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Editorial Note

The Journal of Applied Research on Science and Technology (JARST) is an academic journal prepared
by Institute of Research and Development, Rajamangala University of Technology Thanyaburi (RMUTT). The
JARST aims to disseminate and share knowledge and ideas in the form of high-quality articles related General
Engineering, General Materials Science, General Agricultural and Biological Sciences, General Computer Science,
and General Mathematics to researchers, academics, faculty members and students both national and international.

This journal published ten research articles. Each of the research articles presented interesting concepts
such as Cold pressed virgin coconut oil production: Enhancing energy efficiency through a closed tunnel hot air
generation system, Microencapsulation of moringa oil in bio-polymer by simple solvent evaporation technique,
Development of a photoelectrocatalytic method to improve the efficiency of £ coliremoval, Cellulose rubber foam
composite use as oil absorbent, Boosting cordycepin production through plant-based oils for vegetarian
consumption, Optimization of ballistic vest for protective atrocity and stabbing, 2-Keto-gluconate production
and purification by thermotolerant acetic acid bacterium Nguyenibacter vanlangensis KKS-R1, The effect of
maltodextrin on properties of salted egg yolk, Fabrication of PS-TiO, hybrid via mini-emulsion polymerization:
Study the effect of crosslink on the photocatalytic properties of the hybrid, and Real-time vehicle detection
system on the highway. Therefore, this journal is a channel disseminating the knowledge areas of physical
sciences and life sciences which related persons could apply it for further benefits.

Lastly, the editorial team would like to considerably thank you for supporting and pushing forward this
journal to occur and well accomplish. We are hopeful of your good cooperation and continuing support in
the future.

Editorial Team
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ABSTRACT

The primary aim of this paper was to research and develop a closed tunnel house hot air production system,
focusing on cost reduction in the cold-pressed coconut oil production process. The study's scope was
centered on a case analysis of Tropicana Oil Co. Ltd. situated in Sampran district, Nakhon Pathom province.
The research encompassed the design of a system capable of generating hot air and conserving thermal
energy within a closed tunnel house environment. This included developing and constructing a prototype
system tailored to this purpose. One of the key objectives was to assess the system's efficiency within the
closed tunnel house setup. The broader goal was to enhance air temperature while reducing moisture
content before initiating the coconut drying process. It was achieved through an electricity-powered hot air-
drying technique, the process aimed to efficiently eliminate water or moisture from dried coconut, priming
it for the subsequent cold-pressed oil extraction phase. The resulting system is anticipated to yield multiple
benefits. It's projected to curtail energy consumption for operators by minimizing temperature losses within
the system. This is facilitated by augmenting natural heat to elevate the air and container temperature during
baking. Furthermore, this research unveiled insights into the optimal tunnel house configuration as a highly
effective heat source. It also advanced knowledge in creating low-humidity heat storage systems and
measurement/control mechanisms tailored for specific tasks. These innovations are anticipated to have
applications beyond the coconut oil industry, extending to other sectors reliant on heat energy for production
processes.

Keywords: Cold pressed virgin coconut oil production, Heat production, Closed tunnel hot air, Temperature control

INTRODUCTION days per month), or an estimated 1,336,500 baht
annually.

Hence, by elevating the temperature of the
grated coconut meat, the utilization of aluminum
shells and air during the baking process could
potentially lead to a substantial reduction in energy
costs. This reduction, estimated at a minimum of
200,475.00 baht annually, is based on a conservative
15 percent decrease in losses. Considering the system's
construction cost of approximately 300,000 baht, the
projected time for payback stands at approximately
1.50 years or, equivalently, 18 months.

Among the various stages, the dehumidification
process of coconut shavings stands out as the most
energy-intensive due to the requirement to convert
electrical energy into heat [5]. In response, the authors
proposed an innovative approach to harness natural
energy within the production process. The objective
is to substantially curtail energy usage in the coconut
meat baking stage, with a target reduction of no less

The company specializes in producing cold-
pressed coconut oil and its derivatives [1]. Their target
audience primarily comprises health-conscious
consumers who prioritize chemical-free products [2].
With an annual production capacity of 125,000 liters,
the company utilizes 1,500 kilograms of shredded
coconut per day to create an array of cold-pressed
coconut oil products and its derivatives. The production
process involves extracting moisture from shredded
coconut meat, followed by oil extraction through
pressing and subsequent filtration to yield pure
coconut oil [3]. A pertinent challenge in this process
is the management of materials and energy during
coconut meat baking. The energy consumed in drying,
primarily resulting from water evaporation, constitutes
a significant proportion of the overall electricity usage
[4]. This expense stands at approximately 111,375
baht per month (based on a production cycle of 25

©2023 Institute of Research and Development, RMUTT, Thailand \ ] Appl Res Sci Tech 2023:22(3):251713

DOI: 10.60101/jarst.2023.251713



https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2023.251713

JOURNAL OF

APPLIED RESEARGH ON SCIENCE

than 15% of the prevailing consumption. The crux of
this approach is developing a specialized system that
autonomously generates low-humidity hot air within
a controlled tunnel environment. This innovative
solution leverages a green tunnel as a heat accumulator,
thereby augmenting the production of cold-pressed
coconut oil. The adoption of this approach signifies a
remarkable stride toward sustainable energy utilization
in the production process.

The prototype from research was applied to
the factory roof to harness solar heat as an energy
source, aiming to reduce electricity consumption costs
by more than 15 percent.

MATERIALS AND METHODS
a) Tools and equipment

Measurement and Temperature Control [6]:
This tool is designed to both restrict temperature
within predetermined values and adjust it within
specified ranges or times; use this tool to measure and
control the humidity and temperature of the baking
simulation system. The temperature control system
is depicted in Figure 1 (a).

Temperature and Humidity sensors and Data-
logger [7]: Incorporating multiple functions, this low-
power data logger integrates a high-sensitivity detector
to rapidly and precisely capture temperature and
humidity levels. Figure 1 (b) illustrates the temperature
and humidity sensors and data-logger.

(a) (b)
Figure 1 (a) Measurement and temperature control;
(b) Temperature and Humidity sensors and
data-logger.

Air Velocity Meter: This device serves the
purpose of measuring wind speed, temperature, and
humidity, making it suitable for both general wind
speed measurement and air conditioning applications.
Featuring a 30 mm propeller, it's also capable of
humidity measurement. Refer to Figure 2 (a) for the
representation of the air velocity meter, which research
uses to measure the air velocity of the air pump in the
drying system model.

[llumination and solar sensor: Comprising a
light sensor and a display, with illumination accuracy
+5% at 25°C, the illumination and solar sensor operates
on the principle of converting incident light energy
into current. This current's magnitude is determined
by the light striking the sensor. The illumination and

\ AND TEGHNOLGY

solar sensor interpret this current to calculate the
light intensity and display the value on the screen.
To visualize the illumination, a solar sensor measures
the light intensity and ultraviolet light of the outside
sun in the house; consult Figure 2 (b).

(b)

Figure 2 (a) Air velocity meter; (b) [llumination and
solar sensor.

Thermal Infrared Camera [8]: This instrument
specializes in surface temperature measurement,
accuracy +2%, +2°C, used to measure the heat
outside the greenhouse. Operating based on the
principle of non-contact and non-destructive infrared
radiation assessment, it effectively gauges the
temperature of an object's surface. The thermal
imaging camera integrates key components like a
lens, infrared detector, electronic circuitry, and a
display. Here's how it works: the infrared detector
captures emitted infrared rays from the target object
via the device's lens, converting these rays into an
electrical signal. This received infrared radiation
encompasses both the target object's emission and
reflections from other sources or surfaces, then, the
electronic circuitry processes and transmits this data
to the display. Refer to Figure 3 for a visual depiction
of the thermal infrared camera.

Figure 3 Thermal Infrared Camera.

b) Prototype of closed tunnel hot air production
system

The tunnel's design incorporates a semi-
circular shape to minimize wind-related influences.
Moreover, it is adept at accommodating a thermal
energy-retaining covering material. Fabricated from
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stainless steel, the tunnel boasts dimensions of 3
meters in width, 4 meters in length, and 2 meters in
height. Figure 4 presents a block diagram illustrating
the tunnel's configuration. Utilize a temperature
sensor to measure the temperature within the
house. If the temperature reaches the specified level,
the device will activate the air pump to draw hot air
from the house through the grated coconut meat.
This process aims to facilitate moisture absorption
from the coconut meat, causing it to evaporate. For
a more comprehensive understanding, both the
interior and exterior of the tunnel are showcased in
Figure 5 and Figure 6, respectively.

|T| Temperature Sensor

]
| ;

L1 1 1 1
00000000000
— Hot Air

Air Pump —'1 l—l

Figure 4 System Block diagram.

Control
i

Baking Room

Figure 6 Outside tunnel.

RESULTS AND DISCUSSIONS

a) Efticiency of closed tunnel hot air production
system

Conducting temperature data storage tests
inside and outside the tunnel has been instrumental
in elevating heat levels from external sources. The
system's efficiency capitalizes on varying heat
accumulation, contingent on weather conditions.
Notably, daytime temperatures within the tunnel can
rise 10-20°C higher than the exterior, while nighttime
temperatures align closely. A heat collector with heat-
storing materials [9] has been implemented to optimize
this. This augmentation prolongs heat accumulation
and transfer from the baking process, effectively
leveraging the stored heat within the tunnel for
continuous baking. The evolved system for generating
hot air within the enclosed tunnel encompasses a
control unit that monitors the tunnel's temperature.
Activation of the blower to draw in hot air for
subsequent baking is triggered when the tunnel's
temperature surpasses 50°C [10]. Furthermore, the
terminal section of the tube exhibits temperatures 15-
25°C higher than outdoors. The incorporation of 9
temperature sensors inside and outside the tunnel,
coupled with the strategic placement of black plastic
on the tunnel floor, has notably augmented heat
accumulation via solar radiation [11]. This approach has
demonstrated the capacity to elevate temperatures
beyond the original range of 20-35 degrees Celsius,
as illustrated in Figure 7.

Figure 7 Using a blower to draw hot air to use in
baking.

Experiments were also conducted to expel hot
air from the tunnel, employing an air pump to channel
the heated air for drying to eliminate moisture from
the shredded coconut meat. During the experiment,
400 g of shredded coconut was placed in an aluminum
tray and subsequently positioned within an incubator.
This incubator harnessed the hot air sourced from the
tunnel to facilitate moisture removal. Impressively, the
outcome revealed that approximately 200 g of moisture
could be effectively eradicated within 90 minutes.
Refer to Figure 8 and Figure 9 for visual insights into
this process.

©2023 Institute of Research and Development, RMUTT, Thailand
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Figure 8 Coconut meat before baking, weight 400 g.
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Figure 9 Coconut meat before baking, weight 200 g.

- Temperature Inside
= Temperature Outside

-~ Temperature End of Pipe

30’/‘_—’_‘_—\\

| Time

L L L
08:00 09:00 10:00

Figure 10 Coconut meat before baking, weight 200 g.

Figure 10 illustrates the temperature records
at the end of the pipe employed for baking. By utilizing
an air pump to direct the heated air externally, a
comparison was drawn between the interior and
exterior temperatures and the temperature outside
the tunnel. This analysis revealed that the average
temperature at the pipe's end used in the baking
process ranged from 40 to 60°C. This was in contrast
to the average temperature within the tunnel, which
ranged from 46 to 8°C, and the average temperature
outside the tunnel, falling within the range of 27 to 33
degrees Celsius.

The amount of coconut introduced to the
incubator per drying cycle remained consistent at 10
kg, originating from coconuts with an initial moisture
content of about 65% (wb = 0.6) before drying. Before
entering the factory production line, the desired
moisture content was targeted at 25% (wb = 0.25).
As aresult, the volume of water to be eliminated per
cycle equated to 5.3 kg.

In daily operations, baking occurred thrice,
each lasting 150 minutes. Consequently, the aggregate
water removal from raw materials amounted to 15.9
kg per day, equivalent to an energy demand of 95.40

11:00

12:00

M] per day (factoring in water evaporation at 6.0 MJ/kg).
The heat at the end of the pipe can be estimated using
Equation (1).

Quo = (C, (T, - T, ) +L,Aqio,F, (D

Where,Q,,, is ventilation heat, C_is the specific heat
capacity of dry air, T, is the inside tunnel temperature,
T, is the outside tunnel temperature, L, is the latent
heat of vaporization, Aq is the specific humidity
difference from inside to outside, o, is the density of
air, F, is the volumetric airflow due to ventilation.

Given these parameters, the amount of heat
is calculated to be 101.835 M].

b) The efficiency of the closed tunnel hot air
production system in Phase Il

After placing black plastic on the tunnel
floor to facilitate heat accumulation from the sun's
rays, various measurements were taken, including
wind speed, light intensity, and temperature at

J Appl Res Sci Tech 2023;22(3):251713
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different locations. This resulted in significant heat
buildup within the tunnel, raising the temperature

°C
7001

60.01==-~
50.0
4007
30.0
2001

10.0

by approximately 20 - 35 degrees Celsius compared
to its initial state.

Final Hot

12:00 18:00

00:00 06:00 12:00

Celsius =-=-- High Alarm = = = Low Alarm

Figure 11 The temperature inside tunnel.

Dew Point

Humidity =:=--High Alarm rh=====- Low Alarm rh

Final Outair

60.0

50.0

40.0

30.0

20.0

10.0

10

12:00 18:00

00:00 06:00 12:00

Celsius =-=- High Alarm = = = Low Alarm

Figure 12 The temperature outside tunnel.

Based on the data presented in Figure 11 and
Figure 12, the maximum temperature difference
recorded was approximately 26 degrees Celsius,
fluctuating between 70 and 44 degrees Celsius. In
practical experimentation, hot air from the tunnel
was tested using an air pump for drying. This involved
employing hot air to eliminate moisture from 500
grams of shredded coconut placed in an aluminum
tray. Subsequently, the tray was positioned in a
cabinet that utilized the hot air from the tunnel for

Dew Point

Humidity =:=-- High Alarm rh=«=--- Low Alarm rh

moisture removal. The results indicated that around
270 grams of moisture (water) could be extracted
within approximately 150 minutes, as illustrated in
Figure 13.

The heat energy balance of the tunnel is
based on the principle that energy entering the
system equals energy leaving the system. In other
words, the net energy is zero. This balance can be
achieved through analyzing various factors contributing
to energy input and output.

©2023 Institute of Research and Development, RMUTT, Thailand
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Figure 13 Dehumidification process in 500 grams of grated coconut meat.

c) Heat energy balance of the tunnel

Energy entering the system is equal to energy
leaving the system. Net energy is equal to energy
entering the tunnel - energy leaving the tunnel since
the net energy equals zero.

1) The energy that is put into the tunnel
consists of:

a) Heat energy from solar radiation.
b) Heat energy, exothermic heat for
condensation.

2) Energy from the tunnel

a) Transfer of heat energy, input into
various joints around the tunnel.

b) Heat energy and ventilation transfer to
the outside depending on the environment.

¢) Transfer of heat energy, suction of
warm air by fan.

d) Tunnel data collection

The author used a thermal infrared camera
to collect temperature data at various points in the
tunnel: the temperature at the surface of the covering
material, the temperature under the tunnel, the
temperature out of the tunnel, and the temperature
at which the blower enters the cabinet.

CONCLUSION

The company aims to reduce thermal energy
consumption. Tropicana Qil Co., Ltd. strives to
transform the factory into a green facility that relies
on natural sources to conserve energy and contribute
to environmental preservation. Thus, the findings of
this research demonstrate how solar heat can be
harnessed for heating purposes in the factory, the
prototype was applied to the factory roof to harness
solar heat as an energy source for the factory, aiming

to reduce electricity consumption costs by more than
15 percent.
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ABSTRACT

Moringa oil (MO) contains various bioactive components and pharmacology. It is attractive to use as a raw
ingredient in various products. However, there are limitations on its direct utilization, especially MO's
instability and hastening the active ingredient's degradation from external environmental factors, including
temperature, humidity, oxidation, light, and heat. To solve these problems, in this work, microencapsulation
of MO using different biopolymers as cellulose acetate butyrate (CAB), ethyl cellulose (EC), and poly(L-lactic
acid) (PLLA) were carried out by a simple solvent evaporation technique. The prepared polymer microcapsule
suspensions were highly colloidal stable for all types of biopolymers and ratios. The spherical biopolymer
capsules were formed to a micrometer size after solvent evaporation under all conditions. However, when
the microcapsules were dried, aggregation was found with the polymer microcapsules at a ratio of PLLA to
MO of 50:50 for all three types of polymers, possibly due to the low amount of polymer to completely
encapsulate all of MO. When polymer contents increased to 70%, the dried spherical polymer microcapsules
were smoothly produced. Using 70% polymers, the PLLA microcapsule surface was smoother than the
polymer microcapsules prepared by CAB and EC which exhibited the dent or hole on the outer surface.
Micrometer size, spherical polymer capsules with a core-shell morphology were fabricated. Due to the higher
hydrophilicity of the polymer than the MO, the polymer moves outward, forming a strong shell around the
MO. Then, all three biopolymers can be used for the microencapsulation of MO at a suitable polymer to MO
ratio. However, using PLLA at a ratio of PLLA to MO of 70:30 presented the highest encapsulation efficiency
(74.08%), which may be due to its high molecular weight. Because of the non-toxicity and biodegradability
of biopolymers, the fabricated microcapsules would be well applied in cosmetic products.

