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ABSTRACT

This research studied the possibility of using Palm Oil Fuel Ash (POFA) and Portland cement Type 1 to
improve the quality of lateritic soil from the Ban Khuan Chong, Namom district, Songkhla province for road
construction. The soil was improved by incorporating cement at proportions of 2%, 3%, 4%, and 5% by weight,
and by incorporating a mixture of POFA with particle sizes less than 45 microns at proportions of 5%, 10%, and
15% by weight, along with 5% cement. The preliminary and engineering properties of the soil were tested, including
chemical composition analysis (XRF) and microstructure analysis using a scanning electron microscope (SEM).
The study found that the main components of the laterite soil improved with POFA and cement were Si02, A1203,
Fe203, CaO and K20. The soil improved with cement achieved a maximum compressive strength of 24.8 ksc at
5% cement content over a curing period of 28 days. The soil improved with POFA and cement showed an increase
in optimum moisture content (OMC) from 9.7% to 11.2%, resulting in a decrease in maximum dry density (MDD)
from 1.970 to 1.861 g/cm3. The soil also achieved the maximum compressive strength of 31.1 ksc at a 5% cement
mixed with 5% POFA over a curing period of 28 days. The compressive strength decreased with an increase in the
amount of POFA. The soil samples improved with cement at all proportions and the soil samples improved with
5% cement and 5% POFA over a curing period of 7 days met the subbase layer requirements for soil-cement subbase
according to the Department of Highways standards for road construction. over a curing period of 7 days met the
subbase layer requirements for soil-cement subbase according to the Department of Highways standards for road

construction.

Key words: Namom lateritic soil, palm oil fuel ash, Portland cement type 1, road construction, compressive

strength, scanning electron microscope
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22 NAFBUANNUAIUNIUMTAANT O U
(Abrasion) Tﬂﬂi%&ﬂ%@ﬂ Los Angeles Abrasion $113
1193314 DH-T 202/2515 (DOH, 1972a)
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4193314 DH-T 102/2515 uag 103/2515 (DOH,
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2.5 naaeusasfuimin (CBR) 91U
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Figure 4 Lateritic soil improved with cement

curing in closed plastic bag

Figure 5 Lateritic soil improved with cement and

POFA curing in closed plastic bag

Figure 6 UCS testing of Lateritic soil improved

with cement
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Table 1 Ratio Between Lateritic Soil, Portland Cement Type 1 and POFA

Portland Cement

Ratio No. Lateritic Soil (LS) POFA (P) Symbol
Type 1 (C)

1 100 0 0 LS100
2 98 2 0 LS98C2
3 97 3 0 LS97C3
4 96 4 0 LS96C4
5 95 5 0 LS95C5
6 90 5 5 LS90C5P5
7 85 5 10 LS85C5P10
8 80 5 15 LS80C5P15

5% a 4
HNaN13IvaaZIVIIUNA

1. HAMINATOUAMANVAVDIAUGNT
NHANINATRUAUANITAALGNTIIIN
UNEIAUTIIUAIUD (Table 2) nandldifiuliia
NAALHAUNINY 33.1%, AMNAANAITANNIND
22.2% way MFTinaraAnnIfY 10.9% Far
mmcﬁi’ﬁﬂﬁg’mmﬁyumwmﬂmmwma DH-S

2 A 2
205/2532 (DOH, 1989) Naviua A5 u1n1ury

gegaogh 1.970 g/em’ A1AIIWATUNIUNTITAN
1 1 Y 1 o’c!' 2’1 alcsl " Aa
N3RUMINY 63.1% ganiunaainas 139 Tafu
1 ] 1 " W T s
60% g lajnn A1 CBR i 8.1% Tiirnmain
o Py ' o v w 1 [l
mrua 13 25% nazamimassalae lurunsy
" @ [N I o {
N 4.8 kse TAwnaaintvua 130 7 ksc naz
vinHanisnageudunldnaugniseglu
Yszin A-2-4 Taosuuna1e75Msves AASHTO

o a ] <3
Taganyuzaugnslaaz@eaunuaz a1

I AUNINY 9.7% UALAINNNHUMUULT UEUELE
Table 2 Properties of Lateritic Soil
Property Result Sieve No. % Passed
Liquid Limit (%) 33.1 27 100
Plastic Limit (%) 22.2 17 100
Plastic Index (%) 10.9 3/4” 91.8
OMC (%) 9.7 3/8” 69.7
MDD (g/cm’) 1.969 4 50
Abrasion (%) 63.1 10 46.4
C.B.R. (Soaked) (%) 8.1 40 41.0
UCS (ksc) 4.8 200 33.1
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2. HamINAaRUHILIAYIZNoUMIUAN (XRF)
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Si0, 887 59.96% dauid 1 duiTuiUT i
Si0,, ALO, 11ag Fe,0, agjﬁ 63.80%, 1.43% LA
1.64% aud1ey sauiu'ld 66.86% 1ieifou iy
YagUow Tyaudaeen uuInTgIu ASTM C618-
19 (ASTM, 2019) 3n0dlunaia N Taglinasnved

Si0,, ALO, tag Fe,0, 11NN 50%

Table 3 Chemical composition of Lateritic Soil, POFA and Improved Lateritic Soil

Concentration (%)

Chemical Composition

POFA LS100 LS95C5 LS90C5P5
Si0O, 63.795 59.961 58.188 55.768
Al O, 1.430 22.921 20.552 19.467
Fe,O, 1.635 8.807 8.218 8.205
CaO 5.955 0.020 3.364 5.082
K,0 4.499 1.994 1.937 2.138
TiO, 0.168 0.956 1.040 0.908
MgO 2.792 0.208 0.300 0.527
P,O; 3.170 0.238 0.190 0.358
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Table 4 Optimum Moisture Content and Maximum Dry Density of Lateritic soil and Improved Lateritic soil

Ratio OMC (%) MDD (g/cm3)
LS100 9.7 1.969
LS95C5 9.5 1.975
LS90C5P5 8.4 1.992
LS85C5P10 10.1 1.926
LS80C5P15 11.2 1.861

Optimum Moisture Content (%)
=)

11.2

LS100 LS95C5

LS90C5P5

LS85C5P10 LS80C5P15

Figure 7 Optimum Moisture Content (OMC) of Lateritic soil and Improved Lateritic soil
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1.925
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Figure 8 Maximum Dry Density (MDD) of Lateritic soil and Improved Lateritic soil
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1ae 28 IUMNAIRUIFUNU aaaaclu (Figure 9)
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Table 5 Unconfined Compressive Strength of Improved Lateritic soil

UCS (ksc)
Ratio
0 days cured 7 days cured 28 days cured
LS100 4.8 - -
LS98C2 - 7.7 8.0
LS97C3 - 12.2 13.8
LS96C4 - 12.6 159
LS95Cs5 - 17.5 24.8
LS90C5P5 - 7.1 31.1
LS85C5P10 - 6.9 19.2
LS80C5P15 - 6.7 11.7
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Figure 9 Unconfined Compressive Strength of Lateritic soil improved with Cement
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Figure 10 Unconfined Compressive Strength of Lateritic soil improved with Cement and POFA
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A)
Figure 12 28 days cured LS95C5 (A) and LS90CS5P5 (B) at the magnification of 10,000x
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ABSTRACT

In this study, a low-cost pulsed vacuum infrared (PVI) drying system was developed using locally available
parts, allowing interested individuals to build and use it themselves. The ESP32 microcontroller, in conjunction
with solenoid valves, infrared lamps and vacuum pumps, monitored and controlled the PVI drying process. The
product used for testing the system was sliced lemongrass. The ratios between the time periods of vacuum and
atmospheric pressures (t,,:t,, pulse ratios) used in the tests were 8:4, 13:4 and 18:4. The specific energy
consumption (SEC) of the system, as well as the weight and moisture content of the dried product, were recorded.
It was found that the ty,:t,, pulse ratio of 8:4 was optimal for drying with the developed system. The dried
lemongrass had a final moisture content of less than 11%,, despite having the highest initial moisture content
(roughly 55%,, ) and the quickest drying time (roughly 180 min). The electrical energy consumption was roughly
0.6 kW-h, and the mean SEC was 0.019 MJ/g ... The total cost of the parts and materials was 10,450 baht and the
payback period was 6.48 years. With the developed system, drying of agricultural products can be done efficiently
using PVI. Nevertheless, the drying yield can be increased by increasing the number of trays and volume of the

vacuum chamber.

Key words: drying, pulsed vacuum, infrared, lemongrass
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Figure 1 Schematic of the PVI drying system.
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Figure 2 Wiring diagram of electrical components of the PVI drying system.



578 215815398 ¥HING1ReNA 11 1ad51519naf5 2% 16(3) : 572-590 (2567)

v

Vacuum solenoid valve opened
Air solenoid valve closed
Vacuum pump on

{

Has tg
elapsed?

Vacuum solenoid valve closed
Air solenoid valve opened
Vacuum pump off

Hast,,
elapsed?

Read chamber’s
temperature and express
value on LCD

1

Vacuum solenoid valve closed
Air solenoid valve opened
Vacuum pump off

Is
temperature
below
60°C?

Has t+t,,

elapsed?

Turn on the infrared lamps
for 2 min

!
(a) (b)

Figure 3 Flow chart of the (a) temperature and (b) vacuum control schemes.
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Figure 4 Pressure cycle diagram of the pulsed vacuum drying process in which a cycle consists of evacuation (ts),

vacuum-holding (t;), releasing (t,) and atmospheric-pressure (t,,) periods. (Adapted from Zhou et al.

(2022))
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Figure 5 (a) Air temperature and relative humidity in the vacuum drying chamber during one replicate of each of

the three t,,:t,, test conditions, and (b) the temperature and relative humidity data of the 8:4 test condition

with the horizontal time scale magnified between 0 and 60 min.
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Figure 6 Energy consumption during one replicate of each of the three drying test conditions.
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Figure 7 (a) Moisture contents, (b) moisture ratios and (c) drying rates of Cymbopogon citratus samples during

pulsed vacuum infrared (PVI) drying and sun drying.
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Table 1 Summary of the cost of each component of the PVI drying system.

Cost Total cost
Equipment Quantity Unit

(Baht per unit) (Baht)
Air solenoid valve 1 Piece 390 390
Vacuum solenoid valve 1 Piece 390 390
Rubber stopper 1 Piece 20 20
Vacuum pump 1 Piece 4,290 4,290
Desiccator (9,500 cm’) 1 Piece 3,290 3,290
Control box (19%23 c¢m) 1 Piece 139 139
Polyurethane (PU) tube (@.in 6.5 mm) 2 Meter 8 16
Ice bucket (26x38x32.5 cm’) 1 Piece 129 129
Glass bottle (650 cm’) 1 Piece 20 20
Infrared lamp (250 W) 2 Piece 149 298
lamp holder (E27) 2 Piece 34 68
Temperature sensor + 4.7K ohm resistor 1 Piece 39 39
12 VDC Power supply 1 Piece 118 118
DC to DC converter 2 Piece 28 56
ESP32 module 1 Piece 198 198
RTC module 1 Piece 98 98
Relay I channel 5VDC 1 Piece 100 100
Relay 4 channels 3VDC 1 Piece 128 128
Solid state relay 1 Piece 98 98
Black film faced plywood (120x240x15 cm) 1 Plate 465 465
Wires 100 100

Total (Baht) 10,450

Table 2 Economy engineering for the PVI drying system.

Lists Amount Unit
Initial investment for PVI drying system 10,450 Baht
Useful life 10 year
Salvage value 1,045 Baht
Depreciation 900 Baht/year

Lifetimes of infrared lamps (5,000 h) 298 Baht/year
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Table 2 (Continuous)

Lists Amount Unit
Fixed cost 1,198 Baht/year
Working time per day 4 batch/day
Working time per year 300 day/year
Electricity bill 3.25 Baht/unit
Energy usage 0.6 kW-h/batch
or 2,340 Baht/year
Fresh Cymbopogon citratus cost 22 Baht/kg
or 3,960 Baht/year
Maintenance (i.e., draining the fluid from the vacuum pump) 0.46 Baht/day
or 138 Baht/year
Wages (15 min/4 batch) 10.37 Baht/day
or 3,111 Baht/year
Variable cost 9,549 Baht/year
Break-even point (BEP) 205.15 day/year
Cash inflow per period 1,613.88 Baht/year
Payback period (PB) 6.48 year
a1l Tasliszozinainsouuiauily 270 uag 330 min
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ABSTRACT

This paper presents an experimental investigation on precast reinforced concrete beams with connections
in the form of deformed bars welded to a steel plate and embedded at the support sections, using a four-point loading
test. The objectives are to study the mechanical behaviors, failure modes and effects of the embedded length of the
deformed bars on the strength of the beams, and to compare the results with those calculated using the EIT 1008 -
38 RC beam design equations. The beams have a cross section of 0.175 m in width and 0.35 m in depth, with a span
of 4.0 m. The beam’s connections were made of steel plates with a cross section of 0.25 m in width, 0.15 m in
depth, and 0.02 m in thickness, and were welded to DB16 bars with embedded lengths of 500 (reference beam),
1,000 and 1,500 mm. From the experiments, all of the beams exhibited bilinear behaviors. They behaved linearly
elastic up to about 80-90 percent of their maximum load-carrying capacity, and then they behaved non-linearly
with a rapid increase in deflection until failure. Under service conditions (at a deflection of L/240), the beams with
embedded lengths of 1,000 and 1,500 mm had a load-carrying capacity 4.27 to 17.45% higher than that of the
reference beams. The failure modes can be separated into two patterns. The beams exhibited vertical cracks in the
concrete at the support sections due to the slip of the steel plate, and then they failed either in flexural failure or
diagonal shear failure, in accordance with the experimental design. Finally, when comparing the ratios between the
linear elastic load-carrying capacity of the beams from the experiments and that from EIT 1008-38’s equations, the

ratios are in the range of 1.70 to 2.86, depending on the embedded length of the deformed bars.
Key words: precast reinforced concrete beam, connection, embedded length
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Table 1 Mechanical properties of materials, used in the experimental investigation.

Averaged yielding  Averaged ultimate = Averaged modulus Percent
Materials
stress (MPa) stress (MPa) of elasticity (GPa) elongation (%)
Concrete (380 kg/cmz,
- 40.33 29.85 -

cylinder)

Deformed bar (DB16, SD40) 590.10 645.21 198.5 20.29
Round bar (RB6, SR24) 370.20 493.46 195.3 23.86
Steel plate (SS400) 404.74 568.42 196.3 19.88
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Figure 1 Deformed bars welded to steel plate, used in the experimental investigation.
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Table 2 Details of the beam specimens, used in the experimental investigation.

Number of
Code of Steel Stirrup Number of
Span compressive Mode of
Group beam embedded  spacing tensile steel
(m) steel failure
specimen length (mm) (mm) reinforcement
reinforcement
RC-0000-100 0 100 4.0 5-DB16 2-DB16 Flexural
PC-0500-100 500 100 4.0 5-DB16 2-DB16 Flexural
1
PC-1000-100 1000 100 4.0 5-DB16 2-DB16 Flexural
PC-1500-100 1500 100 4.0 5-DB16 2-DB16 Flexural
RC-0000-300 0 300 4.0 6-DB16 2-DB16 Shear
PC-0500-300 500 300 4.0 6-DB16 2-DB16 Shear
2
PC-1000-300 1000 300 4.0 6-DB16 2-DB16 Shear
PC-1500-300 1500 300 4.0 6-DB16 2-DB16 Shear
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Number of
Code of Steel Stirrup Number of
Span compressive Mode of
Group beam embedded  spacing tensile steel
(m) steel failure
specimen length (mm)  (mm) reinforcement
reinforcement
RC-0000-500 0 500 4.0 6-DB16 2-DB16 Shear
PC-0500-500 500 500 4.0 6-DB16 2-DB16 Shear
3
PC-1000-500 1000 500 4.0 6-DB16 2-DB16 Shear
PC-1500-500 1500 500 4.0 6-DB16 2-DB16 Shear
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Figure 2 Details of the beam specimen without deformed bars welded to steel plate.
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Figure 3 Details of the beam specimen with deformed bars welded to steel plate.
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Figure 4 Cross-section of the beam specimen without deformed bars welded to steel plate: Group 1 to 3.
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Figure 5 Cross-section of the beam specimen with deformed bars welded to steel plate: Group 1 to 3.
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Figure 6 Installation of a beam specimen into the loading frame.
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Figure 7 Details of locations of dial gauges on beam specimens.
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Figure 8 Diagram of the force versus midspan deflection of the beam specimens.
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Table 3 Applied forces when the beam specimens have the midspan deflection of L/240 (P,,,,) and % of

increase/decrease of P, .

Code of beam Steel embedded % of increase/decrease
Group P, ., (kN)
specimen length (mm) of P, ,,, (%)
RC-0000-100 0 84.33 -20.90
PC-0500-100 500 106.60 -

1 PC-1000-100 1000 115.51 +8.36
PC-1500-100 1500 121.45 +13.93
RC-0000-300 0 74.38 -38.76
PC-0500-300 500 121.45 -

? PC-1000-300 1000 126.64 +4.27
PC-1500-300 1500 136.30 +12.23
RC-0000-500 0 72.45 -45.05
PC-0500-500 500 131.84 -

’ PC-1000-500 1000 148.17 +12.39
PC-1500-500 1500 154.85 +17.45

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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Table 4 Maximum applied forces at the failure of the beam specimens (P

o) g
o) and % of increase/decrease of P, .

Number of beam Steel embedded % of increase/decrease
Group P, (kN)
specimen length (mm) of P, (%)
RC-0000-100 0 84.33 -54.31
PC-0500-100 500 184.55 -

1 PC-1000-100 1000 204.59 +10.86
PC-1500-100 1500 222.41 +20.51
RC-0000-300 0 74.38 -39.49
PC-0500-300 500 122.93 -

? PC-1000-300 1000 168.22 +36.84
PC-1500-300 1500 208.30 +69.45
RC-0000-500 0 72.45 -47.13
PC-0500-500 500 137.04 -

’ PC-1000-500 1000 157.08 +14.62
PC-1500-500 1500 207.11 +51.13

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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Figure 9 Failure of the beam specimen Group 1:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate

(b)

Figure 10 Failure of the beam specimen Group 2:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate
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(b)

Figure 11 Failure of the beam specimen Group 3:

(a) specimen without deformed bars welded to steel plate. (b) specimen with deformed bars welded to steel plate
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Figure 12 Shear stress in the beam specimen versus steel embedded length.

Table 6 Shear stress in the beam specimen.

Code of beam Steel embedded Shear stress % of increase/decrease
Group specimen length (mm) (MPa) of shear stress (%)

RC-0000-100 0 0.77 -56.50

PC-0500-100 500 1.77 -

1 PC-1000-100 1000 1.96 +10.73
PC-1500-100 1500 2.14 +20.90
RC-0000-300 0 0.73 -37.61
PC-0500-300 500 1.17 -

? PC-1000-300 1000 1.57 +34.19
PC-1500-300 1500 1.97 +68.38
RC-0000-500 0 0.74 -42.19
PC-0500-500 500 1.28 -

’ PC-1000-500 1000 1.46 +14.06
PC-1500-500 1500 1.96 +53.13

Remark: The + and — signs indicate the increase and decrease of the force P, ,,,, respectively.
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ABSTRACT

Smart farming is an agricultural innovation that has been increasingly applied to modern agriculture
because it can increase production efficiency, reduce costs, and control production quality. It can also be used for
monitoring environmental control data which is an important variable in plant cultivation. Since the control system
is operated 24 hours a day, such applications consume a lot of electricity. Therefore, this research aimed to develop
an algorithm that could reduce power consumption by at least 20% for use in a smart farm system without changing
or adding equipment from the original smart farm. An improved algorithm was used to control the output from the
original smart farm system with an algorithm to monitor changes in inputs such as temperature and humidity over
time in each season, in combination with Deep Sleep Mode (DSM). In addition, it was designed to be compatible
with database systems and to display web pages through a wireless network browser to monitor the operation in
real time. From a 40-day comparative test on electricity usage between the original smart farm system and the
developed smart farm system, it was found that the original smart farm system consumed 42.25 kWh of electricity
and the proposed smart farm system consumed 21.04 kWh. The electric power consumption of the developed smart
farms system decreased by 21.21 kWh, representing a 50.20% reduction compared to the original smart farms
system. In addition, crickets raised in both systems showed similar growth. Therefore, it can be concluded that the
algorithm developed, when applied to control the operation of the smart farm system, can effectively reduce

electricity consumption.
Key words: smart farm, energy saving, algorithm, deep sleep mode (DSM)
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Define Parameters

Humi_out, time, web

wifi, Temp_in, Humi_in, Twmp_out,

Connect to wifi

v

Get

Humi_out, time, web

wifi, Temp_in, Humi_in, Twmp_out,

Temp_in>30-C or
Humi_in <50 %RH

615

Temp_in<25-Cor

Humi_in > 60 %RH

Temp_out, Humi_out ON Pump (Relayl)

OFF Pump (Relay1)

v

v

ON Fan (Relay2)

ON Fan (Relay2)

v

v

OFF Light (Relay3)

ON Light (Relay3)

:

Display Temp_in,
Humi_in, Temp_out,

Humi_out
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® 179109.00 - 10.59 U.
® 179111.00 - 13.59 .
® 1791 14.00 - 17.59 .
® 1791 18.00 - 20.59 .

® 179121.00 - 23.59 .

® 179100.00 - 01.59 U.

® 1791 02.00 - 08.59 .

715815398 YH1ING1ReNA 1y 1ags1vuanasi e 16(3)

L‘*ﬁﬁé DSM 30 minutes

L"’ﬁ}ﬁj DSM 60 minutes

191g DSM 120 minutes

1ag 00.00 - 02.59 U. L"lﬁh’gj‘ DSM 150 minutes

1Az 03.00 - 08.59 1. 191g DSM 180 minutes

1Az 09.00 - 12.59 1. 1915 DSM 60 minutes

1Az 13.00 - 23.59 U, 191g DSM 120 minutes

: 610-624 (2567)
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Define parameters

Wil relay,Keypad,Temp,Humi,Line,tim.

e.sensom,web

connect wifi

NO

get
Temp,Humi
NO
Keypad =A Keypad =B
YES
YES

Temp>30|Humi<50

Relayl ON Pump

NO

YES
Relayl OFF Pump
NO

NoO

Humi>=60|[Humi=>50

YES
Relay2 OFF Fan

NO

YES
Relay ight

NoO

YES
Relay3 OFF Light
NO

Relayl ON Pump

Relay2 OFF Fan

No

09.00-10.59 .

No

Yes

120 min

No

18.00 — 20.59 or’

00.00 - 01.59 or
09.00 - 12.59

No

00.00 - 02.59

A 180 min
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Impact of Anti-stabbing Material Thickness from Ultra-high Molecular

Weight Polyethylene Fabric on Penetration Depth
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ABSTRACT

The purpose of this research is to investigate the stab-resistant performance of ultra-high molecular weight
polyethylene (UHMWPE) fabric molded into a sheet using a hot compression molding process with a thermoplastic
resin, referred to as "UPE" in this study. The stab-resistant sheets were layered to the various specified thickness
and tested for stab resistance performance using two types of blades: P1, a typical small knife, and S1, a commando-
style blade or larger kitchen knife, following the National Institute of Justice (NI1J)-0115.00 standard. Mechanical
properties characterizations revealed that the UPE sheet had maximum tensile and tear strengths of 162.50 MPa
and 360.74 N/mm, respectively. The minimal thickness that could withstand stabs at E1 (Energy level 1) for both
P1 and S1 type blades was 20 layers of UPE, or thickness of 4.8 mm. The E1 is the first energy level of the NIJ stab
resistance testing, with an energy of 24 +0.50 J. Thus, it is appropriate for use as a stab-resistant material. When
UPE was compared to other stab-resistant materials studied, it was discovered that the UPE had lower thickness
and areal density than other materials at the same penetration depth. This indicates that the UPE was lighter and
thinner than other materials. The light weight and thinness of UPE are significant factors in its development into

stab-resistant armor.
Key words: anti-stabbing material, ultra-high molecular weight polyethylene, hot compression molding
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1159 1451115905291 (Pundhir ef al., 2021) taziio
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udiausageni v ldidule UHMWPE enansonu
AousanIzunn 1aAnI1 (Sapozhnikov et al., 2015)
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benzobisox-azole) %50 PBO uatdule UHMWPE al., 2021)
Table 1 Mechanical properties of various commercial fibers
Fiber Density Young’s Tensile Failure Ref.
(g/cms) modulus strength strain
(GPa) (GPa) (%)

Basalt 2.56-2.66 53-62 1.6-2.0 2.7-3.6  (Deék and Czigany, 2009)
Aramid

Kevlar 149 1.47 185 34 2.0 (Afshari et al., 2008)

Twaron"709 1.44 100 25 - (Sapozhnikov et al., 2015)
Carbon

Toray M60J 1.93 588 3.9 2.0 (O’Masta et al., 2014)
Glass

S2 2.46 87 4.6 5.3 (O’Masta et al., 2014)
PBO

Zylon HM 1.56 270 5.8 2.5 (Afshari et al., 2008)
Polyamide

Nylon 1.14 10 0.9 9.5-28 (O’Masta et al., 2014)
UHMWPE

Dyneema®SK76 0.97 116 3.6 3.7 (Afshari et al., 2008)

Dyneema HB80 0.97 200 2.8 - (Sapozhnikov et al., 2015)

Spectra 3000 0.97 115-122 3.2-3.4 3.3 (O’Masta et al., 2014)
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Figure 1 (A) Anti-stabbing material UPE. (B) Types of blades
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Figure 3 Stab-resistant testing setup
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AMUMUMIANVIATDI UPE-(1) HAUNIHD 360.74
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= Y] a o
N/mm clf\iNﬂ]gﬂﬂj]lﬁuiﬂ“laU'iﬂﬂgmﬂaﬂ
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Table 2 Mechanical properties of UPE

[ [ < [
N/mm #a0814 15 AmuA1n UM UMUMIAAVIA
veq UPE-(1) iadesnindulelausaozsiiia
ADAABUNTIAIAINAIUMUMSBNVIAGIDT 1,200

N/mm (Tien et al., 2011)

Material

Tensile strengths (MPa)

Tear strengths (N/mm)

UPE-(1)

162.50 (29.42)

360.74 (38.10)

Table 3 Results of Stab-resistant testing by P1 and S1 blade.

