Way 737.86 WUNSUADLARaNS

ARy € ud othe s vt lduifuanmi e
Y%recovery WUTIANAE 8UBIAULTUT Y 100.00
300.00 uag 750.00 uluniusieiiadans deeglutis
94.98-111.20 96.99-103.34 W a ¢ 95.82-102.96%
ANUEIRU FI915797 6 uazidl ethumadeumAIY
wiud lnefnasnedndsauunsguduing

eI HTY 100.00 300.00 Lag 750.00 wilunsy
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FoladanNT WU11A1 Intraday-Precision 3 ANMIAU
6.25 2.29 WAy 2.94% MUY EmTuNTIATIERE
3ENINTUL AN Interday-Precision t11AU 6.06 1.57
uaz 1.29% AUdU faens1edi 7
31nnsinasazatsuasgiulunslatiy

U 3 AIUTUTY bawA 0.10 0.15 0.25 wilunsy
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pofladans uvmadau limit of detection #2875
Online-SPE-LC-MS/MS nudpnsidutudisnfigaiid
A /N ratio 11nn37 3 9 5 91 Ae 0.15 wilunSusie
daddns lnglaran SN ratio tM1AU 4.29 6.46 5.46

525 uag 3.44 5197 8

A15199% 6 ArANuTNTUAUN YIRS IEAA UL Ui A wIla A LT U 9 wag %Recovery U9

anstunsibatiy ludiegretlaae

L dl
IUN

ANMutudY  %Recovery  AaubudU  %Recovery AMududu  %Recovery
lunsilatiu Tunsladiu Tunslatiu
100.00 300.00 750.00
(ng/ml) (ng/ml) (ng/mU)
1 107.15 107.15 310.01 103.34 756.39 100.85
2 100.36 100.36 293.72 97.91 722.56 96.34
3 99.19 99.19 296.66 98.89 77217 102.96
4 96.39 96.39 290.99 96.99 734.52 97.94
5 94.98 94.98 295.23 98.41 722.90 96.39
6 111.20 111.20 293.48 97.83 718.62 95.82
V’i']l,aﬁlﬂ 101.55 101.55 296.68 98.90 737.86 98.38

A15199% 7 Arnududuniluiiesigiaianududuiianuulananududusie o wazan SD wag %RSD

yasashunsbatiu ludeegrallaaney

AULdNTY Intraday-Precision Interday-Precision
lunslaily duade SD %RSD Anaay SD %RSD
(ng/mL)
100.00 101.55 6.34 6.25 103.51 6.27 6.06
300.00 296.68 6.80 2.29 293.05 4.60 1.57
750.00 737.86 21.72 2.94 748.36 9.69 1.29

31nNsUaTazaneNInsgIutunsilatiy
119U 3 AUty leun 1.00 2.00 waz 2.50 U1
Tunsuaeliaddns umaaeu limit of quantitation
#6733 Online-SPE-LC-MS/MS wuthamuidududish
flaniifien S/N ratio 3nndn 10 4 5 91 Ao 2.0 w1

lunsusefiadans laglaan S/N ratio windu 17.82

19.86 19.91 19.36 whay 23.14 LLaSLﬁlaﬁ’]ﬂlﬂﬂﬁ’m
Waduves lunsiladu v Taldurmurnn
%recovery Wuilar1eglugag 87.5-109.5% uag
dlemwanmen %RSD wudildATiy 8.63% fis

A15197 9 way 10
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A1579% 8 N15WIAN LOD 9833573LAT12% 910 Signal to Noise (S/N) ratio iasdutusng ¢ Tudaeng

Uaane

vaesed  anududu AUy AUy
Tumsilatiu lunslatiu Tunsalatiu

0.10 0.15 0.25

(ng/ml) (ng/ml) (ng/ml)

1 6.55 4.29 12.99

2 6.07 6.46 26.63

3 4.26 5.46 27.86

4 2.44 5.25 17.17

5 2.10 3.44 12.39

A15°9% 9 N1IUIAN LOQ 9093579LAT1%3 270 Signal to Noise (S/N) ratio fiasdadumg o Tudieogns

Uaane
¥eesed  anududulinsiletiu anududulunglatu anududuluvslatu
1.00 (ng/ml) 2.00 (ng/ml) 2.50 (ng/ml)
1 6.83 17.82 15.96
2 4.37 19.86 24.12
3 18.45 19.91 21.92
4 10.24 19.36 18.96
5 - 23.14 14.53

A1919% 10 LAAINIINT accuracy Lay precision 983 LOQ Tusegelaane

- 7 T o S
MYIATM ANty vasanslunslatiu 2.00 ng/ml

[

Signal to Noise (S/N) ratio Afiale (ng/ml)  %Recovery

1 17.82 1.75 87.5
2 19.86 2.19 109.5
3 19.91 2.12 106
a 19.36 2.05 102.5
5 23.14 1.93 96.5
Aade 2.01
SD 0.17