Keywords.: Moringa oil, Microencapsulation, Solvent evaporation technique, Poly-L-lactic acid

INTRODUCTION

Moringa oil (MO) is extracted from parts of the
Moringa tree (Drumstick tree), such as leaves and
seeds. It is currently widely used as a raw material
in the health and beauty industries [1]. MO is a natural
extract that is 100% natural, providing a chemical-free
and non-toxicity. Because of its high antioxidant activity
and other beneficial biological and pharmacological

or the reaction with other ingredients in the product.
This decreases the product's efficiency and lifespan.
To solve these problems, encapsulation technology
is therefore applied for encapsulating active substances.

Encapsulation has gained much attention
and is widely applied to various products. If a highly
efficient encapsulation technology is used to store
MO, the quality of MO will be improved. This active
ingredient is more stable after being encapsulated

properties, natural MO is increasingly used as an anti-
inflammatory, anti-bacterial, anti-fungal, etc. [2-4].
Although MO can be used directly, several restrictions
remain such as the accelerated degradation of bioactive
components when exposed to environmental variables,
including heat, light, oxygen depletion, and moisture

because it is protected from degradation or reaction
with the external environment and other substances
in the emulsion of the cosmetic product [5, 6]. The
encapsulation increases the response’s surface area
and controls the release of bioactive components
at the desired rate as well. Physical encapsulation
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techniques are typically simple, repeatable, and
scalable for the industry. Among encapsulation
techniques, solvent evaporation is one of the most
simple and efficient methods to produce polymer
capsules encapsulating various substances [7-9].
It is a repeatable, low-cost, and easily scalable
method for the industry at room temperature. The
microencapsulation of jasmine oil with polymethyl
methacrylate was successfully prepared by solvent
evaporation in an oil-in-water emulsion (O/W) system.
The amount of encapsulated jasmine oil (23.04%)
and the encapsulation efficiency was 72% [7].
Therefore, the possibility of using this technique in
the production of microcapsules is interesting.

Biopolymers, produced from renewable
resources, are used in pharmaceutical and cosmetic
products because of their non-toxicity. Various groups
of them were used especially polyesters, including
poly(L-lactic acid) (PLLA), and cellulose derivatives.
PLLA and cellulose derivatives e. g., ethyl cellulose
(EC) and cellulose acetate butyrate (CAB) are well-
known biopolymers used for the preparation of
polymer capsules [10-13]. Because they are natural
polymers that are readily available, inexpensive, non-
toxic, biologically friendly, and can be biodegradable
[14-17]. Spherical CAB microcapsules containing
diltiazem resin were prepared by solvent evaporation.
The microcapsule size increased with the concentration
of CAB [18]. EC microcapsules were produced for the
encapsulation of probiotics to extend their viability [13].
In addition, the EC microcapsules were successfully
prepared and applied to the fabric samples. The textile
surfaces desired antibacterial activities have been
achieved to an acceptable level [19]. As well as a well-
known biopolymer, PLLA capsules containing linalool
were non-toxic to human cells and prevented the
growth of Staphylococcus aureus, Escherichia coll,
and Candida albicans[20]. The spherical and smooth
surface PLLA microcapsules containing phase change
material, Rubitherm 27 (RT27), with a high encapsulation
efficiency (96%) were fabricated [21]. Polymer capsules
encapsulating vitamin E were successfully created
utilizing PLLA by the conventional solvent evaporation
method. Meanwhile, the particle size distribution of
PLLA capsules encapsulating vitamin E using phase
inversion emulsification is narrower than that of
capsules produced via the conventional solvent
evaporation method [9].

Therefore, in this work, the preparation of
polymer microcapsules encapsulating MO by a
simple solvent evaporation method is studied.
Various types of biopolymers e. g. PLLA, EC, and
CAB are used. The influences of polymer types
and polymer: MO ratios on the microcapsule
morphology and encapsulation efficiency of MO are
determined.

MATERIALS AND METHODS

Moringa oil (MO; Organic Thailand), cellulose
acetate butyrate (CAB; laboratory reagent, Sigma-
Aldrich; Mn 77,000), ethyl cellulose (EC; laboratory
reagent, Sigma-Aldrich; Mn 51,000), and poly(L-lactic
acid) (PLLA; commercial, B. C. Polymer Marketing;
Mn 95,000) were used as biopolymers as received.
Polyvinyl alcohol (PVA; analytical reagent, Sigma-
Aldrich) was used as a surfactant. Ethyl acetate (EA;
99.9% purity, RCI Labscan), dichloromethane (DCM,;
99.9% purity, RCI Labscan), and tetrahydrofuran
(THF; analytical reagent, RCI Labscan) were used as
solvents as received. Deionized water was used
throughout the study.

Solubility test

Biopolymers of CAB, EC, and PLLA were used
as microcapsule shells. Before the microcapsule
preparation, polymers and MO must be completely
dissolved in appropriate solvent. Then, solubility
testing was studied at a 1:1 ratio of polymers to MO
with various polymer:solvent ratios under the
conditions shown in Tables 1 and 2. CAB and EC
could be dissolved in EA and PLLA in DCM.

Table 1 Reagent amounts for the solubility testing of
CAB and PLLA.

Polymer: MO: Solvent

Chemicals

1:1:5 1:1:6 1:1:7
MO g 1.00 1.00 1.00
Polymer? g 1.00 1.00 1.00
Solvent® g 5.00 6.00 7.00

a- CAB and PLLA
b. CAB using EA and PLLA using DCM

Table 2 Reagent amounts for the solubility testing of EC.

EC: MO: EA
Chemicals
1:1:9 1:1:10 1:1: 11
MO g 1.00 1.00 1.00
EC g 1.00 1.00 1.00
EA g 9.00 10.00 11.00

Preparation of polymer microcapsule encapsulated MO

PLLA was homogeneously dissolved in DCM
and CAB, or EC was homogeneously dissolved in EA
before mixed with MO as an oil phase. It was then
poured into PVA aqueous solution before homogenizing
at 5,000 rpm for 5 min to generate oil droplet suspension.
The suspension was gentle stirred for solvent
evaporation to produce polymer microcapsules, as
shown in Fig. 1. The effects of the type of polymer
and the ratio of polymer:MO were investigated under
the conditions listed in Table 3.
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Figure 1 Schematic diagram for the preparation of polymer microcapsules by solvent evaporation.

Table 3 Reagent amounts for the preparation of
polymer microcapsules by solvent evaporation at
various polymer:MO ratios.

Polymer: MO
Chemicals
50: 50 70: 30
Oil Polymer 2 g 1.25 1.75
MO g 1.25 0.75
Water PVA g 0.23 0.23
Water g 22.5 22.5

a: PLLA, CAB and EC
Characterization

The suspensions of oil droplets and microcapsules
encapsulated MO after solvent evaporation were
observed with an optical microscope (OM, SK-100EB
& SK-100 ET, Seek Inter) to investigate their shape
and inner structure. A scanning electron microscope
(SEM, JSM 6510, JEOL) was used to study the surface
morphology of the microcapsules by distribution of
the dried polymer microcapsules on a nickel SEM
stub and coating it with Au. The amount of the
encapsulated MO was measured by a UV-visible
spectrophotometer (Lambda 35, Perkin Elmer).
About weighed 0.1 g polymer microcapsules and MO
standards [22, 23] were dissolved in tetrahydrofuran
and adjusted the volume of the solution to 25 ml.
Then, the absorbances of the standard solution at
various concentrations and the sample solution
were measured at Amax 293 nm. The measured
absorbance of the sample solution was used to
calculate the amount of MO encapsulated in polymer
microcapsules using the following equations.

MO in polymer microcapsules from experimental
01g.

[MO] x 25 mL

1,000 (1)

WMO; Capsules (Exp.) (Mmg) =

MO in polymer microcapsules from theory
01g.

Wnmo: th. (8)x0.1g
[PLLA (g) + MO (g)]

WMO; Capsules (th.) (Mg) = x 1,000 (2)

Loading efficiency (%)

Whi0;capsules (Exp.) (mg)

%Le = 100 3
£ 0.1(g)x 103 X (3)
Who; (mg)
YLy = MO;Capsules (th.; x 100 (4)
0.1(g)x 10
Encapsulation efficiency (%)
O LE
%EE —/LthX1OO (5)
Where

[MO] is the concentration of MO from calculation
with the calibration curve (mg/L).

Who:capsules (Exp.) iS the weight of MO (mg) in the
polymer microcapsule obtained from the
experiment.

Wmo:capsules (th.) iS the weight of MO (mg) in the
polymer microcapsule from the calculation.

Leis the loading percent of MO in polymer microcapsule
obtained from the experiment.

L is the loading percent of MO in polymer microcapsule
obtained from the calculation.

RESULTS AND DISCUSSIONS
Solubility test

In the first step of polymer capsule preparation,
the homogeneous oil droplets are required. Then, it
is necessary to completely dissolve polymer and core
substance using the appropriate solvent type and
ratio. CAB, EC, and PLLA, biopolymers, were used as
polymer shells at a ratio of polymer: MO of 1: 1. The
prepared oil-phase solution requires the minimum
amount of solvent that can completely dissolve the
MO and polymer providing low viscosity suitable for
internal phase separation. Polymers and MO were
completely dissolved giving clear solutions for all
conditions, as shown in Fig. 2. EA, a non-toxic
solvent [24, 25], is a good solvent for CAB and EC.
1:1:6and 1: 1: 10 were suitable ratios for CAB: MO: EA
and EC: MO: EA, respectively, giving a homogeneous
solution with low viscosity. For PLLA, DCM was used
as a good solvent [26] at a ratio of 1: 1: 6.
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Figure 2 Solubility testing of CAB (a-c), EC (a'-c’), and
PLLA (a”-c”) in a solvent at various ratios of
Polymer: MO: solvent (w/w); CAB: MO: EA at
1:1:5(a), 1: 1: 6(b),and 1: 1: 7 (c); EC: MO: EA
at1:1:9(a’), 1:1: 10(b’),and 1: 1: 11 (¢’) and
PLLA: MO: DCM at 1: 1: 5(a”), 1: 1: 6 (b"),
and 1: 1: 7 (c”).

Effect of polymer type and polymer: MO ratio

The polymer microcapsules were prepared
by the solvent evaporation method in an O/W
system. The colloidally stable milky suspensions of
the polymer/MO microcapsules were obtained for
all types and ratios, as shown in Fig. 3.

““

Figure 3 Suspension photos of polymer microcapsules
using polymer: MO at 50: 50 (a-c) and 70: 30
(a’-c’) of various polymers: CAB (a, a’), EC
(b, b’), and PLLA (c, c).

The prepared polymer microcapsules were
observed by optical microscope. Spherical microcapsules
in a micrometer size were formed in all conditions,
as shown in Figs. 4 and 5. The microcapsules were
well distributed without coagulation. After drying,
the polymer microcapsule powders were observed
by SEM. Using EC, the microcapsules were spherical
for both EC:MO ratios, as shown in Figs. 6b and 5b’.

Rough surfaces or holes, which may be due to the
evaporation of solvent were observed. However, at
low polymer content (50:50), some aggregation of
polymer microcapsules was found. The non-spherical
CAB/MO microcapsules were formed with large
aggregation due to the distribution of oil on the
surface at a ratio of 50: 50, as shown in Fig. 6a. It is
possibly because the low amount of CAB is not
enough to completely encapsulate all of MO. When
CAB content is increased to 70%, more stable
spherical CAB/MO microcapsules are produced, as
shown in Fig. 6a’. Similarly with CAB, stable PLLA/MO
microcapsules at a ratio of 50:50 could not be prepared
indry state. Some aggregation of PLLA/MO microcapsules
was clearly observed, as shown in Fig. 6¢. In contrast,
the spherical PLLA/MO microcapsules were formed
at a ratio of 70:30 as shown in Fig. 6¢’. Moreover,
smoother surface than in the other conditions
was clearly observed. After crushed, a core-shell
morphology of the prepared microcapsules using all
three types of polymers were clearly observed, as
shown in Fig. 7. Phase separation of dissolved polymer
chains and MO is smoothly proceeded during
solvent evaporation leading to the formation of
polymer shell enveloping the MO core. Therefore, all
three types of polymers can be used to prepare
stable MO encapsulated microcapsules at appropriate
polymer to MO ratio.

Y 10Em b 6L . @, 10Hm

oL~
Figure 4 Optical micrographs of polymer microcapsules
using Polymer: MO at 50: 50 before (a-c) and
after solvent evaporation (a’-c’) of various
polymers: CAB (a,a’), EC (b, b’), and PLLA (c,

c).
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Figure 5 Optical micrographs of polymer mlcrocapsules
using Polymer: MO at 70: 30 before (a-c)
and after solvent evaporation (a’-c’) of
various polymers: CAB (a, a’), EC (b, b’),
and PLLA (c, ).

Figure 6 SEM micrographs of polymer microcapsules
using Polymer: MO at 50: 50 (a-c) and 70:
30 (a'-c’) of various polymers: CAB (a, a'),

\\ AND TEGHNOLGY

Figure 7 SEM micrograph of crushed microcapsules
using Polymer: MO at 50: 50 (a-c) and 70:
30 (a’-b’) of various polymers: CAB (a, a’),
EC (b, b’), and PLLA (c, ¢').

Encapsulation efficiency

The loading and encapsulation efficiency (EE)
of the prepared microcapsules were determined by
UV-visible spectrophotometry, as shown in Table 4.
The measured absorbance peak of the sample
solution was used to calculate the amount of MO
encapsulated in polymer microcapsules compared
with the standard peaks of MO, as shown in Fig. 8.
Corresponding with SEM observation, polymer
microcapsules of all three kinds of polymers at a
ratio of 50:50 presented low EE which may be due
to the excessive amount of MO. Polymers are
insufficient to totally encapsulate MO. EE increased
with polymer content due to the larger amount of
polymer needed to encapsulate MO for all types of
polymers. Using PLLA at a ratio of 70:30 provided
the highest EE at about 74%. This is probably due to
the higher MW of PLLA (95,000 g/mol) used in this
work than that of CAB (77,000 g/mol) and EC (51,000
g/mol). Using high MW polymer chains, MO was
encapsulated more completely and formed a
stronger shell [27]. As seen, only the dent occurs on
the outer surface of PLLA microcapsules, as shown in
Fig.7b’ and 7¢’. In contrast, the lowest %EE values of
both EC/MO microcapsule ratios were obtained. Due
to the rough surface with holes of the EC/MO
microcapsules, some MO may loss to the outer
region resulting in a reduction of the encapsulated
MO content.

J Appl Res Sci Tech 2023;22(3):253714
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Figure 8 UV spectrum of MO standards (ppm); 2,000
(), 4,000 (), 6,000 (__), 8,000 ()
and 10,000 (___) and EC/MO microcapsules
solution ().

Table 4 Loading and encapsulation efficiency of
polymer microcapsules prepared by solvent evaporation
using various types of polymer.