Thickness Front Back Penetration NIJ
Materials Blade types
(mm) penetration penetration depth (mm) standard
P1 yes No 3.70 (0.00) Pass
UPE-(15) 3.80
S1 yes Yes >7.00 Fail
P1 yes No 4.35(0.05) Pass
UPE-(20) 4.80
S1 yes No 4.00 (0.10) Pass
P1 yes No 5.20(0.10) Pass
UPE-(25) 5.80
S1 yes No 4.65 (0.05) Pass
P1 yes No 6.10 (0.00) Pass
UPE-(30) 6.80
S1 yes No 5.10 (0.06) Pass
U U o | w l
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Figure 4 Penetration depths of UPE relative to the number of sheets
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Table 4 Comparison of anti-stabbing index (ASI) of several materials

Material Number Thickness Areal density Anti-stabbing Ref.
of sheets (mm) (kg/mz) index (ASI)
UPE-P1 blade 33 7.99 6.11 48.82 This work
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Basalt 29 17.30 7.70 133.21 (Tien et al., 2011)
Aramid 17 17.60 10.60 186.56 (Tien et al., 2011)
Metal 12 14.20 11.60 164.72 (Tien et al., 2011)
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ABSTRACT

In this study, geopolymers were synthesized from metakaolin containing field Para
rubber latex and activated with sodium silicate and sodium hydroxide. The concrete samples
were coated with these geopolymers to assess their corrosion resistance. Geopolymers were
prepared by substituting metakaolin with field Para rubber latex at weight percentages of 1%,
3%, 5%, and 10%. The concrete specimens were coated with single or double layers of the
geopolymers and then cured for 24 hours. Tensile strength and corrosion performance of the
steel were evaluated through an accelerated corrosion test with a 12-volt electric current,
applied for 8 hours and paused for 8 hours, over a duration of 14 days. Additionally, samples
submerged in seawater were tested. The results demonstrated that the samples coated with
geopolymers containing 1%, 3%, and 5% natural rubber latex by weight exhibited a significant
reduction in corrosion, evident in both single and double-coated specimens. Structural analysis
at the micro level was also conducted at the interfacial transition zone between concrete and

geopolymers paste.

Key words: geopolymer, metakaolin, field Para rubber latex, coating, corrosion

INTRODUCTION

The corrosion of reinforcing steel in
concrete structures causes severe deterioration
of infrastructure in concrete elements
exposed to chloride ions in seawater,
brackish water, or waste water from
factories. Several previous studies (Jacek et
al., 2018; Jhutan et al., 2021; Marilene et
al., 2021; Mostafa et al., 2020) have
reported that geopolymer binders have
excellent materials properties, especially
acid resistance and durability. Therefore,
geopolymers have been used as coatings in
prior studies.

Coatings can effectively protect
concrete structures against steel corrosion
from chemical exposures. The coatings on
concrete surfaces need to be designed for
ease of application and good adhesion.
Brenna et al. (2013) studied polymer
modified mortar and polymeric coating of
reinforced concrete with long-term chloride
induced corrosion. Christodoulou et al.
(2013) used silane coating of reinforced
concrete in an assessment of performance of
the surface. Geopolymer coatings in
particular have been widely applied to coat
steel or structural concrete for corrosion

protection (Shahedan et al., 2014; Chindaprasirt
and Rattanasak, 2016). Regarding geopolymer
coatings, Aguirre-Guerrero et al. (2017)
reported that geopolymers were prepared
with fly ash and metakaolin as protective
coatings against chloride-induced corrosion
in reinforced concrete. The samples were
immersed in a 3.5% NaCl solution with
wetting/drying cycles and a constant 5 V
potential. The results showed that matekaolin
based geopolymer coating exhibited the
best performance, reducing the corrosion
rate compared to concrete without coating.
Wiyono et al. (2015) used geopolymer
coatings prepared from fly ash and calcined
volcanic mud. The concrete substrates were
exposed to 10% sulfuric acid in wet-dry
cycles, and to chloride solution to evaluate
its penetration depth. The results showed
that geopolymer coating improved the
durability of concrete samples.

In 2019, global production of Para
rubber was approximately 13,841,000 tons.
Thailand produced approximately 4,852,000
tons or 35% of this total (Rubber Economic
Research and Development Division,
2020). In fresh or field state, the latex raw
form of rubber (field Para rubber latex,
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FPRL) annual amount in Thailand is
estimated as 10.78 to 19.41 million tons,
because FPRL contains also 55-75% water
and non-rubber substances such as sludge,
proteins, and some inorganic materials,
along with 25-45% of rubber particles
(Knowledge Management, 2017). In FPRL
the rubber particle size ranges within
0.04-4.0 micron with mean particle size of
1.0 micron (Blackley, 1997), for the clonal
variety RRIM 6 0 0 (Rubber Research
Institute of Malaysia 600) of rubber trees.
Limited research exists concerning
the utilization of FPRL in geopolymer
binders, particularly regarding the application
of geopolymer coatings for safeguarding
against steel corrosion. Consequently, further
investigation is necessary to thoroughly
assess the impacts of FPRL in geopolymer
composite materials. This present study
seeks to examine the splitting tensile strength,
steel weight loss, and the microstructure of
the interfacial transition zone between the
concrete surface and geopolymer binder
paste coatings containing field Para rubber
latex. The samples, incorporating FPRL
contents of 0%, 1%, 3%, 5%, and 10% by
weight, were submerged in seawater at
ambient temperature for 14 days, with 12 V
excitation alternating every 8 hours. These
samples featured either one or two coating
layers on concrete substrates, characterized
by either a flat or rugged surface. The
objective of this study is to analyze the
influence on splitting tensile strength and

Table 1 The chemical composition of MK

steel weight loss, while evaluating the ITZ
microstructure through scanning electron
microscopy (SEM). Significantly, this paper
offers a candid discussion on the challenges
encountered during the geopolymer application
process.

METERIALS AND METHODS
1. Materials

Metakaolin (MK) and field Para
rubber latex (FPRL) were sourced from the
Narathiwat province in southern Thailand.
The kaolin used in this study was calcined
at 750 °C for 2 h. The chemical compositions
and particle size distribution are presented
in Table 1 and Figure 1, respectively. The
chemical composition of MK was analyzed
via X-ray fluorescence (XRF). According to
ASTM C618 (2019), the MK utilized in this
study falls under class F. The total
proportion of the major oxides (SiO2 and
Al>03) amounted to 91.32%, while the CaO
content stood at 0.33%. Figure 1 illustrates
the particle size distribution of MK,
revealing an average particle size of
approximately 9 um, with 96% of the MK
passing through the 45-micron sieve.

Field Para rubber latex (from rubber
tree clonal variety RRIM 600) used in this
study was collected from Narathiwat
province in Thailand. The FPRL is a
suspension with 35-40 % total solids content.
The particle sizes in FPRL are in the range
0.04-4.0 um. Kaesaman et al. (2014) reported
that the total solids content in FPRL was
36.9%.

Component % by weight
SiO2 50.30
Al,O3 41.02
Fe20s3 1.05
CaO 0.33
TiO2 1.05
K20 4.08
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The alkaline activators for geopolymerization
reactions were prepared using sodium
silicate (Na20 = 14.85%, SiO, = 29.45 and
H>O = 55.7%), sodium hydroxide (NaOH)
flakes of 99% purity, and water for the
geopolymer paste. Natural river sand for
ordinary Portland cement concrete passing

100

through ASTM sieve No. 4, with particle
size below 4.75 mm, specific gravity 2.56,
and fineness modulus 2.59, was used to
prepare the concrete substrate. The coarse
aggregate used in this work was compliant
with ASTM C33/C33M (2013).
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Figure 1 Particle size distribution of matekaolin

2. Mixture proportion and curing of samples

Geopolymer paste was created by
blending MK with FPRL and mixing them
with sodium silicate, sodium hydroxide, and
water in accordance with the experimental
design. Field Para rubber latex was incorporated
as a stabilizing agent. The specific mixture
proportions are detailed in Table 2. These
proportions were selected to optimize both
the enhancement and reduction of corrosion
in the reinforcing steel with coatings. The
ratios of powder and alkaline activator were
kept constant for a robust formulation. MK,
sodium silicate, sodium hydroxide, and
water were mixed for 3 minutes until achieving
a homogenous, viscous liquid. Geopolymer

binders were mixed for 3 minutes before being
applied onto the concrete substrate using a
paintbrush. The concrete samples received
either 1 or 2 coating layers, were not
enveloped in polyvinyl, and were cured at
ambient temperature for 24 hours for a
single-layer coating. In the case of a double-
layer coating, after the initial layer was
applied, the samples were cured at ambient
temperature for 7 days. Subsequently, the
second layer was applied and allowed to
cure at ambient temperature for an additional
24 hours. Following this, the samples were
immersed in seawater for the steel corrosion
test.

Table 2 Mix proportions of geopolymer binder pastes (by weight)

MK (%0) FPRL (%) (MK+FPRL) : SS (9) SS: SH () B:W(g)
100 0
99 1
97 3 1:0.75 25:1 1:0.3
95 5
90 10

Abbreviations used: MK = metakaolin; FPRL = field Para rubber latex; SS = sodium silicate;
SH = sodium hydroxide; B=binder (MK+FPRL) ; W = water
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3. Methods
3.1 Reinforced concrete substrate

In order to create concrete samples
(substrates), commercially available raw
materials from Thailand were chosen,
which encompassed a general-use Portland
cement, reinforcing steel bars, river sand,
and rocks. Two distinct types of concrete
samples were prepared, distinguished by
water-to-cement ratios of 0.5 and 0.65, and
a cement-to-river sand-to-rock ratio of 1:2:4
by weight. These samples were subsequently
submerged in water for a 28-day curing
period. Each specimen contained a centrally
embedded reinforcing steel bar, positioned
5 cm away from the bottom. The samples
featuring a water-to-cement ratio of 0.5
exhibited sizable pores and rugged surfaces,
whereas those with a water-to-cement ratio
of 0.65 displayed a uniform matrix and
smooth surfaces. The strength and surface
conditions of these samples are concisely
outlined in Table 3.

3.2 Geopolymer coating

The coatings were manually applied
using a paintbrush. Initially, the concrete
surface was wiped with a damp cloth to
saturate the pores and prevent or limit the
undesired absorption of water from the
coating geopolymer paste. Following this,
the geopolymer coating was prepared and
subsequently applied.

In the context of concrete coatings,
there are at least two primary factors that
significantly contribute to the permeability
of seawater, primarily chloride ions, as
illustrated in Figure 2. The mechanism
involving chloride ions entails the dispersion
of seawater through the geopolymer coating
layer and into the concrete substrate.

3.3 Steel corrosion

The concrete samples underwent
steel corrosion testing. These samples had a
diameter of 100 mm and a height of 200
mm, featuring an embedded steel bar with a
diameter of 12 mm and a length of 200 mm.
The weight of the steel bars was measured

to ascertain the extent of weight loss caused
by corrosion.

3.4 Imposed voltage

The imposed voltage test was
conducted 24 hours after the application of
the geopolymer paste coating. The aim of
this test was to evaluate the corrosion of the
steel bars embedded within the concrete
samples in the presence of chlorides, as well
as to determine the impact of the coatings
on this corrosion process. The concrete
specimens were immersed in seawater, and
a voltage of 12 V was intermittently applied
every 8 hours from an external power
source (as shown in Figure 3), between the
steel bar and a steel sheet placed in the
seawater, over a duration of up to 14 days.
Subsequently, the samples were subjected
to a splitting tensile strength test after
undergoing a 24-hour drying period at
ambient temperature.

3.5 Splitting tensile strength

The splitting tensile strength of the
concrete coating was determined through
the application of the test method outlined
in ASTM C496/C496M (2017). In the
splitting tensile strength test, a 100 mm x
200 mm cylinder is subjected to axial
compression. The results of the splitting
tensile strength test for the samples are
shown in Figure 4. To calculate the splitting
tensile strength of the specimen, follow the
steps below:

_ 2P

T=-4"
rld

1)

T = Splitting tensile strength, (MPa)

P Maximum applied load
indicated by the testing machine, (N)

I Length, (mm)

d Diameter, (mm)

3.6 Scanning electron microscopy (SEM)
analysis

For microscopic analysis, small

fragments of the samples from the steel
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corrosion tests (conducted subsequent to the
splitting tensile test) underwent examination
via scanning electron microscopy. The
JMS-5800 LV model scanning electron

Table 3 The two types of concrete substrate

microscope (JEOL, Japan) was employed to
scrutinize the microstructure within the
concrete samples.

Ambi i i h
wic mbient Curing Surface Compressive strengt
temperature (days) (MPa)
0.50 30+3 28 rough 26.87
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Figure 4 Splitting tensile strength of samples

RESULTS AND DISCUSSION
1. Physical characteristics

The application of coatings was done
manually with the experimental mixtures.
The physical characteristics of the coatings
were determined after 12 V excitation under
seawater for 14 days, with on/off switching
each 8 hours. Figure 5 shows the results for
concrete specimens without coating having
both types of surfaces (rough or smooth) and
clear rust stains are seen in Figures 5(a) and
5(b). On the other hand, single or double
layers of geopolymer paste coating protected
the steel bars in the concrete specimens,
especially with 2 coating layers.

2. Splitting tensile strength

The splitting tensile strength of
concrete samples was determined for cases
coated with double layers. The samples were
measured in applied test with ASTM
C496/C496M (2017), except for using 100
mm x 200 mm sample size with steel bar
embedded in the axial center. Only small
amounts of steel loss were observed in this
study because of the relatively short
corrosion period of 14 days. The condition of
steel in concrete after the corrosion test is
shown in Figure 6, with subjectively obvious
corrosion. While samples without coatings
had clear corrosion on surfaces, those with 2
coating layers had only slight surface
corrosion, both with rough and smooth
concrete cases. The results of splitting tensile
strength for the two surface types are shown
in Figures 7 and 8. The splitting tensile

strengths ranged in 2.66-3.34 MPa (see
Figure 7) and in 1.49-2.29 MPa (see Figure
8) for rough and smooth cases, respectively.
It is observed that rough surface cases gave
higher splitting tensile strength than smooth
surface cases. This is because cases with
rough surfaces had water-to-cement ratio of
0.5, lower than the 0.65 for smooth surfaces.
It is known that concrete with lower water to
cement ratio has higher strength. Moreover,
the increase of split tensile strength due to
the geopolymerization process, where
alumino-silicate oxides react with alkali
polysilicates to produce Si-O-Al polymeric
bonds. Aluminosilicate polymeric bonds
were more stable when submerged in
seawater (Zhang et al., 2010a). The splitting
tensile strength of the specimens was
determined at the age of 14 days. In Figure
8, the results indicate that the splitting tensile
strength of samples with geopolymer coating
was slightly increased relative to cases
without coating. The cases with smooth
surfaces had approximately similar splitting
tensile strengths with and without coating.
The test results show that geopolymer paste
coatings with and without FPRL on concrete
substrate gave only slight differences in
splitting tensile strength after immersion in
sea water. This is because of the short
curing/corrosion time (14 days) under
seawater. Nastiti and Ekaputri (2020) reported
that the concrete samples were coated with
fly ash geopolymer mortar of the difference
thickness. The results shown that immersion
in seawater for 30 days slightly affected the
compressive strength.
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Figure 5 Geopolymer concrete samples (a) without coating on rough surface, (b) without
coating on smooth surface, (c) 5% FPRL single layer, rough surface, (d) 5% FPRL
single layer, smooth surface, (e) 5% FPRL double layers, rough surface, and (f) 5%
FPRL double layers, smooth surface

(a) (b)

© ' (d)

Figure 6 The splitting tensile strength of concrete samples (a) without coating on rough surface,
(b) without coating on smooth surface, (c) 5% FPRL double layers, rough surface, and
(d) 5% FPRL double layers, smooth surface.
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Figure 7 Effect of FPRL content on splitting tensile strength, rough surface.
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Figure 8 Effect of FPRL content on splitting tensile strength, smooth surface.

3. Imposed voltage

Figures 9 and 10 show the steel bar
weight loss from corrosion during immersion
in seawater with 12 V cycled on/off every 8
hours. The effects of FPRL content on the
steel weight loss from the samples are shown
in Figure 9 for rough surface cases and in
Figure 10 for smooth surface cases. The steel
weight loss by FPRL content in the
geopolymer coating on rough surface is
presented in Figure 9. The specimens with
1%, 3%, and 5% FPRL reduced corrosion of
the reinforcing bars in the concrete samples,
while geopolymer binder pastes without
FPRL gave poorer protection against
corrosion. This is because FPRL had fine

particles of 0.4-4 micron sizes that plugged
pores in the matrix, reducing its permeability
and preventing the penetration by chloride
ions. However, it was observed that geopolymer
binder pastes containing 10% FPRL had
increased weight loss, due to the large FPRL
content in geopolymer system inducing large
pores in the coating. Hawa et al. (2017)
assessed fly ash geopolymer mortars
containing field Para rubber latex. SEM
imaging showed that high content of FPRL
gave a highly porous microstructure. Both
concrete surface types (rough and smooth)
behaved similarly in this respect. A similar
phenomenon was presented by Tittarelli et
al. (2018) who found that the higher total
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porosity of geopolymer compared other
geopolymeric matrices favors the ingress
and thus the attack of chloride ions. Zhang et
al. (2010b) investigated the wuse of
geopolymers as coating materials for the

without
coating 0

anticorrosion  protection of  reinforce
concrete. The results shows that geopolymer
had low permeability and excellent
anticorrosion.
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Figure 9 Effect of FPRL content on steel weight loss, rough surface.
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Figure 10 Effect of FPRL content on steel weight loss, smooth surface.

When comparing 1 and 2 coating
layers, double layers protected steel well
against weight loss, because the geopolymer
had a dense compact microstructure that
protected against seawater penetration and
chloride exposure. SEM images were taken
for morphological and elemental analysis of
the interfacial transition zone. The smooth
surfaces resulted in less steel weight loss

than the rough surfaces, because the smooth
texture of concrete was associated with a
dense and compact homogeneous matrix,
i.e. low permeability in the concrete. For
cases with rough surfaces, double layers of
coating clearly provided better protection
than a single layer.

The samples were coated with
geopolymer pastes containing metakaolin
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as a partial replacement for field Para rubber
latex with single or double layers, showing
a slight increase in splitting tensile strength.
It was shown that the coating of metakaolin-
based geopolymer paste had no effect on the
splitting tensile strength of the concrete
substrate. However, in this study of corrosion
with immerse samples in seawater, it is
clear that the steel corrosion resistance is
improving. Especially, the samples were
coated geopolymer paste containing FPRL
ranging from 1 to 5%. Zhang et al. (2012)
reported that geopolymer coating materials
have been proposed for protecting concrete
structures exposed to marine environment.
The systematical experiments from laboratory
and field applications have demonstrated
that the coating possesses excellent anti
corrosion properties.

Yoon et al. (2018) presented that fly
ash and blast furnace slag were used as
binder materials, and sodium hydroxide and
sodium silicate were used as alkali activators.
The results showed that the chloride
penetration depth of alkali-activated sample
was much lower than that of the OPC
sample. The presence of alkali activated
was effective in improving the chloride
penetration resistance. Hence, the samples
coating with geopolymer paste can protect
against corrosion in the steel bars. The
chloride bunding capacity of geopolymer
samples under standard curing is better than
that of OPC sample under the same
conditions. It was reported that the high
alumina content promoted the chloride
binding capacity (Tong et al., 2021). Moreover,
Ross et al. (2022) reported that geopolymer
with fly ash, when tested, was found to have
low permeability compared to portland
cement paste and slurries. The chloride
diffusion coefficient of alkali activator
materials was generally lower than that of
ordinary Portland cement due to the
increased tortuosity, lower total porosity
and water absorption properties, which
could be also affected by precursor
chemistry (Tahri et al., 2021).

4. Morphological and elemental analysis
of interfacial transition zone

Microstructural characteristics of
the interfacial transition zone (ITZ)
between geopolymer paste and the concrete
surface were assessed using scanning
electron microscopy (SEM). SEM images
were taken of cross sections of geopolymer
coatings from low FPRL content to high
FPRL content, and with 1 or 2 coating
layers. Figures 11 and 12 show representative
images of ITZ and geopolymerization
product morphology. In Figure 11, geopolymer
coating with 5% FPRL and 1 coating layer
had small lacunae in the ITZ between the
geopolymer binder paste and the concrete
surface. The binder had small pores in the
cross section. It was observed that the
samples were not connected in a matrix
concrete surface and geopolymer paste.
This is because the samples with 1 coating
layer of viscous geopolymer were cured at
ambient temperature for 24 hours, and the
short curing time cannot produce
geopolymerization products on the concrete
surface, resulting in the lack of connection
in the matrix structures. Figures 11(b) and
11(c) clearly show unreacted raw materials.
On the other hand, the samples with 2
coating layers show geopolymerization
products at the interfacial transition zone
between the concrete surface and
geopolymer paste. The SEM imaging shows
a homogenous microstructure and continuous
matrix with concrete surface and geopolymer
paste in the microstructure (see Figure
12(c)). The MK particles were combined
through cementitious reactions that provided a
dense compact microstructure, offering
good protection against chloride in seawater
(see Figure 9 and 10). The reaction extent in
geopolymer binder paste was higher in
samples with 2 coating layers, because after
first coating, they were cured for 7 days at
ambient temperature. Samples with 1
coating layer only were cured for 24 hours.
However, it was observed that the geopolymer
binder paste containing 10% FPRL couldn’t
protect against weight loss of steel. This is
because high FPRL in the geopolymer
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causes high porosity. In a study on geopolymer seawater to penetration the concrete. Moreover,
with fly ash partial replacement by field Hawa and Prachasaree (2020) reported that
Para rubber latex, Hawa et al. (2017) fly ash-based geopolymer partial replacement
showed that geopolymer with a high FPRL of FPRL at 1% and 3% had few pores in the
content had large pores in the matrix. The matrix.

large pores in the geopolymer matrix allow
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Figure 11 SEM images of geopolymer coatings with 5% FPRL single layer (a) 100x, (b) 300x,
and (c) 1,500x
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Figure 12 SEM images of geopolymer coatings with 5% FPRL double layers (a) 100x,
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CONCLUSION

The use of geopolymer coatings
with added field Para rubber latex was
proposed for protecting reinforced concrete
against corrosion from exposure to seawater
with chloride ions. Based on the results
presented in this study, the following
conclusion can be stated:

1. The results indicate that the
splitting tensile strength of concrete samples
with geopolymer coating was higher than of
concrete samples without coating.

2. The metakaolin-based geopolymer
binder paste containing 1-5% field Para
rubber latex gave slightly higher splitting
tensile strength than the other cases tested.

3. The corrosion protection against
steel weight loss by coatings with 1-5%
field Para rubber latex in geopolymer was
superior to that of the other cases.

4. The concrete specimens with 2
geopolymer coatings protected steel better
than a single coating layer. This is partly
due to each coating acting as a barrier, and
partly due to the different curing required
with two coatings compared to one coating.