%RSD 8.63
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NISNAFBUAINUGNABIVDINTITILATIEN
(Method Validation) & 48198 sLnae a1
Bioanalytical Method Validation Guidance for
Industry 2018 (8) lngd1tinIuANENIIUNITENNNT
WaZEIENTFOLNINT YINNIINAFBY 6 WITD WU
Fatadi 1 aududunss 361 2 (0.995 - 1.000)
TudeauasUaarig w1y 0.9998 Lay 0.9992
pIuERy aded 2 Ausmzeisinsen
wuitaresans dusuniululasuilaunsy 909813
Tunsbetiu Twdeauasdaans el 3 Ao
YO9INATIEN TR %recovery (£15%) ludonuas
Uaaniz AU 95.25-109.12% waz 94.98-111.20%
AuETU Fatedl 4 aruulurediiiesizd wud
A1 Intraday-Precision Wa¥ Interday-Precision dfn
%RSD (< 15%) Feoglunasifiseniuldiisludon
waztlaanz Watodi 5 Fasriavesnisasrany (S/N
ratio > 3) TuldeauazdaanizilAl windu 0.20 way
0.15 wilunfusrefadans audiu wazided 6
YA AveINITUNTIUS U (S/N ratio > 10) Tu
Wdoauazdaanizdal inAu 1.0 wag 2.0 wilunsu
sefladans mudsu Tnedn LOQ Aldtufinanuiies
wazAmLay oglunasifisousuld dadunism
Usualunsiladu luidenwasUaainsnieds
Aipsreviiiinumnzay ansaldiiasesisetg

epegndos wiugh \Foneld
AnRNIsUUTZNA

YBYBUNIEAN NAUNUNINYT @a 1Ty

TAnYIngt lsameuiad e Anganiinnuazain

@
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Physical, Chemical and Microbiological Quality of Opaque-Plastic Bottled

Drinking Water Distributed in Chon Buri Province, Thailand
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ARTICLE INFO ABSTRACT
Article history: This study was conducted to assess physical quality (label
Received: 28 June, 2021 information, water characteristic, odor, manufacturing date/expiry
Revised: 9 August, 2021 date (MFD/EXD), and pH), chemical quality (total solids) and
Accepted: 23 August, 2021 microbiological quality (coliform and fecal coliform bacteria, E. coli)

Available online: 28 October, 2021 of 45 opaque-plastic bottled drinking water sold in Mueng district,
DOI: 10.14456/jarst.2021.9 Chon Buri province. All tested opaque-plastic bottled drinking water

Keywords: bottled drinking products were clear, odorless, and had pH and total solid values
water, pH, total solids, Chon ranging from 5.53-7.51 and 1.0-147.0 mg/L, respectively. In addition,
Buri, coliform bacteria all samples represented coliform and fecal coliform bacteria less
than 2 MPN/100 mL and were devoid of £. coli. In accordance with
the standard for drinking water in sealed container imposed by
Ministry of Public Health, opaque-plastic bottled drinking water (8
samples; 17.8%) did not meet the criterion because of pH values
lower than standard value (6.5-8.5). Also, all drinking water samples
(100%) did not abide by the standard due to the absence of
MFD/EXD on the labels with the presence of only label information
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related to company name and place of manufacture. Therefore,

consumers should consciously choose the opaque bottled drinking

water products with guarantee of quality.
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chitooligosaccharides, digestion, chitooligosaccharides were produced from hydrolysis of 1
antioxidant activity, Samanca  percent of colloidal chitin in 0.1 molar acetate buffer pH 3.5 utilizing
saman (Jacq) Merr. chitinase isolated from two weeks seedlings of Samanca saman (Jacq)
Merr. It comprises acetylglucosamine as well as (GlcNAC), (GIcNAC),,
(GlcNAQ),, (GLeNAC)s, and (GLecNAC), of chitooligosaccharides. The small
molecules of (GIcNAC),, (GlcNAC), and (GlcNAC); increased with 1 hour, 2
hours and 4 hours of curing time, the small molecules of (GlcNAC),,
(GlcNAC),, and (GleNAQ); increased, whereas the large molecules of
(GleNAQ),, (GLeNAQ)s and (GLeNAC)y decreased. The large molecules of
(GlcNAC), changed to (GLcNAQ), + (GLcNAC), and (GLeNAQ), + (GLENAQ),,
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(GleNAQ)s changed to (GlcNAQ), + (GleNAC); and (GLeNAC), + (GLeNAQ),,
(GleNAC), changed to (GLeNAC); + (GLeNAC),, (GLeNAQ), + (GLeNAQ), and

(GleNAQ); and (GLeNAQ)s. Chitooligosaccharides obtained from the use of

every curing time to digest which have antioxidant activity better than

butylated hydroxyl toluene (BHT) standard. The ECg, of 0.5 hour, 1 hour,

2 hours and 4 hours incubation were 1.01+0.1, 1.07+0.1, 1.124+0.1 and

1.18+0.1 pg/mL, respectively, which less than the ECs, of BHT standard

of 1.3440.1 pg/mL. The large molecules of chitoolicosaccharides from

shorter curing time (0.5 hour) have more antioxidant activity than small

molecules from longer curing time (1 hour, 2 hours and 4 hours).
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The bitter leaf (BL), a tropical herbal plant which possess
antioxidant activity and several pharmacological properties, was
extracted using water, ethanol, and ethyl acetate as solvents. The
yield of BL crude extract from water (BL/W) was the highest,
followed by those from ethanol (BL/E), and ethyl acetate (BL/EA),
respectively. The BL/W and the BL/E exhibited the antioxidant
activity as determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay and slightly antibacterial activity against Staphylococcus
aureus and Escherichia coli as determined by agar disc diffusion
method. The alginate films containing 20% w/w of either the BL/W
or the BL/E were fabricated from the solvent-casting technique.
The release characteristics of the BL extracts therefrom were
investigated by the total immersion method and the transdermal
diffusion through a pigskin method in either the acetate buffer (pH
5.5) or the phosphate buffer (pH 7.4) solutions during 0-48 h, at
the temperatures of 32° or 37°C, respectively. For total immersion
method, the maximum released amounts of the BL/W were higher
than those of the BL/E. Inversely, the maximum released amounts
of the BL/E were higher than those of the BL/W in the case of the
transdermal diffusion method. For both the total immersion and
the transdermal diffusion methods, the released amounts of both
BL/W and BL/E in the phosphate buffer were greater than those in
the acetate buffer solutions. Both types of alginate films containing
either BL/W or BL/E exhibited the antioxidant and antibacterial
activities which showed the potential for use as topical

transdermal and wound dressing materials.
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INTRODUCTION