Loading (%wt i
Microcapsules Polymer: MO oading ( ) Encapsulation
Experiment Theory (%wt)

50: 50 1598 +0.17 5044 31.68+0.33
CAB/MO

70: 30 12.72+0.03 30.02 42.37+0.10

50: 50 1234 +0.30 5038 24.49+0.58
EC/MO

70: 30 1228 +0.29 30.06 40.85+0.96

50: 50 1438 +0.16 51.13 28.12+0.31
PLLA/MO

70: 30 2241+0.29 30.25 74.08 £0.96

CONCLUSIONS

The stable spherical biopolymer microcapsules
were successfully produced by simple solvent
evaporation. All three biopolymer kinds, CAB, EC, and
PLLA, can be used to produce spherical microcapsules
encapsulating MO at appropriate polymer to MO
ratio. Using PLLA, a stable core-shell microcapsule with
a smooth surface were formed. The loading and EE
increased with polymer content. Using a ratio of
PLLA:MO of 70:30 presented the highest loading and
EE. Because of its non-toxicity and biodegradability,
it would be well applied to cosmetic products.
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ABSTRACT

The photoelectrocatalytic technology has attracted significant attention for effectively eliminating organic
matter and microbiological pollutants in the environment, owing to its remarkable efficiency and low power
consumption. The major goal of this research is to develop and determine the optimal conditions that will
facilitate the photoelectrocatalytic technique's enhancement of £. coli eradication. The WOs/BiVO4 photoanode
was fabricated on a conductive glass substrate using the automatic dip coating process, employing a layer-
by-layer deposition method. Subsequently, the WOs5/BiVO4 photoanode was calcinated at 550 °C for 60 minutes.
The produced WOs3/BiVO4 electrodes were employed as working electrodes to investigate and determine the
optimal parameters for enhancing the eradication of £. coli process. The primary factors investigated in this
study were the concentration of KCI electrolyte solution and the applied potential. These parameters were
examined to identify the best circumstances that would result in the highest efficiency for the degradation
of E. coliin a photoelectrochemical system. The study also aimed to comprehend the catalytic mechanism
implicated in eliminating £. co/iby implementing three different processes: photocatalysis, electrocatalysis,
and photoelectrocatalysis. We discovered that the key factors directly influencing £ colieradication effectiveness
under the photoelectrocatalytic process were applied potential and electrolyte solution concentration. The
optimum conditions eliminated 99.99% of E. co/iin 150 minutes with an initial concentration of 10 CFU/ml, an
electrolyte concentration of 0.01 M KCl, and an applied potential of 2.0 V. The study confirmed photoelectrocatalytic
cells' efficacy in removing microorganisms and recommended their application in a wider range of wastewater
treatment systems.

Keywords: Photoelectrocatalytic cell, £. coliremoval, WOs3/BiVO4 photoanode

INTRODUCTION

Contaminated wastewater has serious
consequences for human and animal health due to the

concentration, electric potential, and the catalytic
mechanism at the electrode surface. We investigated
and determined the optimal conditions for PEC cells
to maximize the efficacy of £ coli elimination and

presence of bacteria and microbes [1, 2]. Escherichia
coli (E. coli)is one of the most prevalent antibiotic-
resistant pathogens. Therefore, it is necessary to develop
effluent treatment methods [3-5]. Photoelectrocatalytic
(PEC)technique, an advanced electrochemical technique
that catalyzes the reaction with light and applied
potential, has attracted great interest in applications
for microbial elimination [4, 6-9]. The development of
PEC technique can be achieved by finding optimum
conditions for the highest efficiency in removing
target substances or improving the reaction process
[10, 11]. This research aims to study factors affecting
the efficiency of eliminating £ co/fusing PEC techniques.
We have investigated the factors that affect the efficacy
of E. coli degradation, including electrolyte solution

confirm the mechanism responsible for the acceleration
of elimination at the electrode surface. This research
holds significant potential and carries implications
for the advancement of novel technologies aimed at
eradicating microorganisms in water and for further
enhancing water treatment systems.

MATERIALS AND METHODS
FTO/WO;/BiVO4 electrode preparation

This study prepares the electrodes with an
automatic dip coating machine, as displayed in figure 1.
Fluorine-doped tin oxide (FTO) conductive glass was
used as a support material for the fabrication of
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semiconductor thin films by ultrasonic cleaning in
various solutions for 10 minutes, as detailed as follows:
solution of detergent, 3 M sodium hydroxide solution,
ethanol solution, and deionized water. The FTO conductive
glass was immersed in a 0.1 M WOs solution, dried
at 150 °C for five minutes, and then calcined at 500
°C for thirty minutes. Then, using an automatic dip
coater, the FTO/WOs electrode was immersed in 0.05
M BiVOyq solution. Then, they are dried at 150 °C for 5
minutes and calcined at 550 °C for 60 minutes. In the
experimental setup, FTO/WOs/BiVOs electrodes are
employed as an anode electrode to further examine
the effectiveness of £. coli eradication.

immersion pull-up
step step
FTO T
WO3,BiVO4
precursor
solution
A A

Figure 1The schematic dip coating machine for
FTO/WOs/BiVOy4 electrode fabrication process.

E. coli removal efficiency study

The FTO/WOs/BiVO4 electrode was employed
to investigate the effectiveness of eradicating £. coli
by utilizing the PEC approach. The concentrations of
KCl electrolyte solutions at 0, 0.01, 0.025, 0.05, 0.075,
and 0.1 M and applied potentials of 0, 0.5, 1.0, 1.5, 2.0,
and 2.5 V were studied to determine the optimal
conditions for the highest PEC E. coli degradation
efficiency. In addition, the catalytic mechanism for the
eradication of £ coliwas investigated using Photocatalytic
(PC), Electrocatalytic (EC), Photoelectrocatalytic (PEC),
and control containing approximately 10% CFU/ml of
E. coli. The concentration of £. coli was examined
utilizing the spread plate technique at different
time intervals. Subsequently, the concentration and
percentage degradation were determined and
represented by Equation (1) [12] and Equation (2),
respectively.

CFU/ml = Total number of colonies obtain x dilution factor (1)
Volume of specimen used

E. coli degradation (%) =_Ao-A: x 100 (2)
Ao

\ AND TEGHNOLGY

where Ap represents the quantity of £ colipresent at
the beginning of the elimination process in CFU/ml.
A: represents the quantity of remaining £. coli at the
time in CFU/ml.

RESULTS AND DISCUSSIONS
Optimization of PEC cell for E. coli degradation

The experimental results demonstrated a direct
relationship between an increase in applied voltage
within the range of 0 to 2.5 V and the subsequent
enhancement in the efficiency of £. co/i removal, as
demonstrated in figure 2.
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Figure 2 The effect of applied potential on E. coli
degradation efficiency.

This phenomenon occurs due to the acceleration
of charge transfer and the subsequent increase in
electron flow from the anode to the cathode when
the applied voltage is raised in the positive direction.
Increasing the positive potential also increases the
amount of positively charged (hole; h*) at the anode,
which supports a high oxidizing efficiency for the
degradation of £. coli [13]. However, the electrode
life may be compromised if the system voltage is too
high.

Figure 3 illustrates the effect of varying
concentrations of potassium chloride (KCl) electrolyte
solution on eradicating £ coli. The efficacy of eradicating
E. coliis directly proportional to the concentration of
electrolytes within the range of 0 to 0.1 M. The results
that were noticed through the investigation of KCl
concentration. Increasing electrolyte concentration
facilitates enhanced electrical conductivity and charge
transfer between the electrodes, hence promoting
electrode surface reactions that contribute to more
effective degradation of £. coli [14]. Increasing the
concentration of KCI can also result in the dissociation
of chloride ions in the solution. The chloride ion present
in the electrolyte undergoes a constant reaction with
the hydroxyl radical, resulting in the formation of
chlorine compounds that exhibit exceptional efficacy
in eradicating £. coli.
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Figure 3 The effect of KCl electrolyte concentration on the efficacy of E. coli degradation, where (A) the
percentage of £. coli degradation and (B) the photo of £. coli depending on KCl concentration and

time degradation.
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Figure 4The catalytic mechanism in £ co/idegradation was investigated; (A) reduction of £. coli in CFU/ml
and (B) £ colidegradation efficiency under optimal conditions and inset of photographs of £. coli

analysis.
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Figure 5 Diagrammatic representation of the process
at the semiconductor anode surface for PEC-
based removal of E. coli.

Catalytic mechanism and E. coli degradation efficiency

Figure 4 demonstrates that the PEC catalytic
mechanism has the highest £ coli degradation efficiency
of 70% within 60 minutes, followed by the EC, PC
catalytic mechanism, and solution-based potassium
chloride control system, which eliminated only 20%,
26%, and 17%, respectively. In contrast, controls that

do not utilise potassium chloride electrolyte solution
can only remove a small amount. In addition, figure
4B demonstrated that £, coli at a concentration of
10°% CFU/ml could be eliminated 100% in 150 minutes
using a potassium chloride electrolyte concentration
of 0.01 M and an applied potential of 2 V with the
PEC technique.

Figure 5 exhibits the schematic diagram
illustrating the reaction occurring at the surface of
the semiconductor anode, specifically in the presence
of photo-acceleration and electric potential. When the
valence band (VB) layer of a semiconductor is stimulated
by light within a certain range, it leads to the dissociation
of electrons (e-) from the VB to the conduction band
(CB) [9, 15], while simultaneously creating a positively
charged vacancy (hole; h*) inside the VB. The VB layer
has a notable propensity to facilitate water oxidation at
the surface of the semiconductor electrode WOs3/BiVOs,,
generating hydroxyl radicals (°OH). This generated
°0OH has powerful oxidizing capabilities, efficiently
oxidizing £. coliin aqueous solution [16].In addition,
controlling the positive potential at the anode electrode
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may accelerate transport and induce e-flow at the CB
layer from the anode electrode to the cathode electrode
to convert H* to H>[17]. This procedure can potentially
mitigate the recombination occurrence of electron-
hole pairs (e~ and h*)and enhance the PEC characteristics
for eliminating £. coll.

CONCLUSION

This research successfully applied a
WOs3/BiVO4 photoanode to eliminate £. coli under a
photoelectrocatalytic process effectively. The electrolyte
concentration and potential applied factors in the
E. coli elimination system were investigated. We
demonstrated that when the proposed PEC approach
was optimized with a 0.01 M potassium chloride
electrolyte solution and an applied voltage of 2 V,
E. coli at 10% CFU/mL was 100% eliminated in 150
minutes. This study generates information for
developing a new alternative technique for treating
wastewater contaminated with microorganisms and
other organic waste.
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ABSTRACT

The focus of this study was to explore the fabrication of cellulose rubber foam (CRF) using kapok fibers (KF) as
an oil absorbent material. Chemical methods such as sodium hydroxide surface treatment, hydrogen peroxide
treatment, and acid hydrolysis were employed to prepare cellulose nanocrystals (CNC). The results of the
nuclear magnetic resonance (NMR) spectroscopy test indicated that the chemical modification of kapok fiber
resulted in the removal of lignin and hemicellulose by a disappearing peak at 17, 52, and 148 ppm, respectively.
Hydrolysis process of the kapok fiber resulted in nanometer-sized cellulose, with a yield of 72% as revealed by
transmission electron microscopy (TEM). The amount of cellulose nanocrystals from kapok fiber (KF-CNC) used
in the study varied from O to 5 phr during the formation of the cellulose rubber foam, and it was found that the
foam density increased as the number of cellulose nanocrystals from kapok fiber increased. Additionally, the
percentage of collapse from the compressive strength of cellulose rubber foam decreased as the amount of
cellulose nanocrystals from kapok fiber increased. Fourier transform infrared spectroscopy (FTIR) confirmed
the incorporation of cellulose nanocrystals from kapok fiber into the rubber foam (RF) as the amount of
cellulose nanocrystals from kapok fiber increased. The oil absorbent of cellulose rubber foam composite with 1
phr cellulose nanocrystals from kapok fiber show highest absorption capacity was 17.8 g/g. The cellulose rubber
foam composite absorbs oil before absorbing water when water and oil are combined. Moreover, the cellulose
rubber foam could be reused more than 50 times.

Keywords: Kapok fiber, Rubber foam, Cellulose nanocrystals, Cellulose rubber foam, Oil absorbent

INTRODUCTION increase the benefits of using more widely available
rubber. Rubber foam is a porous, lightweight material
that can be used in a wide range of applications such
as absorbents, cushioning materials and sound-absorbing
materials, etc. [1, 2].

Composite material made from natural fibers
has received widespread attention both in plastic
molding industry instead of using synthetic fibers.
The advantages of natural fibers are that they are
cheap and easily found naturally with low toxicity.
There are many natural fibers that are plentiful in
Thailand such as water hyacinth, bamboo, rice husk,
bagasse, etc. [3]. And there is another type that is
abundant in Thailand but is still rarely used is kapok
fiber. Kapok in the form of stuffed pillows, because
it is light and soft, is one of the high cellulose fibers.
Kapok fibers have interesting properties for example
natural skin coatings. This will prevent water so that
the cotton fibers do not get wet but have oil-absorbing

Nowadays, the problem of natural oil
contamination is still a big problem everywhere in
the world and humans are involved due to the use of
oil in everyday life. The leakage or contamination of
oil may affect nature. The water source is the habitat
of various living things, including human water
resources. Many materials are used to eliminate the
problem of oil contamination in water supplies. Most
commercial adsorbents used in oil removal are plastic-
based materials with a lot of porosity. Commercial
materials may increase plastic waste that is difficult
to biodegrade. Absorbent materials made from natural
materials can help reduce the problem of plastic waste
even more. The material that can be developed as an
absorbent material is natural rubber. Thailand is the
world's number one natural rubber producer but most
of them are exported in the form of raw latex. Therefore,
the processing of natural rubber into products may
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properties which can be applied to many aspects of
work such as the environment including various oil
stains occurring in daily life, etc. Therefore, it is
interesting to bring local resources and develop them
into oil-absorbing cellulose rubber foam. Therefore,
in this research, we are interested in using natural
fibers, kapok fibers which are relatively high cellulose
fibers as an oil-absorbing material. In the previous
work, the oil absorbency is supplemented by the
addition of kapok fibers in larger quantities, resulting
in a significant increase in oil absorbency [4]. However,
using natural fibers may have a detrimental effect on
the properties of the material. Kapok fibers must
therefore be cleaned by bleaching them with hydrogen
peroxide and sodium hydroxide to remove impurities
or unwanted substances such as hemicellulose, lignin,
and other impurities. Cellulose is hydrolyzed with
acid in sulfuric acid [5] and then mixed with natural
rubber foam and cellulose nanocrystals from kapok
fibers with different cellulose nanocrystal contents.

MATERIALS AND METHODS
Materials

Kapok fiber (KF), HANR 60% DRC (NORRAWAT
CHEMICAL Part., Ltd.), Chemicals used include sodium
hydroxide (NaOH), hydrogen peroxide (H20z), sulfuric
acid 98% (H2S04), potassium hydroxide (KOH), zinc
diethyl-dithiocarbamate dispersion (ZDEC), zinc
mercaptobenzo-thiazole dispersion, (ZMBT), Wingstay
L, Potassium Oleate, Diphenyl guanidine (DPG), Sodium
silicofluoride (SFF), Zinc oxide (ZnO)

KF pretreatment process

The KF was boiled in a 2M NaOH solution at
90 °C for 60 minutes and filtered by a sieve (involved
in alkalization at mm openings) and washed with
deionized (DI) water to remove NaOH. Then, the kapok
alkaline fiber was subsequently bleached using 0.05
M aqueous NaOH buffer and 10% v/v aqueous H>0>
at 90 °C for 120 minutes with constant mechanical
stirring. The bleached KF was then sieved and thoroughly
washed with DI water. To further remove the impurities,
the second bleaching was carried out under the same
conditions and oven-dried at 60 °C for 24 hours. The
bleached kapok is labeled KF-B. The alkalization and
bleaching were undertaken to remove impurities
before proceeding with the hydrolysis.

Isolation of KF-CNC

CNC was prepared by sulfuric acid hydrolysis
[6]. The KF-B was subsequently hydrolyzed by using
a diluted H,SO4 solution (50% v/v) at 600 rpm, 50 °C
for 40 minutes. The hydrolysis was stopped by adding
200 mL of water. The resulting suspension was
centrifuged five times at 9,000 rpm, 25°C for 10 minutes
to obtain more concentrated cellulose nanocrystal

water and centrifuged at 10°C for 50 minutes until KF-
CNC deposits were obtained.

Preparation of Rubber Foam (RF) and Cellulose Rubber
Foam (CRF)

The preparation of RF and CRF is shown in
Table 1. The concentrated natural latex (60% DRC) was
stirred for 1 minute to remove ammonia and mixing
process for CRF compound preparation is shown in
Table 2. Then, pour the latex into the mold and leave
the RF set for 10 minutes. The prepared RF was baked
at 100 °C for 2 hours, then wash with hot water at 70 °C
for 50 minutes and bake again at 80 °C until dry
shown in figure 1.

M Stirred for 1 min to
NR Latex ~— remove ammeonia.
E(DRC €0%) 10% Potassium-Oleate,

Sulphur, ZDEC, ZMBT,
Wingstay L, KF-CNC,
Zinc Oxide, Diphenyl

Add the prepared

substances and mix

well.
guanidine, SFF

dispersion

mold and set for 10 min.