5. Evaluation of accelerated corrosion
tests suggests that geopolymer binder pastes
can be used as protective coatings for
concrete substrates exposed to seawater
(chloride ions). Among the coatings evaluated,
metakaolin powder combined with 1 to 5%
field Para rubber latex exhibited the best
performance. The accelerated testing for up
to 14 days involved switching the 12 V
potential on/off every 8 hours under
seawater.
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ABSTRACT

This research aims to experimentally investigate the impact of fiber orientation on the strength of
bulletproof armor made from composite materials, using fiberglass fabrics as reinforcement encased in polyester
resin. The fiber orientation of the woven fiberglass sheets was arranged in two configurations: aligned at 0 degrees
and alternately arranged at 45 degrees. Tensile and impact tests revealed that armor with fibers arranged at 45
degrees exhibited lower tensile strength but higher impact resistance compared to armor with fibers aligned at 0
degrees. Additionally, the armor plates were tested against .357 Magnum bullets fired from a distance of 5 meters,
following the NIJ (National Institute of Justice) Standard-0101.06 for Level Il body armor. The Back Face Signature
(BFS) was also measured to assess the impact force on the back of the armor upon bullet impact. The results showed
that the armor made from 30 layers of woven fiberglass sheets, both aligned at 0 degrees and alternately arranged
at 45 degrees, successfully stopped the bullets without penetration. The average deformation depth of the backing

material behind the armor was 8§ mm and 6.33 mm, respectively, which is within the standard limits.
Key words: bulletproof vest, armor plate, NIJ Standard, fiberglass fabric
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Table 1 Mechanical properties of class-E fiber glass and polyester resin (Bagherpour, 2012)

E-Glass Polyesters resin
Density (gr/cm’) 2.58 1.1-14
Tensile strength (at 23°C) (MPa) 3445 40 —45
Modulus of elasticity (at 23°C) (GPa) 72.3 1.3-45
Elongation (%) 4.8 5
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Table 2 Test conditions
No. of fiber glass sheets Equipment Standard
Tensile strength 25 Tensile strength test ASTM D3039
Impact strength 25 Charpy impact test ASTM D4812
Ballistic resistance 40 .357 magnum JHP bullet, -
.357 magnum AP bullet,
9 mm FMJ bullet
Damage of armor plate 35 .357 Magnum FMJ bullets NIJ
Backface signature 30 .357 Magnum FM]J bullets NIJ
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Figure 3 Specimens for tensile and impact tests (a) 0-degree alignment and (b) 45-degree alignment
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Table 3 Comparative calculation of bullet kinetic energies commonly used in urban areas (National Institute of

Justice, 2008)

Velocity
Bullet Type Mass [g] Kinetic Energy [J]
[m/s] £9.1 m/s
.38 Special 10.2 259 342.11
45 ACP 14.9 302 679.47
9 mm. FMJ 8 398 633.62
.357 Magnum JSP 10.2 436 969.49
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Table 4 Results of tensile and impact tests
Density Yield Strength ~ Ultimate Strength  Impact Strength
[g/mm’] [N/mm’] [N/mm’] [J/mm?)
Average 1.60x 10° 53.93 197.42 0.807
0-degree alignment
S.D. 11.55 10.89 3.07 0.005
Average 1.53x10° 49.39 161.57 0.895
45-degree alignment
S.D. 10.83 3.74 5.26 0.001
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(c)

(d)

Figure 7 Characteristics of 40-layers armor plates after hit by various types of bullets (a) 0-degree alignment

(front) (b) 45-degree alignment (front) (¢) 0-degree alignment (back) (d) 45-degree alignment (back)
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(c)

(d)

Figure 8 Characteristics of 35-layers armor plates after hit by .357 Magnum FMJ bullets (a) 0-degree alignment

(front) (b) 45-degree alignment (front) (¢) 0-degree alignment (back) (d) 45-degree alignment (back)

Table 5 Sizes of average damage area around the bullets

Type Diameter [mm] Average [mm]
0-degree alignment 78 105 92.667
45-degree alignment 80 86 83.667

a

3. u59enemunaH NI Iz NNE

Y

2.

a

Figure 9 UAAINANITNATDUITOIYUNLNA

o @ 1 Y
vudaauyuIesdunawrwni1g lounadime

AN 30 $u Aigndadaonszquiluuiia 357
Magnum FMJ wu 1 anszquliannsonzqriu
wins1z 18 Tavansoanumasmsguiivesin
fufluSaauyusesdimmdurmnss 18ty 6.33
Naawn 1ay 8 NaaAT d193 ULHIATIZHUIN

= Y = Y @
Foadulemuuuaazuuuieissadulegauuun

o w v é = d‘ Y 1
MU aaadly Table 6 YINNUANNUDYNIN

a a @ J
44 admas 99710 NUAWIATTIY HANIS
2 1
NAADILADANROINUALNANITNAABINDUHTIIN
Yy 1 ] v A 9 1Y)
g uuE N Utk suduloadunun
Wy 45 091 ansaFuFunsanszunn ldanan
ilosmnansanszaens llawiiamave i)
9 A = o a A R A
dulentimsS o luneamanvainaisndi 33l
AIMSYUAIVDIAUATUHAIHUNTIZ DONTWAY

v A Y
nTzuuVIRToadu loaiuu



668 215815398 ¥H1ING1aeNA 11 1ad51509naf5 %8 16(3) : 656-670 (2567)

Figure 9 Indentations of backing materials behind 30-layers armor plates after hit by .357 Magnum FMJ bullets

(a) 0-degree alignment (b) 45-degree alignment

Table 6 Average indentations in the backing material

Type Depth [mm] Average [mm]
0-degree alignment 8 8 8 8.00
45-degree alignment 7 6 6 6.33
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ABSTRACT

The objective of this research is to study heat transfer characteristics and thermal performance with a single
row of inclined V-shaped pins in a flow channel. The cylindrical pins, each having a diameter of D=10 mm, were
mounted on the heat transfer surface in a wind tunnel. The height of the pin was investigated at H=3.2D and H=2D.
The pin-to-pin distance was fixed at S§=2D in the spanwise direction. The effects of pin inclined angle were
investigated at 8=30°, 45°, 60°, 90°, 120°, 135°, and 150°. The temperature distributions on the heat transfer surface
were measured by using an infrared camera. Results for the case H/D=2 show that the V-shaped pin inclined angle
of 8=30°, 45°, 60°, 120°, and 135° could enhance heat transfer downstream of the pin row when compared to the
case of vertical pins with 8=90°. In the case where H/D=3.2, the heat transfer on the endwall surface with inclined
V-shaped pins was poorer than that with vertical pins with 8=90°. The pressure drops in cases where H/D=2 and
H/D=3.2 were reduced with mounting inclined V-shaped pins when compared to the case of vertical pins with

0=90°.
Key words: Inclined angle of V-shaped pin (8), heat transfer characteristics, thermal performance
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Figure 2 The inclined V-shaped pin model in the rectangular flow channel.
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Figure 3 Inclined V-shape pins at various installed angles and pin heights.
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Figure 4 Schematic diagram of the experimental apparatus.
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Figure 16 Friction factor vs. Reynolds number: Comparison between the best case of H/D=2 and H/D=3.2.
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ABSTRACT

This research aims to develop a time attendance web application (TAW) by using
identity verification with picture and location in private universities, as well as to study
personnel’s acceptance of the TAW. The population consisted of the Head of the Human
Resource department and 94 instructors in Phitsanulok University. Data were collected through
in-depth interviews and questionnaires, and were statistically analyzed using content analysis,
descriptive statistics, and comparable statistics. The developed web application took the form
of a responsive web, accessible on both computer and portable devices which was developed
with open-source web programing languages: PHP, Java script, and JQuery. It consisted of 3
main functions: identity verification through personnel pictures and geographical location for
sign-in and sign-out work attendance points, work-in record, and monthly work attendance
summary reports. Overall, the personnel showed a high level of satisfaction with the TAW
(x=4.46, SD=0.68) and also accepted it at a high level (x=4.08, SD=0.63). Personnel of different
sexes, ages, and position levels showed varying levels of acceptance of the TAW in both the

internal and supplemented factors, with statistical significance at .05.

Key words: acceptance, web application, time attendance, private university

INTRODUCTION

The changes in smart organization
and the effects of the pandemic Covid-19
situation have changed personnel’s ways of
working, shifting from traditional document-
based methods to the use of modern
technologies and touchless methods in
various public environments (Wibirama et
al., 2020). Specifically, in the routine duty
of personnel in most organizations, they
have to sign their names for daily attendance.
In the traditional process of the Human
Resource Department Phitsanulok Uiversity,
names are signed on documents. Therefore,
it is difficult to compile a monthly report
with useful information that can be used to
consider personnel’s salaries and monitor
their responsibilities within the organization
(Human Resource Department, 2022). This
is because most private universities focus on
hiring personnel who can work to justify
their salary. Implementing modern technology
for personnel signing will improve the
document process and enable effective
summarization into monthly work reports. It
can also immediately calculate and notify the
number of personal leave days for both
personnel and human resource officers.

Web application is an effective tool
that can widely support many services for
personnel in an organization. The web

application also delivers information and
services to users in other organizations in
order to build socialization and collaboration
(Yusufu et al., 2022). A The Time Attendance
Web application (Taw) is a form of web
application integrated with identity verification
using picture and location technique to
service time attendance for personnel
staying around the university area. Personnel
no longer need to queue up to sign their
names on a document.

On the contrary, they can sign their
names faster via this developed web
application. Moreover, in implementing new
technology in all organization, it often
suffers from the problem of narrow technology
usage among aged personnel who may often
encounter biophysical and psychosocial
changes that affect how they interact and
react to the adopted technologies (Kaufman
and Elder Jr, 2002; Moschis, 1992). This is
an important cause of failure for technologies
in private universities. Therefore, developing
an effective web application should be
simultaneously performed along with studying
and building personnel’s acceptance of the
web application. The Technology Acceptance
Model theory (TAM) was used to study the
personnel’s perception and attitude towards
the developed time attendance software in
external, internal, and supplemented factors.
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TAM posits that users will directly decide to
use technology by themselves based on their
individual intentions and behaviors after
perceiving technology’s usefulness, ease of
use, and user-friendliness (Natasia et al.,
2022). It is expected that this research and
innovation development will achieve the
goal of changing the university to a smart
university in the near future. It also creates
an effective innovation product that will be
widely used and accepted by personnel of all
ages.

MATERIALS AND METHODS

This research used the following
effective methodology and related resources
to achieve the research objectives.
1. Population

The population consisted of the head
of the Human Resource department and 94
instructors the Phitsanulok University.
2. Research method

The research methods were defined
according to the research objectives into 2
main parts as follows:

2.1 Developing the TAW

This stage was divided into 3 parts.

2.1.1 Surveying system

requirement from the head of Human Resource
department

An in-depth interview was
used with the head of Human Resource
department at Phitsanulok University to study
the problems of the traditional sign-on-
document system and to gather requirements
for the work signing system from officers.
Basic data were collected to be used for
designing and developing a better system
with web-based technology.

2.2.2  Developing and
implementing the TAW in a real working
process at Phitsanulok university

The developed web application
architecture was designed to integrate with
the main personal database to access each
personnel’s profile and permission in the
work signing process. The open-source
software - PHP, Java script, JQuey — was
chosen for developing this web application
and building the web user interfaces that
support adaptive display on devices with
different sizes, such as computers, laptops,
smartphones, and other portable devices,
using the responsive web techniques. After
the web application was completed, the web
application service was continuously implemented
and promoted to the 94 Phitsanulok university’s
instructors and officers via electronic media
and training.

TAW’s processing functions
can be explained by using a case diagram as follows.

Figure 1 Case diagram of TAW’s processing functions
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From Figure 1, TAW consists of 4
sub-processing functions: 1) identifying
personnel’s username and take a photo; 2)
verifying coordinates of time attendance
sign-in point; 3) recording sign-in and sign-
out of time attendance data into the database
management system (DBMS); and 4) displaying
summary report of personnel’s time attendance.
when verifying the coordinates and distance
from the university to the personnel’s sign-
in point, TAW will calculate the latitudes
and longitudes of the university and
personnel’s points to determine the distance
in kilometers. If some personnel’s distance
is more than one kilometer from the

personnel’s check-in <= 1 k.mn. from
university’ coordinates on Google map

TAW on portable devices

|

university’s coordinates on Google map,
the TAW system will setup a point on the
computer desktop or personnel’s mobile
devices. Then it will send a warning message
about incorrect sign-in or sign-out of time
attendance via the web user interface.

The TAW’s system architecture was
designed to connect with personnel’s account
database via APl service of the Human
Resource Management (HRM) department
operating on the university’s network
infrastructure for effective management of
personnel’s work attendance information as
follows:

Server A: TAW and DBMS
web server

Server B: Personnel DBMS and
API service

Head of HRM

Figure 2 TAW’s system architecture

From Figure 2, Server A of TAW
and DBMS receives requesting services
from personnel who signs in to work
attendance via their computer desktop or
mobile device within a limited radius area
on the internetwork. Then, the Server A
sends the personnel’s user login to Server
B of the API service to identify their
authentication. The Server B sends a
response indicating correct or incorrect user
authentication to approve and record

personnel’s time attendance data into
TAW’s DBMS. The head of HRM can
access TAW on Server A via the Internet
working as WAN (wide area network) to
summarize monthly reports and update
personnel’s profiles on the DBMS on Server B
through a local area network (LAN).

The TAW’s DBMS was designed
based on relational database concept and
presented by the entity relationship diagram
(E-R diagram) as follows.
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Figure 3 E-R diagram of TAW’s DBMS

From Figure 3, TAW’s DBMS consists
of 5 entities or data tables that track
personnel through their geographical
location (Personnellocation) for sign-in
time attendance in a limited radius area. The
personnel’s sign-in and sign-out date and time
data are checked in EducationalCallendar
and WorkingTime table to correctly store
data into TimeAttendance table. If the
system finds that the personnel signs in on

a holiday or before working hours, it will
send a warning message to them via a web
user interface.

To calculate the distance between
the personnel’s sign-in coordinates point
(mk1) and the university coordinates point
(mk2), a function was developed using
Javascript language to track both coordinates
and convert to units of kilometers (return d)
as follows:

function haversine_distance(mk1, mk2) {
var R =6371.0710; // Radius of the Earth in miles

var rlat] = mk1.position.lat() * (Math.PI/180); // Convert degrees to radians
var rlat2 = mk2.position.lat() * (Math.PI/180); // Convert degrees to radians
var difflat = rlat2-rlatl; // Radian difference (latitudes)

var

ifflon/2)));
return d;

}

var difflon = (mk?2.position.Ing()-mkl1 .position.Ing())
d =

* (Math.PI/180); // Radian difference (longitudes)
2 * R *

Math.asin(Math.sqrt(Math.sin(difflat/2)* Math.sin(difflat/2)+Math.cos(rlat1)*Math.cos(rlat2y*Math.sin(difflon/2)*Math.sin(d

Figure 4 Source code for converting coordinates to kilometers

2.2.3  Assessing  users’
satisfaction with the web application’s form
and performance

In the user training process,
the web application performance was
assessed with a questionnaire to gather
users’ feedback for use in editing and
developing a more effective system.

2.2 Studying personnel’s acceptance
of the web application

When the web application was used
in the period of 2 weeks, questionnaires
were used for studying the personnel’s
acceptance of the web application. Results
of this process will be a guideline to adjust
the servicing process and the web
application’s function form to specially
support the users’ needs, based on different
personal factors.
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3. Research instruments

The research instruments were in-
depth interviews and questionnaires for
collecting data that can be explained in
details according to the research objectives
as follows:

3.1 Developing the Taw

This step used the following 2
instruments for collecting data.

3.1.1 An in-depth interview
for studying problems of the traditional
sign-on-document and an officer’s requirements
for the work signing system.

It collected data in 2 parts: 1)
personal data of the sample, and 2) users’
opinions about the work signing processes,
based on 3 questions relating to work signing
regularities and documents, problems of the
traditional work signing system, and new
requirements for improving and developing
the web application to replace the document
method.

3.1.2 A questionnaire for
assessing users’ satisfaction of the web
application performance.

It collected data in 2 parts: 1)
personal data of the sample, and 2) users’
satisfaction with the web application based
on 3 aspects: function’s performance, user-
friendliness, and security.

3.2 Studying personnel’s acceptance
of the web application

A questionnaire was used to collect
data in 2 parts: 1) personal data of the
sample, and 2) personnel’s acceptance of
the web application for work signing in the
following 3 factors.

3.2.1 External factors, including
quality of the software, information service,
and building users’ motivation in using the
software (Chen and Tseng, 2012; Motaghian

et al., 2013; Sanchez and Hueros, 2010)

3.2.2 Internal factors, including
user’s anxiety, self-efficacy, perceived
usefulness and perceived ease of use,
intention to use, and learning styles

3.2.3 Supplemented factors,
including personal knowledge and skills,
speed of internet signal, and comfortable
internet assessing (Bhrommalee, 2011).

The preciseness of both questionnaires
(in topic 3.1.2 and 3.2) was assessed with
IOC values by three information management
specialists. It was found that all questions in
both questionnaires have 10C values
between 0.60 — 1.00, which meet the standard
quality criteria and can be used for collecting
data with samples in the next step.

4. Data collection

This research gathered data with in-
depth interviews to study the state of work
signing operations and problems from the
head of Human Resource department, and
questionnaires were used to study thelevel
of satisfaction and acceptance of the web
application from 94 instructors and officers
at Phitsanulok university.

5. Data analysis

5.1 The data from the in-depth interview,
which aimed to study the problems of the
traditional  sign-on-document and the
requirements of officers for the work
signing system, were analyzed with the
content analysis method.

5.2 The data from the questionnaire
for studying satisfaction and acceptance of
the web application were analyzed using
descriptive statistics for frequency, percentage,
mean, standard deviation, as well as
inferential statistics such as t-tests and f-tests
for comparison.

RESULTS AND DISCUSSION

Results of this research can be
showed as follows:

1. Results of developing and implementing
the TAW

1.1 Results of surveying system
requirement from the head of Human
Resource department.

The new web-based signing system
supported distancing in the Covid 19 pandemic
situation. It could manage queues in daily
work and reduce the risk of spreading the
Covid 19 infection (Sun et al., 2020). It could
also summarize reports necessary for
effectively considering personnel’s salaries
and disciplined penalties.The TAW applied a
responsive web technique design and selected
to use open-source web programing languages.
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It could support flexible access on both computers signing in within the limited area zone. It also
and portable devices, such as smartphones, reduced excessive and continuous budget
iPads, and tablets (Jiang et al., 2014) for (Chigwada, 2022).

Table 1 Results from survey of system requirement from the head of human resource department

Question

Results from interviewing

1. Problem states of the
traditional sign-on-document
system

- It was difficult to summarize the monthly signing report.

- Most personnel often forget to sign out from work time.

- The traditional document system could not immediately
notify personnel of their remaining number of leave days.

- Too much time was spent queuing to sign in, with a possible
risk of the Covid-19 infection from touching the document.

2. User’s requirements of the
work signing system.

- The system can print out summary reports for administrators’
decisions.

- The system can warn the personnel who forget to sign-in and
sign-out of work each day.

- The system can notify personnel of their leave day data.

- The system will allow personnel to sign name within a radius
of 1 kilometer in the university area.

3. Related documents and
rules of signing process
needed in developing the
system.

- The system must record ersonnel who come to work late after
09.00 a.m. or do not sign their name for work, marking them
as absentees.

- Personnel who are absent from work three times or more in a
month will receive a warning document from the Human
Resource department.

- Results of signing in for work will be used to consider
personnel rewards for adjusting their salary and position each
year.

1.2 Results of developing and It consisted of many functions that supported
implementing the TAW’s user interfaces the collection of users’ requirements, as

and functions.

shown in Table 1.

The web application was provided
on a public server at https://ojs.plu.ac.th/workio.

WorkD-PLU ssuuiuvinnainisvinnu

Figure 5 Enter the personnel’s username and take the photo
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From Figure 5, the personnel within
the radius of university area enter their
official usernames assigned by the university,
then take their photos for signing in and
validation by the system. In this process, the
system also verifies the coordinates of each
personnel as latitude and longitude of each

personnel for validating «ilu to validate their
sign-in points.

When the system detects an incorrect
sign-in point, it will immediately warn the
personnel and not allow them to sign-in for
work attendance, as shown in Figure 6.
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Figure 6 Verify and warn about out-of-radius signing

From Figure 6, the system detects
the personnel’s check-in distance between
the university location and the personnel
location. If it finds that they are over a

radius of 1 kilometer (personnel’s check-in
> 1 k.m.), it will send a warning to them via
the web user interface and record their
incorrect work attendance sign-in.
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Figure 7 Show private signing records
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their private time attendance report and
search by day, week, and month and they

715815398 ¥H1ING1ReNA 11 1ad51509naf5 %8 16(3) : 689-702 (2567) 697

can also sign out from this function.

The TAW’s user interfaces can use
responsive web techniques to display on
mobile devices as follows:

¢« Display Webcam Stream

NSE

From Figure 8, TAW’s user interfaces
support both computer desktops and mobile
devices, such as smartphones, tablets, and

WorkD-PLU szuuiiuvin

LANASVINYIU

yndoey e

Take Photo

Sign name I

O

O <

TRUEHS,| 0 8 A © &

<« WorkD-PLU 32uuiiuANLIaINIg...
cooldev.plu.ac.th

imnaIng 10022
un o Tung ansdns
Al : 01975 ARG
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date workin work Ameanwastn
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19/01/258658 09:36:28 Ll

18/04/2565 14.24.26 e
t
-

Figure 8 Display TAW’s user interfaces on mobile devices

iPads. They will build responsive frames
with HTML and CSS language.
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Figure 9 TAW’s Report function
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From Figure 9, the TAW’s report
function serves to identify search criteria
lists and print reports according to day,
month, personnel identity number, first
name, last name, and personnel’s department.

It supports printing on A4-size paper in both
vertical and horizontal orientations.

1.3 The results of assessing 94
users’ satisfaction of TAW’s performance
are resented in Table 2.

Table 2 Results of assessing users’ satisfaction with the web application

Assessment topic Satisfaction level Interpretation Ranking

X

SD

Function’ s performance aspect

1. The recording of the sign-in 4.82 0.65 Very high 1*

and sign-out times is accurate

according to the real clock.

2. The daily reporting name list 4.75 0.78 Very high 2

of personnel who are present or

absent from work is correct,

aiding in the decision-making

of the university’s executive

administrators.

3. The private signing statistics 4.20 0.74 High 3

data of each personnel are

correctly reported to support

future leave day plans.

Average of Function’ s 4.59 0.72 Very high 1

performance aspect

User-friendliness aspect

4. Proper categorization of the 4.32 0.58 High 1*

menu to access the

application’s functions

5. Insertion of data into the 4.15 0.61 High 3

application’s input form

6. Displaying and printing of 4.25 0.81 High 2

summary reports

Average of User-friendliness 4.24 0.67 High 3

Security aspect

7. Login to the personnel’s 4.52 0.54 Very high 2

private functions

8. Safe keeping of private 4.72 0.74 Very high 1*

personal information, such as

username,  password, and

telephone number

9. Accurate assignment of roles 441 0.65 High 3

for accessing private report data

to the correct users.

Average of Security 4.55 0.64 Very high 2
Overall average 4.46 0.68 High
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From Table 2, the overall satisfaction
level of personnel with the TAW is high
(x=4.46, SD=0.68). The level of users’
satisfaction can be ranked in descending
order according to the average satisfaction
score as follows: 1) Performance aspect is at
a very high level (x=4.59, SD=0.72). The
highest average is for recording the sign-in
and sign-out time is accurate 1w accurately

according to real clock. 2) User-friendliness

aspect is also at a very high level (x=4.55,
SD=0.64). The highest average is for the
proper categorization of the menu to access
the application’s functions. 3) security
aspect is at a high level (x=4.24, SD=0.67).
The highest average is for the safekeeping of
private personal information, such as username,
password, and telephone number.

2. Results from studying personnel’s
acceptance of TAW can be presented in Table 3.

Table 3 Level of personnel’s acceptance of the web application

Acceptance factors Acceptance level Interpretation  Ranking
X SD

External factors
1. Quality of the signing web 4.02 455 High 1*
application
2. Quality of problem-solving 3.95 .564 High 2
service about the signing web
application by the administrator
team
3. Motivation building in using 3.75 .955 High 3
the signing web application in
replace of the traditional
documentary signing system
Average of External factors 3.91 0.66 High 3
Internal factors
4. Elimination of user’s anxiety 3.78 .666 High 3
to use the signing web
application
5. Personal knowledge and skills 3.54 .666 High 4
in using the signing web
application
6. Perceived usefulness and ease 4.24 .766 High 2
of use for the signing web
application
7. Intention to use the signing 4.35 .654 High 1*
web application
Average of Internal factors 3.98 0.69 High 2
Supplemented factors
8. Speed of internet signal in the 4.45 .654 High 2
university area for accessing the
signing web application
9. Suitability of setting the 4.52 456 Very high 1*

signing system’s point where
personnel can access
comfortably
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Table 3 (Continuous)

Acceptance factors Acceptance level Interpretation  Ranking
X SD
10. Training personnel for use of 4.07 554 High 3

the signing system before using it
in the real work process

Average of Supplemented 4.35 0.55 High 1
factors
Overall average 4.08 0.63 High

From Table 3, the overall acceptance 3) External factors (x=3.91, SD=0.66) have
level of personnel toward TAW is high the highest average for the suitability of
(x=4.08, SD=0.63). The level of personnel’s setting the signing system’s point where
acceptance of the web application in all personnel can access comfortably.
aspects is high and can be sorted in descending The personnel’s acceptance of the
order according to the acceptance average as web application was also analyzed with
follows: 1) Supplemented factors (x=4.35, comparable statistics using t-tests and f-tests
SD=0.55) have the highest average for to test the research hypothesis that personnel
accepting the quality of the signing web with different basic data also have different
application. 2) Internal factors (x=3.98, levels of acceptance of the web application.
SD=0.69) have the highest average for the Results of the analysis are shown in Table 4.

intention to use the signing web application.

Table 4 Comparing personnel’s acceptance of the web application according to gender with t-test

Gender N X SD t df sig
Male 94 4.12 0.61 3.67 9 0.01*
Female 94 3.91 0.85
* Statistically significant at .05

From Table 4, personnel of different When considering each acceptance list, it
genders have different levels of acceptance was found that both male and female
of the TAW (sig = 0.01) with statistical personnel were different in the internal
significance. Male personnel have a higher factor aspect of eliminating user anxiety to
acceptance of the web application than use the TAW (sig=0.04).

female personnel (x = 4.12 > x =3.91).