Vernonia amygdalina, known as bitter
leaf (BL), is largely found in Asia and Africa. It is
used as traditional food and medicine for the
treatment of many diseases (1). It is a shrub in
the Asteraceae family that grow 2-5 m high. It
had shown to possess several pharmacological
properties such as anti-inflammatory (2),
antioxidant (3), anti-cancer (4), anti-malaria (5),
anti-fungal (6), anti-microbial (7), anti-diabetes (3),
and anti-allergic (8). BL contains carbohydrates,
proteins, fats, amino acids, fibers, minerals, and
vitamins (9, 10). Many phytocompounds have
been extracted from BL which include flavonoids,
phenolics, terpenes, sesquiterpenes, edotides,
alkaloids, and xanthones (11, 12). The antioxidant
activities of herbal extracts were found to be
related with the levels of flavonoid and phenolic
compounds (13). The outstanding properties of BL
in medicinal uses had drawn attentions to be
used as a bioactive ingredient in wound healing
(14, 15).

The achievement of wound dressings
depends on the selection of the matrix materials
and the loaded

Biodegradable, biocompatible, non-allergic, and

bioactive  compounds.
non-toxic materials are suitable for use as wound
dressings (16). Hydrogels have been widely
utilized as wound covering materials due to their
ability to keep moist environment and absorb
exudate from wounds. The crosslinking of some
functional groups in polymer molecules allows
hydrogel formation that can be swollen but not
soluble in water. Alginate is one of the natural
that had been

applications,

hydrogels employed in

biomedical including  tissue
engineering (17) and carriers for a controlled-drug
release in wound healing (18-20). Sodium
alginate is a derivative of alginic acid, which is a

linear copolymer of (1,4)-linked B-D-mannuronic

(M) and its C-5 epimer a-L-guluronic (G) acids
(21).

extracted from a cell wall of brown algae. For

It is a natural polymer which can be

use as topical transdermal patch and wound
dressings, alginate had shown many satisfied
properties including biocompatibility,
biodegradability, anti-bacterial, providing moist
environment, accelerating re-epithelialization,
non-immunogenicity, and controlled release
properties (22-25).

In the present contribution, the crude
extracts of BL obtained from extraction by
different types of solvents were loaded into
alginate solutions and were fabricated into films.
The antioxidant and antibacterial activities of BL
extracts were evaluated. The release behaviors
of BL extracts from the BL extracts-loaded
alginate films were investigated by the total
immersion and the transdermal diffusion through
a pig skin with either the acetate buffer (pH 5.5)
or the phosphate buffer (pH 7.4) solutions as to
simulate the human skin and the physiological
condition of wounds, respectively. Lastly, the
antioxidant and antibacterial activities of the BL
extracts-loaded alginate films were determined
to evaluate the potential for use in wound

dressing applications.

MATERIALS AND METHODS
Materials

was collected from
Thailand.
alginate was purchased from Acros Organics
(USA).  Ethanol, ethyl

acetate, and calcium chloride were purchased

Bitter
Pathumthani

leaf (BL)
province, Sodium

methanol, glycerol,
from Carlo Erba Reagents (Italy). 1,1-diphenyl-2-
picrylhydrazyl (DPPH) was purchased from Sigma
Aldrich (USA). The chemicals for the acetate
buffer (pH 5.5) preparation including glacial

acetic acid, and sodium acetate and for the
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phosphate buffer (pH 7.4) preparation including
anhydrous disodium hydrogen orthophosphate
(NazHPOs)
orthophosphate monohydrate

and sodium dihydrogen
(NaH,POq.H,0)
were purchased from Carlo Erba Reagents (Italy).
All chemicals were of analytical grade and used

without further purification.
Extraction of BL

BL were collected, washed with water,
dried at room temperature for 30 min, and were
kept in refrigerator. BL was crushed into fine solid
with mortar and mixed with each solvent
including water, ethanol, and ethyl acetate at a
solid:liquid ratio of 10 g : 20 ml. The mixture was
sonicated at 40 kHz for 24 h at

temperature. The liquid extract of BL was

room

collected after removing the solid residue by
vacuum filtration. The extract was further freeze-
dried and kept in a desiccator. The yield of
extraction was calculated from an equation (1).

weight of the dry extract (g)
weight of the BL leaf

Yield (%) = x 100 (1)

Antioxidant activity of BL extracts

The DPPH assay was conducted to
evaluate the antioxidant activity of the BL
extracts. The solutions of BL extract from various
solvents were prepared at 1, 2, 3, and 5 mg/mL
for this study. The DPPH solution was prepared
at 0.5 mM in methanol. Then, 3 mL of DPPH
solution was mixed with 1 mL of the tested
solution and was kept in dark for 30 min. The
control sample was the pristine DPPH solution
which was kept in the same condition. The
absorbance of the obtained solution was
the 13 UV-vis

spectrophotometer at a wavelength of 517 nm.