L Pour the latex into the

Bake at 100 °C for 2 h, then
wash with hot water at 70
°C for 50 min and bake

again at 80 °C until dry.

L * 10% Potassium-Oleate is a substance that causes air bubbles in RF }

Rubber (Matrix)
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Figure 1 Images of preparation of RF and CRF.
Table 1 Formulations of RF and CRF.

Chemical substances Weight
(phr)
NR latex 60% DRC 100
Potassium-Oleate solution 10% 1.0
Sulphur dispersion 50% 2.5
ZDEC dispersion 50% 1.0
ZMBT dispersion 50% 1.0
Wingstay L dispersion 50% 1.0
ZnO dispersion 50% 5.0
Diphenyl guanidine dispersion 33% 1.0
Sodium silicofluoride dispersion 0.5
12.5%
KF-CNC 0,1,2.5,5
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Table 2 Mixing procedure for CRF compound preparation.

Mixing
Order Ingredient time
(Minutes)
1 Latex (DRC 60%) 1

2 10% Potassium-Oleate, Sulphur, 3
ZDEC, ZMBT, Wingstay L, KF-

CNC
3 Zinc Oxide, Diphenyl guanidine 1
4 SFF dispersion 1
Yield of KF-CNC

The yield of KF-CNC of the dry weight ratio
between KF-CNC and KF-B [7] (Equation 1), where
Wyr_cncWas the dry weight of KF-CNC and Wyy_g
was the dry weight of KF-B. The yield value was
obtained from an average of three replications.

Yield of KF-CNC (%) = ZKE=CNe 1 (1)

WkFr-B
Chemical composition of KF-CNC, RF and CRF

The chemical composition was analyzed by
Fourier transform infrared spectroscopy (FTIR; Frontier,
Perkin Elmer) and nuclear magnetic resonance (NMR)
spectroscopy (JEOL; JNM-ECZR 500MHz). Prior to the
FTIR and NMR analyses, samples of KF-CNC, RF and
CRF were oven-dried at 60 °C for 2 hours. for produce
dried film. The dried samples were then scanned using
the FTIR spectrometer in attenuated total reflectance
mode at 4000 and 600 cm~ and the NMR spectrometer
in 13C solid state with a chemical shift between
0-200 ppm.

Morphology of KF, KF-B, KF-CNC, RF and CRF

The morphology of KF, KF-B, RF and CRF was
characterized by a scanning electron microscope
(SEM) (JEOL; JSM-5410 LV). SEM was utilized to
determine the dimensions and physical appearance
of raw KF, KF-B, RF and CRF. Prior to SEM analysis the
raw KF, KF-B, RF and CRF were stuck to the stub with
carbon tape and then coated with gold. The morphology
of KF-CNC was characterized by a transmission electron
microscope, TEM (TEM; Thermo Scientific, TALOS
F200X). TEM was utilized to determine the dimensions
(i.e., diameter and length) and the physical appearance
of KF-CNC. Specimen preparation prior to analysis
was done by dropping KF-CNC solution on the surface
of carbon grid and leaving it to dry at room temperature.

Compression testing of RF and CRF

The compression testing was conducted
according to ASTM D 395 standard [8]. Prior to test
cutting a circular specimen with a diameter of 29 mm,
height of 19 mm, placing the specimen in a compressed
steel plate, pressing to deflate 50% from its original
height and holding for about 15 minutes and bake at
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70 °C for 22 hours, remove from the oven. Place the
specimen for 30 minutes, then measure the height
of the specimen. The calculation formula is as shown
in (Equation 2).

to—t

Compression set % = ( ) x 100 (2)

0

Where t, = thickness after test (mm) and t = original
thickness (mm)

Density of RF and CRF

The density analysis was performed according
to the ASTM D 3574-95 standard [9]. Prior to test cutting
a rectangular piece of CRF. Weight and calculate the
density of the sample using the formula as in (Equation
3).

D= (3)
Where D= density of specimen (g/cm?), M= specimen
weight (g) and V= specimen volume (cm?)

Ability to oil absorbent of RF and CRF

The ability to absorb oil for RF and CRF analysis
is determined by cutting the test specimen to a size
of 2.5x2.5x2.5 cm then dropping the sample into the
beaker with the oil at varying time with 15, 30, 60,
120, 180 and 1440 minutes, respectively. Then, take
the sample out of the oil beaker. Clean the oil on the
surface of the CRF. Then weigh and calculate the
adsorption capacity (oil sorption capacity) in (Equation
4)[10].

M
14

Ms—Mi
Mi

Oil sorption capacity (g/g) = (4)
Where M = weight after adsorption (weight of RF
and CRF and oil in grams) and M; = weight before
adsorption (RF and CRF weight in grams).

RESULTS AND DISCUSSIONS
KF preparation results

Figure 2a and 2b are the photographs of KF
and KF-B. In figure 2a, the color of RF is light brown.
Figure 2b shows the KF-B, the color of KF-B is white.
The change in color was confirmed by the removal
of wax, lignin, hemicellulose and other impurities
following the chemical treatment (alkalinization
and bleaching).

Figure 2 Images of (a) KF, (b) KF-B.
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Figue 3 The morphological test results of (a,b) KF,
(c,d) KF-B were observed using a scanning
electron microscopy (SEM).

Morphology results of KF and KF-B

Figure 3a-3d show the microstructure of KF
and KF-B by using SEM. In Figure 3a and 3b, the KF
was bundled together and the fibers are thick. Following
the alkalization and KF-B. In Figure 3c-3d bleaching
future thinned out the fibers, resulting in the microfibers
(KF-B). The smoother and thinner fibers were effective
in removing non-cellulosic components and other
impurities (i.e., pectin and wax) which serve as the
protective layer of KF.

The yield of KF-CNC

After acid hydrolysis process. The resulting
of yield of KF-CNC was 72%, the aqueous suspension
of KF-CNC was stable after hold on after 96 hours.
Furthermore, the flow birefringence was carried out
under a cross-polarized light setup, that specified
the particle of cellulose in the KF-CNC aqueous
suspension. Table 3 show the aqueous suspension,
given hydrolysis condition, under normal light and
under cross-polarized light.

Table 3 Hydrolysis and KF-CNC synthesis.
KF-CNC
(Deep yellow, translucent solution Yield = 72%)
normal light polarized light CNC gel

s

TEM Morphology KF-CNC

Figure 4a and 4b show the TEM image of KF-
CNC under acid hydrolysis condition. The KF-CNC
was of whisker shape as the acid remove the amorphous
region of KF-B while retaining the straight crystalline
regions. The length and diameter of KF-CNC show in

nano scale. The reduce size of KF-CNC effective from
amorphous domain was remove after acid hydrolysis.

Figur 4 phology of KF-CNC (a,b) observed using
a transmission electron microscope (TEM).

NMR chemical composition

Figure 5a-5c present the NMR curves of KF,
KF-B, and KF-CNC, respectively. The peak at 17, 52,
and 148 were hemicellulose and lignin. However, all
peaks with lignin and hemicellulose disappeared
after alkalization and bleaching, which meansthe
alkalization and bleaching effectively removed
hemicellulose and lignin.

52
148

Abundance
ﬂ% o

0 50 100 150 200
Chemical shift (ppm)
Figure 5 NMR spectrum of (a) KF, (b) KF-B, (c) KF-
CNC.

FTIR chemical composition

Peaks for RF found in the FTIR microscopy
results are 1209, 1270, and 1502 cm™! (Figure 6). On
the other hand, it was observed that the apparent
peak gradually faded as more KF-CNC was added to
create CRF. It may be possible that a peak point
significantly disappeared as a result of KF-CNC filling
into RF.

Morphology of RF and CRF

CRF was produced by using a natural rubber
latex composite with varying KF-CNC (0 phr, 2.5 phr,
and 5 phr). Figure 7a-7d shows the cell structures of
RF and CRF. Figure 7a shows the cell structure of RF
as a big hole and a close cell. Besides, after adding
KF-CNC as shown in Figure 7B-7C.
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Figure 6 FTIR spectrum of RF and CRF.
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Figure 7 Cell structure of RF and CRF (a) RF, (b) CRF-
1phr, (c) CRF-2.5phr, (d) CRF-5phr.

Figure 8a-8d shows the properties of RF and
CRF at 0, 1, 2.5, and 5 phr respectively. Figure 8a
show average hole size of RF is 400 um, which bigger
than KF-CNC (Figure 8b-8Dd) were show average
hole size is 200 pm. the cell structure of RF and CRF
is open cell. That has good properties for oil
absorption.

Compression test result of RF and CRF

The percentage of CRF compression decreased.
When the concentration of KF-CNC was increased
(Figure 9). Compression % it shows that 1 phr is better

\\ AND TEGHNOICGY

than 2.5 and 5 phr because 1 phr is soft, but 2.5phr
and 5phr are hard, which may result in poor oil
retention performance. However, the results are not
significantly different since the size of cellulose at
the nanoscale appears tiny. It is possible that the
smaller cellulose will not affect the bubble cells in
the RF as much as the larger cellulose will.

5 S . A
Figure 8 SEM micrographs 75x of RF and CRF
composites (a) RF, (b) CRF-1phr, (c) CRF-
2.5phr, (d) CRF-5phr.

50
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Figure 9 Compression set percent of RF and CRF.
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Figure 10 Density of RF and CRF.

Density test results of RF and CRF

Figure 10 shows the density comparison
between RF and CRF. The density of RF (excluding
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KF-CNC) is notably lower due to its larger pore sizes.
On the other hand, the density of CRF exhibits a direct
correlation with the volume of KF-CNC incorporated.
As the quantity of KF-CNC is augmented, it contributes
to the overall weight of the CRF, consequently leading
to an increase in its density. This phenomenon is
attributed to the introduction of KF-CNC, which
possesses a denser composition compared to CRF.

25
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Figure 11 Absorption capacity of RF and CRF. From
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Figure 12 Oil absorption capacity of RF and CRF.
From the graph shows vegetable oil and
engine oil.

Oil absorption capacity of RF and CRF

Figure 11 shows the oil absorption of both
oils. It can be seen that CRF-1phr (6.8-11.1 g/g) had
higher oil absorption in the first 15 minutes compared
to RF(1.3-5.5 g/g), CRF-2.5phr (0.4-2.9 g/g), and CRF-
5 phr (0.5-1.3 g/g), but CRF absorbs more oil than RF
for 60 minutes or more (Figure 12). CRF-1phr (17.1-
17.8 g/g) absorbs the most of both oils. Probably because
KF-CNC makes the material porous enough to absorb
oil when filled. The use of particles as additives, such
as nanoparticles, is generally limited to foams. Because
the foams are in a solid state during the oil or solvent
absorption and extraction processes, the additive
materials (in varying particle sizes) and the different
sizes of pores in the foam play an essential role in
defining the foam's absorption capacity. It is widely
acknowledged that smaller nanoparticles and pores,
i.e., smaller regions, have a more highly active surface
area and boundaries. The considerably smaller size
of the foam particles and pores aids in the molecular
interactions of the adsorbate ions and groups for
improved oil and solvent absorption ability [11].

The absorption of RF and CRF (CRF-1phr) in
water is shown in Figure 13. RF and CRF-1phr
absorbed with time intervals of 15, 30, 60, 120, and
180 minutes. The CRF-1phr were adsorbent absorbs
more oil. Furthermore, the chart shows that RF and
CRF do not absorb water but instead prefer to absorb
oil first.

Immersion time (minutes)

0 15 30 60 120

RF

| \..;

CRF-1phr

physical
characteristics of
CRF-1phr before and
after 0-180 minutes
adsorption

Figure 13 Absorption capacity of RF and CRF-1phr
in water. The table shows the vegetable
oil and physical characteristics of CRF-1 phr
before and after 0-180 minutes adsorption.

Reusability of the CRF

CRF-1phr, the result of oil absorption by CRF,
was selected to test the reusability of the material
since it absorbs both types of oil the best (Figure 14)
[12]. More than 50 times can be used with one CRF-
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1phr. Absorbs between 337.8 (Engine oil) and 553.4
(Vegetable oil) g/g without noticeably losing any of
its quality over time. The difference in oil absorption
between the two types of RF and CRF could be
explained that the viscosity of Engine oil at the same
temperature was lower than that of vegetable oil
which was conducive to oil penetration into the
porous skeleton of the RF and CRF. However, the low
viscosity of the engine oil produced a negative effect
on its adherence to the cellulose skeleton of the RF
and CRF, resulting in a reduction in the amount of oil
maintained in the RF and CRF [13].

20
i Vegetable Oil 5
()]
2151
8 Mo )i MM "’
5 ‘H‘H‘l‘“w”‘"HH"”I‘T"H\H' \“Illlu"ll ‘\“T\"‘\‘“‘\‘ll““llqlU“|Hu\
| RN
o 104 \“|H\” \llh I ! ”‘H HI‘}\‘H f ‘I“\‘ A I|‘\‘||l‘ ‘l‘\l
8 I ( ‘\ ||‘H W ||‘ W |h\ I O IH\l
a8 M\”"lxl"\”\l“\‘\HuHHh HHHH‘HH' l‘l“\””'ﬂ‘\“I“\"Hl‘
2 | I
'é 5 —M ‘“i""\lluuw L‘”H ‘1‘1“1“"‘\\‘ M‘l g |‘ \“1 l“l‘llwh
5 —s— CRF-1phr
0 ‘ I : : z T
o 1 2 30 40 0
Cycle
= 14 1 Engine Oil X
()]
(=]
= 12
=
g 1o [T i
3 n
o
S 8 |||||||||||| “'HIH it T|'|"||' ||||U|||
5 I\ HH \”| i u u| \|
[=3
2 4—1111&114@ |
©
5 N —e— CRF- 1phr
0

0 5101520253035404550

Cycle

Figure 14 Reusability of CRF. From the graph (a)
vegetable oil and (b) engine oil.

CONCLUSION
Results from KF and KF-CNC preparation

Chemical processes can be used to produce
KF. Hydrogen peroxide and sodium hydroxide were
used as the chemical treatments. According to the
results of the morphological tests, chemical cleaning
made the fibers purer than those seen with a scanning
electron microscope (SEM), and the fact that KF are
nanometer-sized indicates that hydrolysis can reduce
the fiber size down to the nanometer level observed
with a transmission electron microscope (TEM). On
the NMR curve, it can be noticed that there are 17,
52, and 148 ppm of missing waves after the line
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improvement by chemical technique. This demonstrates
that the fiber is purer in terms of fiber enhancement
by chemical techniques. The end product of five
centrifugations is KF-CNC water, which is produced
by spinning at 9,000 rpm for 10 minutes at 25 °C.
And a 72% yield of KF-CNC can be obtained by
centrifuging it at 10°C for 50 minutes.

Results from RF and CRF preparation

The properties of RF and CRF at densities of
0,1, 2.5, and 5 phr appear in the morphological results
of RF and CRF from SEM micrographs 75x. It was
discovered that the foam cell structure had an open-
cell morphology. When KF-CNC and RF are mixed, the
KF-CNC is scattered throughout the rubber foam,
where the KF-CNC position is scattered freely. The
spread of KF-CNC makes it harder to produce large
air bubbles, resulting in smaller foam porosity [14].

RF peaks were observed in the FTIR microscopy
data at 1209.4, 1270.8, and 1502.5 cm™'. To produce
CRF, however, CNC was added, and it was seen that
the apparent peak progressively vanished. The amount
of KF-CNC employed in the study was chosen at 0, 1,
2.5, and 5 phr to make CRF. It was discovered that as
the amount of KF-CNC grows, the density of CRF
increases. Compression % in CRF reduced. When the
concentration of KF-CNC was raised. In the oil absorption
test for both vegetable oil and engine oil, it was
discovered that at 1 phr (CRF-1phr), it absorbs more
0il (17.1-17.8 g/g) and faster in the first 15 minutes,
and it can also be reused more than 50 times. The
adsorbed content ranged from 337.76 to 553.33 g/g
and did not absorb water but instead preferred to
absorb oil first. The difference in oil absorption between
the two types of RF and CRF from the decrease in
compression % shows that 1 phr is soft, but 2.5 phr and
5 phr are hard, causing poor oil retention performance.
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ABSTRACT

Cordyceps fungi, including species such as Cordyceps sinensis and Cordyceps militaris, are known for producing
bioactive chemicals, notably cordycepin. Traditional cordyceps cultivation in Thailand relies on silkworm pupae
as a substrate in solid-state fermentation, posing challenges in catering to vegetarian consumers. This study
aimed to develop a solid-state fermentation process for cordyceps cultivation using vegetable oils, thus modifying
the cereals medium and eliminating the need for silkworm pupae while enhancing bioactive chemical
production and promoting cordyceps growth. The findings demonstrate that C muilitaris can successfully grow
and produce adenosine and cordycepin when the culture medium is modified with plant oils. Plant oils,
including olive, soybean, peanut, palm, sesame, coconut, and sunflower oil, proved effective for cultivating
C. militaris on PDA. Notably, adding a 3% mixture of palm oil in PDA resulted in the most significant promotion
of C militaris mycelium, with a diameter of 5.93 cm. Consequently, the modified cereals medium, incorporating
palm oil, was adopted for solid-state fermentation of C. militaris. The results demonstrate that C muilitaris can
be successfully cultured to produce fruiting bodies comparable and total yields to those obtained using
traditional cereals and silkworm pupa medium. Furthermore, there is a notable increase in adenosine and
cordycepin production, indicating the potential of this method to enhance C muilitaris yield and bioactive
chemical output. This research highlights the feasibility of incorporating plant oils as substitutes or additives
to silkworm pupae, improving productivity and enabling the production of C militaris suitable for vegetarian
consumption.