Table 5 Comparing personnel’s acceptance of the web application according to other personal
factors with f-test

personal factors N X SD f sig
Age
Lower 30 years 94 4.15 0.58
30 — 39 years 94 4.12 0.51
40 — 49 years 94 4.09 0.74
50 — 59 years 94 3.75 0.84 3.12 0.03*
Equal to or more than 60 years 94 3.52 0.79
Education level
Bachelor degree 94 4.08 0.81
Master degree 94 4.15 0.75

Doctoral degree 94 4.05 0.76 2.54 0.15
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Table 5 (Continuous)
personal factors N X SD f sig
Position
Administrator 94 3.85 0.89
Teacher 94 4.01 0.68 3.25 0.03*
Officer 94 4.19 0.64
Number of experience years
Lower 5 years 94 4.15 0.65 2.65 0.06
5— 10 years 94 4.08 0.52
More 10 years 94 4.02 0.74
* Statistically significant at .05
From Table 5, personnel who are supplemented  factors, with statistical

different in age and position have different
levels of acceptance of the web application
with statistical significance at .05. Younger
personnel have higher acceptance of the web
application than older personnel (lower
age’s x = 4.15 to higher age’s x = 3.52).
When considering each acceptance factor, it
was found that younger and older personnel
were different in the internal factors of
eliminating user anxiety to use the signing
web application and personal knowledge and
skills in using the signing web application
(sig=0.03). The personnel who hold different
positions have different levels of acceptance
of the web application in the supplemented
factor of training personnel for use of the
signing system before using it in the real
work process (Aministrator’s x = 3.85,
Teacher’s x = 4.01, and Officer’s X = 4.19,
sig =0.03).

The developed web application
received high satisfaction in all aspects from
users because it was designed and developed
based on users’ requirements, documentary
reviews, and related technology surveys.
After the development was completed,
users’ technology skills were enhanced
through training that provided web
application knowledge in the form of a brief
infographic manual. These methods led to
high overall users’ acceptance of the web
application. When comparing personnel’s
acceptance of the web application according
to personal factors, it was found that
personnel who differ in gender, age, and
position have varying levels of acceptance of
the web application in both the internal and

significance. This is because most female
users often experience more anxiety when
starting to use the new signing system than
male users, as mentioned in the research by
Somporn Rungreangkulkij and Phunnapa
Kittirattanapaiboon (Rungreangkulkij and
Kittirattanapaiboon, 2021), which states that
most women suffer from depression and
anxiety more than men. Therefore, the
developer team should continuously provide
recommendations and monitor users with
different requirements and skills in order to
reduce their anxiety when transitioning to the
new technology.

CONCLUSION

The TAW developed with responsive
web application development consists of 3
main functions: identity verification by
picture and location, work-in record, and
monthly summary report. The proposed
TAW can reduce time spent managing work
attendance queues and support personnel in
checking their leave days. After the web
application was finished, the related TAW
usage knowledge was provided to the
personnel in the form of a brief infographic
manual and training to improve the
personnel’s technology skills and acceptance
of the TAW. To enhance the performance of
time attendance technological innovation in
the near future, image processing abilities
and deep learning techniques should be
applied to detect personnel’s faces instead of
typing usernames. Moreover, Internet-of-
things (loT) technology and medical sensors
can also be integrated into this software to
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measure personnel’s vital health signs and
assess their health states related to working
competency in future research.
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ABSTRACT

This research aims to: 1) design and develop a digital platform for local freshwater aquaculture businesses,

2) evaluate the digital platform for local freshwater aquaculture businesses based on mobile application standards,

and 3) assess user satisfaction. The sample group also included 20 local inland fishermen. The research tools were

the digital platform, the digital platform evaluation form based on mobile application standards, and a satisfaction

questionnaire. The statistics used in this research are average (JE ) and standard deviation (S.D.).The research

findings showed that: 1) the digital platform for local freshwater aquaculture businesses is divided into two parts:

front-end web applications and back-end web applications, 2) the level of digital platform evaluation results by five

experts is high (X= 4. 32, 5.D.=0.48), and 3) the level of user satisfaction with the digital platform is high (X=

4.40, S.D. =0.78).

Key words: digital technology, digital platform, freshwater aquaculture
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Evaluation Items X SD. Level
User Interface and Usability
1. The user interface is designed based on the User Interface 4.20 0.40 High
Guideline (UIG).
2. The user interface considers the user's ease of use, clarity, and  4.60 0.49 High
familiarity.
3. The application prioritizes screens with consideration of user  4.20 0.40 High
needs.
4. Application screens are clearly labeled. 4.40 0.49 High
5 The application uses native icons to convey standard operations  4.20 0.40 High
and functions.
6. Graphics images support all screen resolutions. 4.20 0.40 High
7. Buttons and tactile control elements are not too small. 4.40 0.49 High
8. Buttons and tactile control elements have been disabled under  4.20 0.40 High
certain conditions at that time and must still be visible on the screen,
but with a different color to indicate their status.
9. The size of the elements is calculated to fit the content without  4.00 0.63 High

unnecessary clipping.
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Table 1 (Continuous)

Evaluation Items X SD. Level

10. The rendering of images, text, and user interface elements is 4.40 0.49 High

rendered without aspect ratio distortion.

11. While loading data, there is a clear indicator of loading status. 4.40 0.49 High
12. If the server system fails, the application responds 4.40 0.80 High
appropriately.

13. Users can turn off notifications directly from within the app. 4.40 0.80 High
14. The application displays location information or various places  4.20 0.40 High

that can be contacted.

15. The application displays the address of the agency's website 4.20 0.40 High
(Website URL) and related service websites.

16. Website URL information is displayed clearly and can be 4.20 0.40 High
clicked to visit the website.

17. The form must be clearly labeled and this label should be 4.60 0.49 Highest
visible at all times.

18. Restricted fields have the proper keyboard display, e.g., 4.60 0.49 Highest
numeric data should display a numeric keyboard.

19.When the password is replaced with another character, there 4.40 0.49 High
must be a button that can show the hidden password for the user to

see and confirm.

20. Users cannot enter impossible data (e.g., cannot enter the year 4.40 0.49 High

of birth in the future).

User interface and usability evaluation results 4.33 0.49 High
Privacy
1. The content displayed in the application does not violate the 4.20 0.40 High

privacy laws of individuals.

2. The collection of information related to the user's privacy must 4.60 0.49 Highest
be done with the consent of the user.

3. The user's privacy data collection must be data related to the 4.20 0.40 High
work and use of the application only.

4. Users can delete or correct any personal information that is  4.40 0.49 High

inaccurate, incomplete, or out of date.
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Table 1 (Continuous)

Evaluation Items X SD. Level
5. Any changes to user rights, user privacy, or terms of use are  4.20 0.40 High
always clearly notified to users.
6. The application provides a means for contacting relevant parties  4.20 0.40 High
to inquire about or verify their rights and data usage related to their
privacy.
Privacy evaluation results 4.30 0.44 High
Overall Mean 4.32 0.48 High
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Table 2 Results of satisfaction evaluation from the sample group.

Evaluation Items X SD. Level
Function
1. Accuracy of display of local inland aquaculture businesses' 4.42 0.84 High
information.
2. Accuracy of display of freshwater animals' price information. 4.36 0.81 High
3. Accuracy of display of trading information. 4.40 0.80 High
4. Accuracy of display of fish market information. 4.41 0.69 High
5. Accuracy of overall display of information. 4.41 0.77 High
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Table 2 (Continuous)

Evaluation Items X SD. Level
Function test evaluation results 4.40 0.78 High
Usability
1. Clarity of the text displayed on the monitor. 4.39 0.70 High
2. Appropriate use of colors, characters, backgrounds, and 4.34 0.67 High
illustrations.
3. Appropriate placement of parts on the screen. 4.43 0.72 High
4. An appropriate amount of information is presented on the 4.49 0.64 High
screen.
5. Application command buttons clearly communicate their 4.42 0.66 High
purpose to the user.
6. Application processing speed. 4.36 0.76 High
7. Ease of use of the application. 4.42 0.73 High
Usability evaluation results 4.41 0.70 High
Overall Mean 4.40 0.74 High
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ABSTRACT

Using Thai herbs for treating is an alternative medicine that helps take care of people’s preliminary health
and relieves them from diseases and symptoms. This is an important topic that leads to operating this research aimed
at: 1) creating the ontology and the rules for searching the semantic Thai herb knowledge, 2) developing semantic
Thai herb knowledge mining, and 3) assessing the efficiency of extracting Thai herb semantic knowledge and
classifying the Thai herbs’ class. The Thai herb knowledge was collected from 100 websites to build an ontology
and extract the semantic knowledge using SWRL with natural language processing. The performance is measured
in extracting the semantic knowledge and predicting the classification of herb classes using the neural network
(NN), the support vector machine (SVM), the K-nearest neighbor (KNN), and the decision tree (DT). The results
show that Thai herb ontology was divided into 2 knowledge classes and comprised eight knowledge nodes. SWRL
rules were created to extract the knowledge structures identifying the herb data pattern in 3 types: Zingiber
montanum, Tiliacora triandra, and Andrographis paniculate. The ML processing on semantic Thai herb knowledge
mining consisted of 4 parts: 1) semantic processing on ontology, 2) extracting the knowledge mining, 3) creating
the Thai herb dataset, and 4) predicting the results using ML. The results of assessing the semantic Thai herb
knowledge retrieval performance using the ontology and the SWRL rules yielded an F-measure value of 94.8%.
The NN had the highest accuracy in predicting Thai herb classes at 90.0% and the KNN had the lowest accuracy at

82.2%.
Key words: knowledge mining, ontology, machine learning, Thai herb
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A 9 '
-1 D YBaNqu 2

. I o '
Fudumstimuanguihuueld svm
a g ' A Jd o v A a
Tagh SVM siugutluemifandumsandulen

usautauenan lins 'l dsaumsn 4
£ () = sign{Zp2, wiepr (i () + b} (4)

() = [01(x1), 92(x2), e, P (x,)]7 (5)

19 A

nqudoya x vindun1s 5 liawiso

] vy Y ' Y !
utaen lddreaumsiduasaunazgnuiaslog
Tugduvunaunsoldaunmaduasuniuenla

P S w 9 1
ToelHines anan ¥y (kemel function) AIAUMITN 6

K(x,x) = () (xx) (6)

& Jd o ) [ { H
o @) unu andudmsundasdoyan l
I a I { 1 a
dhugaduliiudoyanoglugiia

iduamnsousauen 1@

3 v A A

we  unu anhminidenToann feature

space hl‘ﬂg’ output space

B unu M 1B o4 (bias)

] 4 14

X, UNU Swnesannmes

Tagk =1,2,...,n,
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0 o ¢ ¢
ny UNUH NUIUFNWIIALINIADT

an Aq 9 Aa A A
Fnsnlslumsnuduniuanange fe
v

v v 9

MIINMFUVO (margin) THAVIFULLN D9

v
L

Y Y A o " Y
Uag ﬁ'ﬁWQLﬁuGU@UWﬁNWﬁﬂUﬂ']ﬂJE]Haﬁlu feature
1 q

& A 9 T Aa v
Space ‘Vlvlﬂﬁ‘ﬂq@ﬂ\?utl‘!!\ﬁuuﬂ@‘ﬂwl HUDUNIN

A 2K Y Vo Aaa ~ o 1
ngaveudunInanganazizona1KHUIN1g
v o Y A va A o
dudaveyanlnangasinnistiyyey i
Y s o A
“EFWNOTA 1INADS” (support vector) tHBI1N T
= [l 1 1 o Y Y
vunsaimsutenngu luamisoilagndes
4
Tageruysol
[ 3’, = Y = o % ) [
11U edealnsmvuaauilsdinsy
gonuMANUAANIA TaemsiuaLls & (slack

£4

variable) A4aUNITN 7 1A 8 A4l

Wix+b>y-— ﬁ,i Lﬁaﬁmuﬂlﬁ’y =1 (7

Wix+b<y+ &i demnualiy=-1 (8

ms19h 1 gadoyaad1aluaa Decision Tree

vnmsimuan &> 01 Tnseadves
o J J = @ J
FuwosannaesuuNFuDsIqIaglszaediu 2
' A A ' ] ~
daufemsiiuszezuiwenlduinigauazan

Y a 0 ybh A o 4
"U@Nﬂ‘l"lﬁ?ﬂiuﬂ?ﬁﬂ1u181ﬁﬁﬁ’lq@ ANTAUNITN 9
L. 1 2 N
Mmtmzze;llwll +cXi=i§; )

Tagh  y(WTo(x) +b)+& —1=0
£ >0,i=12.,N

2.3 K-Nearest Neighbor (KNN) 9 u

[ a R = 91::‘ T 9
@aﬂ@i%umimaugwﬂ.u%uqmu nwae

[

Usgansamdmiumsswundoyauazms iy

e E2D

[l
@ =2

NI KNN 98 A1 528z N9 lasd5gliuyy

gAAA (Sun ef al., 2009) AIAUNIN 10

D(p,q) =
\/(P1 —q)?*+ (2 — q2)* + -+ (P — qn)? (10)

2.4 Decision Tree (DT) 131504 UTUDYA

9 A ¥ A
voya HaznNszUIUMsUseulanaino a3 1Ml

Y o o &
mmg“luuwumwwwm ANU

Feature 1 Feature 2 Feature 3 Class
T T T Y
F F F N
T T F Y
F F T N

A 9 A v A Y .. X
NATNNN 1 'L"TTLITiﬂﬁ‘ﬂ\iﬂj;]"ll@Qlﬂﬂuqmﬂ1iﬁﬂﬁu1ﬂﬂjﬂiﬂlﬂﬁ Decision Tree ANU

[

R1 =1F (Feature 1 = T) AND (Feature 2 =T) THEN CLASS =Y

R2 =1IF (Feature 1 = T) AND (Feature 2 =F) THEN CLASS =N

R3 =IF (Feature 1 = F) AND (Feature 2 = F) THEN CLASS =N
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v I
MINTUADUMIANTUNIUI AU TIN50 YOIUAT DIV UNIDIN NI TRy Tns
9 Y
HnaueTuAUITNMTHAUINTZVIUNMT G ous e Tugaunufaau (Flowchart) Al

Create semantic Imowledge base | ___ ___ »! Ontology
1

Access semantic knowledge by rules
- Fmm———————

l i
--------- L et

1
Exmact data mimng by keywords ! 100 Related Thai herb

- 1 .
and meamngs i knowledge websites
1
]

Check similarity rate

extracted’ s data Zrado 0.7

Collect extracted data to array

of each class

}

Create semantc dataset

(Features and Classes)

|

Apply 4 ML Algerithms for 1NN SVM NN

classifying herb’s classes | and DT

MW 1 Flowchart ¥9In50ULMIAANTZUINMSISouivounsoauumilesnnuddannummedyulns Ine

NNINA 1 A1W1509TVIUATOULUIAA 1. a¥11%eouInTladlas s 1dsunsy
~ 9 A A 9 L, A ' 9 A
YDINTLUIUNITFTIUIVOUATOIUUMNBIAIING Protégé 113U IW0IAN MW ey Ing Ineiive

v 3
Wennuvmeayulng lno 18 4 duaou dail myiasny
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2. 45195 1UNIBIAIUKH YIS SWRL
dgmsunaralna d1u1e uazimzareles Tagly
Library Un 1151053 Protége Tumsoymiuanug

Y o

luoouInTad uanildanaanudayulns in
< ¢ A 2 o ¥ ]
100 30 lard natt luvuaeumsanannuioz 14
Name Matching Algorithm #enAtA Levenshtein
I A ] 1 1 @
Distance 11/ U3TN15IANIAIAIINAIIN UVDI 2
oA Taginnniuiusnvsznazdearinmsda
A o E Y
900 UNIN uazununonvszludondy au'ld
v
PnYIIMiieuTonud ULV (Po, 2020) 1Y
o g’/ 9 = Y F) o
11N9aed 2 YoanuulSeuineunualesnsa
Y . A o oA o o w A
AMUAAI > ratio 0.7 INOAALABNAITIAYHI O
Y < I A Y o A A
Yoanuuud lad nlanuadedurenaanse
L , .
doyainy 13 lunaiaais 9 vesoouInladaui
k2
GITRITN
3. a1 yAdoyalTIn11UN1Y (semantic
= 9 @
dataset) ¥91U52NOUAAUANYUY (feature) 1AL
amnualumsaunuddnny (value) vosuaay
AuANYUY
U 9 Y v [ a R = Y]
4. degadoyalinudanaInumsFoui
V0UAT09 (ML) 1410 Neural network, SVM, KNN
118z Decision tree 1ia 19 1un1IsMUAAAAAIADL
] Y Y
Tagioanoiiy ML N 4 1A 929nNAY
1 a o d' Y ~ 9 o
mmswesmelinszuIumsFouiuaziinung
nalszantmning aeil
gj.: 1 a 4
4.1 Neural network AR 1M15 1010105
hidden_layer sizes = (3,3), activation="relu’, optimizer =
‘adam’ Az IUsUANAOU TLAE 911U 500 50U
Y
4.2 SVM A4ATN19101a03
kernel='linear' 1AL A1TAINUATEOZYDV I UNIT
Suundoya (C=1.0)
g’; 1 a P
4.3 KNN 29115139195 9 k=3
v
v 1 a 4
4.4 Decision tree $INATNITIUINDI

criterion="entropy" {{fi¥ max_depth=3

3. msdszifiudszansmnlunmisadannudida
ANvIng sazdwundeyaayulnslng
uavuaeumsddivamii 2 du il

3.1 mydsziiulseansamlumsana
ANMUFITIANUHIY

I¥sdnyFinumueidudu1§an
pouInTad 1h 'l 1dana/Auandeyaayuing ny
3aiia laun lwa 6119 nazdingateles vu
Bulad 100 unas Felumsideneyulnglne 3

a

Y Y
yiia 1 lFlumsnaadevszansainluasail
4 < { g {9y o
iesniniuayulnsilundsnvesdszmasu
pg1auNIvate uazarnisoiw g lunis
e lsannuldna q 11 Helszsr9u
° < YA @ Y] A 9 a
ansnihesnnnui nana lavinmiesnnuis
Y
anunue 1l 1618 1uF3a1s25131 a1nruh
o Ay Y o 1 a a
wadnsn laumunamanlszanssn Iasuny
v 2o A A o )
gATUTIINTHAANT Aall A An S1uuToya
ayu'lnshavdulduazgndesaiuaruaule B
A o 9 e Y
e Sudeyaayu Inshgndesmuanuanuls
W Ay A o P e
ua lugn@udu uag C o Sruudoyaayulnsi
duau'ld ualigndesainaiiuanle (Miao and
Y Y
Zhu, 2021) MINUUHIAIAN 9 tHa1H WIAIUINH
[ A (3 9
1A o ieagUwaguamlumsananiuilu 3

@

a1 A9

=le

3.1.1 AN UET (Precision)
A9 N1srIAIANNLNUEIve Tutaa Tagniinig

NI MENNAZAE AANNITN 11
Precision = A/(A+C) x 100 an

1 =3 A
3.1.2A1A71052an (Recall) 1D
msiamnnugnasavedluma Taeiimsiansan

wenNazAE AdaunIsN 12

Recall = A/(A+B) x 100 12)
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3131095102 1MQNABI U
NINI Y (F-measure) A0 ANAINITDIUNT
1118999 1UIARIINNITINAUAT Precision 1A

Recall a9aumsi 13

F-measure = 2 x (Precision x Recall)

/ (Precision + Recall) (13)

3.2 msdsemulseansanlumsiiue
4 o 4
osmuntoayulng
VINToYAAUANYULIFIAIIUHUIGAIN
o v A o o A
nauelude 2 mohuenaamaouiodyulng
v ~ 9 A o
Ad8N13iTeu3veAUATY Tagiinianaaouly 4
8ano3ny 1aun Neural Network, SVM, KNN 1@
Decision Tree 198RS UIUMTHATBULAENAT O

Y o 9as " Y
anugndedlumsiie Taglgisnisuiivioya

o

I
r

awl: Thing

&= Procass I |+ Harb I»~|" Saarching I lf

Diseasa }— -Ir UsafulCompaonant J l Proparty I

(Split Test) lugasi 70:30 (Pongsanguan et al.,
2018; Ibrahim, 2022) 91nA08 19 Toya luiioq
ya A g I 4 ' °
anuinduauuudnlad 100 uvas S1uau

9

NAMUA 300 A39619 910 3 aanamaey laun Ina

(Zingiber montanum) 81114 (Tiliacora triandra) {Lag
. . Y

Wnzarelas (Andrographis paniculata) Tag'la

doyanldlnaou 14 210 Ar0619 nazdoya

9
NATOUTIUIU 90 #0819 MINUUINNMTIAAIAIY
Y o 91 Y
9nAeIveIuuTIaedlaslEeA1nugNAoIue
9

UD3a (Accuracy)

au a J
WHAN13IIVYLAZIVTIIUNA

v ~ Ay v
1. m3adseeulnlaguaznglumsavauniiug

o
Fannumansayulns lng

+

Symptom

a ) a Ay ¥ a
HNINN 2 ﬁeTl«lﬂ']’lilg@@ui‘ﬂIaflcluﬂ'liﬁﬂﬂuﬂ'J’liJEL"]f\iﬂ'J’]jJﬂiJ’lﬂﬁ?aluUlW§

= ¥ =
AU 2g1unugesuInlaglunis

a [ 2

duduanudiFeaanumueayu Ins uiailu 2 9
v
A3 uaziinarannuisiuiunaue 8 aadd
1/52A9VAIY 1) AAE Process 0FU8NEINVITAT
dysayulusivel¥lumsthiasnuilsn 2) aana
Herb 85110:08701U51802100A019 9 vosayu Tws
] 4' Y A 4'

U Yoayulniiosdou Foayulninig
a 14 dy A o a [ 4
Inermans wun q wu Aesuiteglanyalves

ayulns uazdsmyouToa lddanmaroayulng

<3| . aa
1fludu 3)Aa1d Searching 59UTINADATUNS
Y 9 a 1 9 1
Aumvoyadyu Insyiiad1e q andldauriu
Google Search engine 1o 193zyn1ud vy luns
v Y 1 a 9y o Y v Y
anatoyamIuNgNaeAndoInuANNABINIITTUS
Wo1aveer 19911 4) AL Discase 11aZ Symptom
a 4 o a )
asueneIny Isanazeinmsnamnsa ldayulng
haiasnula iy Tsadgndla Tsannudulatia
A ° < Y
ge uazomsideanual lva Wudu 5)aard

UseFulComponent 851181080 Ud U szno e
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{ P o
ayulwsnldlse Tomilumsinu Isanazeims
@19 9 14 (Chamnongsri, 2019) 134 611U193)
[ Id
assnpalumsinu lsndgnd la udu uazlu
1 1 H o
aruvesaulszneunldlsz Toanild aziing
g 1u grunlalsgnovvesly nazsin
annsoi 1l geeayung 18 uaz 6) naa
Property 93 U10INEINUHTINAMLAZNATIUAB
a J d' 9 Y = [
yosayu Insyiiaaie o Ngldnasdesdnuinou
ms 14
9 aA o g =
Taseaigeou InlagNwmuvy YA
k) v 9 = aw
goanaedny Insaasiveau Inlagluaruiveved
. Aq 9 A o A
Chamnongsri (2019) AldaNuMIeNeIN V¥ e
A 4 a 4
ayulwsiosdu FonwImermans assnaw uaz
' $ o o
arulszneunldlsz ol lumssnuilsauas
1 v 1 = 1 z:' a o
21m3919 9 18 uaaziANULANA19nTINUITY

Y 2 a 9 Y A a
Gl‘Llﬂi\iu ‘JJmiﬁiWQﬂa1ﬁﬂ’J1unguL@u1uﬂ1i

Aaa Y Y Jq 9
srsawdnamssumidoyaayuinsoingld
A q 9 o ¥ A <
meldszuuansadnannuinnmiesuiy

oA ' ¥ y

(Web Mining) NA0UAUDIADANUADINITVOIR 1
k4

vunuguvosmazuuuautonlumsdudu

1azUITIVDI Tungkwampian et al. (2015) 14

' 4 '
a3171 msdszgnaldeoulnlad azsr032y
o o J a 1 a
ANNFURUS lFInNuRIesenIanuIaaly

=

Tatnuaaiuivesayulusine laedg1adl

D.

a a o & AR v a
Uszansnm daiueonInlad Jainiluuuifan
Hanruzanediegalunisiiun ldwaun

A A o A yd 4 9 o
IATedNRANA HIBYAIzANNINNEITeI U Ty
FnnurmeNognizaieluratounasioya

100NN 2 @saaing SWRL e
e Tnseadeanuideanummeayulng Ine

Yo

Y
vueauInlad Idaail

Herb(?h) » UsefulComponent(?c)  Process(?pc) » Interdict(?ir ) » HasComp(?h, ?¢)
A IsProceeded(?c, ?pc) ~ Interdict(?h, ?ir) A
Disease_name(?h, ?ds) » Symptom_name(?h, ?st) »

RecommendedQuantity(?h, ?rq) -> sqwrl:select(?h, ?¢, ?pc, ?ir, 2ds, ?st, 2rq) * sqwrl:orderBy(?¢)

MW 3 ng) SWRL iedaInseadeanudidannummedyulns Ine

a Y= v
1NN NN 3 1y SWRL 1Faglasaai1
9 =y d' 1 1
guanuiesuInlatieszyayulnsuaas
HalassngaazIsMaInlsznauai o
¢ ¥ . v oA :
Talgaldalse Tomd amimiwadnin lddeoen
< 3 ¢ L) s ,
Wudluldd csv vndudalddidrignas
Uszwranarioanana1ud lumilesaiudida
Y 9 Y o
Anwne a3 1egadoya vazld ML Tumsvinng
o 2 and g 2 <
Haant awiuaouIsnas a3 luduaeui 2 Ta

a v Yo &
ﬁ1ﬂ15ﬂﬂﬁﬂ161ﬂiﬂﬁﬁﬁﬂ§] SWRL U],ﬂﬂﬂu

1. Herb(?h) ~ UsefulComponent(?c) *
Process(?pc) ~ Interdict(?ir ) Ao n1sllsgniadn
uals 2hiierdndedoyadyung 2ciodiis
9 1 A o Y
doyadiuilsznovvesayu lnsiiiu 14