measured by Hanon

The antioxidant activity was calculated from an

equation (2):

AC_AS

Antioxidant activity (%) = (A—) x 100 (2)
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where, Ac and As are the absorbance at 517 nm

of the control and the tested sample,

respectively.
Antibacterial activity of BL extracts

Antibacterial activity of BL extracts
against Staphylococcus aureus (ATCC 25923)
and Escherichia coli (ATCC 25922) was studied by
the agar disc diffusion method. The circular
filtered papers (diameters of 6 mm) saturated
with the BL extracts, distilled water (a negative
control: NC), and ethanol (a positive control: PC)
were placed in agar plate and incubated at 37°C
for 18 h. The length of inhibition zone was
measured from the edge of the sample to the

end of clear zone.
Preparation of BL extract-loaded alginate films

The weighed amount of sodium alginate
powder was dissolved in distilled water at a
concentration of 2% w/v and was stirred until
the homogeneous solution was obtained. The BL
extract was added into the alginate solution at a
concentration of 20% w/w based on the weight
of alginate powder. Glycerol, as a plasticizer, was
further added into the solution at 3% w/v. The
solvent-casting technique was used to fabricate
the BL extract-loaded alginate (designated as
alginate/BL) films. 20 ¢ of the alginate/BL
solution was poured into the 10 mm-diameter
petri-dish. The dish was dried at 45°C for 21 h.
The obtained alginate/BL film was immersed in
15 mL of the 2%w/v calcium chloride solution
for 5 min to crosslink the alginate. Lastly, the film
was rinsed with distilled water and was dried at

room temperature for 24 h.
Preparation of acetate and phosphate buffers

In the release study, the acetate buffer
(pH 5.5) was used as the releasing medium in

order to simulate the pH condition of human
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skin for the proposed application as topical
transdermal patches. In addition, the phosphate
buffer (pH 7.4) was used as another releasing
medium to simulate the physiological condition
for the proposed application as wound dressing.
For preparation of 1 L of the acetate buffer
solution, 15 g of sodium acetate was dissolved
in about 500 mL of distilled water and followed
by 1.5 mL of glacial acetic acid. Lastly, the final
volume of the solution was adjusted to 1 L using
distilled water. Few drops of sodium hydroxide
solution or hydrochloric acid could be added to
adjust the pH to 5.5. For preparation of 1 L of
phosphate  buffer solution, 202 ¢ of
NazHPO4.7H,O and 3.4 ¢ of NaHPO4.H,O were
dissolved in distilled water. The final volume was
adjusted to 1 L. The pH of the obtained

phosphate buffer solution was 7.4.
Release of BL extracts

The release behaviors of BL extracts
from the alginate/BL films were investigated by
total
transdermal diffusion through a pig skin. For both
methods, the
acetate (pH 5.5) or phosphate (pH 7.4) buffer

solutions. The temperatures of the release

two methods e, immersion and

release medium was either

experiments in the acetate and the phosphate
buffer solutions were either at the human skin
temperature of 32°C or the physiological
temperature of 37°C, respectively.

Prior to study the release of BL extracts
therefrom, the actual drug content (ie. the
actual amounts of BL extracts) was determined
for use as base values in the release study. The
film was cut into a square piece of 2x2 cm” and
was dissolved by continuously stirred in 20 mL
of distilled water at 80°C. The actual amount of
BL extracts was quantified from its absorbance at

324 nm using the UV-vis spectrophotometer.

For the release by total immersion
method, the film was cut into a square piece of
2x2 cm” and was immersed into a capped bottle
containing 40 mL of either acetate or phosphate
buffer solutions. The solution was slowly stirred
during the period of release study which was in
a range of 0-48 h.

For the transdermal diffusion through a
pig skin method, the abdomen pig skin was used.
The pig skin was treated by removing epidermal
hair, subcutaneous fat, and underlying tissues in
which the final thickness was about 1-1.2 mm.
The modified Franz diffusion cell with the
expose diameter to the tested film of 13 mm
was full-filled with the buffer solution. The
tested film was placed on top of the pig skin
which, in turn, was placed on the modified Franz
diffusion cell. At a specified time point of
release, either 1.0 mL of the releasing medium
in case of the total immersion method or 0.3 mL
in case of the transdermal diffusion method was
withdrawn, diluted with the buffer solution, and
measured for the absorbance by the UV-vis
spectrophotometer at 324 nm. The amounts of
released BL extract were calculated against the
pre-determined standard curve of BL extract in
each type of medium. After each time of
withdrawal of the releasing medium, the same
amount of fresh releasing medium was added
into the bottle to keep the constant volume.
The experiments were carried out in triplicate.
The percentages of cumulative release amounts
of BL extract were calculated from the
comparative amounts of BL extract released at a
given time point and the actual drug (BL extract)

content.
Water swelling of alginate/BL films

The degree of water swelling of the
alginate/BL
submersion in either the acetate buffer (pH 5.5)

films was determined after
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or the phosphate buffer (pH 7.4) at the
temperature of 32°C and 37°C, respectively, for

48 h according to an equation (3):

Water swelling (%) = (M_M ) x 100 (3)

M;
where, M; and M are the initial weight of sample

and the weight of sample after submersion in a

buffer solution for 48 h, respectively.
Antioxidant activity of alginate/BL films

The the
alginate/BL films was evaluated by the DPPH
assay. The tested solution was collected from
the

diffusion release study at 48 h. The procedure of

antioxidant  activity = of

released media from the transdermal

DPPH assay mentioned in the earlier section was
performed. Also, an equation (2) was used to

calculate the antioxidant activity.
Antibacterial activity of alginate/BL films

The alginate/BL films were cut into

circular discs with diameter of 6 mm.
Antibacterial activity of the tested films against
S. aureus and E. coli was studied by the agar disc
diffusion method as described in the earlier
section. The length of inhibition zone was

measured.