Keywords: C. militaris, Adenosine, Cordycepin, Vegetable oils, Vegetarian

INTRODUCTION [4]. Moreover, they have found utilization in the
beauty industry and as health supplements [5].
Cordycepin has exhibited significant antiviral activity
against various viruses, including influenza, hepatitis
B, and herpes simplex [6]. While the therapeutic
potential of cordyceps is promising across various
domains, further research is warranted to elucidate
their mechanisms of action and clinical applications
comprehensively. Acknowledging that the properties
and active compounds may exhibit variations among
different Cordyceps species and cultivation conditions
is important.

Cultivating cordyceps holds immense potential
for harnessing their medicinal benefits. The cultivation
process involves the propagation and maintenance
of fungal cultures, ultimately providing a sustainable
source for cordycepin production. Numerous studies
have dedicated efforts toward developing efficient
and reliable cultivation techniques. For instance, [7]
explored the cultivation of cordyceps using a solid-
state fermentation method. They optimized growth
conditions, including the choice of substrate, moisture
content, temperature, and pH, to enhance cordycepin

Cordyceps is a mushroom that has gained
significant popularity as a widely consumed and
highly sought-after product in the global market.
The emergence of the COVID-19 pandemic has further
increased the focus on maintaining health, leading
to a heightened interest in cordyceps. These mushrooms
have a long history of traditional medicinal use
spanning thousands of years. Scientists from various
fields have studied the nutritional benefits and
bioactive compounds found in cordyceps, focusing
on the important compound called cordycepin.
Cordycepin, also known as 3'-deoxyadenosine, is a
bioactive compound abundantly present in Cordyceps
spp. Its potential therapeutic properties have captured
significant attention within the scientific community.
Cordycepin exhibits various biological activities,
including anti-inflammatory, anticancer, antiviral,
immunomodulatory, and antioxidant effects [1-3].
The medical field has embraced the application of
cordyceps to enhance immunity and treat various
diseases, including cancer, kidney disease, and diabetes
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production. The results demonstrated a significant
increase in cordycepin content in the cultivated
mushrooms, thereby establishing them as a valuable
source of this bioactive compound. Similarly, [8]
delved into submerged fermentation of cordyceps,
investigating the influence of various fermentation
parameters such as carbon and nitrogen sources,
pH, and agitation on cordycepin production. Their
optimization efforts yielded higher yields of cordycepin,
providing valuable insights into the industrial-scale
production of this valuable compound. These cultivation
studies not only contribute to the understanding of
cordyceps biology but also present practical approaches
for sustainable production. By optimizing cultivation
conditions, it becomes possible to obtain cordyceps
with elevated concentrations of the bioactive compound,
thus maximizing their potential therapeutic benefits.
It is worth noting that mushroom farmers face
challenges in cultivating high-quality cordyceps
due to low levels of cordycepin and low yields.
Consequently, this results in low profits despite high
production costs. Typically, the price of cordyceps is
determined based on the number of active compounds
found per gram and the mushroom size. Particularly,
cordyceps exhibiting a high content of cordycepin
per gram command higher prices. Environmental
conditions, mushroom strains, and cultivation methods
influence the quantity of active compounds. One
promising approach involves cultivating cordyceps
using silkworm substrate. Silkworms produce silk,
rich in fatty acid, protein, and nutrients and an ideal
medium for cordyceps growth. Several studies have
investigated the cultivation of cordyceps using
silkworm substrate, providing valuable insights into
the techniques and benefits associated with this
approach. For instance, [9] studied cultivating Cordyceps
militaris using silkworm pupae as the substrate. The
results demonstrated a significant increase in the
production of bioactive compounds, including
cordycepin and adenosine. The use of silkworm
substrate not only enhanced the growth and yield of
cordyceps but also enriched them with essential
nutrients. The study highlighted the potential of
silkworm pupae residue as a cost-effective and
sustainable alternative to traditional substrates. Using
this substrate resulted in a higher production of
bioactive compounds, increased antioxidant activity,
and improved yield of cordyceps.

While cordyceps offer numerous health
benefits, it is essential to consider dietary aspects
before consuming them. In particular, individuals
adhering to vegetarian diets should be aware that
cordyceps cannot be classified as vegetarian-friendly.
Traditionally, cordyceps grow as parasitic fungi
on the larvae of insects, specifically caterpillars.
This natural growth process involves the fungus
colonizing and eventually replacing the host organism.
Consequently, the harvested cordyceps contain

remnants of the caterpillar host. Due to this characteristic,
cordyceps are not suitable for vegetarian consumption.
However, alternative cultivation methods could be
developed, such as growing cordyceps on cereal
substrates, excluding the involvement of insect hosts.
These cultivation methods provide a viable option for
vegetarians to enjoy the benefits of cordyceps without
compromising their dietary preferences. Cultivating
cordyceps presents an opportunity to tap into their
medicinal benefits sustainably, and it is important
to ensure that their consumption is accessible.
However, exploring the use of locally available plant
oils in cordyceps cultivation on cereal substrates is
an intriguing avenue for improving cordycepin content,
developing cost-effective cultivation formulas, and
making them accessible to all consumers. Research
reports have indicated that adding coconut oil, corn
oil, and sunflower oil in appropriate quantities can
promote mycelial growth and enhance the production
of exo-biopolymer in C. militaris [10]. Furthermore,
incorporating peanut oil as a secondary carbon source
in liquid static cultivation has shown a significant
increase in cordycepin content, up to 5.26 grams per
liter or approximately 3.17 times higher than the
normal method [11]. These reports underscore the
limited research on the effects of using plant oils and
fatty acids to boost cordycepin content in cordyceps
cultivation. Moreover, there is a lack of studies focusing
on using locally available plant oils in Thailand to
enhance cordycepin production in cordyceps cultivation
using cereal substrates, which are widely accessible
and hard to shortage. Consequently, investigating the
utilization of locally available plant oils to improve
cordycepin production efficiency in cordyceps cultivation
on cereal substrates of solid-state fermentation holds
great interest. Therefore, this study aims to investigate
the effect of using locally available plant oils on the
growing and cordycepin concentration of cordyceps
cultivation using cereal substrates. Such endeavors
will contribute to the development of a cost-effective
and high-quality cultivation formula with a high
cordycepin content, accessible to all consumer groups
and beneficial for cordyceps farmers in Thailand.

MATERIALS AND METHODS
Isolation and culture

C militaris was isolated from a commercial
fresh cordyceps product. The cordyceps were cultured
on peptone-added potato dextrose agar (PPDA) slants
at 25 °C. The culture was allowed to grow for 10 days
and then stored at 4 °C for stock purposes.

Liquid spawn preparation

Liquid spawn was prepared using a liquid
medium modified from [8] consisting of glucose (20
gL, peptone (5 gL1), beef extract (3 g L), and yeast
extract (1 gL1).In a 250 mL flask, 100 mL of the liquid
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medium was aseptically transferred. A small piece
(~0.5 cm?)of the mycelial slant from the PPDA culture
was then inoculated into the flask. The flask was
incubated at a temperature of 25 °C with shaking at
120 rpm. The mycelia were allowed to grow for
approximately 7 days in the liquid medium. During
this period, optimal growth of the mycelia was
observed. After 7 days, the spawn culture was diluted
by adding four volumes of sterile distilled water. The
spores were obtained by observing under a microscope
using a hematocytometer to obtain a 106 spores/mL
concentration before being used to inoculate media
for fruit body production.

The optimal growth differences in plant oil concentrations

Cork Borer cut the cutter to a 5-mm disc.
Subsequently, the disc was transferred to the central
of a fresh Petri dish containing potato dextrose agar
(PDA) supplemented with various plant oils, modified
from [10] including olive oil, soybean oil, peanut oil,
palm oil, sesame oil, coconut oil, and sunflower oil,
at different concentrations of 0%, 1%, 3%, and 5% (v/v).
The cultures were then incubated at a temperature
of 25 °C with a light-dark cycle of 12 hours each,
under white fluorescent light with an intensity of
1600 1x. The relative humidity was maintained above
70% throughout the week-long incubation period.
The growth of the colonies was assessed by measuring
their diameter, allowing for the determination of the
growth rate. To ensure reliable results, each experiment
was conducted with six replicates.

The fruiting body formation medium with plant oil
with solid-state fermentation

The fruiting body formation medium was
modified by introducing a plant oil treatment, while
the control medium (CM) consisted of a 500 mL glass
bottle (17 oz) containing 60 g of brown rice and 80 mL
of distilled water. For the positive control cereals and
silkworm pupa medium (CSM), a 500 mL glass bottle
contained 60 g of brown rice, 20 mL of silkworm pupa
spinning juice, and 60 mL of distilled water. In contrast,
the modified cereals medium (MCM) included 60 g
of brown rice, 2.4 mL of palm oil, and 77.6 mL of
distilled water in the same 500 mL glass bottle. Both
mixtures were sterilized at 121 °C for 20 minutes. After
cooling, 25 mL of liquid inoculum was added to each
fruiting medium. The incubation process took place
at a temperature of 25 °C with a light-dark cycle of 12
hours each, under white fluorescent light with an
intensity of 1600 Ix for 60 days and with a relative
humidity maintained between 70%. The formation of
fruiting bodies was assessed about the grains. Total
yields of fruiting body production were calculated as
follows:

Total yields=F+S

Where, F=mg dry weight of fruiting body part

\ AND TEGHNOLGY

S=mg dry weight of fruiting body part
Bioactive compound analysis

Fruit bodies obtained from each sample were
dried in the oven to a constant weight at 60 °C for 3 days.
The dried samples were then pulverized to a particle
size smaller than 20-mesh using a hammer mill. To
extract adenosine and cordycepin, 0.5 g of the dry powder
was suspended in 50 mL of doubly deionized water
and sonicated for 3 hours in an ultrasonic bath operating
at 50 kHz and 400 W. The resulting supernatant,
obtained by centrifuging at 1740 x g for 15 minutes,
was filtered through a 0.45 pm membrane filter. High-
performance liquid chromatography (HPLC) analysis
was conducted using an Agilent 1100 Series HPLC
system from Agilent Technologies Inc. in Santa Clara,
CA, USA. The method was modified from [1]. The
separation and detection conditions for adenosine and
cordycepin were as follows: a C18 column (4.6 mm x 150
mm, with a particle size of 5 ym)from Agilent, a mobile
phase composed of 10 mmol L'! KH,PO4 buffer (pH 6.0)
and methanol in a ratio of 85:15 (v/v), a flow rate of
0.8 mL min-!, a column temperature of 30 °C, and
detection at a wavelength of 260 nm using a UV-visible
detector. The analysis of cordycepic acid from the
extracts was carried out at a column temperature of
35°C and a refractive index detector temperature of
35 °C. The mobile phase for Cordycepic acid analysis
consisted of deionized water, with a flow rate of 0.6 mL
min-'. The injection volume in the HPLC system was
set to 20 L.

Statistical analysis

Data were analyzed with SPSS Software Package
v.18. All variables were tested for normality using the
Kolmogorov-Smirnov. Normally distributed data were
analyzed using ANOVA. Variance homogeneity was
confirmed by Levene”s test for variance homogeneity
(P> 0.05).Significant differences between treatment
effects were determined by one-way ANOVA analysis,
followed by Duncan”s tests, and p < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSIONS
Growth of C. militaris on different plant oil

In order to explore the potential utilization
of these plant oils as components in the solid medium
to replace silkworm pupa for cultivating C. militaris,
the mycelial growth was assessed by cultivating C
mifitaris on PDA mixed with each type of plant oil at
various concentrations. The findings revealed that the
mycelial growth of C militaris on PDA medium mixed
with palm oil at a concentration of 3% exhibited the most
favorable outcomes among all the tested. This outcome
was statistically significant, as shown in Table 1. Likewise,
the mycelial growth on PDA medium mixed with
olive oil at a concentration of 3% demonstrated superior
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performance compared to 1% and 5%, respectively
(Table 1 and Figure 1 a-d). Similarly, the mycelial growth
on PDA medium mixed with sunflower oil at 1% yielded
better results than concentrations of 3% and 5% (Table
1 and Figure 1 e-h). The mycelial growth on PDA
medium mixed with soybean oil at a concentration of
1% exhibited better results compared to concentrations
of 3% and 5% (Table 1 and Figure 1 i-1). Similarly, the
mycelial growth on PDA medium mixed with peanut
oil at a concentration of 1% demonstrated better results
compared to concentrations of 3% and 5% (Table 1 and
Figure 1 m-p). Additionally, the mycelial growth on
PDA medium mixed with sesame oil at a concentration
of 1% showed better results compared to concentrations
of 3% and 5% (Table 1 and Figure 1 g-t). Furthermore,
the mycelial growth on PDA medium mixed with palm
oil at a concentration of 3% exhibited better results
compared to concentrations of 1% and 5% (Table 1 and
Figure 1 u-x). Moreover, the mycelial growth on PDA
medium mixed with coconut oil at a concentration
of 3% demonstrated better results than concentrations
of 1% and 5%(Table 1 and Figure 1 aa-ad). These results
indicate that palm oil, olive oil, and coconut oil at a
concentration of 3% and sunflower oil, peanut, and
sesame oil at 1% are the most effective concentrations
for promoting the mycelial growth of C militaris in
PDA medium. The addition of optimum palm oils
significantly promoted the mycelial growth of C
militarisin static culture. Qils, in general, can be partially
incorporated into the cell membrane, facilitating the
immediate uptake of nutrients from the culture medium
and stimulating mycelial growth [12]. However, the
growth of the fungus was completely inhibited by short-
chain fatty acids with a carbon chain length shorter
than 10, such as capric acid, caproic acid, propionic acid,
and acetic acid [13, 14]. The main components of plant
oil, such as corn oil, cottonseed oil, palm oil, and soybean
oil, arelinoleic acid and palmitic acid, which are believed
to benefit mycelial growth [15].1t is worth noting that
palm oil contains 45% palmitic acid and 44% linoleic
acid, which appear to play a role in stimulating mycelial
growth. Additionally, palmitic acid is the most

stimulating factor for mycelial growth, resulting in
an 18.3-fold increase during a 3-week incubation of
Hericium erinaceum|[16].

@
®
D .
D

Figure 1 Colony of C militaris on PDA agar medium
under 0, 1, 3, 5, (V/V) of each plant oil; olive
oil (a-d); sunflower oil (e-h); soybean oil
(i-1); peanut oil (m-p); sesame oil (g-t); palm
oil (u-x)and coconut oil (aa-ad). - white bar
scale reference value =1 cm.

Table 1 Growth of C. militaris on agar medium under 0, 1, 3, and 5% of plant oils.

Colony or hyphae diameter (centimeters)

Treatments Plant oil concentration (%v/v)

0% 1% 3% 5%
PDA (control) 5.43 abcd + 0,05 - -
PDA + olive oil - 5.26 bede +0.23 5.66 2 + 0.09 5.00 <d¢ + 0.00
PDA + sunflower oil - 5.06 bde +0.23 4.90 % +0.06 5.00 < +0.12
PDA +soybean oil - 5.50 2¢ + 0.25 5.46 24 +0.15 5.16 2bcde + 0,09
PDA + peanut oil - 5.66 2> +0.17 5.00 <de + 0.29 5.16 2bcde + 0,17
PDA +sesame oil - 5.16 2bcde + 0,33 4.66¢+0.17 4.137+0.09
PDA + palm oil - 5.732+0.15 5932+0.12 5.333bcd + (.17
PDA +coconut oil - 5.602>+0.10 5.66 2 + 0.09 5.23 abede + 0,15
CV. (%) 0.00 0.05 0.08 0.08

Letters denote significant differences between mean using a post hoc Duncan”s multiple comparisons test. (P < 0.05)

after one-way ANOVA. Values are means (+SEM, n = 6).
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Fruit body production and bioactive compound of C.
militaris on different fruiting body formation medium

Through the experimental use of a 3% mixture
of palm oil in the PDA medium, evidence suggests a
tendency to enhance the growth of Cmilitaris fruiting
body. In order to culture C militaris, MCM was utilized
and compared with the CM and CSM over 60 days.