4 4 a
Usg Tomi opc iinordnadoyaismsdyeayulns

LAy = oy Y
waz 2ir odsdeyanadiufssvesayylns

2. HasComp(?h, %¢) A® N15HIU

Anurne ayulnsuaazsiialidaulsznoun

11915z Temi 1duanaranueon i



726 215815398 ¥HING1aeNA 11 1ad519519naf3 2% 16(3) : 716-733 (2567)

3 . IsProceeded(?c, ?pc) A9 NITHEY

1 1 § o 4

anunue arudszasuniiunlelse Tead

Aam A o Y o o @

vosayulns T3smsdguiesinnldihiasnu
T5A118201M5A199

4. Interdict (?h, %ir) Ao A1THEY

1 1 a A 9 = d'

ANKNIe dyulnsuaazsiialinadiufedh

Alimssziaszislumsly

5. Disease_name(?h,?ds)"Symptom_name

(?h, ?st) Ao MsULWANNNLIEN dyu Insuaag

a Yo v o 1 Y

¥iig ausalginiasnulsauaze1nisans 1a
uanaueon 1

6. RecommendedQuantity(?h, ?rq) Ao M3

Hewanunued ayulnsudazsiagnozgn

o 2 Y A o 1 @
uuzmﬂsmmmﬂﬂmsamﬂs:wmimmamu

v a d' [ d' 1 Y =) | 1
uaz”lumamumu LW@UlﬂJGlWﬁ\?NﬁLﬁEJﬁﬂiNﬂ'lﬂ

7. sqwrl:select(?h, ?¢c, ?pc, ?ir, ?ds, ?st, rq)
o oA
~ sqwrl:orderBy(%c) Ao MITUAAINAGNT N 1A91N
Y J 9 Y
MIoRIUAIENAIALIzNoDYD 1-6 AULY
a g v A
Tagvzuaasvoyaluilasaisg laun Foayulng
drutlsgnou 15159 watrudes Tsauaze1ns
° o A o a Y A
pagduuzduneInulsuianislanse
@ 1 [ v I
Fudsgmiulunaazdu Tagszudainaansiiog
ANQV (orderBy) voaaulsznouvoayu Ins
2. MIIWAINSZDIUMSISauZveunI0aun
A Y a
eI MFIFsnnuvmealnglng
v
anunsoiiaueTuaeuITMIUszurana

Y
ﬁ}’wﬂﬂﬂiﬁlﬂ (Pseudo code) Al
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Ontology = herb.owl
Rule = SWRL command
WordsfromWeb = words on 100 herb knowledge websites
Keywords = SemanticProcess(Ontology, Rule)
Features, Value= KnowledgeMiningProcess(Keywords, WordsfromWeb )
HerbDataset = CreateDataset(Features, Value)
HerbdatasetTrain, HerbdatasetTest = TrainTest_Split(HerbDataset, 70, 30)
ML (HerbdatasetTrain, HerbdatasetTest)
SemanticProcess(Ontology, Rule):

Results = Rule -> Ontology

For Keyword in Results :

i+=1
Keywords[i] = Keyword

Return Keywords
KnowledgeMiningProcess(Keywords, WordsfromWeb_TH) :

WordsfromWeb = Eng(WordsfromWeb_TH)

Sim = LVDistanct(Keywords, WordsfromWeb)

if(Sim>=0.7) then

Features = WordsfromWeb

Value = count(Features)

Return Features, Value
CreateDataset(Features, Value) :

HerbDataset <- Add(Features, Value)

Return HerbDataset

TrainTest_Split(HerbDataset, TrainingProportion, TestingProportion) :

Train, Test = train_test_split (HerbDataset, TrainingProportion, TestingProportion)

Return Train, Test
ML(Train, Test) :
NN(Train, Test)
SVM(Train, Test)
KNN(Train, Test)

DT(Train, Test)

MW 4 Pseudo code NFZUIUMSTOUVDUATDIUWMTBIAIWSIFBaRNUnMBEYY TNns Ing

727
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{ ' J v
310N INT 4 Pseudo code HLIWINTUNT
<3| ! v J
szuranaoonilu 4 au sl
. o ¥ A 9
1. Semantic process 111N U5 190
SWRL datioyaaineou InTad tie 1% ladddny
1INAITAIVSITINIUNNIE FITUIT0UD
Polenghi ef al. (2022) 141905 SWRL A udiunis
[ A v =y Y 4
o luanueouInlaslunisIniguavo e
ANUIFIANUNNIE 1UIToUDI Aldana Martin ef
[ Y 4
al. (2022) 1814 SWRL lunisszyanudunus
1 1 Y d’ Y a d'
JTHINUAazAAIAANNT e 1hinansiren To
o a 4 P v
aung lUdwmanawinvesesannuinaula’ld
0619052 ANTNIN 1Az UITIUO I Ruger ef al.
yq 9 o [ Y
(2022) 18190181 SWRL dmsumsadangnis
a A A = Y a
pyIuHUDTIReu lu 1ioAInuIBIANUHNIY
I o o
TuesuInla® naaududiuuziiiaiuns
THusnsdeyaiudsearnTawunuingld
Y Y
aulvldedagndowazanoungy
2. Knowledge mining process 11 W lu
v 1 o o o d‘ o IS} 1
Masumadiany toiuulFeumeuaiaiiy
4 L) A T <} 4
adrenvdenuioguuIn ladayulns Ine
[ 1 9 9 1 ]
9119 100 1riad Tagdoya/TonIWAIN 9] ISR
d v g
Tuasunisuladoyavinaivrineriu
N . 4
muoangunoulaelylausia Python googletrans
ugimsaaveanululszTealasldlausia
4 o 9 o~ a
Python WordsegmentLW’E]‘LJHIE)H@?JWHJEEJUH]EJ’U
A21UARIUAY ATULUIAA Levenshtein distance
& a 9 Ao Y (R .
NUURONIDANUNNANADIIUINNIIAT ratio
0.7 advgudnyue taziIvuAfA1vea
AUANEUE (value) TAINITHUAMANY UL
o o w A s P 3 A &
i) o Tuesaanui v ladans o
ADANADINUNUITEVDI Ghosh ez al. (2022) 1A 1%
9ane3 N Levenshtein distance TumMsanasering
9 AN o Yy o o LA
2 99AUNLONT1A1NAR19A U TUTZAY ratio N

Mviualy

3. Create Dataset 198 feature 1AE value
Ay A v ' P ' A
NINMITUANIMTRITOY (U 2) gRaINID
afreyadoyaayu Ins sndredrusu maasega
9 A 9 o L.
doyavinmiiesnnusinernunaidlna (Zingiber
montanum) HAMURNIBININUNITHATINAD
[y A o 9 Y
$aviro1nistasadnarlva Tasldinda
(Rhizome/Rhizomes) ¥1%1015@ 3 (Boil) a1 a
1u81114 (Tiliacora triandra) 191U 13 1A W1 ®
$n¥191M13 13A9GND 1e (Chickenpox) aznala
hnzaielas (Andrographis paniculata) LGASTRIG
X [ I % [
duiivesnureim iy lddrdou (Flu) Taelunas
1 a o 9 1A
Fudszn1uay 7 T (BatDays) waz 19 laiiAu 2
<3 " W
19U (EatTablets)
4. Machine learning (ML) ¥1m3t111a903a
A Y] =
welglunszurunsindgouuasnagounI Y
gnaealunsihuneg 1udas1 70:30 (Pongsanguan
Y
et al., 2018; Tbrahim, 2022) 31nuuaslivanesnuy
Neural network, SVM, KNN 1La1¢ Decision tree 1o
szyianauaznaaeuilszanian natilunis
4 a a
Uszgnaldimatiamilosdoyaizaniuvuie
' M ° v Y ~ 9 A
FAIAUMITIIIHAANTAIIMTITIUTVOUATBY
Y
Tuauideil asaadeszuunsuuzin
A o o w )
ayulws Inerieiiiasnyienis Tsnuudoya
uuu'13 Taseadieldedatialszansain Taed
ANMUADANADIAVIIUITEVD Prompukdee ef al.
1 o a o
2017) Aldhmatiamilesdoyaulszgnd 141u
o [ Iy
msunndunulne Tasanagadoyanisiny
OX] - ' o 9 ]
p1IM3vefieiuanaeany uagldnmsduning
ms¥ouTeoe el ldas1auvuiianadae
@ Aa K ~ 9 A .
9003 NUNITI38UFV0AT0I (ML : Machine
learning) 10 15T umshnadssunuaz iangu
v gy & A& o v
doyanaui natansardudusInsaaiiaya
9 A v v ° o A Y a
doyanasielaninmsianamiosnuiz

U

anuvanedyu Ins lng aasiei 2
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maei 2 gadoyanana lannmilosnnudayunslng

Rhizom Rhizome Boi Noseblee lea Chickenpo EatDay EatTablet fl

e s 1 d f X s s u class
Zingiber
4 1 1 1 0 0 0 0 0 montanum
Tiliacora
0 0 3 2 0 1 0 0 0 triandra
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ABSTRACT

The contamination of Escherichia coli 0157 and non-O157 groups in foods has been
reported to cause sporadic cases and outbreaks, resulting in significant economic and social
losses worldwide. In this study, the prevalence of E. coli 026, 0104, 0111, and O157 in retail
beef samples from either domestic Thai or imported Malaysian sources was investigated and
their amounts were quantified using the MPN-PCR approach. Of the 102 samples, E. coli 026,
0104, 0111, and 0157, were found in beef at rates of 57%, 6%, 0%, and 17%, respectively,
with serotype 026 showing the highest contamination rate among the sample (P-value < 0.05).
Among the positive samples investigated, the lowest MPN/g value were less than 3 for all
serotypes, while the highest MPN/g values of E. coli 026, 0104, 0111, and O157, were 75,
93, < 3, and 27, respectively. Immuno-magnetic separation technique was also employed to
confirm the lack of E. coli O111 in beef. The high level of E. coli O157 and non-O157
contamination in beef observed in this study are thought to pose health risks to consumers,

making the finding crucial from a public health standpoint.

Key words: meat, Shiga toxin, Escherichia coli, contamination, 0157, MPN-PCR

INTRODUCTION

Diarrheagenic  Escherichia coli
(DEC) play a role as causative agents of
gastrointestinal illnesses around the world.
A report on global child mortality demonstrates
that diarrhea was responsible for 9.9% of
7.6 million deaths among children aged 1-59
months in 2010 and the situation in Southeast
Asia follows a similar pattern (Liu et al., 2012).

Among the 6 DEC pathotypes,
enterohaemorrhagic E. coli (EHEC) exhibits
the most devastating ability to human cells
since it is capable of producing the principal
virulence factor called Shiga toxin (Stx)
(Nataro and Kaper, 1998). EHEC may
contain Stx1 or Stx2 or both. Once Stx
enters the human blood circulation, it binds
to a receptor on renal cells called
globotriaosylceramide (Gb3) (de Sablet et
al., 2008) and internalizes into the cell. Stx
then causes the elimination of an adenine
residue from 28S ribosomal RNA, resulting
in inhibition of protein biosynthesis and cell
death (Nataro and Kaper, 1998).

The most important EHEC serotype
causing food poisoning outbreaks worldwide
is EHEC 0O157:H7 (Themphachana et al.,
2014). The carriers for this O157 serotype
are commonly meats, especially beef, since
the natural reservoir host of this bacterial
species is cattle. Massive outbreaks of this
agent are reported from both eastern and

western hemispheres (Michino et al., 1999;
Riley et al., 1983). Nevertheless, EHEC in
the non-O157 group has lately been
considered important and has gradually
attracted attention from researchers all
around the world. Among the EHEC non-
0157 group, EHEC serotype 026 constitutes
the most common serotype causing
haemorrhagic colitis (HC) and hemolytic
uremic syndrome (HUS) in Europe
(European Food Safety Authority (EFSA),
2007; Bugarel et al., 2011). Moreover,
many outbreaks caused by E. coli 026 have
been reported (Ethelberg et al., 2009;
Brown et al., 2012). While EHEC 026 is
the most common in Europe, EHEC O111,
carrying at least one stx gene, is one of the
most common cause of HC and HUS in
United States (Brooks et al., 2005). Furthermore,
it also causes diseases in Europe (Karch et
al., 1999), Australia (Paton et al., 1996),
and Asia (Jeon et al., 2006). In the past
decade, Shiga toxin-producing E. coli 0104
has exhibited a striking capability for
causing sporadic infections and outbreaks
worldwide, especially the latter that led to
the largest outbreak in Germany in 2011.
This outbreak resulted in 3,816 cases of
gastroenteritis, 845 cases of HUS, and 54
deaths (Frank et al., 2011). Thus, these data
indicate that E. coli in the non-O157 group
should be a greater concern.



736 NM3E15398 YHINGaeNA 11 1ad51UIAAATITY 16(3) : 734-742 (2567)

Southern Thailand shares a partial
border with Malaysia, and food products,
especially beef, are imported from Malaysia
to Thailand through this border due to high
consumer demand. However, it is not
clearly understood how much E. coli 0157
and non-O157 are imported through the
import process. To investigate this possibility,
we aimed to estimate the prevalence and
quantify the natural contamination of E. coli
026, 0104, 0111, and O157 in Thai and
imported Malaysian beef sold in retail
markets in Southern Thailand using MPN-
PCR. This information is beneficial for the
risk assessment of food-borne outbreaks
caused by E. coli in both O157 and non-
0157 groups in southern Thailand.

MATERIALS AND METHODS
1. Sample collection

To obtain data on the prevalence and
quantity of E. coli 026, 0104, 0111, and
0157 in beef, a total of 102 beef samples
were collected from eight open markets
throughout Hat-Yai city, Songkhla, Thailand.
The beef samples were kept at room
temperature and processed and analyzed
within 2 hours after collection.

2. MPN-PCR-based quantification of E.
coli 026, 0104, O111, and 0157
MPN-PCR was performed as
described previously (Phetkhajorn et al.,
2014) with slight modifications. Briefly, a
25 g of beef was homogenized with 225 ml
of tryptic soy broth (TSB) (Becton
Dickinson, Sparks, MD). The liquid portion
was used to perform the three-tube MPN
method, 10-fold, 100-fold, and 1,000-fold
dilutions. One ml of the aliquot from each
dilution was transferred into triplicate MPN
tubes, and then incubated at 37°C for 18
hours. One ml of culture from the turbid
tube was then subjected to PCR template
preparation using the boiling method. The
boiled bacterial culture was immersed on
ice for 10 minutes prior to be centrifuged at
11,000 x g for 5 minutes. A ten-fold dilution
of the boiled supernatant in sterile deionized
water was prepared and used as the PCR

template. Four O-serotype-specific gene
targets, wzx-wzyozs, rfboios, rfboi11, and
rfbois7, were investigated by singleplex
PCR (GoTag Flexi system, Promega, USA)
(Figure 1). The oligonucleotide primers
used for amplifications and their annealing
temperatures are shown in Table 1. PCR
amplification was performed in a 25 ul
reaction mixture comprising 1X GoTaq
Flexi Green buffer, 3.0 mM MgCl, 0.1 mM
dNTPs, 0.4 uM of each primer pair, 0.5 unit
of GoTaq DNA polymerase, and 2 ul of
DNA template. The thermocycling
condition (conducted in a T100™ Thermal
Cycler, Bio-Rad, Hercules, CA, USA) was
as follows: 95°C for 3 minutes, followed by
35 cycles of 94°C for 1 minute, 50°C for 1
minute, and 72°C for 1 minute, with a final
step at 72°C for 5 minutes. The amplicons
were analyzed using 1.0 % agarose gel
electrophoresis, stained with ethidium
bromide, and images were captured using
the WSE-5200 Printpraph 2M gel imaging
system (ATTO Corp., Tokyo, Japan). E.
coli 026 strain PSU192, 0104 strain
PSU237, O111 strain PE-27, and 0157
strain PSU120 were used as positive strains
for amplification of wzx-wzyozs, rfboios,
rfbo111, and rfbois7 genes, respectively.

3. Isolation of E. coli O111 from beef by
immunomagnetic separation (IMS)
method

The investigation of E. coli 0111
was further carried out in 86 beef samples
using an IMS procedure as previously
described (Sirikaew et al., 2015). In brief,
50 g of raw beef were mixed with 450 ml of
TSB (Becton Dickinson) in a sterile plastic
bag, homogenized for 1 minute in a
Stomacher CIR-400 machine (Seward,
UK), and the supernatant was obtained by
aseptically rinsing it into a sterile bottle.
The supernatant was incubated at 37°C for
6 hours, and then 1 ml aliquot was mixed
with anti O111 antibody-coated magnetic
beads (Dynabeads, Invitrogen, USA) and
incubated at room temperature with
occasional gentle inversion of the tube for
30 minutes. The immunomagnetic beads
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(IMB) were washed with 500 pl phosphate
buffered saline, pH 7.4 (PBS), and isolated
using a magnetic concentrator following the
manufacturer’s instructions. IMB was then
streaked on eosin methylene blue (EMB)
agar (Becton Dickinson). The plate was
incubated at 37°C for 18 hours. Fifteen
green metallic sheen colonies from each
sample were selected for genome extraction
and investigated for the presence of E. coli
0111 by PCR. Amplicons were analyzed as
mentioned above.

4. Statistical analysis

The data were analyzed using SPSS
for Windows software, version 11.0 (SPSS,
Chicago, IL, USA). One-way Analyses of
Variance (ANOVA) was used to compare
the significant differences in positive results
among the four O serotypes. The level of
significance was set at a P-value < 0.05.

RESULTS AND DISCUSSION
1. Prevalence of E. coli 026, 0104, O111,
and O157 in beef

To examine the prevalence of these
four serotypes of E. coli in retail beef, the
MPN-PCR approach was employed for the
investigation. Out of 102 samples tested, E.
coli 026, 0104, O111, and O157 were
found in beef with contamination rates of 58
samples (57%), 6 samples (6%), 0 sample
(0%), and 17 samples (17%), respectively
(Table 2). E. coli 026 showed the highest
contamination rate in beef (P-value < 0.05).
The relatively high contamination rates of
E. coli 026, 0104, and O157 in this present
study are concerning, as these pathogens
can cause severe illness with a low
infectious dose; as few as 100 cells can lead
to the disease (Nataro and Kaper, 1998). Of
particular concern is serotype 0157, which
is frequently associated with food-borne
outbreaks worldwide. In this present study,
we demonstrate that E. coli 026, 0104, and
0157 indeed exist in beef samples, whether
domestic or imported. This information is
consistent with previous studies conducted
in the same geographical area. Sirikaew et
al. (2015) investigated the presence of E.

coli O26 using the IMS approach and found
that 6 out of 55 beef samples (11%)
contained the target bacteria. Although
those 026 strains did not carry stx genes, 5
strains from beef habored escV, a gene
component in the type I1l secretion system,
which is a dangerous virulent factor
threating humans. Moreover, Wameadesa et
al. (2017) explored E. coli 0104 from Thai
and Malaysian beef. They successfully
obtained 31 isolates of E. coli 0104 from 12
beef samples (16% from Thai beef and 23%
from imported Malaysian beef). Most of
them carried virulence genes and were
resistant to some antimicrobial agents.
Additionally, some were extended-spectrum
beta lactamase (ESBL)-producing E. coli,
which can exacerbate infections in patients.
More importantly, the possibility of trans-
border transfer of E. coli O104 from
Malaysian to Thailand was uncovered. This
raises concerns about the potential transfer
of other dangerous pathogens, posing health
risk to people in southern Thailand.

2. MPN-PCR-based quantification of E.
coli 026, 0104, 0111, and 0157

Within the positive samples observed
(58 samples of 026; 6 samples of 0104; 17
samples of 0157), the lowest MPN/g value
were less than 3 for all serotypes, while the
highest MPN/g values for E. coli 026,
0104, 0111, and O157 were 75, 93, < 3,
and 27, respectively (Table 2). This range of
E. coli contamination rates is considered
relatively high and could pose health risks
to the consumers. Focusing on each O
serotype, it was revealed that the bacterial
contamination rate (percentage of positive
sample detected) in Malaysian beef was
higher than in Thai beef. Conversely, the
highest MPN/g values in Thai beef were
higher than those in Malaysian beef across
all groups (Table 2). These results suggested
that although all 4 serotypes were present in
lower amounts in Malaysian beef, they were
more widespread. MPN-PCR is derived
from the combination of conventional MPN
approach and polymerase chain reaction
(PCR) to assess the quantity of target
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microorganism in the samples. This method
is widely known to be accurate, sensitive,
and specific. While conventional MPN
requires 4-6 days to complete the processes,
MPN-PCR takes only one day (Mantynen et
al., 1997; Picozzi et al., 2004). Phetkhajorn
et al. (2014) employed MPN-PCR to
investigate the presence of est- and elt-
carrying enterotoxigenic E. coli (ETEC) in
meat from southern Thailand and found that
ETEC contamination in poultry was
significantly higher than in other types of
meat. Furthermore, Shiga toxin-producing
E. coli (STEC) and enterohaemorrhagic E.
coli (EHEC) were detected in beef using
MPN-PCR (Sirikaew et al., 2016). This
study not only benefits the people in that
area but also activates surveillance for
entero-pathogens throughout the country.

3. Investigation of E. coli O111 from beef
by IMS method

Due to the absence of E. coli 0111
contamination in both Thai and Malaysian
beefs as detected by MPN-PCR, concrete
confirmation of the lack of E. coli O111 in
beef from southern Thailand was further
investigated using IMS. A total of 1,141
green metallic sheen colonies on EMB agar
from 86 beef samples (68 from local Thai
beef and 18 from Malaysian beef) were
examined. It was shown that none of them
possessed the rfbo111 gene, suggesting that
they did not belong to the O111 group. This
result of the absence of O111 was consistent
with the MPN-PCR results, which showed

an 0111 value less than 3 MPN/g (Table 2).
Immuno-magnetic beads specific to the
somatic O antigen of the bacterial cell wall
have been clearly demonstrated to increase
the isolation efficiency of target bacteria by
up to 100-fold (Chapman et al., 1994). The
bacterial isolation efficiency of IMS
towards diarrheagenic E. coli was well
studied. Wameadesa et al. (2017) employed
IMS specific to E. coli 0104 to investigate
its presence in both Thai and imported beef,
revealing the identification of numerous E.
coli 0104 strains from beef samples. In
addition, enterohaemorrhagic E. coli (EHEC)
0157:H7, E. coli 0103, and atypical
enteropathogenic E. coli (EPEC) 0145
were also successfully isolated by IMS
(Sukhumungoon et al., 2011; Sae-lim et al.,
2018; Sae-lim et al., 2017). These studies
emphasize the effectiveness of bacterial
isolation using the IMS approach. In this
current study, IMS specific to 0111 was
applied to confirm the existence of O111 in
beef samples, but the target microorganism
was not detected. Nevertheless, our data are
not consistent with the finding of Kayali et
al. (2015), who also used IMS (pickpen-
assisted IMS) to isolate Shiga toxin-
producing E. coli (STEC) from beef and
found stxi-positive E. coli O111 in
Malaysian beef. Thus, it was concluded that
E. coli O111 was indeed absent during our
investigation. Alternatively, the level of E.
coli 0111 contamination might have been
below the detectable limit of IMS.
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Figure 1 PCR amplification of four target genes in positive strains of E. coli. Lane 1: E. coli
026 strain PSU192 (wxz-wzyozs, 596 bp), Lane 2: E. coli 0104 strain PSU237
(rfbo1os, 351 bp), Lane 3: E. coli O111 strain PE-27 (rfbo111, 406 bp), Lane 4: and E.
coli 0157 strain PSU120 (rfbo1s7, 400 bp). PCR reactions are performed as described
in Materials and Methods and analyzed by 1% agarose gel electrophoresis. Lane M
contained a 2-log DNA ladder (New England Biolabs, USA).

Table 1 Oligonucleotide primers used in the study.

Target  Primer name Sequence (5' to 3') Amplicon Reference
gene size (bp)

WzX- wzx-wzyO26f AAATTAGAAGCGCGTTCATC 596 Durso et al. (2005)

WZY026 wzx-wzyO26r CCCAGCAAGCCAATTATCACT

rfbo1os 0104rfbO-f TGAACTGATTTTTAGGATGG 351 Bielaszewska et al.
0104rfbO-r AGAACCTCACTCAAATTATG (2011)

rfboi1 rfbO111f AGAGAAATTATCAAGTTAGTTCC 406 Durso et al. (2007)
rfbO111r ATAGTTATGAACATCTTGTTTAGC

rfboisz 0157-F CGTGATGATGTTGAGTTG 400 Maurer et al. (1999)
0157-R AGATTGGTTGGCATTACTG

Table 2 MPN/g value of E. coli 026, 0104, 0111, and 0157 from beef in Hat-Yai city.

Serotype No. of positive Percentage of MPN/g
sample/ positive Min?® Med Max
Total sample sample

026 A58/102 56.9 <3 3to 35 75
Thai beef 33/68 48.5 <3 3t035 75
Malaysian beef 25/34 73.5 <3 3to 27 35
0104 BC6/102 5.9 <3 3t053 93
Thai beef 3/68 4.4 <3 3 93
Malaysian beef 3/34 8.8 <3 3 53
O111 D0/102 0 <3 <3 <3
Thai beef 0/68 0 <3 <3 <3
Malaysian beef 0/34 0 <3 <3 <3
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Table 2 Continuous

Serotype No. of positive Percentage of MPN/g
sample/ positive Min? Med Max
Total sample sample
0157 BC17/102 16.7 <3 3to 15 27
Thai beef 9/68 13.2 <3 3to0 15 27
Malaysian beef 8/34 23.5 <3 310 3.6 11

®Min, minimum MPN value; Med, medium MPN values between minimum and maximum
among positive samples; Max, maximum MPN value of the positive samples; Uppercase letters
indicate significant differences in the number of positive samples among the O serotypes.