RESULTS AND DISCUSSION
Yield and antioxidant activity of BL extracts

BL were extracted by using 3 types of
solvents with different polarity. The obtained BL
extracts from water, ethanol, and ethyl acetate
were hereafter designated as BL/W, BL/E, and
BL/EA, respectively. The percentages of yield of
BL extracts are presented in Figure 1. The BL/W
was obtained in the highest yield (2.99 + 0.16%),
followed by BL/E (1.46 +0.05%), and BL/EA (0.45
+0.08%), respectively. According to a very low

yield of BL extract obtained from ethyl acetate,

ISSN: 2773-9376 (Print), 2773-9473 (Online)

only BL/W and BL/E were used in the further
study. The BL/W and the BL/E were further
investigated for their antioxidant activities based
on the DPPH assay at the concentrations of 1, 2,
3, and 5 mg/mL. For both types of extracts, the
higher concentration of extracts contributed to
the higher antioxidant activity (see Figure 2.).
Obviously, the BL/W  exhibited
antioxidant activity than the BL/E at the same

greater

concentration. The antioxidant activities of the
BL/W were in a range of about 49 -89% whereas
those of the BL/E were in a range of about
0-51%. Interestingly, the antioxidant activity of
the BL/W was as high as that of gallic acid
released from the electrospun cellulose acetate
at a comparable amount of antioxidant
substances (26). The antioxidant activity of
approximately 80.0% at 3.2 mg/mL gallic acid
released was reported (26). However, the BL/E
exhibited less antioxidant activity than the BL/W.
A similar trend was reported by Atangwho, et.al.,
(3) that the water extract of BL exhibited the
higher antioxidant activity as measured by DPPH,
2,2-azinobis  (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), and ferric reducing antioxidant
power (FRAP) assays than the alcohol (e,

methanol) extract.

4.00

3.00 -

2.00 -

Yield (%)

1.00 -

7 |

BL/EA

0.00

BL/W BL/E
Figure 1 Yield of BL extracts in various types of

solvents.
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Figure 2 Antioxidant activity of BL extracts from

water and ethanol.
Antibacterial activity of BL extracts

Antibacterial activity of BL extracts
against S. aureus and E. coli was determined by
the agar disc diffusion method. The lengths of
inhibition zone are shown in Table 1. Both BL/W
and BL/E exhibited slightly antibacterial activity
against both types of bacteria which can be
observed from the small values of inhibition
zone compared with that of a positive control.
Photographs of the bacteria cultured plates were
presented in Figure 3. However, the photograph
of the BL/E is not available.

@

(b)

Figure 3 Antibacterial activity of a negative
control (NC), a positive control (PC),
and BL/W extracts against (a) S. aureus
and (b) £. coli as determined by agar

disc diffusion method.
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Both of the BL extracts (BL/W and BL/E)
were further loaded into the alginate solution at a
concentration of 20% w/w based on the weight of
alginate powder in which the solution was
subsequently fabricated into films. The average
thickness of the alginate/BL films was 134 + 59 um.
Furthermore, the release of the BL extracts from

the alginate/BL films were investigated.

Table 1 Lengths of the inhibition zone for a
negative control, a positive control, and BL extracts

against S. aureus and E. coli.

Samples Lengths of inhibition zone (mm)
S. aureus E. coli
Negative 0.00 + 0.00 0.00 + 0.00
control
Positive 2.33 +0.53 2.33 + 0.58
control
BL/W 1.24 + 0.51 1.26 + 0.45
BL/E 1.21 £ 0.45 1.25+0.44
0.070
+ BL/W in acetate buffer y = 0.0028x + 0.0007
Q.060} o A BLW in phosphate buffer o R:=09959
e
0.050 - M BL/Ein acetate buffer // /-y = 0.0027x - 0.0041
® @ BLE in phosphate buffer ¢~ R? = 09933
Q / /
€ 0040 S
S M y = 0.0015x - 0.0007
/ 7
g 0.030 - &7 —
< y
0.020 - P y = 0.0015x + 0.001
s ”
o010 4 g R = 05936
2
0.000 ; I ' f ;
0 5 10 15 20 25 30

Concentration of BL (ppm)
Figure 4 Standard curves of BL/W and BL/E in
acetate and phosphate buffer

solutions.

Release of BL extracts

Prior to study the release of the BL
extracts from the alginate/BL films, it is necessary
to prepare the standard curves of each BL
extract in both release media (i.e., the acetate

and the phosphate buffer solutions). Figure 4.
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shows the standard curves of the BL/W and the
BL/E in each buffer solution along with the
equations corresponded to each curve.

In the further section, the amounts of
the BL extracts released could be quantified
according to the measured absorbance at the
Amax Of the BL extracts (324 nm) against the
equation of the standard curve. The best fits of
the data were validated from the coefficient of
determination (R?) which were above 0.99 for all
curves.