\ AND TEGHNOLGY

The results revealed that the MCM significantly
impacted the dry weight of C militaris fruiting bodies,
solid-based residues, and total yields, which measured
9.75, 20.67, and 30.42 mg, respectively. These values
did not differ significantly from cultivating in the
CSM, where the dry weight of C militaris fruiting
bodies, solid-based residues, and total yields were
9.88, 20.74, and 30.58 mg, respectively.

Table 2 Fruiting body production of C. militaris on fruiting body formation medium.

Fruiting body production of C militaris

Fruiting body formation medium Fruiting body Solid-based residues Total yields
(mg dry weight) (mg dry weight) (mg dry weight)
Cereals (CM) 3.230+0.87 17.65° +1.75 20.88" +1.25
Cereals and silkworm pupa (CSM) 9.832+1.19 20.742+1.94 30.582+1.57
Modified fruiting body (MCM) 9.75%10.81 20.672 £2.55 30.42%£1.88
CV.(%) 0.40 0.07 0.16

Letters denote significant differences between mean using a post hocDuncan”s multiple comparisons test (< 0.05) after

one-way ANOVA. Values are means (+SEM, n=3).

Figure 2 Fruiting body of C. militaris on fruiting body formation medium; a: CM; b: CSM and c: MCM.

Table 3 Bioactive compound of C. militaris extracted from different fruiting body formation medium.

Fruiting body formation medium

Bioactive compound (mg/g)

Bioactive compound (ug)
per Total yields or Production

Adenosine Cordycepin Adenosine Cordycepin
Cereals (CM) 0.17 ™ +0.00 0.74 " +0.00 3.55P+0.21 16.07¢+0.92
Cereals and silkworm pupa (CSM) 0.22 " +0.00 1.03+0.00 6.722£0.34 31.49°2£1.67
Modified fruiting body (MCM) 0.20™ +0.00 0.81 " +0.00 6.082+0.37 24.64" +1.56
CV.(%) 0.15 0.12 0.27 0.26

Letters denote significant differences between mean using a post hioc Duncan”s multiple comparisons test (P< 0.05)
after one-way ANOVA. Values are means (+SEM, n=3). ns = non-significant

However, MCM and CSM mediums exhibited
notable differences when cultivating with CM, yielding
statistically significant results. The dry weight of the
fruiting bodies, solid-based residues, and total yields
were 3.23, 17.65, and 20.88, respectively (Table 2). The
culture of C. militaris on different fruiting body
formation mediums at 60 days is shown in figure 2.

For the examination of bioactive compounds
of C. militarisextraction from different fruiting body
formation medium, the chromatograms obtained from
the analysis of each sample of C militaris extraction
solution using HPLC technique were compared with
the chromatograms of standard solutions containing
cordycepin and adenosine. It was found that in the

chromatograms of CM, CSM, and MCM, there were
peaks at retention times matching those of the peaks
found in the standard solutions (figure 3). This indicates
the ability of C. militaris to produce adenosine and
cordycepin in each fruiting body formation medium.
By calculating the area under the peaks on the
chromatogram, the quantities of important substances
in C militariswere determined (Table 3).1t was found
that the highest amounts of adenosine and cordycepin
were present in C, militaris obtained from CSM, with
quantities of 0.22 mg/g and 1.03 mg/g, respectively.
The next highest amounts were found in C militaris
from MCM, with 0.20 mg/g and 0.81 mg/g, respectively.
The lowest amounts of adenosine and cordycepin
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were found in C militaris obtained from CM, with 0.20
mg/g and 0.81 mg/g, respectively. The data presented
in Tables 2 and 3 demonstrate that utilizing MCM
and CSM in a 500 mL glass bottle (17 oz) resulted in
significantly higher yields from one crop of C militaris
than CM. The crop produced approximately 1.45 and
1.46 times more bioactive compounds, with adenosine
levels about 1.8 and 1.7 times higher and cordycepin
levels about 1.95 and 1.53 times higher, respectively.
These findings indicate the potential benefits of using
MCM and CSM for enhanced production of bioactive
compounds in C. militaris. In terms of fruit body
production and the production of bioactive compounds
of C. militaris, the common use of glucose as a carbon
and energy source for microorganisms generatesgrowth
and secondary metabolites [17].

Figure 3 HPLC Chromatogram of bioactive ingredients.
Peaks are indicated as follows: (a) Standard
adenosine (RT=14.48), (b) Standard cordycepin
(RT=17.82), (c) Cereals, (d), Cereals and
silkworm pupa, and (e) Modified fruiting
body.

However, the rapid breakdown of glucose
canreduce the biosynthesis rate of various secondary
metabolites [18] and hinder the utilization of alternative

carbon sources [19, 20]. Vegetable oils have been
introduced as carbon sources to counter carbon
catabolite repression due to their low solubility in
the culture medium [21]. Additionally, vegetable oils,
commonly employed as defoamers in submerged
fermentation [22], have demonstrated their ability
to stimulate mycelial growth in several medicinal
mushrooms, thereby augmenting the production of
bioactive metabolites [23, 24]. The incorporation of
plant oils, fatty acids, and other carbon sources has
been observed to induce the accumulation of exo-
polysaccharides and facilitate cell differentiation in
various mushrooms, including Grifola frondosa|25],
Inonotus obliquus|26], C militaris|10], and Ganoderma
lucidum [27]. Notably, [28] reported that oil in the
medium promotes the elongation of filamentous fungi.
It has been postulated that oils or fatty acids can modify
the cell membrane, thereby increasing permeability
and stimulating the production of biopolymers [29].
Furthermore, [11] observed positive effects on the
up-regulation of the glyoxylate, pentose phosphate,
and cordycepin biosynthesis pathways upon adding
peanut oil to C militaris culture. Experimental evidence
suggests that cordycepin precursor can derive from
two sources: adenosine from the purine biosynthesis
pathway and 2’,3'-cyclic monophosphate (2',3'-cAMP)
from mRNA degradation. Both compounds can be
converted to adenosine-3’-monophosphate (3'-AMP).
Subsequently, 3'-AMP is dephosphorylated to 2'-
carbonyl-3'-deoxyadenosine (2'-C-3'-dA) by Cns2,
ultimately leading to cordycepin through the
oxidoreductase Cns1 [30]. Combining plant oil and
glucose as dual carbon sources seems to be a promising
strategy for enhancing intracellular carbon accumulation
and cordycepin production in static culture.

CONCLUSION

In conclusion, the study investigated two
aspects related to the cultivation of C militaris. Firstly,
in terms of the growth of C militarison different plant
oils, it was found that palm oil at a concentration of
3%, olive oil at a concentration of 3%, sunflower oil at
a concentration of 1%, peanut oil at a concentration
of 1%, sesame oil at a concentration of 1%, and coconut
oil at a concentration of 3% were the most effective
concentrations for promoting the mycelial growth
of C. militaris on PDA medium. Secondly, regarding
the fruit body production of C militaris on different
fruiting body formation mediums, the use of MCM
and CSM resulted in similar outcomes concerning the
dry weight of the fruiting bodies, solid-based residues,
and total yields, which were comparable to cultivating
in the CSM medium. However, both MCM and CSM
mediums significantly differed from cultivating with
CM, indicating the importance of choosing a fruiting
body formation medium for optimal results. These
findings suggest that palm oil, olive oil, sunflower oil,
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peanut oil, sesame oil, and coconut oil can be considered
potential components in the solid medium for cultivating
C. militaris, and that MCM and CSM are effective
mediums for fruit body production.

Further research and optimization of these
mediums can contribute to the efficient cultivation
and production of C militarisfor vegetarian consumption,
which has potential applications in bioactive compound
production and health-related industries.
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ABSTRACT

In the optimization of the ballistic vest to prevent atrocity and stabbing, two fabrics were utilized: a ballistic
plate made of synthetic fiber Endumax® Shield XF 33 and Twaron® SRM 509. Test the thickness and weight of
the fabric before being tested for atrocity and stabbing protection. Finally, test the ammunition protection.
The results were as follows: (1) The thickness of Twaron® and Endumax® fabrics. The average was 0.44300 and
0.22000 mm., and the standard deviation and variance were low. (2) The weight of Twaron® and Endumax®
fabrics. The average was 1.99300 and 1.45100 g., and the standard deviation and variance were low. (3) Protective
atrocity P1/B at the L2, E1 level, the average energy is 33.176 joules. The average blade depth is 0 mm., within
the specified standard. Protective atrocity P1/B at the L2 and E2 levels has an energy average of 50.52 joules.
The average blade depth is 1 mm., which is also within the specified standard criteria. (4) Protective stabbing
SP/B at the L2 and E1 levels, the energy average is 33.54 joules. The average blade depth is 0 mm., within the
specified standard. Protective stabbing SP/B at the L2 and E2 levels, the average energy is 49.894 joules. The
average blade depth is 7.6 mm., which is also within the specified standard criteria. (5) Ballistic vest plate test
with 0.44 MAG SJHP ammunition 240 g. The average bullet velocity was 437.78 m/s. The collapse footprint is
19.6 mm., within the specified standard. Tested with 9 mm. FMJ ammunition 124 g. The average bullet velocity
was 438.15 m/s. The collapse footprint is 18 mm., which is also within the specified standard criteria. From
various test results, it can be concluded that the ballistic vest provides excellent protection according to
military standards and is suitable for security officials' work.

Keywords: Ballistic vest, Atrocity and stabbing, Ammunition, Blades, Sharp materials

and suppress various incidents. Officers were frequently
injured in clashes and the use of weapons by the group.

For the above reasons, the researcher, therefore,
has an idea to develop the currently used ballistic vests
to be more effective. In addition to protecting against
bullets at the desired level. For officers to wear to
work in urban areas or communities. In the case of
preventing or suppressing non-violent events without
using guns. However, other dangerous weapons are
used instead, such as pointed weapons or sharp objects.
For protection against atrocity and stabbing from
sharp objects. By adding another layer of protection
against atrocity and sharp objects to the front of the
ballistic vest in addition to the general vest. If not in
use, this atrocity and stabbing resistant insert can be
removed from the ballistic vest.

INTRODUCTION

The situation of violence in Thailand is not
only in the southern border provinces alone [1, 2]
but also expanding to other provinces, including in
the major urban areas of various regions, all of which
have more severe problems. Reducing losses in addition
to the aforementioned measures for operators to
perform the use of special equipment and equipment
for the body protection of operators [3] to prevent the
danger of gunshots or various types of weapons with
bad intentions [4], such as ballistic vests, shields, and
personal weapons.

The ballistic vest in use today is primarily
used to protect short-barreled handgun shells for soft
armor and long-barreled bullets for hard armor [5-7].
Nevertheless, in some cases, ballistic vests are worn

by officers in urban or community areas to prevent and
suppress riots, rallies, and protests. In order to prevent
potential harm and reduce staff losses and injuries
from past events, it is the duty of officers to prevent

MATERIALS AND METHODS

By adopting the fabric that has ballistic
properties and the addition of the front armor plate
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that has the ability to protect against sharp and
pointed objects. To enhance the effectiveness of the
ballistic vest, it should have two types of protection
in 1 body [8].

In carrying out this research, we designed
experimented with and selected fabrics to determine
the patterns by stacking the 2 types of fabrics on top
of each other, fabric type 1 was laminated fiber with
an average weight of 0.108 grams per square inch.
Fabric type 2 was coated woven fabric with an average
weight of 0.294 grams per square inch, divided into
three patterns. To try the best protection and suitability:
(1) Endumax® Shield XF 33 quantity 26 layers +
Twaron® SRM 509 quantity 2 layers (2) Endumax®
Shield XF 33 quantity 32 layers + Twaron® SRM 509
quantity 3 layers and (3) Endumax® Shield XF 33
quantity 36 floors + Twaron® SRM 509 quantity 3
layers. The number of layers of the three types was
determined to determine the best protection and
overall weight of the suit to meet military standards.

Table 1 Fabric types and layer.

Fabric Layer
Endumax® + Twaron® 26 +2(28)
Endumax® + Twaron® 32+3(35)
Endumax® + Twaron® 33 +3(36)

Production process

Begin by gathering information about the
fabric. Manufacturing and testing processes are used
in research to optimize ballistic vests for protection
against atrocity and stabbing (Figure 1). Then, test
the properties of Twaron® SRM 509 and Endumax®
Shield XF 33 fabric as follows: the fabric thickness
test using the ASTM D 1777-96 standard and the weight
of the fabric test using the ASTM D 77-96 standard.

Figure 1 Fabric for ballistic vest according to the pattern.

Production of ballistic plate with a prototype
for protective atrocity and stabbing from Twaron
SRM® 509 synthetic fiber and Endumax® Shield XF
33 fabric. According to the details of the pattern of
two types of fabric and the size of the ballistic vest
specified.

Production of the ballistic vest with a prototype
for protective atrocity and stabbing (Figure 2). Sizes
can be set as a standard for easy sewing, such as sizes

S, M, L and XL or may be customized according to the
user's body size. Use of Teijin conex (Xfire) flame
retardant fabrics that can prevent fire or splashes.
And a ballistic vest is designed to be worn over the
inside for the operation of conditions outside of war
or general terrorism. Cotton fabric has lightweight
properties. Easy to maintain, suitable for the climate
in Thailand or Southeast Asia.

Figure 2 Sewing he body of ballistic vest.

Wear a ballistic plate with a waterproof shielded
atrocity and stabbing protection plate inside. Both
the front and rear ballistic vests then buttoned the
shirt's front (Figure 3).

Figure 3 Ballistic vest for protective atrocity and stabbing.

———

line of flight

. of drop mass
perpendicular to

tangent

angle of knife blade
incidence ‘ ‘
impact point
armor
tangentto  — 3y
impact point

backing material

Figure 4 Atrocity and stabbing test kit.
Atrocity and stabbing test procedure

Tested for atrocity and stabbing according to
HOSDB Body Armor Standards for UK Police (2007)
(Figure 4) at least five times per sample [9, 10]. The
test chamber has a temperature of 21 +6 °C (70 £ 10 °F)
and a relative humidity of 50 + 20%.

©2023 Institute of Research and Development, RMUTT, Thailand
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Prepare a test plate on a support stand and
set a distance of 25 + 2 millimeters from the blade or
pointed material. Then, determine the power level
used in the test. Which is divided into three levels
(Figure 5):

Level 1: The lowest energy value is 24 + 0.50
joules, and the energy value above level 1 is 36 + 0.60
joules.

Level 2: The lowest energy value is 33 + 0.60
joules, and the energy value above level 1 is 55 +0.70
joules.

Level 3: The lowest energy value is 43 + 0.60
joules, and the energy value above level 1 is 65 + 0.80
joules.

Put four layers of sponge plate on top, the
middle layer is 1 layer of foam plate, and the bottom
layer is 2 layers of rubber plate. Then, test according
to the required standards. The falling speed of the
test blade was + 0.05 m/s. (£ 0.16 ft/s).

} 4 layers of neoprene sponge

:|r I layer of polyethylene foam

|
Figure 5 Test support plate.

_} 2 layers of mbber

Ballistic vest armor test procedure

Tested at level IlIA according to NIJ. STANDARD-
0101.04 [11]. Utilize two types of ammunition in the
test are 9 mm. FM], 124 grams. And 0.44 MAG SJHP,
240 grams, shown in table 2. Ensure that the laboratory
shall be an enclosed (Figure 6), controlled environment,
or protected field. Able to prevent hazards during
standardized testing.

Table 2 Bullet type and speed.

Bullet Speed
9 mm. FM] (124 gr.) 1430 £ 30 ft/s (436 £ 9.1 m/s)
0.44 MAG SJHP (240 gr.) 1430 £ 30 ft/s (436 £ 9.1 m/s)

‘‘‘‘‘‘

Figure 6 Laboratory.

\ AND TEGHNOLGY

Test processing equipment includes computer-
processing bullets, guns, and ammunition velocity
measurement devices.