CONCLUSION

In summary, the E. coli in both non-
0157 and 0157 groups were found to have
a high prevalence contamination level in
beef. These serotypes can be life-threatening,
leading to sporadic outbreaks worldwide.
Thus, the presence of E. coli 026, 0104,
and 0157 in both domestic Thai and imported
beef raises serious concerns. Therefore,
periodic surveillance should be conducted
for the sake of public health in Thailand.
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ABSTRACT

Cordyceps militaris is an entomopathogenic fungus that can produce high levels of bioactive compounds
such as cordycepin, adenosine, and polysaccharides. This research aimed to study mycelial morphology, growth,
biomass, and exopolysaccharides production of Cordyceps sp. strains selected from several farms in central
Thailand. Eleven samples of Cordyceps sp. were selected from six farms in Thailand. They were isolates CM-Sp01,
CM-Sp02, CM-Sp03, CM-Sp04, CM-Sp05, CM-Sp06, CM-Sp07, CM-Sp08, CM-Sp09, CM-Sp10 and CM-Sp11.
The hyphae morphology using the slide culture technique and microscopic examination were investigated. The
results revealed that all isolates had septate hyphae. A round and an oval shape of conidia at the end of hyphae were
also found. However, the size of conidia was different between Cordyceps sp. isolates. In addition, the study of
morphology and density of mycelial colony of C. militaris isolates on PDA medium were determined. The results
found that vegetative and aerial mycelium in all isolates were white. The isolate CM-Sp02 showed the highest
mycelium density. Under determining the growth of mycelial colony by measuring colony diameter on PDA
medium, isolate CM-Sp08 showed the highest growth rate (5.06 + 0.65 mm/day) and length of diameter of mycelial
colony (66.12 £ 1.45 mm) after 21 days of cultivation in PDA medium under temperature of 22 °C in dark condition.
Mycelial biomass and exopolysaccharides in PDB medium were investigated. The result found that isolate CM-
Sp08 showed the highest biomass production (55.20 + 1.65 g/L) and the highest exopolysaccharide content (55.20
+ 1.65 g/L). This indicated that the isolate CM-Sp08 had high potential for growth, biomass production, and

exopolysaccharide production.

Key words: Cordyceps sp., mycelial growth, mycelial morphology
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A =~ X
Tudszmalneisuiinisiniziaes
. s [ 1 = [ [ I
C. militaris NUBENUNTHAY Fad U Injaziilu

J 1
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q

@

{ 4
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'd

P=$

600 99190 YLAZNMIHAATITODNNTN
a 4 .. Ao . A
Fanniuanaranuesn 'l uazilelimsaeye 1)
wale ) JuoranamsulsAuneiugnIsuuaz
a v o 1 1 a
AANTNAIBNUT FID1VTINAADNITIITYLAZ NS
a £ = A Y
HAA@1500NYNINIITININNAaAAL A
Y
(ChokeUmnuay and Owatworakit, 2021) Uen91nH
dy . . 14 J ~ ]
MDA C. militaris TuN1TUA19 ) Noglu
Useimalnedoudansessuernialunis

dy d' . . a 9)dd' a
W8N LUDIN C. militaris miaﬂﬂﬂwqmgn
Pl

20-25 9IA B ALHOE (Lee ef al., 2013a) AU U
9 2 LY o ' Aa £
Aimizidesdessuniszar lidiifeduaaoa
A s 3 A
s2ezIa1UseuIe 3-4 1A0U AIUNTTNUAVLNY?
1 9 Y
HAWAA TIVUABUANTINIZIA C. militaris
v 2 < o P
Usgneuaiemsnzaesluemsuds 2-3 dilav
?x‘/ 1 dy dy J I
MnUUIEEeadlueIITIMal Iziasen oty

o J g ' dy = A
a1 2 dla vindumeyeasluemsineuine
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Y Y a 9
nyzduliinaniseonaonlasas ldailszum

A = < a .
2-3 109U DNITINUNANAN (Taikhao et al., 2018)
& ]y Y & O
ezt u 1@ IWIL1a89 C. militaris 151727
1 9 1 < = a Y o g’/
ABUVIIUIUNIVLINVINEINANAA 1d A1y

9 Y v
Seseanaszeznarluduasulavuneumniia
I A g 9 9

lanazdorndumsdszudanamazdunulums

X A 7 Y ]
wzaes 84 11n3iu1aNs80UN Cordyeeps sp.

1 ] 4 a

uaazaenuglanua e lumsHansINIa

< a d 4 1
wazionlawedudnairlsaninnguuendulels

1 [ g’/ czlu g [ d’ 9J d’
UANAINY NIUTWUAVDIMITN Y Hazan1Izi

Y
1%Tun151M1219899n0A28 (Wang et al., 2019;
Werapan et al., 2022)
Y
[ =

a AR = ] @ T
NuITeHNANNau NN UAI0819
N

v E4 &

= 1
121ae9n s uag il Tunin

IS

Cordyceps sp. Ni
A o =< )
na1gveddszimalnaieiudnyianyuy
dugiuinewarmsnigvesnguiduloves
[ <
Cordyceps sp. 19 T1ana19 9 VUDIMITUS LAY
=® = = < a d L
fnu1lSuasiniavazdnTsweaudnailsa lu

nauduloves Cordyceps sp.1o Tastanai o

=)

k4 v
A

1 & S v
lW'lglafJ\chlu@’]ﬂ']ilwa'J %Qﬂztﬂuﬂlﬂyawumuﬂ

9

P}

9 v A A a a
draglumsaadon lolsanniidsz@ansnings

a

Tumssyielszndadunuuazszeznarlums

[

t v A
ziaes aasaaula le Taranfilidnenimgelu
a a [ a 4 IR
NITHAANTINIA Lla$Lf)ﬂi°]ﬁ/‘|’é)ml°]fﬂﬂ111§ﬂcﬁﬂiﬂ$

amnsnii 11552 Teani la lueunaa

Aadl o A Aa v
IFAUHUNITIDE
1. MSNVMIBENS Cordyceps sp.
< @ 1 ~
INUAIDYIN Cordyceps sp. Iugﬂﬂﬂﬂ’dﬂ‘ﬂ
2 Y g
mziaeanigluwraunnnvhsuag o Tumanans
3 J 4
yoslszmea Inesuau 6 vhiu Uszneudaovhin
Tuadunenueude 19Mialnusiil $1uau 3
@19813 B UnonszlIzuag 3ardaaynsdsims

119U 3 19619 8UAPAIGNNT I IAYNUFI

F1UIU 1 AI9619 81LABVIAITI 9K I A
aynss1ns 91U 1429619 1UAKUBIVDN
TINTANTUNNUNIUAT TIUIU 1 429819 1AL
gunoios 1andaaynilsins S 2 @081
° @ 1 g 2 @ ' 3 o
PUIUAIDE1NITY 11 29819 1ANUTNH
o ] 1 { %‘ <3 1 o
areg1alunass Ilunusspiwdanouth lufny,
9 a oA
a viouliiams
2. MINIZIAB Cordyceps sp. VUDIMITUUS
#IN1sAaaIua 1asu1 (Stroma) U3 LI
Y
AUVDY Cordyceps sp. lolwanas q lagdadu
1FNU NN UNII9UUBINT Potato dextrose
agar (PDA) (811113 PDA 152noudie urse 200
o 3 % o 3
AN MIMang lasa 20 N3y aaglasa 30
o ) o K o a o Y
N5N WU 20 NS azinau 1 ans U5 pH
[ 1 o = [} dy 9 9 & [
v 6 nowh llilsinyedlevioiiannuau e
z:' a = 1Y ARl
Ngugil 121 oarusaee ANAY 15 Youdas
2 I a
7151989 1Y U181 20 W1N) (Dang et al., 2018)
Y v
NAUUINAI08819 Cordyceps sp. lo Tasanars 9 7
aguUIM15 PDA Mnlunila gaivigh 22 09m
= I @ .
e (Hua1 147U (Singpoonga et al., 2019)
amsAanvIanyazdugIuIng veudule
Cordyceps sp.
o J 9
auveadule Cordyceps sp. 1o Taan
1 d' dy ] d'd
A9 9 NMNILLABIVUDIHIT PDAUNIUNNA

Y
QUYWAY 22 DA UFAITIE UIU 14 U W UWIZIA6

E} L

9y a

aremana Slide culture Aaulasain Wijedasa and
Liyanapathirana (2012) U 4% QUNY 22 0981
= I @ ¥ o ] Y a 7
ralee 11unan 57U mﬂuumuwuumﬂﬂﬁ"laﬂ
9 Y o
9NNUIIDUAIY Lactophenol cotton blue wazi la)
= [ [ a Yy 9 4
ﬁﬂ‘]&l'laﬂ‘lelmgﬁﬂljﬁuﬂﬂﬂ?ﬁlﬂﬂﬁ@ﬁ!aﬂiiﬁulL‘]J‘U
Huere (Olympus, BX51, Japan)

4. MIANBIN I3 Yo Ingudule Cordyceps sp.

=1

Wrdruvesnguidule (mycelium) f

4 v
MU U0 M5 PDA Uy luiiia quiwigil 22
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I Y] o a
parrased 1Wuna 14 34 WeausnUsaVUeN
4 o
gaveslnlaiide1n3039129nA03N (Cork borer)
Y FUAIUFUINA19 0.5 IFUANAT 1FIIUY
911135 PDA Unluiilia guvgil 22 eesisaidod
. = 1% =1
(Singpoonga et al., 2019) tiunnanyme Ialadl uag
YsziiuanunuiiuvesnguiduloTaely
[ ' Y A an
HANIAUNNITINLIATOINYIY AT1NITNITVOS
1l 9) 1
Shrestha et al. (2006) (+= ﬂQJJL’d‘L!G],EJ‘UN 'luw“‘uu
1 Y [ Y
111135 PDA ++=nquiduleyianiosuneiis
PDA +++ = nquidulowiunalsuue1ns PDA
wag ++++=nquiduleyu1nuue111s PDA)
Aamumsiyvesngudulelasiavuiadu
' o Ay A s A
H1uguena1avedlnlalialginiedio3iiley
a 4 . . 1 a a
A1a11do35 (Vernier Caliper) luviuoladiuasg
[ I [ Y a
N0 9 3 30 1Wuran 21 3 1azIngnIINITII Y
9 1 J = an
vouduriugudnalslalataiuiTues
ChokeUmnuay and Owatworakit (2021) Tagniing
9
NAADY 3 B
=® = < a & d
5. MsANYITINIauAzIO N B Wa AT nA1 1A TN
\ Y \J
nauduleaves Cordyceps sp. Tolataneia q
) 1 J 9 . A
Wiaruvesnguidule (mycelium) 0
dy 1 d‘d a
(WNIZI@8IUUDINT PDA UnTuNla quingll 22
I o o a
parnyaed 11unat 14 7 WAALTNIUTeVUBN
4 P
gavedlnlalidein3ioa1zgnnein (Cork borer)
v
PNAFURIUFUINGI 0.5 1IHUALAT 11U 3 FU
lalue1vi1s PDB (Potato dextrose broth) 100
I 1] Y
Hadaas Nlumsiesindeudnazussyoglu
4 a an 1 H a
Wananvua 250 Tadaas unlunie gavgil 22
IR 1UTN1ILIVE1 150 TOUABDUIN
. dy I @
(Taikhao et al., 2018) wnzaeailuszezian 14 Tu
g’/ ) v A o ¥ o J 9
1AUUINNIAFINIA Tag At v nraaian1l
an o v ' 9
15U09 Wang er al. (2019) Tagiiialod1adule
Cordyceps sp. 14811131122 10 Haaans u1Ju

A A o S ~ 2
LHIGINANLTI 7,000 xg Lﬂunm 10 YN NUU

v v
Maznowdule Cordyceps sp. 1131982831 10AY
v v
$1uau 359 wazi lleuiigaigl 60 0ea
~ s 3 @ A
raLed AUNTLNIIUMUAAIN
a =~ a d o o
M3AATILHION Tywedaudnai lsasiiniu
axy o w ) 1 9
513U Wang et al. (2019) 1hdreg1anguianle
1 9
Vo4 Cordyceps sp. MN12188911401M151%a) PDB
@ a A aa S = Y
919 14 11 Y5010 10 Vadaas mfumIganie
< I a g o
A5 7,000 xg 1Tuan 10 wan iy
lan'ldun 2 Tadans warudueNUeaANUITUTY
a1 4 a aa
95 1lossua (Uswesalsunes) 5uas 8 Uaaans
¥ L yyvy a A A ~
niniune waungugl 4 osriwaiFoe
A < a 4 %’, o
ioanaznouen Tanoaudnallsd arnsiuiily
4 { { 2 g
TUII89Na210157 16,000 xg 1T ut1a1 30 wI1n
° I a 4 9 9
uaziiaznowdn leneaugnairlsauidiadie
3 4
PMULAA NN Y 70 Wositud (51nasalsineg)
o q ¥ ¥ A ~ A o o
Az 1FLTaN 60 DA AT O DN 19AENILOA
g vy 3 o A 7’y
NNuazateaznoualsttaziil linsziiane
7% Phenol-sulfuric acid assay (DuBois et al., 1956)
a 4 aa
6. MIAATIZHVOYAN DA
1 o g
A1SNAADULADLNITNAADIN 3 1 LAy
a s Y aa gy
AnsIznveyanednnaleTdsunsy SPSS 13.0
Aad A as
(SPSS Inc.) 1a875 One-way ANOVA 1a@iaon3s

A o A & - 4
Duncan’s test NTEAUAIULEDUU 95 L‘ﬂﬁ)il“’ﬁu@]

au a J

WNAaN1IIVEUASIDTITIUNA
= v (%4 a v
LeamsanuianyauzdugiuIneveudule
\
Cordyceps sp. 1olw1anag q
I o l

1NN1TINVAIBY Cordyceps sp.“l,ug‘ﬂ

A 2 v P
aonaafmizideanieluviauninnnisuaia o
Tudszmalne $1u7u 6 15U Fs1mIudI0814
9 Y Y 1
NaTu 11 dre81e it ¥hiui 1 luwadunenues
e Sandanusiiildunle Tanan cM-spo1, CM-
Sp02, tiag CM-Sp03 W5 Ui 2 Tuuadunensy

Uszuas sandaaynsilsims ldunle Tanan cM-
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Sp04, CM-Sp05 11az CM-Spo6 W1udi 3 Tutua
dunedignn d9niadyusiil laun loTaan
CM-Sp07 Wi 4 Tuwadunenadise Sanda
ayn3dsms 18un e Twan cM-spos 5wl 5
lutvanuesven Tandangunnuniuns laun
o Tanan CM-Sp09 nazvhiud 6 luwaduneiios
dandaaynitsimslaun ToTman cM-Sp10 uag
CM-Spl1 nninhdeds Cordyceps sp. 18 1a1an

E4
AN 9 yuwzieeluemns PDA ua:ﬁﬂmaﬂymz

@ a Y Yy v 4
ﬁmﬁ'lu?ﬂﬂ'l"llflﬁlﬁuclﬂﬂ'lElblﬂﬂﬁ'fN’gﬂﬂiiﬂu

[

Maavee 1,000 111 1aen1591 Slide culture Lag

Qe =D

A2 Lactophenol cotton blue N N1TNAAD
Y
wudnleTsanadradulonuuiimienu
(Septate hypha) Fatosuuy hie damanFonn
TniiReginsanautazgins Geguinulaisves
idule TasgilirsvesIntiReuazyuaveslntife
= A U 1 o d.
tanuuanannuluudas le Txanuaasdanini

a
1 1agaInNnm 1

o @

a1 dnvazdugiuinerveudule Cordyceps sp. loTsana1e 9 a1eldndesganssmivuylfuai

[

' Y
Masve1s 1,000 11 Tagldinadia slide culture Tagdmisngnassae Iatie (A) TeTasan CM-

spo1 (B) o Tatan CM-Sp02 (C) ToTawtan CM-Spo3 (D) lo Tastan CM-Spo4 (E) T Taan CM-Spos

(F) loTatan CM-Sp06 (G) o Tastan CM-Spo7 (H) 1o Tastan CM-Spos (1) 1o Twan CM-Sp09 (7)

loTasan cM-Sp10 taz (K) leTsan CM-Spl1
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d' 9 ] o a A 1
maei 1 vnaduriugudnanaazginsalatiiRevos Cordyceps sp. 1o Taana o

lolastan Cordyceps sp. s@usugudnaialntiie sinsdlnatine
(Jalasmns)

CM-Spo1 2.86 +0.12° JUnsanau
CM-Sp02 2.87+0.10° JUNIG
CM-Sp03 1.43 +0.08 rRINIERE
CM-Sp04 1.79 % 0.09° JUNIG
CM-Sp05 2.51+0.11° rRINIERE
CM-Sp06 2.52+0.18° JUNIG
CM-Sp07 3.57+0.15° rRINIERE
CM-Sp08 1.86 +0.16° PRINIERE
CM-Sp09 3.59+0.23" rSINIERE]
CM-Sp10 2.51+0.26° PRINIERE
CM-Spl1 2.50+0.15° rSINIERE]

1 H 901 1 H % % H 1 ng H 1 %]
MINEIHA: * ADAURTBIIN 3 F1 = AINTIUVUINATTIY HazAonyINegmuuuL luuuIAINUA AT Y

o @ a

U

= N 1 ISICY a
UANUUANANDINUUITIAYNNADA (p<0.05)

namsnaaeanyleTyan CM-Spo1 §

Tatiaeglsenay vuialszuia 2.86+0.12

luTasiwas TuvaziloToandu q SlailiRe

= ~ a A CIS‘J 1

3UN395 Taslvuralailifeaana 3.59-1.43
. . .

TuTasmas #e'le Taan cM-Spo9 lu'le Taans

NlatRevinalugnga (3.59+0.23 lulaswag)
o I o
Taen11udq ¢ militaris 19us11u 19 &y

Y
Acomycota ¥U Ascomycetes 8 UA1D Hypocreales
o Y]

73 1 Clavicipitaceae L} 0 & ERYES| Cordyceps
. 9 = v ¥

(Kontogiannatos et al., 2021) Waulonuuiniiany

A 14 1

(Septate hyphae) taza1u1saa s 1eadosuyy la
o A A 1 a A YA

D1AYLNA (Asexual spore) nGenTatiae lan

uSaateveudule (Loueral, 2019b) 910

= @ Y a A
msaneranyuzveudulonaz Intiaalunisg
v 9
NAADIASIUNANVAPANADINUITIHIIUY D
~ Y @ o
Shrestha et al. (2005) N laAnHIe YU Fag1U

ANY1V09 C. militaris EFCC 11255 1dnd o4

4 4 Y 4
ﬂﬁﬂiiﬁulluuq‘lﬂlﬁﬂlﬁgﬂai]\ii]ﬁ‘ﬂiiﬁu
ad ' a
BIANATOULVUTDINTIA WUN1TIONUDY LAHLAY

=)

Tuszezinal 36 ¥ Tue Tatl@elginsanszuen
A a ' o
n3031UN395 szeznaident 4892 Tug 98
= I = & ci’
agwiluznsanavaudans s venainiing
= a A d’d 1
msfany IntiReniiglsenavvesloTaan M-
Sp01 §a5ANADAAADINUIIUITBUDY Zheng ef
{ [ a P
al. 2011) N'ldvimsany1easiiauazilTulniln
~ 1 a A =
UANUHANHA189D C. militaris WU IAUIAN
\ A e < ' <
sUsNauloMIZIReII UL 1HITITY 9819 13RI

anvazdugIuIngvedIaline aaoaauan1izi

2.

J

y 2 '

T Tumsimizinesdinanon1sionvosddosn

HANANNY F9rgdana laensanumsnsaayla

woanguiduleld (Shrestha er al., 2005) Tunsal

o ' Y A =< A a A o

AINA1IADINMIANHUNWANNGINUNITIONVD
s { s

aos aaenruszozna1nl¥lumssenvesailes

1 Cordyceps sp. 1o Taanang o e 19119
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o a A I
anvuzued Intlimouaznissonvesaosiniu
Y v A ]
doandoInuse Ll
= % = A\l v
2uamsanvidnvuzlnlativesnguiaule
Cordyceps sp. lolatanaig q
=2 @ = ' Y
mafnwanya Ialatlvesnguidule
Cordyceps sp. 1o 1giana1e q lagnisdaina
anvaglalativesngudulonniyuueinis
PDA WU Cordyceps sp. N0 1o Tatanlianyae
Talail@v1n 1atAe@v1) Vegetative mycelium
1182 Aerial mycelium &V (MNN 2 1azA15 19N
{ I 4 o U X
2) wazazlaswiudmasuiio lasvuaaaing ¥

o = = Y Y @
anvagmstlasuavendulodgeandoany

T

N304 Shrestha et al. (2006) N I@ANEIANHE
mssaveudule C militaris EFCC C-7159 U
v Y
91%13 PDA fimnziaea lugaimail 25 osnissaidod
<3| @ s ¥ A ' A A '
Wumat 4 dlan nelunadiaaziida wun
H Y H
idulemmzidesluiaineddnyusdumioes
= A U 1 d‘d 1 9 A
wdaraeseen dnluntanuindulendvid
1Az dIa0ANADINUIIUITEUDY Ha e al. (2022)
nanvanyue s yvesngudule C militaris
1 4
KCCM 60304 DU©1%15 PDA fin1z1aoaluy
gangl 25 esruaaidod Tudiaduna 14 fu
' ' 9 A o A A
wudnguuendulelianyuzIalatidvid

I
Y Vegetative mycelium L& Aerial mycelium 11w

= A v S a Y dy
'déu1'manymzwqgﬁumﬂmmmﬂummwmam

J K
? 25 mm

a

o o 1 < {
i 2 anvme Talallues Cordyceps sp. 1o Taana199 UUBIHITUTI PDA Ngaivingil 22 oafsalGod

L

szeznan 21 31 (A) leTman cM-Spol (B) lo Tasran CM-Spo2 (C) o Taan CM-Sp03 (D) o Taan

CcM-Spo4 (E) loTaan cM-Spos (F) leTawan CM-Spo6 (G) 1o Tastan CM-Spo7 (H) o Tastan CM-

Sp0s8 (1) o Taan CM-Spo9 (J) T Taan CM-Sp10 tag (K) loTaan CM-Spl1



75815398 YH1INNDeNA 11 1ags1¥uAaf5 1% 16(3) : 743-761 (2567) 751

A =R @ [l

4

UONIINUILBANHIANHULANUHUILY
1 9 A a I A
voInquidu oo yuUeI1MITLU PDA A
QNN 22 paIFaTd 821981 21 U WUWA

= 1 9 1 %
az'lo TanTanunuuivveudulouanaraiy
Taelo Twian CM-Sp02 Uanuvuiuveuduly

A ] A o

wniga TaaduleNdnyazyuinuue111s PDA

A = ya A
(M137199 2) NARAMIANH AR RIH UM TIT Y
voudulye Cordyceps sp. loTsanaig o vueIng
I~ =\ 1 (% 1 ?:IJ
1949 PDA Uanuuana1anuluuaas lo Tsanina
[ a [} Y Y
anbazMsns gy uazaNuriuveaduls 1ag
51891U790U09 Dang ef al. (2018) NANHINTIII QY
wazaNunuIuduveudule C militaris strain
AG-1 1ag C. militaris strain PSJ-1 wuinﬁ@uﬂiﬁu
FUAVDIDIMITNUANAINY (811115 C-DOX MYPS

ag PDA) ANunuInuuvoudule C militaris

, . 4 e A 2
strain PSJ-1 Nanpaziuanaany laalamiziaed
C. militaris strain PSJ-1 J1491%15 C-DOX ¥A213
wuduveudulowinigauazganiinisg

P
mziaealue1n1s PDA Taelue141s C-DOX
U520 URITAITOIMNITAI ) WINNY 15U Sucrose
NaNO, KH,PO, MgSO,7H,0 tta ¢ Kcl 1u
1 Y
VAULIAIINUILDINIZIAYY C. militaris strain AG-1
TuprmisnuanaenuaunuIduveudule
Tilduana1eany uaauruisduvoudule
C. militaris strain AG-1 UANUUANAA U o1a) 36
a 1 4 I Y I 1
QNI tazuraIm s ueu 1umsuaa i
M3 yuagaNuiuiuveuduly Cordyeeps sp.
1 = 1 % g’/ dydy LK%
uaaz loTmaniinuuana1enu Neilvuegny

Javeunadonans o NnuinedItee wu ase1ms

a dy I Y
guUNQl AN waz Snae Hudu

M9 2 anvarFuazanuuiuuesnguidule Cordyceps sp. loTwana1e 9 UULIMIT PDA Nims

2 a = < o A A
LWWZLE‘]ENGlUQ‘mW{]‘JJ 22 asrsassed (Huszeznal 21 U lunia

(% =) ' Y
ﬁﬂHm%ﬁﬂlﬂQﬂQN!ﬁﬂﬁlﬂ

ANNHUMUY

Tolastan Cordyceps sp.
Vegetative mycelium

' Y
Aerial mycelium maanqmau‘la

CM-Sp01 GARR AR et
CM-Sp02 AR AR et
CM-Sp03 GERE GERe) ++
CM-Sp04 GERP) GERR -
CM-Sp05 AR AR et
CM-Sp06 AR AR ++
CM-Sp07 GERE Fun ++
CM-Sp08 GERE Fun +
CM-Sp09 GERE Fun +
CM-Sp10 GRRE) AR ++
CM-Spl1 GERE) GARR et
wnemg -+ dulenns liuuenins PDA

<
++: iduleyantieeuueins PDA
+++: duleyfiunarsuuens PDA

++++: iduleyunuuernis PDA



752 75815398 YH1INNaeNA 11 1ags1¥uAafF 1% 16(3) : 743-761 (2567)

3. HaMSANKINSI3 VoI le Cordyceps sp.
Tolaanena q
= a v Y
NISANYINITIISYVoInguIdu 1y
Cordyceps sp. 8 1%1aN@A14 9 YUBINIF PDA
9 v
ziaeluguigll 22 evrusaided Tuhiila
WUN Cordyceps sp. loTasan CM-Sp01 CM-Sp05
CM-Sp06 CM-Sp07 CM-Sp08 CM-Sp09 CM-Sp10
uag CM-Spl1 lurieszezina 3 Juusnnguidu
TofinisaT s Fevaiiluszes Lag (Lag phase)
4 4 v o o D
Hosnnyes1imsUsuainue s Ind vaenn
g oy = a X g
vungudulevanSyuinvudigszes Log
3’, T oA I 9 =®
(Log phase) Aauadud 3 uduldaudadszunm

[l
v A

Fuit 18 Tagmmwz loTaran CM-Spos AnsIv3 ey
fisaada (1w 3) wti"amm'fumsm?ty%:ﬁumﬁ
agi ngi%ﬂz Stationary (Stationary phase) (mwﬁ 3)
Tuvaizii o Tasan CM-Sp02 CM-Sp03 L1ag CM-Sp04
s20% Lag 9 Mnannuaaszaina 6 Su mmiisa
19193202 Log (MW 3) TasguuumsnIyues
Cordyceps sp. 1o 1a1an CM-Sp01 CM-Sp05 CM-
Sp06 CM-Sp07 CM-Sp08 CM-Sp09 CM-Sp10 1@
CM-Spl1 doandenunisasyvesnguidule
C. militaris DSMZ 23612 Himnziaea1uo1ms PDA
figuvigh 26 eraidee Tufiafussozinm

4 1
21 51 (Soltani ez al., 2015) UoNIINH 1HBIADAI

mssgvesngudule wua1le Tean CM-Spos

[l ]
= =

I A o a
WuleTmaniifisasinmsniygeiga (i 3)

a

1 d‘ 1 A o o v
uagzmﬂmN%m"laicma‘nauamwum’fmm

o

[ =

aaa A d s 3 o
NNADANTTAVANNFONY 95 1loTiFua Tael
% a Y ] o a1 v
PR3 1M I YV UdUEIUgUIna1sTaTatliminy
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ABSTRACT

Antibacterial activity study of creat (4dndrographis paniculata) stem and leaf extracts on cotton fabric

against Staphylococcus aureus included two parts. In the first part, the inhibition of creat extracts on S. aureus

was tested using disc diffusion method with 6 mm circle paper disc. The results revealed that the diameter of the

inhibition zone (clear zone) at 5%, 10% and 15% creat extracts concentration were 6.5+£0.00 mm, 7.3£0.03 mm

and 7.5+0.00 mm, respectively (0.5, 1.3 and 1.5 mm larger than the testing paper, respectively). In the second

part, the inhibition of cotton fabric dyed with creat extracts on S. aureus was tested using the disc diffusion

method with 50 mm diameter circular cotton fabric. The results showed that the diameter of the inhibition zone

(clear zone) at 5%, 10% and 15% creat extracts concentration in cotton fabric were 54.4+£0.03 mm, 54.6+£0.08 mm

and 55.4+0.08 mm, respectively (4.4, 4.6 and 5.4 mm larger than the testing paper, respectively).