Moreover, the actual amounts of the BL
extracts were determined for use as base values in
the release study. The percentages of actual
amounts of BL/W and BL/E in the films which were

calculated from the actual amounts divided by the
loaded amounts of BL extracts were 95.1% + 3.4%

and 94.6% + 4.1%, respectively.

Release of BL extracts from total immersion

method

The release of the BL/W and the BL/E
from the alginate/BL films was investigated by
total immersion method during 0-48 h. Figures
5@) and 5(b)
cumulative release of BL/W and BL/E in the
acetate buffer (pH 5.5) at 32°C and in the
phosphate buffer (pH 7.4) at 37°C, respectively.

show the percentages of

The results were reported as the percentages of
the cumulative weights of BL extracts released
divided by the actual BL extracts content in the
sample. For both media and both types of BL
extracts (i.e., BL/W and BL/E), the burst release
was observed at the initial 200 min of release.
Later, the gradual release until reaching the
plateau amounts was noticed. The maximum
amounts of the BL/W and the BL/E released in
the acetate buffer solution at 2,880 min (48 h)
were about 50% and 42%, respectively. The

ISSN: 2773-9376 (Print), 2773-9473 (Online)

greater released amounts of the BL/W than the
BL/E were evidenced. Moreover, the similar
trend of release was observed in the phosphate
buffer solution where the maximum released
amount at 2,880 min of the BL/W (about 67%)
was higher than that of the BL/E (about 58%).

There are a number of factors affected
the rate and the amount of a substance released
into media, for example, the degree of weight
loss or the dissolution of matrix (27), the degree
of swelling of matrix (28), and the polarity of
substance (29). The comparable solubility of the
substance released and the medium allows the
greater rate and amount of substance released
(29). The reason of the noticeable greater
amounts of the BL/W released than the BL/E in
both media could be from the fact that the
chemical compositions in the BL/W were more
polar than those in the BL/E. Therefore, the
molecules in BL/W can diffuse and dissolve into
either acetate or phosphate buffer solution
which were aqueous solutions better than the
molecules in BL/E.

Further observations to be discussed is
that, for any type of the BL extract, the released
amounts in the phosphate buffer solution were
higher than those in the acetate buffer solution.
The temperature of the phosphate buffer
solution was controlled at 37°C which is the
physiological temperature of wound, whilst the
temperature of the acetate buffer solution was
controlled at 32°C which is the temperature of
human skin. The higher temperature of the
experiment in the phosphate buffer than that in
the acetate buffer solution could be the main
reason that attributed to the greater released
amounts of the BL extracts. The molecules
would have higher kinetic energy and therefore

can diffuse out easily at the higher temperature.
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Figure 5 Cumulative release amounts of BL/W
and BL/E from alginate/BL films in
(a) acetate (pH 5.5) and (b) phosphate
(pH 7.4) buffer solutions from total
immersion method.

Release of BL extracts from transdermal diffusion

through a pig skin method

According to the attempt to investigate
the release behavior of the BL extracts in the
most similar conditions of the applications in
wound dressings or topical transdermal patch,
the study of release by transdermal diffusion
through a pig skin method was performed.
Figures 6(a) and 6(b) present the percentages of
cumulative release of the BL/W and the BL/E in
the acetate buffer (pH 5.5) at 32°C and in the
phosphate buffer (pH 7.4) at 37°C, respectively.
The maximum amounts of the BL/W and the
BL/E released in the acetate buffer solution at
2,880 min (48 h) were about 7% and 28%,

respectively. While, the maximum amounts of
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the BL/W and the BL/E in the

phosphate buffer solution at 2,880 min were

released

about 39% and 45%, respectively.

Interestingly, the released amounts of
the BL/E were significantly higher than those of
the BL/W in both buffer solutions. Opposite to
the results in the total immersion method, the
chemical compositions in the BL/E which were
less polar than those in the BL/W could easily
diffuse and penetrate into the non-polar
membrane of pig skin. The lipid bilayers in
epidermis layer of mammal skins act as a non-
polar membrane (30) that allows a non-polar
substance to penetrate or diffuse conveniently
(31, 32).

In addition, for any type of the BL
extract, the released amounts in the phosphate
buffer solution were higher than those in the
acetate buffer solution. The higher temperature
used for the phosphate buffer experiments
could contribute to the higher amounts of BL

extracts released as mentioned earlier.
Water swelling of alginate/BL films

The degree of water swelling of the
the

applications is one of the important properties

carriers  for drug-controlled  release
to explain the behavior of release (28). The
degree of water swelling of the alginate/BL films
was determined after submersion in either the
acetate buffer (pH 5.5) or the phosphate buffer
(pH 7.4) for 48 h at the temperature of 32°C or
37°C, respectively. The degree of water swelling
of the pristine alginate, the alginate/BL/W, and
the alginate/BL/E films in the acetate buffer
solution were 1339 + 84%, 1345 + 56%, and
1329 + 135%, respectively. The alginate films
with different types of BL extracts had the
comparable degrees of water swelling.
Additionally, the degree of water swelling of the

pristine alginate, the alginate/BL/W, and the
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alginate/BL/E films in the phosphate buffer
solution were 513 + 59%, 581 + 66%, and 455 +
749%, respectively.
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Figure 6 Cumulative release amounts of BL/W
and BL/E from alginate/BL films in (a)
acetate (pH 5.5) and (b) phosphate (pH
7.4) buffer solutions from transdermal
diffusion through a pig skin method.