Determine the point of fire on the ballistic
vest. There are two types of test point determination,
which are 6-point assignment and 12-point assignment,
depending on each level of testing according to the
NIJ. STANDARD-0101.04 standard (Figure 7) [12].

The test firing points of 6 points are divided
into 4 test shots at an angle of 0 degrees, namely
positions 1, 2, 3 and 6. In contrast, at an angle of 30
degrees, the number of 2 points is 4 and 5 at least 2
inches apart and at least 3 inches from the edge of
the ballistic vest.

Backing Material Fixture

Stop Trigger (1 & 2)

A- 5mforType |, lI-A, II,
and lll-A armors; 16 m
for Type Il and IV armors

7
Test & O3 ¢ Chronograph 2

Barrel B - 2 m minimum for Type |, II-A,

II, and 11I-A armors; 12 m minimum
for Type 1ll and IV armaors

C - Approximately 1.5 £ 6 mm

Figure 7 Placement of tools and testing equipment.

Test to determine the collapse distance of
the backing material (Figure 8). Using a spherical
steel pendulum released at a height of 2 meters 5
times freely, the values were taken five times to find
the mean.

Figure 8 The position of the test steel pendulum.

Fire a test shot with a shotgun at the specified
location. with different caliber projectiles at 0-degree
angles and 30-degree angles (Figure 9).

Figure 9 Test setup.
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Fire a test and check the bullet's penetrating
effect. Measure the collapse distance of the backing
material (Figure 10).

]

Figure 10 Dtermination of the colapse distance.

RESULTS AND DISCUSSIONS

According to research studies and tests according
to the HOSDB Body Armor Standards for UK Police
(2007) [13], the results are as follows:

Results test fabric properties

Test results of thickness weight and density
of fabric according to table 3.

Results test atrocity and stabbing armor

Test results of atrocity and stabbing armor,
which are divided into three types above, were tested in
this armor plate test, 26 layers of plates with Endumax®
Shield XF 33 + 2 layers of Twaron® SRM 509 were tested,
and the results are shown in table 4 and table 5.

Results ballistic vest armor

The results of testing the properties of the fabric
for ballistic vest protection were a atrocity and stabbing
resistant armor plate containing 32 layers of Endumax®
Shield XF 33 + 3 layers of Twaron® SRM 509, fire tested
with 0.44 MAG SJHP, 240 grams ammunition, and an
atrocity and stabbing resistant armor plate with 36
layers of Endumax® Shield XF 33 + 3 layers of Twaron®
SRM 509. Fire tested with 9 mm. FM]J, 124 grams.
ammunition. Test results are shown in table 5 and table 6.

Table 3 Test result of thickness weight and density fabric.

Fabric Twaron® SRM 509 Endumax® Shield XF 33
Item  Thickness (mm.) Weight(g.) Density (g.m?) Thickness(mm.) Weight(g.) Density (g.m?)
1 0.44 1.98 198 0.22 1.46 146
2 0.45 2.00 200 0.23 1.45 145
3 0.44 1.99 199 0.22 1.45 145
4 0.44 2.00 200 0.21 1.45 145
5 0.45 1.99 199 0.22 1.44 144
6 0.44 2.00 200 0.22 1.45 145
7 0.45 1.99 199 0.22 1.46 146
8 0.44 1.99 199 0.23 1.44 144
9 0.44 2.01 201 0.22 1.45 145
10 0.44 1.98 198 0.21 1.46 146
Average 0.443 1.984 199.3 0.22 1.451 145.1
SD. 0.00483 0.03098 0.94868 0.00667 0.00738 0.73786
variance 0.00002 0.000098 0.90000 0.00004 0.00005 0.54444

Table 4 Test result of P1/B test at levels L2, E1 and L2, E2 with SP/B at levels L2, E1

Desired . . . Footnotes
Sample Blade (P1, Angle gper Drop Height  Bjade Time Velocity1 Impact Penet.
NO. Al . gy HRC
Description  S1, Spike) (deg.) - Mass (g) (ms) (m/s) Energy (J) (mm)
Level J (ft) (in.)

1 GF-BV-RT-A220-01 P1/B 0 L2,E1 33 5 10 19.04 -104 5.1463 6 33.11 0
2 GF-BV-RT-A220-01 P1/B 0 L2,E1 33 5 10 1892 -125 5.1229 6 3342 0
3 GF-BV-RT-A220-01 P1/B 0 L2,E1 33 5 10 19.09 -148 5.1415 6 33.18 0
4 GF-BV-RT-A220-01 P1/B 0 L2,E1 33 5 10 19.06 -145 5.1515 6 33.05 0
5 GF-BV-RT-A220-01 P1/B 0 L2,E1 33 5 10 19.03 -146 5.1458 6 33.12 0
6 GF-BV-RT-A220-01 P1/B 0 L[2,E2 50 8 11,5 19.08 -136 4.1536 7 50.44 1
7 GF-BV-RT-A220-01 P1/B 0 L[2,E2 50 8 115 1899 -141 4.1448 7 50.65 1
8 GF-BV-RT-A220-01 P1/B 0 L[2,E2 50 8 115 1895 -104 4.1477 7 50.58 1
9 GF-BV-RT-A220-01 P1/B 0 L[2,E2 50 8 115 19.06 -109 4.1524 7 50.47 0
10 GF-BV-RT-A220-01 P1/B 0 L[2,E2 50 8 115 19.08 -117 4.1527 7 50.46 1
11 GF-BV-RT-A220-01 SP/B 0 I[2,E1 33 5 10 7.83  -112 5.1495 6 33.04 0
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Desired . . ) Footnotes
Sample Blade (P1, Angle g Drop Height  Bjade Time Velocity1 Impact Penet.
NO. S . nergy HRC
Description  S1, Spike) (deg.) - Mass (g) (ms) (m/s) Energy(J) (mm)
Level ] (ft) (in.)
12 GF-BV-RT-A220-01 SP/B 0 [L2,E1 33 5 10 7.92 -103 5.1444 6 33.10 0
13 GF-BV-RT-A220-01 SP/B 0 [L2,E1 33 5 10 7.81 -110 5.1618 6 32.88 0
14 GF-BV-RT-A220-01 SP/B 0 [L2,E1 33 5 10 7.85 -124 5.1577 6 32.93 0
15 GF-BV-RT-A220-01 SP/B 0 [L2,E1 33 5 10 792 -145 5.13 6 3332 0
Remarks: Footnotes :

1. Sabot Mass includes the average weight of dampers

2. Holder Mass includes the average weight of blades/spikes
3. Height is for reference only and may vary to meet energy requirements
4. D Time Base is the distance between velocity sensors

5. Standoff Distance is measured from blade tip to armor surface when drop mass

is at 0 position (just breaking bottom velocity sensor beam)
6. Impact energy is estimated based on calculated energy and efficiency
7. For energy level E1, a max penetration of 7mm is allowed

8. For energy level E2, a max penetration of 20mm is allowed

a = Excessive energy (above tol)

b = insufficient energy (below tol)

c =Too close (< 2 in) to armor edge

d = Too close (< 2 in) to backing matl edge

e =Too close (< 2 in) to prior impact

f = Reliable measurement not possible
g = impact on seam
h = Threat instrument bent
i = Threat instrument broke
j = Unfair double strike (bounce)

k = Other (See remarks)

Table 5 Test result of SP/B at level L2, E2

Desired . . . Footnotes
Sample Blade (P1, Angle gper Drop Height  Bjade Time Velocity1 Impact Penet.
NO. Al . gy HRC
Description  S1, Spike) (deg.) - Mass (g) (ms) (m/s) Energy (J) (mm)
Level J (ft) (in.)
1 GF-BV-RT-A220-01 SP/B 0 I12,E2 50 8 115 795 -108 41807 7 4973
2 GF-BV-RT-A220-01 SP/B 0 L2,E2 50 8 115 7.83 -114 4.1812 7 49.72
3 GF-BV-RT-A220-01 SP/B 0 L2,E2 50 8 115 7.83 -134 41752 7 49.86 8
4 GF-BV-RT-A220-01 SP/B 0 L2,E2 50 8 115 7.89 -148 4.1658 7 50.09 17
5 GF-BV-RT-A220-01 SP/B 0 L2,E2 50 8 115 7.84 -126 4.1666 7 50.07 4
Remarks: Footnotes :

1. Sabot Mass includes the average weight of dampers

2. Holder Mass includes the average weight of blades/spikes
3. Height is for reference only and may vary to meet energy requirements
4. D Time Base is the distance between velocity sensors

5. Standoff Distance is measured from blade tip to armor surface when drop mass

is at 0 position (just breaking bottom velocity sensor beam)
6. Impact energy is estimated based on calculated energy and efficiency
7. For energy level E1, a max penetration of 7mm is allowed

8. For energy level E2, a max penetration of 20mm is allowed

a = Excessive energy (above tol)

b = insufficient energy (below tol)

¢ =Too close (< 2 in) to armor edge

d =Too close (< 2 in) to backing matl edge

e =Too close (< 2 in) to prior impact

f = Reliable measurement not possible
g = impact on seam
h = Threat instrument bent
i = Threat instrument broke
j = Unfair double strike (bounce)

k = Other (See remarks)

Table 6 Test result of firing with 0.44 MAG SJHP ammunition, 240 gr.

Slf;:t Ammao. 1&:‘;} Ve(l :)If/;t)y 1 1(‘:::1:; Ve(l :)rf/lst)y 2 Azlrgn Xgl' Penetration Footnotes

1 1 3472 438.9 3467 439.6 439.3 None DEF. 10mm
2 1 3485 4373 3480 4379 437.6 None

3 1 3476 438.4 3485 4373 437.9 None DEF. 13mm
4 1 3489 436.8 3512 433.9 4354 None (a)

5 1 3478 438.2 3487 437.1 437.6 None (a)

6 1 3487 437.1 3498 435.8 436.4 None

REMARKS : FOOTNOTES :

REQUIRED BLP: 436 m/s.

(a) SHOT IMPACTED AT A 30" ANGLE.
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Table 7 Test result of firing with 9 mm. FM]J, 124 gr.

Shot

Time1 Velocityl Time2 Velocity2 Avg.Vel.

No. Ammo. (usec) (m/s) (usec) (m/s) (m/s) Penetration Footnotes
1 1 3525 4323 3534 431.2 431.8 None DEF. Tmm
2 1 3553 428.9 3563 427.7 428.3  None
3 1 3449 441.9 3459 440.6 441.2  None DEF. 4mm
4 1 3451 441.6 3461 440.3 441.0 None (a)
5 1 3422 4454 3432 4441 4447  None (a)
6 1 3473 438.8 3483 437.6 438.2 None

REMARKS : FOOTNOTES :

REQUIRED BLP: 436 m/s.

(a) SHOT IMPACTED AT A 30° ANGLE.

CONCLUSION

From the research results, the results can be
summarized as follows:

The results of the 10-time Twaron® SRM 509
fabric thickness and weight tests. It can be concluded
that both types of fabrics have good uniform weight and
thickness for the production of cut and stab- resistant
armor plates, including ammunition protection.

The result of the test result of the atrocity
P1/B at L2, E1 5 times and at L2, E2 5 times, which is
within the specified standard, is the blade depth of
not more than 25 mm. This means that the fabric has
the same standard to prevent cuts from weapons
being sharp at a good level.

The results of the test of stabbing armor plate
SP/B atlevel L2, E1 5 times and at level L2, E2 5 times
are within the specified standard, i.e., the depth of the
blade passing through the armor plate does not exceed
25 mm and that the fabric qualified for stabilization
of pointed weapons at a reasonable level in both
benchmarks.

The results of the atrocity and stabbing armor
plates were tested with 0.44 MAG SJHP, 240 grams, and
9 mm. FMJ, 124 grams ammunition. It showed that the
atrocity and stabbing armor plates tested with both types
of ammunition showed good protection as standard.

In summary, the results of the research were
the results of the fabric test in terms of thickness,
weight, atrocity protection, stabbing protection,
ammunition protection, power and capability of
preventing atrocity and stabbing, and ammunition
according to the objectives and assumptions set by
the standards. The HOSDB Body Armor Standards for
UK Police (2007) and the NIJ. STANDARD-0101.04
atrocity and stabbing protection tests are tested. By
H.P. WHITE LABORATORY, INC., USA.
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ABSTRACT

2-Keto-gluconic acid (2-KGA) is a pivotal intermediate in the production process of ascorbic acid, commonly
known as vitamin C. The bacterium Nguyenibacter vanlangensis KKS-R1 is an acetic acid bacterium (AAB)
that has been selectively screened for its ability to produce 2-KGA among twenty-five bacterial isolates at
high temperatures up to 40°C. This thermotolerant property makes it advantageous for various industries.
Therefore, it has garnered interest for its potential application in the production of 2-KGA and purification of
the 2-KGA product. This study evaluated the production of 2-KGA by N.vanlangensis KKS-R1 using 1% gluconate
as the substrate. The 2-KGA was determined by thin-layer chromatography, Lanning and Cohen’s method,
and high-performance liquid chromatography. After fermentation in a minimal liquid medium for 24 hours,
the bacterium showcased its prowess by producing 2-KGA concentrations of 7.5 g/L. However, the purity of
the 2-KGA production is paramount for industrial applications. In addressing this, a rigorous chromatographic
purification regimen was employed. This involved two sequential stages of ion exchange chromatography,
DEAE-Sephacel and DOWEX 1X4, followed by Superdex™ S-200 column chromatography. The collective
efficacy of these methodologies yielded a product with an impressive purity index of 71.02%. The 2-KGA
product was then subjected to a decolorization process using activated carbon and freeze-dried. This results
in the compound being a pure white powder. This investigation indicates that V. van/angensis KKS-R1 shows
good potential as a 2-KGA producer at high temperatures. Under proper purification techniques. These findings
contribute to developing purified processes and producing 2-KGA for industrial efficiency.

Keywords: Acetic acid bacteria (AAB), Thermotolerant, 2-Ketogluconate (2-KGA), Column chromatography

INTRODUCTION optimal metabolic activity occurring at 37-40°C. The
optimal pH for growth is between 5.0-6.5, but these
bacteria can also grow at slightly lower pH values [3, 4].
Acetic acid bacteria possess a mechanism to oxidize
starting substances like alcohols, sugars, sugar alcohols,
and sugar acids in an “oxidative fermentation” process.
En enzymes on the cell membrane’s outer surface
facing the periplasm oxidize these substrates. The
oxidation products are expelled outside the cell and
accumulate in the culture medium [5, 6]. These
properties make AAB suitable for producing various
products since it allows for easy separation of the
product from the bacterial cells, rapid fermentation
processes, and high yields. 2-Ketogluconate (2-KGA)
is an essential organic acid used in producing erythorbic
acid, also known as D-isoascorbic acid.It’s a stereoisomer
of ascorbic acid (vitamin C) and is widely used as an
antioxidant in food processing, adhering to Good
Manufacturing Practice (GMP) standards. It plays a
crucial role in preventing food oxidation, retaining
the color, taste, and aroma of foods, and inhibiting the

Acetic acid bacteria (AAB) are gram-negative
bacteria characterized by their ellipsoidal or rod-shaped
cells. They are aerobic bacteria, requiring oxygen for
growth [1]. Depending on the genus, their flagella
may be peritrichous or polar. Acetic acid bacteria
belong to the family Acetobacteraceae within the
class Alphaproteobacteria. Originally, this classification
comprised two genera: Acetobacter and Gluconobacter.
However, with advancements in genetic molecular
techniques, which have significantly improved the
classification process, 19 distinct genera of acetic acid
bacteria have been identified: Acetobacter, Acidomonas,
Ameyamaea, Asaia, Bombella, Commensalibacter,
Endobacter, Gluconacetobacter, Gluconobacter,
Granulibacter, Komagataeibacter, Kozakia, Neoasaia,
Neokomagataea, Nguyenibacter, Saccharibacter,
Swaminathania, Swingsia, and Tanticharoenia [2].
Mesophilic strains thrive optimally at temperatures
between 25-30°C, while thermotolerant strains can
grow in the broader temperature range, with their
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formation of carcinogenic ammonium nitrite during
food processing [7-9]. In addition, it has been certified
as a Generally Recognized As Safe (GRAS) compound
by the U.S.Food and Drug Administration (FDA). The
synthesis of 2-KGA is achieved using microorganisms
through the oxidative fermentation process of D-
glucose sugar. This occurs in the periplasmic space,
anchoring related enzymes to the cell membrane’s
outer surface. The D-glucose is oxidized into D-glucono-
5-lactone, which can then be converted into D-gluconic
acid. This transformation might be due to the instability
of the molecule or possibly be catalyzed by the enzyme
gluconolactonase [10]. Subsequently, D-gluconic acid
is further oxidized by enzymes on the cell membrane,
specifically by the enzyme D-gluconate dehydrogenase
[11, 12], which has a cofactor known as flavin adenine
dinucleotide, referred to as FAD-GADH, and the enzyme
glycerol dehydrogenase [13], which has a cofactor
known as PQQ and is referred to as PQQ-GLDH. FAD-
GADH catalyzes the reaction to produce 2-KGA, while
PQQ-GLDH catalyzes the reaction to produce 5-keto-D-
gluconic acid (5KGA).Both reactions occur competitively.
Either 2-KGA or 5-KGA is excreted outside the cell until
the glucose is completely oxidized. However, in some
strains, it has been observed that 2-KGA is further
oxidized to 2,5-diketo-D-gluconic acid (2,5 DKGA) by
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the enzyme 2-KGA dehydrogenase. This enzyme is
membrane-bound and has FAD as its cofactor [14].
Almost all industrial-scale production of 2-KGA is
achieved through microbial fermentation, as chemical
and enzymatic methods yield low volumetric
productivity, and the catalysts or enzymes are
expensive. Moreover, the products from the oxidative
fermentation process of acetic acid bacteria can be
utilized without cell lysis, which involves separating
the cells and subsequently purifying the desired
compounds using various methods based on their
chemical and physical properties. Consequently,
researchers have been selecting strains of acetic acid
bacteria capable of producing 2-KGA at elevated
temperatures and studying the purification process
of 2-KGA at the laboratory scale, aiming for further
development at an industrial scale.