Key words: inhibition, bacteria, Staphylococcus aureus, Andrographis paniculata, cotton fabric
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( Ali et al., 2023; Olchowik-Grabarek et al., 2022;

Guimaraes et al., 2019; Gomes et al., 2018)

Table 1 Antimicrobial activity of different creat (Andrographis paniculata) extracts concentration on Staphylococcus

aureus (by disc diffusion method)

Concentration of creat

(Andrographis paniculata) extracts (%)

Average diameter of

Inhibition zone (mm)

5
10
15

0 (Distilled water/negative control)

6.5 +0.00°
7.3+0.03"
7.5 +0.00"
0.00+ 0.00°

(p=0.05)
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(@ (b)

Figure 1 Antimicrobial activity of creat (Andrographis paniculata) extracts on Staphylococcus aureus by

disc diffusion method at creat extracts concentration of (a) 5%, (b) 10%, (c) 15% and (d) 0%

(negative control)
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Table 2 Antimicrobial activity of cotton fabric with different creat (dndrographis paniculata) extracts concentration

on Staphylococcus aureus (by disc diffusion method)

Concentration of creat

(Andrographis paniculata)

Diameters of inhibition zone (mm)

extracts (%) Sample1  Sample2  Sample 3 Mean + SD
5 54.8 54.3 54.2 544+0.03°
10 53.7 55.2 54.8 54.6 +0.08"
15 54.7 55.2 56.3 55.4+0.08"

0 (Distilled water/negative control)

(p=0.05)

(a)

(@

Figure 2 Antimicrobial activity of creat (dndrographis paniculata) extracts on Staphylococcus aureus by disc

diffusion method at concentration of 5%
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(a)

(o)

Figure 3 Antimicrobial activity of creat (Andrographis paniculata) extracts on Staphylococcus aureus by disc

diffusion method at concentration of 10%

(a)

Figure 4 Antimicrobial activity of creat (dndrographis paniculata) extracts on Staphylococcus aureus by disc

diffusion method at concentration of 15%

(a)

Figure 5 Antimicrobial activity of creat (Andrographis paniculata) extracts on Staphylococcus aureus by disc

(@

diffusion method at concentration of 0% (Distilled water/negative control)
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ABSTRACT

Cricket powder is an important potential source of alternative protein in the future. This research aims to

develop flakes mixed with cricket powder to increase nutritional value and its application in granola ball product.

The ratio of wheat flour to cricket powder was studied at 3 levels 90:10, 80:20, and 70:30 compared with the control

formula (flakes without cricket powder). The result of physical, chemical quality, and sensory evaluation found that

increasing the amount of cricket powder in the flakes increased the protein content, whereas the water activity (a,,)

was significantly lower (p<0.05). The optimum ratio of wheat flour to cricket powder for flakes production was

70:30. Flakes were applied in granola ball products, and the effect of the ratio of flakes, coconut flakes, and oats at

ratios of 70:10:20, 60:10:30, 50:20:30, 60:20:20, and 60:15:25 on product qualities was studied. It was found that

formulas with a ratio of 60:15:25 gained the highest liking scores in all attributes. The developed granola balls were

considered a source of protein (10.48%) and crude fiber (8.58%). The total energy was 4.36 kcal/g.

Key words: cricket powder, flakes, granola ball, protein
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Table 1 The ratio of wheat flour to cricket powder in flakes production

Ingredient Wheat flour : Cricket powder (percentage by weight)
(g 100:0 (A) 90:10 (B) 80:20 (O) 70:30 (D)
Wheat flour 22 17.6 15.4
Cricket powder
- 4.4 6.6

(Gryllus bimaculatus)
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Table 1 (Continuous)

775

Ingredient Wheat flour: Cricket powder (percentage by weight)

(2 100:0 (A) 90:10 (B) 80:20 (C) 70:30 (D)
Germinated black 12 12 12 12
glutinous rice flour
Rice flour 7 7 7 7
Honey 43 43 43 43
Milk powder 10 10 10 10
Rice protein powder 5 5 5 5
Salt 1 1 1 1
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Flakes with cricket powder

Coconut flakes 20%  30%

Figure 1 Mixture design showing the overlap of flakes with cricket powder, coconut flakes and oat to produce

granola ball

Table 2 Granola ball formulation with different ratios of flakes with cricket powder, coconut flakes and oat

Formula Flakes with cricket powder (%) Coconut flakes (%) Oat (%)
1 70 10 20
2 60 10 30
3 50 20 30
4 60 20 20
5 60 15 25
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Table 3 Protein contents and water activity of flakes with different ratios of cricket powder

Formula Protein content (%owet weight basis) Water activity (a,)
A (100:0) 13.55 +2.26° 0.305 + 0.006"
B (90:10) 17.13 £0.04° 0.419 £ 0.003°
C (80:20) 19.49 £0.41° 0.374 + 0.009"
D (70:30) 20.59 £ 0.10° 0.351 £ 0.004°

Mean + SD with different lowercase superscripts in each column are significantly (p<0.05) different.
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(Ministry of Public Health, 1998)

Table 4 Sensory evaluation of flakes with different ratios of cricket powder

Sensory attributes

Formula
Color Smell Flavor Taste * Crispiness Overall liking ™
A (100:0) 6.63+1.54°  6.07+1.53" 6.57+1.38" 6.50+1.43 6.00£1.91° 6.50+1.53
B (90:10) 6.13+1.25"  5.87+1.61"  6.37+1.50" 6.43+1.48 6.10£1.92° 6.50+1.43
C (80:20) 6.17+1.56"  5.53+1.76’ 5.70£1.99° 5.97£2.16 6.97+1.83" 6.23£1.96
D (70:30) 6.37£1.40"  5.93+1.39"  5.95+1.64" 6.27+1.72 6.60+1.40" 6.57+1.50

Mean + SD with different lowercase superscripts in each column are significantly (p<0.05) different.

ns = indicates a non-significant effect (p>0.05).
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Figure 2 Flakes with cricket powder
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Table 5 Hardness and water activity of granola ball with different formula

Formula Flakes with cricket Coconut flakes Oat Hardness Water activity
powder (%) (%) (%) N) (a,)
1 70 10 20 25.15+4.83" 0.54 +0.01°
2 60 10 30 52.71 £ 12.68" 0.44 +0.02°
3 50 20 30 24.29 +4.60 0.51+0.01"
4 60 20 20 45.55+21.61° 0.50 +0.02"
5 60 15 25 29.63 +2.70° 0.48 +£0.01°

Mean + SD with different lowercase superscripts in each column are significantly (p<0.05) different.

Table 6 Sensory evaluation of granola ball with different formula

Sensory attributes

Formula
Color Flavor Taste Crispiness Overall liking
1 6.60 + 1.48° 6.50 + 1.57° 6.33+1.71% 557+2.11° 6.20 + 1.56"
2 6.57 +1.52° 6.63 + 1.45 6.67+1.56" 5.57 +2.45" 6.37+1.81"
3 6.40 + 1.50" 6.57+1.79° 6.67 +1.97" 5.57+237" 6.37+2.16"
4 5.67+1.94° 543 +1.48° 6.07 = 1.36° 3.63 236" 5.47+1.68°
5 6.70 + 1.37° 7.07 +1.39° 6.87 + 1.55° 5.97+2.34" 6.77 £ 1.63"
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Figure 3 Developed granola ball

Table 7 Chemical composition of developed granola ball

Chemical composition

Developed granola ball

Protein content (Y%owet weight basis) 10.48 +0.57
Fat (%wet weight basis) 7.64+0.73
Moisture content (Y%owet weight basis) 9.77 £ 0.06
Ash (Y%wet weight basis) 1.10£0.03
Crude Fiber (%wet weight basis) 8.58+1.29
Total carbohydrate (%owet weight basis) 62.67 £1.67
Energy (Kcal/g) 436 £0.04
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ABSTRACT

This study aims to analyze the texture and chemical property changes of emulsion pork sausages made
from frozen pork meat after 3 months of storage at -40°C and to improve sausage quality by replacing the meat with
various emulsifiers including 10% and 20% soy protein powder, 10% and 20% isolated soy protein, and 10% and
20% egg white powder. The color, texture, emulsion stability, moisture content, protein content, fat content, and
microstructure images of the sausage samples were determined. The results showed the measured sausage colors
were varied with the type and amount of emulsifier added; however, overall colors were within the same lightness
zone. All emulsifiers affected hardness, cohesiveness, chewiness index, but not the springiness index. Using egg
white powder led to the highest hardness. The microstructure of sausage samples showed different pore size and
numbers, which were consistent with the texture properties. Regarding the chemical properties, it was found that
all treatments had a similar amount of water content. Protein content did not change significantly, but a higher
amount of protein could be measured when using 20% of soybean protein and white egg powder. Soy protein
powder could improve the sausage texture properties when used in amounts greater than 10%. Furthermore, soy

protein and egg white powder could improve the emulsion stability in the sausage mixture if used at 10% or higher.
Key words: pork meat, frozen storage, emulsion sausage, texture properties, emulsion stability
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Table 1 Changes in color values (L*, a*, b*) of pork sausage made of different pork meat

Treatment L* a* b* AE
1. Fresh pork 53.64+1.05" 3.16+0.10° 10.4120.09°" -
2. 3-moth-storage frozen pork 49.93+0.89"° 3.59+0.09"° 10.39+0.27" 3.73
3. Frozen pork+10% soy protein powder ~ 49.08+0.35° 3.74+0.38" 12.25+0.41° 4.95
4. Frozen pork+20% soy protein powder ~ 46.86+1.47° 4.96+0.45" 16.98+1.78" 9.61
5. Frozen pork+10% isolated soy protein ~ 48.70+0.79° 3.48+0.11°C 11.78+0.13" 5.13
6. Frozen pork+20% isolated soy protein ~ 50.87+1.14™" 3.2140.04° 10.34+0.13" 2.77
7. Frozen pork+10% egg white powder ~ 51.12+1.79™" 3.2240.16™ 10.00+0.24" 2.55
8. Frozen pork+20% egg white powder ~ 46.97+2.71° 2.54+0.15" 9.20+0.37" 6.81

Data are expressed as mean values +SD. Values with different superscripts in the same column differ significantly at P<0.05.
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Table 2 Changes in texture properties of pork sausage made of different pork meat

Treatment Texture properties
Hardness Cohesiveness Springiness Chewiness
™) Index Index

1. Fresh pork 3.79+0.38" 0.72+0.02°  0.80+0.03°°  2.19+0.29"
2. 3-month-storage frozen pork 2.9140.70" 0.76+0.02"" 0.8140.04°  1.79+0.47"
3. Frozen pork+10% soy protein powder  3.09+1.13" 0.74+0.03"° 0.7840.07°  1.84+0.79"
4. Frozen pork+20% soy protein powder ~ 1.33+0.14° 0.70+0.03" 0.72+40.05°  0.68+0.11"
5. Frozen pork+10% isolated soy protein ~ 1.88+0.26" 0.78+0.02" 0.83£0.03*"  1.2240.19°°
6. Frozen pork+20% isolated soy protein ~ 5.08+0.60° 0.57+0.03" 0.82+0.03"®  2.36+0.35°
7. Frozen pork+10% egg white powder  10.52+1.05" 0.56+0.05" 0.81+0.03" 4.82+0.72"
8. Frozen pork+20% egg white powder 33.9445.99" 0.65+0.04" 0.85+0.04" 18.78+2.98"

Data are expressed as mean values +SD. Values with different superscripts in the same column differ significantly at P<0.05.
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Figure 1 Microstructure of prok sausages at 1000x magnification; A: Fresh pork, B: 3-month-storage frozen pork

and C-H: 3-month-storage frozen pork with 10% soy protein powder, 20% soy protein powder, 10%

isolated soy protein, 20% isolated soy protein, 10% egg white powder and 20% egg white powder,

respectively
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Table 3 Emulsion stability and cooking loss percentage of pork sausage made of different pork meat

Treatment Emulsion stability %Cooking loss"
%TFR %WR %FR
1. Fresh pork 11.41£0.49°  1.95£021°  9.4620.68° 0.12+0.08
2. 3-month-storage frozen pork 10.78+0.91°  0.62+0.35°°  10.15+0.58° 0.76+0.08
3. Frozen pork+10% soy protein powder ~ 12.59+1.08°  3.89+0.90"  8.70+0.19° 0.68+0.59
4. Frozen pork+20% soy protein powder ~ 3.92+0.41°  0.92+0.18"  3.00+0.46" 0.65+0.39
5. Frozen pork+10% isolated soy protein ~ 17.2742.62"  3.91+0.87"  13.36+1.76" 0.59+0.27
6. Frozen pork+20% isolated soy protein ~ 17.97+0.57"  1.79+0.40°  16.18+0.30" 1.1740.14
7. Frozen pork+10% egg white powder ~ 4.59+1.18°  0.71£0.53°C  3.88+0.65" 1.28+0.49
8. Frozen pork+20% egg white powder 0.40+0.15”  0.17+0.11°  0.22+0.08" 0.89+0.08

Data are expressed as mean values +£SD. Values with different superscripts in the same column differ significantly at P<0.05.

5. YSanalsaunazlvaiu
a 4 = Y 2’,

Asnsiz ldsauvesldnsenng 8
guuy wua dSuwTdsduveldnseneg
LN 13.35-21.35% Uaziauana1an o1l
-7 o % aa d' d’
Wod1Ayn19add (P<0.05) (n1314% 4) 1o
wZeuneudsuaTdsduves ldnsenieseuain

dy = Y A a
tagnsaa (FUuuun 1) uaz ldnsenNeIguIn

d’{} A <3 A ~ <3 J

(HRAIUABBNIUI 3 A0 (JUuUVN 2) azmuN
a <

HSuialdsAuanaudisudaniiosain 16.30%

o @ x a 4 aa

189 15.75% MNA1AUFIINNT AATIZHNIADA

@ 1

uda hifinnuuanaenuedeliedify daums
X 1A 3 9 Y A
NAUNUILDFNTUFIBONUUIAIIHINUNADL A1
v o A ' vy = o
ananunaes uazea v asluldnson lnash

15 naTdsAuanasrhauea lulimsldeuunlas



215815398 ¥HING1aeNA 11 1ad51509naf5 2% 16(3) : 785-799 (2567) 795

o v 1

pghatiad Uiy sndunsal Msnaunuale

o

A

WADUNADI 20% tazwa luu1d 20% 11d 18
Y Aa A = &‘ A
1&nsenniysuaTdsauuniyune 17.10% tag
21.35% e1ua1av uazd1vsulsualviiues
Y 1 9 A =y 3
1dnsen wui ldnseneSouainiliognian
A v A A e
(gUuuuh 1) vaz'ldnsenaIousiniiiogns
A < A ~ a A o
uggenud 3 wow (gUuuud 2) TuSww lugiu
ANAIN 20.13% 11180 13.02% aud1au Usua
v A ] [ A 3 1A <3
luiunanasednaeiiioluiiognsumdonuia
a Aaa 3 v X a g
INAINNTAAIVDIANA ID AR FUNAYU Iae
Ja aa ¥ [ 4
eulaamanazealdanavediioda?
(Hussein et al., 2020) MIANHINNNADI A15A0A
aanand uazwlaviy M lddsua Tdsau
9 A A 2 A @ ' [
Tdnsentianunuau iissanaisaanaidsaiilu
asdszanTilsan (Phonpannawit et al., 2021)
6. maunsa-aa
[ I 1 9 g‘/
At unsa-argvedldnsenng 8

a 1 1

31Uy NA19YIE1I19 5.67-6.65 TagliA AN

u

v o aa

Aupg1alted1AuNI9ana (P<0.05) aduandlu

o

= U I 1 9) d' =
A15199 4 manuiunsa-araved ldnsenies ey
3 A S A A =1
N NIUFToNUIINAanaulofTo U
1% 9 A a 3 1 Id
nuldnseniinaaninilognsda Tasarnmi
! ) A a &
nia-a19vedldnsonasouainiiiognian
] ] &) f
(gUuuuh 1) wagldnsenasouainilognius
A 3 3 A A A
wonuUuuszezinal 3 hou (JUuuun 2) Nan
MDY 6.65 1A 5.72 AINE1AY FIA0AAFDINY
NUIVBVDI Wei ez al. (2017) N31891UN52 820
1A <= 1 1 I [
ASUFEDALTINNANDA1AINI UATA-A19UD
&l 1 1 1 I~ 1 j’
iean'ln Tasnuil A1nNwunsa-a19veiie
1 T W & ] A <3 I
Tnaamiiy 6.09 uaziiiorumsusdenud aily
A 1 I 1 =
a1 11U AANNuNTA-A198A0UHAD 5.96
~ 9 1 1 d' ]
paz iUl TUNanaI0819ABLLBIAADANTT LY

o

A < 1A <3 Y a
LY NLUN Iﬂﬂﬂ']‘il!ﬁlﬂﬂﬂﬂu‘llﬂ WIWLﬂﬂﬂWi

0
o 2
gteeives

n
guideveunad (drip loss) N1
Y

= °

L o o 1 a < ad o e
THDFAILFLEDNUUI DNITNIUDFAIFYLAIULAL
3 A ¥y g v Y 9
‘1]@\1&1511\11/]636181141!1141! Lﬂummalwmmmmu
o o A L%' 1 Y I
UVDIAINIALATYLNNVU mwa“l.wmmmgﬂu

' g v 1 g .
nsa-a1 lulodadusvianad (Wei ez al., 2017)

Table 4 Chemical properties of pork sausage made of different pork meat

Treatment pH % Moisture %Protein %ZFat content
content content

1. Fresh pork 6.65+0.02"  60.46+0.18"  16.30+0.14°  20.13+0.43"
2. 3-month-storage frozen pork 5.7240.01°  57.05£0.35°  15.75+0.07°  13.02+0.42°"
3. Frozen pork+10% soy protein powder 5.67+0.02°  57.59+1.07 16.65£0.07°  15.33+0.08"
4. Frozen pork+20% soy protein powder 6.58+0.03"  58.31+0.54°  17.10£3.11""  11.25+0.90"
5. Frozen pork+10% isolated soy protein 6.39+0.01°  59.30+1.02""  14.95£0.07°  14.05+0.40°C
6. Frozen pork+20% isolated soy protein 5.9040.01°  59.76+0.65"  14.35£0.07°  19.78+0.11"
7. Frozen pork+10% egg white powder 6.2140.02°  57.80+0.77"  13.35+0.05"  21.78+0.59"
8. Frozen pork+20% egg white powder 6.3240.02°  57.16+0.59"  21.35+0.05"  15.34+0.57"

Data are expressed as mean values=SD. Values with different superscripts in the same column differ significantly at P<0.05.
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ABSTRACT

Mooncakes are a popular type of pastry, particularly during the Mid-Autumn Festival. They are considered
an auspicious dessert for Chinese people. However, this product tends to deteriorate easily due to the moisture
movement from the filling to the outer crust, resulting in a changed texture and rancidity. A study on the shelf life
of mooncake products aimed to investigate the effects of three types of packing conditions: 1) packed in
polypropylene plastic bags (PP, control), 2) packed in a polypropylene plastic bag containing an oxygen absorber
(PP+0, absorber), and 3) packed in a nylon-linear low-density polyethylene (nylon-LLDPE) vacuum bags, all
stored at room temperature (29 + 2 °C) for 42 days. The study found that common factors between storage times
and packing conditions affected the chemical and microbiological quality of the mooncake products with statistical
significance (p<0.05). There was a difference in chemical quality (a,, moisture content, and TBA) and
microbiological quality (total viable count and mold) between mooncakes packed in nylon-LLDPE vacuum bags
and those packed in PP bags and PP+O, bsorbers bags. The results showed that packing mooncakes in nylon-
LLDPE vacuum bags could slow down microbial growth and lipid oxidation. The most suitable storage condition
was packing in nylon-LLDPE vacuum bags which resulted in the product having a shelf life of 35 days at room

temperature (29 + 2 °C), while the quality still met the Thai Industrial Standards (TIS 1454/2012).

Key words: moon cake, package, shelf-life, oxygen absorber, vacuum
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Table 1 Change in water activity (a,,), Moisture content and thiobarbituric acid (TBA value) of bread during storage

Conditions Days water activity (a,) Moisture (%) thiobarbituric acid

(TBA value) (mgMAD/kg)

PP bag 0 0.51+0.01" 7.34+0.16° 0.5120.05"

PP bag 7 0.55+0.03° 7.78+0.49° 0.59+0.04°

PP bag 14 0.60-:0.02" 7.86+0.21° 0.59+0.08°

PP bag 21 0.63+0.02" 7.87+0.41° 0.71+0.10°

PP bag 28 0.66+0.02° 8.75+0.60" 0.92+0.14°

PP bag 35 0.73+0.01 9.07+0.39" 1.26+0.05"

PP bag 42 0.81+0.04° 9.56+0.23" 1.69+0.18"

PP+0, absorber 0 0.51+0.01" 7.35+0.24° 0.52+0.02"
bag

PP-+0, absorber 7 0.53+0.02°" 7.52+0.50" 0.55+0.03"
bag

PP+0, absorber 14 0.57+0.02° 7.53+0.22° 0.57+0.02°
bag

PP+0, absorber 21 0.60+0.02" 7.98+0.20° 0.71£0.03°
bag

PP+0, absorber 28 0.61+0.01° 8.16+0.46° 0.8140.05™
bag

PP+0, absorber 35 0.66+0.01° 8.59:0.25° 0.92+0.04°
bag

PP+O, absorber 42 0.7120.01" 9.20+0.42° 0.92+0.10"
bag

Nylon-LLDPE 0 0.51+0.01" 7.33+0.22° 0.51+0.02"

vacuum bags

Nylon-LLDPE 7 0.51+0.02" 7.39+0.32° 0.52+0.02"
vacuum bags

Nylon-LLDPE 14 0.52+0.02°" 7.5120.40" 0.55+0.0°
vacuum bags

Nylon-LLDPE 21 0.54+0.01° 7.87+0.50° 0.60+0.02°
vacuum bags

Nylon-LLDPE 28 0.55+0.02° 8.01+0.46° 0.64+0.05"

vacuum bags
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Table 1 (Continuous)

Conditions Days  water activity (a) Moisture (%) thiobarbituric acid

(TBA value) (mgMAD/kg)

Nylon-LLDPE 35 0.61+0.02d 8.50+0.25b 0.66+0.03de
vacuum bags
Nylon-LLDPE 42 0.64+0.01c 8.56+0.50b 0.7340.02¢

vacuum bags

“"Different letters in a column indicate significantly different level (p<0.05) according to Duncan’s multiple range test.