According to the higher amounts of BL
extracts released in the phosphate buffer than
the acetate buffer solution that was mentioned
in the earlier section, the higher degree of water
swelling of the alginate/BL films in the
phosphate buffer solution was expected.
However, the contrast results were obtained.
During the experiment of determination of water
swelling, the high mass loss of the films was
observed in the case of the phosphate buffer
solution. This mass loss affected to the lower
degree of water swelling which was evaluated

from the mass of the films after submersion in
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media. The mass loss of the alginate films when
they were submersed in the phosphate buffer
solution could be due to the presence of
phosphate ion that can remove calcium from
the crosslinked alginate molecules and produce
the
structure of the crosslinked alginate might be
partly destroyed and the films could be eroded

calcium  orthophosphate.  Therefore,

and lost some mass into media.
Antioxidant of alginate/BL films

The the
alginate/BL films was evaluated by the DPPH

antioxidant  activity of
assay. The DPPH radical can donate hydrogen
radical and become a non-radical form. The
decrease in amounts of DPPH radical induced by
the antioxidant species was measured by the
reduction in its absorbance at 517 nm according
to an equation (2). The releasing media collected
from the transdermal diffusion through a pig skin
method for 48 h were determined for the
antioxidant activity. The antioxidant activities of
the alginate/BL/W and the alginate/BL/E films in
the acetate buffer solution were 23 + 3% and 34
+ 4%, respectively (see Figure 7). While, these
values in the phosphate buffer solution were 40
+ 5% and 41 + 6%, respectively.

50 r
’\3 N DBL/W .|.
f’é 40 1| g BLE I
5. F
£ 30 +
- : T
_rg 20 £ I
X
o
S 10 L+
C
<

0

Acetate Phosphate

Type of media
Figure 7 Antioxidant activity of alginate/BL films
after immersion in buffer solutions for
48 h.
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These observations were corresponded
well with the amounts of BL extracts released
which were discussed in the earlier section.
Comparing 2 types of releasing media, the higher
amounts of BL extracts released (either BL/W or
BL/E), in the
contributed to the higher antioxidant activity

phosphate buffer solution
than those in the acetate buffer solution. In
addition, comparing between 2 types of BL
extracts, the higher amounts of BL/E released in
either acetate or phosphate buffer solutions
contributed to their higher antioxidant activity
than those of the BL/W.

Table 2 Lengths of the inhibition zone for a
negative control (NC), a positive control (PC), and

alginate/BL films against S. aureus and E. coli.

Lengths of inhibition

Samples zone (mm)

S. aureus E. coli
Negative control 0.00 £ 0.00 0.00 + 0.00
Positive control 205+ 0.05 203 =+0.05
Pristine alginate film 0.00 + 0.00 0.00 + 0.00
Alginate/BL/W 0.56 £ 0.09 0.51+0.11
Alginate/BL/E 0.54 £ 0.08 0.50 + 0.09

Antibacterial activity of alginate/BL films

For the proposed application as wound
dressings, the antibacterial activity is one of the
important properties. The antibacterial activities
of the alginate/BL films against S. aureus and E.
coli were evaluated by the agar disc diffusion
method. The length of inhibition zone are shown
in Table 2. These values of a negative control
(distilled water) and a positive control (ethanol)
were also reported. Obviously, the pristine
alginate film without BL extracts had no
antibacterial activity as the inhibition zone was
The  alginate/BL/W

not observed. and

alginate/BL/E films exhibited slightly
antibacterial activity against both types of
bacteria which can be observed from the small
values of inhibition zone.

Interestingly, both the alginate/BL/W
and alginate/BL/E films possess their free radical
scavenging ability and antibacterial activity. Even
though, their antibacterial activities were not
outstanding, some other antibacterial
substances, for example, silver nanoparticles
might be recommended to be incorporated into
the films in the future work. Based on the overall
results, the alginate/BL/W and the alginate/BL/E
films exhibited the potential for use as carriers
for topical transdermal delivery and wound
healing applications. Even though the BL/E was
obtained in the lower yield than the BL/W, the
BL/E exhibited the greater released amounts and
therefore greater antioxidant activity. While, the
BL/W which was gained in the higher yield than
the BL/E, exhibited lower amounts of release
and therefore lower antioxidant activity.
Possibly, the BL/W would be suggested to be
loaded at the higher amounts than 20% w/w in
the films which was currently used in this study

to improve their antioxidant activity.

CONCLUSION

In the present study, the bitter leaf (BL),
a tropical herbal plant which possess antioxidant
activity and several pharmacological properties,
was extracted by using different solvents. The BL
extracts from water (BL/W) and from ethanol
(BL/E) showed the antioxidant and slightly
antibacterial The alginate films
containing 20% w/w of either the BL/W or the

BL/E were fabricated. The release characteristics

activities.

of the BL extracts therefrom were investigated in
either the acetate buffer (pH 5.5) or the
phosphate buffer (pH 7.4) solutions at 32° or