Table2 Change in water activity (a, ), Moisture contentand thiobarbituric acid (TBA value) of durian cream filling during storage

Treatment Days water activity Moisture (%) thiobarbituric acid
(a,) (TBA value) (mgMAD/kg)

PP bag 0 0.53+0.01° 7.65+0.38° 0.26+0.03"

PP bag 7 0.56+0.02° 8.24+0.08" 0.300.03"

PP bag 14 0.56+0.02° 8.97+0.16° 0.33+0.08"

PP bag 21 0.59+0.01° 8.99+0.11° 0.40+0.09°

PP bag 28 0.64+0.02" 9.0120.03" 0.63+0.08°

PP bag 35 0.69+0.02" 9.20+0.19" 0.82+0.01"

PP bag 42 0.70+0.01° 9.23+0.11° 1.07+0.12"

PP+0, absorber bag 0 0.53+0.02° 7.63£0.64° 0.26+0.02"
PP+0, absorber bag 7 0.55+0.02° 8.06+0.75% 0.27+0.05"
PP+0, absorber bag 14 0.56+0.02° 8.68+0.30% 0.28+0.01"
PP+0, absorber bag 21 0.58+0.02" 8.80+0.70° 0.29+0.02"
PP+O, absorber bag 28 0.61+0.01° 8.88+0.13° 0.33+0.01"
PP+0, absorber bag 35 0.65+0.01" 8.88+0.12° 0.51+0.02°
PP+0, absorber bag 42 0.68+0.01° 9.12+0.73" 0.90+0.02"
Nylon-LLDPE vacuum bags 0 0.53+0.02° 7.65+0.53° 0.26+0.04"
Nylon-LLDPE vacuum bags 7 0.5340.05° 7.90+0.32° 0.2620.03"
Nylon-LLDPE vacuum bags 14 0.54+0.02° 8.14+0.56" 0.27+0.03"
Nylon-LLDPE vacuum bags 21 0.55+0.01° 8.25+0.62" 0.28+0.02"
Nylon-LLDPE vacuum bags 28 0.57+0.02 8.5440.21% 0.30+0.01"
Nylon-LLDPE vacuum bags 35 0.60:0.02° 8.69+0.26% 0.47+0.05"
Nylon-LLDPE vacuum bags 42 0.62+0.01°¢ 8.7120.36° 0.78+0.25"

“"Different letters in a column represent significantly different level (»p<0.05) according to Duncan’s multiple range test.
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Table 3 Microbiological qualities of mooncake product during storage

Treatment Storage time (days) Total viable count (cfu/g) Mold (cfu/g)
0 1.2x10' 1.2x10'
7 5.3x10° 1.7x10'
14 9.3x10° 3.0x10'
PP bag 21 2.4x10" 2.7x10°
28 - -
35 - -
42 - -
0 1.0x10' 1.3x10'
7 2.2x10° 1.5x10'
14 7.5%10° 2.8x10"
PP +0, absorber , 1
21 2.7x10 4.6%10
28 6.8x10’ 8.7x10'
35 8.7x10" 5.0x10°
42 - -
0 1.0x10' 1.2x10'
7 1.3x10' 1.5%10'
14 2.7x10° 2.7%10'
Nylon-LLDPE 21 4.1x10° 3.2x10"
28 1.0x10° 4.8x10'
35 5.8x10° 6.8x10'
42 6.8x10" 2.1x10°
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ABSTRACT

The purpose of this research was to study nutritional value and digestibility efficiency of quality-improved
blood meal using different enzymes, and to develop feed for hybrid catfish using different levels of cow's blood
meal. The study comprised hybrid catfish diet containing 0, 2.5, 5 and 7.5% blood meal. The hybrid catfish were
fed with all 4 diets, with catfish feeding at 5% of body weight per day, divided into 3 meals. Weighing was
conducted to adjust feed intake, and growth data were collected every 2 weeks over 8-week period. It was found
that the improved blood meal had better nutritional value and digestibility compared to non-enzymatically
fermented blood. Additionally, the hybrid catfish fed with blood meal at all levels had the final weight, weight
gain, daily weight gain, feed intake, feed conversion ratio and survival rate equivalent to the control group (P >
0.05). As for the cost of feed production, it was found that the diets containing blood meal had lower costs compared
to the control group, at 31.20 £+ 1.60, 27.08 £ 0.99, 28.01 + 3.84 and 25.40 + 0.83 baht per 1 kg of fish weight,
respectively. The hybrid catfish diet containing 7.5% blood meal could reduce feed production costs by 18.59%.
Therefore, the inclusion of blood meal in hybrid catfish diet had an effect on growth and survival rate compared to

the control group and could reduce the cost of aquatic animal feed production.
Key words: blood meal, hybrid catfish, fish diet
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ABSTRACT

The study of amphibian diversity along the stream line outside protection area in Than To District and

Betong District, Yala Province. The amphibians were counted using the visual encounter survey method in

December 2019, July 2020, and March 2021 at 7.00 pm. — 10.00 pm. In this study, a total of 2 orders, 7 families,

and 28 species were recorded: 25 species in Ban Wang Sai village, Than To district, and 2 1 species in Ban Saho

village, Betong district. The Shannon-Wiener diversity index at both study sites was similar (H'= 2.50). Moreover,

the evenness index in Ban Saho village (0.82) was higher than in Ban Wang Sai village (0.78). The frequency of

species occurrence in Ban Wang Sai village included 2 common species, 1 1 moderately common species, and 12

uncommon species. In Ban Saho village, there was 1 common species, 9 moderately common species, 7 uncommon

species, and 2 near-threatened (Limnonectes blythii and L. malesianus). Therefore, in conservation, it is necessary

to protect species by emphasizing natural or good agricultural practices, reducing land use changes, and limiting

the expansion of cultivation areas. This includes reducing the catch of economic species.

Key words: amphibian, Shannon-Wiener diversity index, evenness index, Yala Province
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Figure 1 Study area survey of amphibian among stream and agriculture areas outside conservation forest, Yala Province
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Table 2 Comparison of the amphibians found in this study with the other conservation and agricultural areas in Thailand

This Conservation areas Agricultural areas
Family/Scientific name
Study HALA YW KSW HYW YW PHW
Family Ichthyophiidae
Ichthyophis larutensis /
Ichthyophis supachaii / / /
Family Megophryidae
Leptobrachella gracilis /
Leptobrachella melanoleuca /
Leptobrachium hendricksoni / /

Leptobrachium pullum
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Table 2 (Continuous)

This Conservation areas Agricultural areas
Family/Scientific name
Study HALA YW KSW HYW YW PHW

Leptobrachium smithi / / / /

Leptolalax heteropus /

Leptolalax pelodytoides /

Leptolalax solus /

Megophrys aceras / / / /

Megophrys carinense /

Megophrys longipes / /

Megophrys major /

Megophrys nasuta / /

Megophrys parva / /
Family Bufonidae

Ansonia kraensis /

Ansonia malayana / /

Ansonia phuketensis /

Bufo parvus /

Duttaphrynus melanostictus / / / /

Ingerophrynus divergens /

Ingerophrynus macrotis / /

Ingerophrynus parvus / / / /

Leptophryne borbonica /

Phrynoidis asper / / / / /

Rentapia hosii /
Family Microhylidae

Chaperina fusca /

Glyphoglossus guttulatus /

Glyphoglossus molossus /

Kalophrynus interlineatus /

Kaloula pulchra / / / /

Kaloula baleata /

Microhyla berdmorei / / / / / /

Microhyla borneensis /

Microhyla butleri / / / /




715815398 WM 1INe1aeNa 1y 1ads1uanani 1% 16(3) : 826-841 (2567) 837

Table 2 (Continuous)

This Conservation areas Agricultural areas
Family/Scientific name
Study HALA YW KSW HYW YW PHW
Microhyla fissipes / / /
Microhyla heymonsi / / / / /
Microhyla mantheyi /
Microhyla mukhlesuri / /
Micryletta inornata / / /
Phrynella pulchra /
Family Dicroglossidae
Fejervarya limnocharis / / / / /
Hoplobatrachus rugulosus / /
Limnonectes blythii / / / / / /
Limnonectes doriae / /
Limnonectes gyldenstolpei /
Limnonectes hascheanus / / / / /
Limnonectes jarujini /
Limnonectes kuhlii / / /
Limnonectes laticeps /
Limnonectes limborgi /
Limnonectes macrognathus / / / /
Limnonectes malesianus / /
Limnonectes plicatellus /
Limnonectes utara /
Occidozyga laevis / /
Occidozyga lima / / /
Occidozyga martensii / / /
Family Ceratobatrachidae
Alcalus tasanae / /
Family Ranidae
Amolops larutensis / / /
Amolops marmoratus /
Amolops panhai /

Bijurana nicobariensis /
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Table 2 (Continuous)

This Conservation areas Agricultural areas
Family/Scientific name
Study HALA YW KSW HYW YW PHW

Chalcorana labialis /

Clinotarsus alticola / /

Humerana miopus /

Hylarana chalconota /

Hylarana erythraea / / / /

Hylarana eschatia / / / /

Hylarana macrodactyla /

Hylarana taipehensis /

Meristogenys jerboa /

Odorrana hosii / / / / / /

Odorrana livida / / /

Pulchrana banjarana /

Pulchrana glandulosa / / / /

Pulchrana laterimaculata / /

Pulchrana signata / /

Sylvirana cubitalis / /

Sylvirana malayana /

Sylvirana nigrovittata / / / / /
Family Rhacophoridae

Kurixalus appendiculatus /

Kurixalus bisacculus /

Nyctixalus pictus / /

Philautus petersi /

Philautus vermiculatus /

Polypedates colletti /

Polypedates discantus /

Polypedates leucomystax / / / / / / /

Polypedates macrotis /

Raorchestes parvulus / /

Rhacophorus bipunctatus /

Rhacophorus cyanopunctatus /
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Table 2 (Continuous)

This Conservation areas Agricultural areas
Family/Scientific name
Study HALA YW KSW HYW YW PHW
Rhacophorus nigropalmatus / / /
Rhacophorus norhayatii /
Rhacophorus pardalis / /
Rhacophorus reinwardtii /
Rhacophorus rhodopus /
Rhacophorus robinsonii /
Rohanixalus vittatus /
Theloderma licin /
Theloderma horridum /
Zhangixalus feae /
Zhangixalus prominanus /

HALA : Hala-Bala (Hala-Bala Wildlife Research Station, 2013)

YW : Tropical Rain Forest and Rubber Forest at Yong Waterfall National Park, Nakhon Si Thammarat Province (Meesook, 2019)

KSW : Khlong Sang Wildlife Sanctuary, Surat Thani Province (Taksintum et al., 2006)

HYW : Huai Yang Waterfall National Park, Prachuap Khiri Khan Province (Khamkaew et al., 2021)

PHW : Stream Flow Across Forest and Agricultural Habitats at Phu Luang Wildlife Sanctuary (Phochayavanich et al., 2008)

aszil
Q
= o d a g
MIANMIANUHAINHABVBITATAN U
A 0 £ A A 4
ALNUVNMINAIET TUHUNAYATATIHUDNNUTN
U [ ¢ A [ o 1
theysnd Nhuiaing sunesisla uazthuanlv
o [ [ [ 4 a %,’ a
BUNOLUAI INTAsza) nudadasinuaziu
[ a v o ¢ A9 o
UNNINUA 28 WA 2 BUAD 7 39 Tagiihudalng
a H a kA A
wodadaziiwiasiuuniavua 25 ¥iia
1 d' 9y laé a [
MANNMNUE THBINY 21 ¥Ha A%UANINKHAIN

a g’J dy d‘d \J 1 v d' v A
FUAVDING 2 NUNTANMNY Tuvaznariiaim

v
A

o A v P ] 9 o
ﬁiJHﬁ'iJﬂTl‘]JWH“H”IT‘HNﬂ”lgﬂﬂll”lﬂﬂ?i‘!flﬂll‘ﬂi

'

= 9 @

o [ Y 4
dmFuaniuniwanugngy Mudelng dad
a %’ a $ 1 a
ALNUUIASINUUNNNUUBY I 2 ¥Ua WY
1hunae 3 11 ¥ie uazwuiles 1 12 sia diun
Y " 4 a %,’ a ~ ]
U1 19 dalasnuiagsnuuninulse

= a = a Y
U1yida wutluna1e U osla uaznulesy

= a gl.: = gl.: ci’ v
111 ¥Ha uonNUY TUMSANEIATIUNLTA?
P 1 a Ao I o Iy Y
azmnhazmuuantaudaithquaseves
Ine 3 wiia fio 9941A53 (Phrynoidis asper) N9
( Limnonectes blythii) 48 A1IANLILAT Y
(Ingerophrynus parvus) 1@ @D 1UN TN ﬁ)Q f
ANAIN (NT) 2 ¥1A A0 NUYA (Limnonectes blythii)
Y
uagnuYAuag (Limnonectes malesianus) AIUU
o o o [l A A

lugumsoysndaalinnuiuiluedaanygusu

[} A A Y Y a o
nagnienunineIteszdesdamuazifhse 3

J

fegnatua1e q thednidnsnuisiawug

Y o W &‘ = =
Tagmwizms IanudagvonuMnEAINITUN
< [ [ 1 o v dy ~
WunuisesaaszriiaeysndnuNunguyy
doalinnud A5 oMt IAEATIUUTTTUIA
wsonvastaoanes aanisilasunlasnisly

a

¢ 2 X 4
‘]J'§$Iﬂslfu‘ﬂ']ﬂ‘ﬂﬂulla$aﬂﬂ’]i‘ﬂfﬂﬂ‘wuﬂlW1$ﬂQﬂ



840 715815398 ¥HING1ReNA 11 1ad51509naf5 1% 16(3) : 826-841 (2567)

v

) ! ¥ v A o A o
Wl luwath saunsmssurianugmiudas

E4
=1

wsngnvnanull Jadognarumariiazilu

a Y Y

o v S A A ' s9 ¥
Gn!,‘iﬂ‘ﬁ‘lmﬂ‘Wuﬁﬁfmﬂmmﬁﬁlm@migmwuﬂ‘ﬁ

o

o o3 X

FUNWUFLIIVY

U g

VDI UOUUS

A ' A M o =2
1. U3 Tuy N NAUZAITGTIMTANEN

U

<3| 1 ' a ]
lllu"]f'NGUENﬂ’lﬁlLW'ﬁigll']ﬂGU@\iiﬁﬂTﬂ'Jﬂ 19 98419

=

A A o q Y 1 v X
;uuimmuewmﬂmau mwiw“luﬁmwmﬁmwu

v
=

v & ' A= vy 9 X
llﬂ GINﬁ?ﬂiu%?ﬂﬁgﬂxlﬁa'lﬂﬁﬂ‘ﬂ'lllﬂl“’lﬂWHV]

Y
= 1A

9 < { Y '
msamm:mu%uaamﬂmmﬂmwﬁ%ﬂmm

U

v J a ?,‘ a

UIVTNUFUAVDITA AN U AN UL AANNN
E)
VU
2. AIMTUNITA1TIVIUDUIAG AITINY
F) ) Y g [ j‘ A=<
Idunedrs Iunvuluuaaznunmawl tay
= o Y = %f o [ z:'
AsanEINat A IulS e S1uauIun
duanitedounazsel ¥90199zdINanosiia

o v d a %’ a
uazmummmmm:muumzmuunﬁﬁa

PaAnssudszma

AUZAIIGUDVDUADUIGUUAT UM
Wnimmsdsznesingns Usedigudisenas
wWarn1lszuanziaszuog ﬁﬂgmﬁmmﬁguﬁ
drsrnazilufifEnnldmuugihlunsdisie
adail wazvevounaunuiguyutiuilng
MuaNn1A 8109313 1a taziue 14 d1va
FsthAnd suneiag Sinsaezar He1noaw
azaanluBoaveaiiinuaze1nis nasaausIu

v A

o < Ao
ﬁ?i?%tﬂﬂﬂj}@ﬂaﬂﬂﬂuﬁi}ﬂ ’s':fﬂﬁHstUE)"Ul’?J‘]Jf’]m
N

QU

UYANYUMI ITBNAUMINNATIVAIUAT UNT

Ty SAT6202002S

1PNE1591904

Biodiversity-based Economy Development Office.
2016. Amphibians of Thailand. 1 “ed.
Biodiversity-Based Economy Development
Office (Public Organization), Bangkok. (in Thai)

Bishop, C.A., Mahony, N.A., Struger, J., Ng, P. and
Pettit, K.E. 1999. Anuran development,
density and diversity in relation to
agricultural activity in the Holland River
watershed, Ontario, Canada (1990-1992).
Environmental Monitoring and Assessment
57:21-43.

Chan-ard, T. 2003. A Photographic Guide to
Amphibians in Thailand. 1°ed. Darnsutha
Press Co., Ltd., Bangkok. (in Thai)

Gardner, T.A. and Fitzherbert, E.B. 2007. Spatial
and temporal patterns of abundance and
diversity of an FEast African leaf litter
amphibian fauna. Biotropica 39: 105-113.

Hala-Bala Wildlife Research Station. 2013. Amphibians
of Hala-Bala. 1 “ed. Department of
National Parks, Wildlife and Plant
Conservation, Bangkok. (in Thai)

Heyer, W.R., Donnelly, M.A., Mc Diarmid, R.W.,
Hayek, L. and Foster, M.S. 1994. Measuring
and monitoring biological diversity:
Standard methods for amphibians. 1 ed.
Smithsonian Institution Press, Washington DC.

International Union for Conservation of Nature and
Natural Resources. 2022. IUCN 2022. The
IUCN Red List of Threatened Species.
Version 2022-1. Available Source: https://

www.iucnredlist.org/, October 1, 2022.



715815398 WM 1INe1aeNa 1y 1ads1uanani 1% 16(3) : 826-841 (2567) 841

Khamkaew, A., Taksintham, W. and Ponpan, S. 2021.
Species and Abundance of Amphibians:
Anurans, at Huai Yang Waterfall National
Park, Prachuap Khiri Khan Province.
PKRU SciTech Journal 5(1): 1-11. (in Thai)

Meesook, W. 2019. Research Report on Herpetofaunal
Species Abundance and Diversity in
Tropical Rain Forest and Rubber Forest at
Yong Waterfall National Park, Nakhon Si
Thammarat Province. Faculty of Science
and Technology, Rajamangala University of
Technology Srivijaya, Nakhon Si Thammarat.
(in Thai)

Niyomwan, P., Srisom, P. and Pawangkhanant, P.
2019. Amphibians of Thailand. 1 “ed.
Parbpim, Bangkok. (in Thai)

Phochayavanich, R., Thirakhupt, K. and Voris, K.H.
2008. Species Diversity and Abundance of
Amphibians in Stream Flow Across Forest
and Agricultural Habitats at Phu Luang
Wildlife Sanctuary, Loei Province. Journal
of Wildlife in Thailand 15(1): 17-28. (in Thai)

Royal Forest Department. 2021. Forestry statistics
data 2021. Available Source: https://forestinfo.
forest.go.th/Content. aspx?id=10408, October
3,2022. (in Thai)

Shannon, C.E. 1949. Mathematical theory of
communication. Bell System Technical
Journal 27: 379-423.

Soe-been, S. and Musigathum, P. 2008. Technical
Paper 3/2008: Structure and distribution of
fish community in Kwan Phayao, Phayao
province. Department of Fisheries, Bangkok.

(in Thai)

Taksintum, W., Lauhachinda, V. and Kanchanasaka,
B. 2006. Diversity of Anurans in Khlong
Sang Wildlife Sanctuary, Surat Thani
Province. Journal of Wildlife in Thailand
13(1): 178-189. (in Thai)

Taksintum, W., Ruamthum, W., Pulnil, B. and
Lauhachinda, V. 2010. Comparison of
Anuran Species and Habitat Utilization in
Kui Buri National Park Area and Adjacent
Agricultural Area. Journal of Wildlife in
Thailand 17(1): 104-123. (in Thai)

Tudorance, C., Green, R.H. and Huebner, J. 1975.
Structure, Dynamics and Production of the
Benthic Fauna in Lake Monitoba.

Hydrobiologia 64(1): 59-95.


https://forestinfo/

842 715815398 ¥HING1aeNA 11 1ad51509naf5 1% 16(3) : 842-853 (2567)

q = d' =
mswmnsmﬁmmmﬂanmammmau
ot iuAsa 91 THuanFUNNNTIUAS

Forecasting the Average Monthly Retail Price of Diesel in Bangkok

4

INAUT FOUGNT
Warangkhana Riansut )

Received: 19 December 2022, Revised: 11 September 2023, Accepted: 3 October 2023

UNAALD

A

J awv z:y A J ? o a Y 2 1
mqﬂszmﬂ"uawmai}ﬂu L‘W’t‘]WEﬂﬂimi1ﬂ1u1uuﬂl%ﬂiﬂﬂi%@1§ﬂiNlﬂiﬂiiﬂﬁﬂﬂﬂﬂﬂun\lum%ﬁ

e

1 =2 A

{ < J 1 Y 1
Lﬂaﬂﬁﬂmﬂuiuﬁl@ﬂgﬂt“lﬂ‘WiJ'ﬁ'luﬂi %'lﬂl’J’th],“]f@‘ﬁu]ﬂ]illﬁﬂﬂiglﬂﬁqﬂﬂ ﬁﬂllﬁlaﬂuﬂﬂi']ﬂll 2546 DNLADU

)3

9 1

o o I~ { o g 1
AaIAw 2565 19U 238 1o Fave lautiseynsuateemilu 2 ga gan 1 $1u9U 235 Hou AAIRDY

as

=2 A Y Y (J s Y as aa ax Y < 4
UNIIAY 2546 DUADUNTNHIAY 2565 15 lumsas1eduuuneInsalaeFMsnana 4 35 llﬂ!,!ﬂ A5VUBNY-

a 7o o q YAt v S & At o q YAt v S ¢ ax o q ¥
LRUNUA 'JTJﬂ'lj‘ﬂ']ah’iljﬂu@?ﬂlaﬂ]%ﬂ’]a\ﬁlﬂ\iiaaﬁ ’J‘ﬁmi‘malmiEJ‘]J@’JEJL@%J%ﬂWﬁWFNUiTJu HagIvNIIN Gh’i

~ Y Ao o A 9 3| = o A ¥ A a = A
!5Elllﬂ’JElm‘lls]fﬂ']aﬂ‘nlll&u'liullllﬂﬂllﬂ3J°IJ UNTULINTYAN 2 TUIU 3 1ADU @]QLW]Lﬂ@uﬁﬂﬁ’lﬂnaﬂlﬂﬂuﬂﬁ’lﬂn

9 = 1 o 7Y oY ' A 1y s A
2565 imiuﬂwsglﬁEmmEmmmuuummmgmuwmﬂsmmﬂmm@niaﬂagﬂlmmﬂmmﬂa@uauysmmm

' '
A o A

J 1 4 o w { o T @ 4
(MAPE) HaZInI931nU09A 1A aB UA1aa U a8 (RMSE) ANga HANIANEINDI AILVUWEINT
asn o ya Y dy o w (& ' A A =
mm‘ﬁn”l'im"lmiaummawmawaﬂaammmgmumanﬂ A1 MAPE = 0.3053 1tag RMSE =0.1158 U
o o &2
AIVUAIU
Y., =34.93997 +0.05384(m)

t+m

1310 m = 1 UNUADUAINIAY 2565

[

o o w A s & @ a @ o q Yt ) 2o
AAIAY: ALYa, NITWEINTA, UDNH-LUNUT, ﬂ]ﬁﬂ’ﬂ‘ﬁlﬁﬂﬂﬂ’lﬂlam%ﬂ’] J

AvnImadiamansiazada auginomani uminedoinda Inouvaings sunethwzoey sandalnga 93210
Department of Mathematics and Statistics, Faculty of Science, Thaksin University, Phattalung Campus, Papayom, Phattalung 93210, Thailand.

' ﬁﬁwuﬁﬂizmmm lysuaidadnnsetindg (Corresponding author, e-mail): warang27@gmail.com Tel: 08 8790 8476



715815398 ¥HING1aeNA 11 1ad51509naf5 1% 16(3) : 842-853 (2567) 843

ABSTRACT

This research aims to forecast diesel prices using the average monthly retail diesel prices in Bangkok
obtained from the Bank of Thailand website from January 2003 to October 2022, totaling 238 months. The
researcher divided the time series into two sets. The first set comprised 235 months from January 2003 to July 2022.
It was used to create a forecasting model using four statistical methods, namely, the Box-Jenkins method, Holt’s
exponential smoothing method, Brown’s exponential smoothing method, and the damped trend exponential
smoothing method. The second set comprised the last 3 months, from August to October 2022. It was used to
compare the accuracy of the forecast models based on the lowest mean absolute percentage error (MAPE) and root
mean square error (RMSE). The study found that the forecasting model using Holt’s exponential smoothing method

was the most accurate, with MAPE = 0.3053 and RMSE = 0.1158. The model was as follows:

Y,m =34.93997 +0.05384(m)

t+m

where m = 1 represented August 2022.

Key words: diesel, forecast, Box-Jenkins, exponential smoothing
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