134

37°C, respectively. For total immersion method,
the release amounts of the BL/W were higher
than those of the BL/E in a given type of
medium. The higher polarity of the molecules in
the BL/W could contribute to the higher ability
to diffuse and dissolve in the aqueous media. In
contrast, for the transdermal diffusion through a
pig skin method, the release amounts of the
BL/E were greater than those of the BL/W. In a
the

molecules in the BL/E could contribute to the

similar  manner, less polarity of the
greater ability to penetrate into a non-polar

membrane of a pig skin. The proposed
application of the alginate/BL films as wound
dressings was investigated by evaluating their
antioxidant and antibacterial properties. Both
types of alginate films exhibited the antioxidant
and slightly antibacterial activities which showed

the potential for use as carriers for topical

transdermal delivery and wound healing
applications.
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The objective of this research was to study a thin layer
drying model as an efficient mathematical model in order to
determine the optimize model to study the relationship between
the ratio of moisture and the time for chili. The researcher brought
chili, which has a mass and initial moisture value, in the range of
42-52 g and 330-380%, d.b., respectively. Then, it drying with
temperature control equal to 50°C, 60°C and 70°C, and the relative
humidity values of air were 10%, 20% and 30% at wind speed equal
to 1 m/s. There will be a total of 9 trials. The dryer used in this
experiment consisted of two main parts: 1) the relative humidity
control of the air inside the machine, which is a glass chamber and
ceramic packed system for producing saturated air, and 2) the
control section temperature which is a temperature control button
on the outside and temperature can be adjusted as needed. The
experimental results found that the last moisture content ranges
from 6-8%, d.b. Then, the results of the experiments were then
used to calculate the moisture content and moisture ratio from the
chili experiments for calculation and compared to the moisture ratio
obtained from a total of 6 models. According to the results of the

model's accuracy test, the models suitable for chili for all
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temperatures and humidity were the Wang and Singh models, which
yielded differences in the form of RMSD and MBD in the range of
2.78 - 6.86% and -0.20 — 2.95%, respectively.
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a & o o £ ° MBD RMSD
o . aunall AU AnUsEAnSvaILUUIIEDY
YawuuI@aes ', Y (%) (%)
M (RH)
a b C n g p
Wang and 50 10 -0.0736 0.0014 1.2141 3.8272
Singh 60 10 -0.1225 0.0037 -0.734 4.7032
70 10 -0.2186 0.0119 2.9584 5.2708
50 20 -0.0565 0.0008 0.9930 3.9352
60 20 -0.1167 0.0034 -0.203 2.7864
70 20 -0.1719 0.0073 -0.701 8.5055
50 30 -0.0632 0.0009 -0.627 3.2295
60 30 -0.0839 0.0014 -0.533 3.7705
70 30 -0.1699 0.0072 -0.339 6.8699
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a & o £ o MBD RMSD
& o RNV HE ANUYU duUszansSvaauudnass
Pouuudaes ¢ Y (%) (%)
M (RH)
k a b C g
Newton 50 10 0.1018 1.4366 13.148
60 10 0.1698 1.6436 18.381
70 10 0.3178 2.6766 10.130
50 20 0.0782 1.8377 14.452
60 20 0.1615 1.5245 15.277
70 20 0.2388 2.2385 20.449
50 30 0.0875 1.2565 15.960
60 30 0.1216 -0.041 16.766
70 30 0.2382 3.4863 17.127
Henderson 50 10 0.1061 1.0474 2.9404 12.357
and Munro 60 10 0.1834 1.0865 4.1834 16.243
70 10 0.9955 0.9955 2.5481 10.116
50 20 0.0823 1.0533 3.1294 13.582
60 20 0.1726 1.0728 3.5334 13.475
70 20 0.2560 1.0811 49314 18.553
50 30 0.0949 1.0959 4.3599 13.230
60 30 0.1332 1.0928 2.6595 14.731
70 30 0.2531 1.0688 5.3453 15.013
Logarithmic 50 10 0.0655 1.2365 -0.2456 0.0002 3.8515
60 10 0.1137 1.2856 -0.2518 0.0007 7.5416
70 10 0.2664 1.0396 -0.0637 0.0001 7.2583
50 20 0.0467 1.2939 -0.3061 0.0009 4.1315
60 20 0.1134 1.2327 -0.2086 0.0009 5.3483
70 20 0.1654 1.2606 -0.2236 0.0006 10.453
50 30 0.0616 1.2596 -0.2199 -1.116 5.6305
60 30 0.0507 1.7914 -0.7733 0.0112 4.0516
70 30 0.1877 1.1668 -0.1329 0.1053 6.5812
Two-term 50 10 0.1061 0.5241 0.5232 0.1060 2.9406 12.356
60 10 0.1834 0.5362 0.5502 0.1834 4.1837 16.242
70 10 0.3164 0.4978 0.4976 0.3164 2.5482 10.116
50 20 0.0823 0.5264 0.5269 0.0823 3.1294 13.582
60 20 0.1725 0.5364 0.5363 0.1725 3.5333 13.474
70 20 0.2560 0.2783 0.8027 0.2560 4.9306 18.552
50 30 0.0949 0.5478 0.5480 0.0949 4.3597 13.230
60 30 0.1332 0.2825 0.8102 0.1332 2.6598 14.731
70 30 0.2531 0.1717 0.8970 0.2531 5.3463 15.013
Modified 50 10 0.1060 0.3813 2.9409 12.357
Henderson 60 10 0.1833 0.3772 4.1848 16.243
and Pabis 70 10 -7.500 0.0487 7.457
50 20 3.1285 13.582
60 20 3.5336 13.475
70 20 4.9309 18.553
50 30 4.3592 13.230
60 30 2.6602 14.732
70 30 5.3456 15.014
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