MATERIALS AND METHODS

Microorganisms

The 25 tested strains are bacteria obtained
by isolating the roots of rice plants. It can fix nitrogen
and effectively dissolve phosphorus and zinc, identified
using 16S rRNA gene sequence analysis [15](Table 1).

Table 1 Bacterial isolates were identified using 16S rRNA gene sequence analysis [15] for screening of 2-KGA

production.
Code Isolate Isolate gene similarity in % ot" Code Isolate gene similarity in % of
NCBI database identify  Isolate NCBI database identify

TBRC4639 N.vanlangensisTBRC4639T 100.00 TBRC479 G azotrocaptansTBRC 4797  100.00
KKS-R4 N. vanlangensis TNO1LGI 100.00 AR-R1 G. diazotrophicus LMG 7603 99.96
KKS-RZ1 N. vanlangensis TNO1LGI 96.67 PS-RZ1 A. methanolicaNBRC 104435 99.92
NKS-RZ1 N. vanlangensis TNO1LGI 99.57 AR-R2 A. methanolicaNBRC 104435 96.51
AR-R3 N. vanlangensis TNO1LGI 99.86 NKS-R1 A. methanolicaNBRC 104435 99.92
KKS-R1 N. vanlangensis TNO1LGI 99.85 NKS-RZ4  A. methanolicaNBRC 104435 100.00
NKS-RZ3 N. vanlangensis TNO1LGI 99.85 PS-RZ2 A. methanolicaNBRC 104435 99.92
AR-RZ1 N. vanlangensis TNO1LGI 99.93 KKS-RZ2  A. methanolicaNBRC 104435 99.92
KKS-RZ4 N. vanlangensis TNO1LGI 99.92 TBRC 15  A. nitrogenifigensTBRC 157  100.00
KKS-R3 N. vanlangensis TNO1LGI 100.00 146AE B. cepacian ATCC 25416 *
KKS-RZ3 N. vanlangensis TNO1LGI 99.78 KKS-S1 B. cepacian ATCC 25416 98.91
TBRC 478 G. sacchariTBRC 4787 100.00  KKS-R2 B. cepacianATCC 25416 99.65
TBRC 480 G.johannaeTBRC 4807 100.00

*:no identify by 16S rRNA
T: Type strain

Primary screening

The cultures were grown in a Glucose-Yeast
Extract-Peptone (GYP) medium (2% glucose (w/v), 1%
peptone (w/v), 0.5% yeast extract (w/v). They were
incubated at 30°C with shaking at 200 rpm for 24 h.

Afterward, the concentration of the cultures was
adjusted to 1 McFarland standard (Densitometer
Densimat 99234, BIOMERIEUX ITALIA S.P.A., Italy),
then they were grown again in the GYP medium,
incubated at 30°C with shaking at 200 rpm for another
24 hours. Following this, the reactions were centrifuged
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at 8,000 rpm for 5 min. The clear portion (supernatant)
was then analyzed using Thin Layer Chromatography
(TLC).

Selection of thermotolerant AAB for 2-KGA production

The test strains were cultured in a liquid
minimal medium using 1% sodium gluconate (w/v)
as a substrate and were incubated at temperatures
of 30°C, 37°C, and 40°C, shaking at 200 rpm for 24
hours. At the end of the incubation period, the cells
were harvested by centrifugation at 8,000 rpm for
15 minutes. The quantity of fermentation products
the acetic acid bacteria produced.

2-KGA production

The selected acetic bacteria are cultivated
with sodium gluconate in a liquid minimal medium.
This is because of the metabolic pathway that can
directly lead to the production of 2-KGA. An initial
concentration of 1% sodium gluconate (w/v) is used,
and the fermentation is performed at a temperature
of 40°C with agitation at 200 rpm for 24 hours., scaled
up to a volume of 1 L. After fermentation, the reaction
mixture is centrifuged at 8,000 rpm for 5 minutes,
and the supernatant is collected for further analysis.

Determinations of 2-KGA

1. Thin layer chromatography (TLC)

The culture supernatant was spotted onto a
TLC plate (Silica gel 60, Merck Co., Germany) with a
volume of 10 pL of sample. The standard solutions of
2-KGA, 5-KGA, and glucose were compared. The plate
was then immersed in a solvent system composed of
ethyl acetate, acetic acid: methanol: distilled water in
the ratios 6:1.5:1.5: 1, respectively. After allowing it
to dry, the plate was sprayed with a TTC solution (2%
2,3,5-triphenyl tetrazolium chloride (w/v)ina 0.5 M
potassium hydroxide solution) or a freshly prepared
color-developing reagent of aniline-diphenylamine
phosphoric acid reagent (2% aniline (v/v), 2%
diphenylamine (w/v)and 15% phosphoric acid (v/v)in
acetone). The plate was then baked at a temperature
of 120°C for 10-20 minutes. The intensity of the colors
was compared with the standard solutions afterward.

2. Lanning and Cohen’s method [16]

The product quantity was analyzed using
Lanning and Cohen’s method, which employs the o-
Phenylenediamine dihydrochloride reagent (1.5% o-
Phenylenediamine dihydrochloride (w/v)in 0.375 N
HCI). When o-Phenylenediamine dihydrochloride reacts
with 2-keto acids, it forms 2-hydroxyquinoxalines,
forming a reddish-brown to green color. Subsequently,
the absorbance was measured at 330 nm.

3. High-Performance Liquid Chromatography
(HPLC)

Analysis was conducted to confirm the
experimental results using HPLC with the HPLC Water
e2695 Separations Module (Water Corporation 2013,

USA). An Aminex® HPX-87H column, 300 mm X 7.8 mm
(I.D. x Length), Bio-Rad) was utilized, and 5.0 mM
Sulfuric Acid (H2S04) was used as the mobile phase
at a flow rate of 0.60 mL/min. The column temperature
was maintained at 65°C. Detection was carried out
using a Water 2998 Photodiode Array (PDA) Detector
set at a wavelength of 210 nm. Results were interpreted
by comparing them with the standard compounds of
2-KGA under the instrument conditions presented
in Table 2.

Table 2 Analysis conditions for 2-KGA by HPLC.

Parameter Optimized condition
Chromatograph: HPLC Waters e2695
Separations Module
Column: Aminex® HPX-87H (Bio-Rad)
. 300 mm x 7.8 mm (L.D. x
Column Size:
Length)
Mobile phase: 5.0 mM Sulfuric Acid (H2S04)
Flow rate: 0.60 mL /min
Detector: Water 2998 Photodiode Array

(PDA); 210nm
Column temp.: 65°C
Injection volume: 10pL

Purification of 2-KGA via column chromatography

1. Ion-Exchange Chromatography

DEAE-Sephacel column chromatography:
The 2-KGA obtained from acetic bacteria was purified
using modified methods [17]. The initial step involves
passing the sample through DEAE Sephacel column
chromatography to eliminate undesired proteins and
other impurities. The DEAE Sephacel gel was first
activated for effective chromatography. This involved
thoroughly rinseing with copious amounts of distilled
water to remove 20% ethanol. Subsequently, the gel
was immersed in 0.1 N NaOH for 30 minutes and then
rinsed with large volumes of water until a neutral pH
(7.0) was achieved. The gel was soaked in 0.1 N HCI for
another 30 minutes and rinsed extensively to reach
a neutral pH. Once ready, the gel was packed into
a chromatography column. The column was then
equilibrated by introducing twice the gel volume of
25 mM Tris-HCI (pH 8.0). The eluent was allowed to
pass through the column until a pH of 8.0 was consistent
in the effluent. The column was then connected to a
fraction collector to separate the compounds. With a
set flow rate of 1 mL/min, fractions were collected
every 10 mL. A 450 mL sample was introduced into the
column and washed with 2 column volumes of 25 mM
Tris-HCI (pH 8.0). Once the entire sample had passed
through the column, elution was carried out using 1 M
NadCl, at three times the column volume. The protein
profile of each fraction was monitored by measuring
its absorbance at 280 nm, and compared against spots
on filter paper sprayed with TTC. Fractions containing
2-KGA were pooled together and analyzed for the
cumulative content of 2-KGA and proteins using Lanning
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and Cohen’s method [16] and Lowry’s method [18],
respectively.

DOWEX 1X4 column chromatography: The
sample from section DEAE-Sephacel column underwent
further purification through DOWEX 1X4 column
chromatography. The DOWEX 1X4 column was initially
activated by neutralizing it with 0.1 N NaOH, followed
by extensive washing with water until a neutral pH
(7.0) was achieved. The gel was then equilibrated to
the chloride form using 1 M CaCl,. Subsequent steps
involved the removal of Ca?* ions by rinsing with
copious amounts of water until no precipitation occurred
upon adding the eluent to 0.5 M sodium bicarbonate.
The gel was then packed into a chromatography
column.100 mL of sample volume was loaded onto
the column, followed by a wash with DI water at twice
the volume of the column. After allowing all compounds
to pass through the column, elution was conducted
using 0.8 M and 1.0 M Na(l solutions at three times the
column volume. Each fraction was monitored by spotting
on filter paper and spraying with TTC, and further
compared against reactions with o-Phenylenediamine
dihydrochloride reagent [ 16]. Absorbance measurements
were taken at a wavelength of 330 nm. Fractions
containing 2-KGA were pooled together and subsequently
analyzed for the total content of 2-KGA and proteins
using Lanning and Cohen’s [16] and Lowry’s [18],
respectively.

2. Gel Filtration Chromatography

Concentration of 2-KGA Solution: The clear
fraction of the culture supernatant that has passed
through the DOWEX 1X4 column was concentrated
using rotary evaporation under conditions of low
pressure at 35 mbar, a rotation speed of 50 rpm, and
a temperature of 40°C until the sample volume was
reduced tenfold (10x concentration).

Superdex™ S-200 Column Chromatography:
The Superdex™ S-200 gel, which was stored in a 20%
ethanol solution, was decanted.The gel was then washed
with distilled water, stirred to ensure homogeneity,
and allowed to settle. The clear supernatant was
discarded. This washing procedure was repeated 2-3
times. The gel was then packed into an XK column (XK
16/100; 1.D./Length, mm) following the instructions
provided for Superdex™ S-200.The gel in the column
was equilibrated with a 0.1 N NaCl solution at a flow
rate of 60 mL per hour for 3 hours.

Loading sample: The concentrated 2-KGA
solution, 0.5 mL, was loaded onto the Superdex™
S-200 column chromatography (as described in 2.) at
a flow rate of 60 mL/h. This was followed by elution
with a 0.1 N NaCl solution, collecting 1.5 mL/fractions.
Each fraction’s profile was monitored by spotting onto
filter paper, spraying with TTC, and reacting with
o-Phenylenediamine dihydrochloride before measuring
the absorbance at a wavelength of 330 nm. Subsequently,
fractions containing 2-KGA were pooled together to
analyze 2-KGA and total protein using Lanning and
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Cohen’s [16] and Lowry’s [18]. The absorbance values
were then measured at 330 and 490 nm wavelengths,
respectively.

Color removal and precipitate removal

At a concentration of 1%(w/v), activated carbon
powder was utilized to absorb the color from the 2-
KGA product. The mixture was left undisturbed for at
least 4 hours. to allow the charcoal powder to adsorb
the color fully. Afterward, it was centrifuged to separate
the charcoal powder sediment. The concentration of
the product post-color adsorption was determined using
Lanning and Cohen’s method [16]. Subsequently, the
sample was stored at a temperature of -80°C before
being lyophilized with a freeze-dryer.

Total protein quantification [18]

The sample solution, with a volume of 0.4 mL,
was added to a test tube. Lowry’s solution A and Lowry’s
solution B were mixed in a ratio of 50 : 1 (A : B), and
2 mL of this mixture was added to the test tube. The
contents were mixed thoroughly, and then incubated
at 35°C for 10 min. Subsequently, 0.2 mL of 1 N Folin’s
reagent was added. Immediate mixing was done using
a vortex mixer and then incubated at 35°C for 30
minutes. The absorbance of the solution was measured
at 750 nm, and the results were compared against a BSA
standard curve to determine the protein concentration
in the sample.

RESULTS AND DISCUSSIONS
Primary screening of 2-KGA producer

The TLC technique was used to analyze the type
of 2-KGA product derived from the 24-hour fermentation
of 25 bacterial strains listed in Table 1. The experimental
results revealed: 13 isolates, specifically AR-R2, TBRC478,
TBRC479, NKS-RZ1, AR-R3, KKS-R1, TBRC480, NKS-
RZ2, AR-RZ1, KKS-RZ4, TBRC4639, KKS-R3, and KKS-
RZ3, could produce 2-KGA. This was evident as red
spots emerged at positions consistent with the standard
2-KGA sugar solution on the culture medium. The
isolated TBRC15 produced 5-KGA, indicated by the
presence of an orange-red spot on the TLC plate that
matched the position of the 5-KGA standard solution.
Conversely, the substances produced by the isolates
PS-RZ1, KKS-R4, KKS-RZ1, NKS-R1, NKS-RZ3, PS-RZ2,
KKS-S1, 146AE, KKS-R2, KKS-RZ2, and AR-R1 in the
culture medium were not the desired keto-sugars.
They were found to be glucose, an aldose sugar group
that did not produce a red spot when treated with TTC,
as shown in Figure 1B. When sprayed with the color-
developing reagent, aniline-diphenylamine phosphoric
acid reagent, however, blue spots corresponding to the
standard glucose solution appeared, alongside greenish-
brown spots matching the 2-KGA standard and gray
spots aligning with the 5-KGA standard, as shown in
Figure 1A. When utilizing glucose, acetic acid bacteria's
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metabolic pathway involves the oxidation of D-glucose
into D-gluconic acid. Subsequently, D-gluconic acid
can be converted into either 2-KGA or 5-KGA through
competitive reactions. Both 2-KGA and 5-KGA are then
secreted out of the cell until the glucose is fully oxidized.
Interestingly, certain strains of Gluconobacter are
found to further oxidize 2-KGA into 2,5-DKGA via
the enzyme 2-KGA dehydrogenase. This enzyme is
membrane-bound and employs FAD as a cofactor [14].
Therefore, the results indicate that the isolates AR-R2,
TBRC478, TBRC479, NKS-RZ1, AR-R3, KKS-R1, TBRC480,
NKS-RZ2, AR-RZ1, KKS-RZ4, TBRC4639, KKS-R3, and
KKS-RZ3 are of particular interest for further investigation
into their ability to produce 2-KGA. These selected
isolates were chosen for subsequent studies.
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Figure 1 The oxidative products of 25bacterial strains
after culture in 1% glucose (w/v) medium
and detection by TLC technique using (A)
aniline-diphenylamine phosphoric acid
reagent and (B) TTC reagent.

Selection of thermotolerant AAB for 2-KGA production

Upon testing the growth of the 13 strains that
could produce 2-KGA from the previous experiments,
they were cultivated in a minimal liquid medium at
temperatures of 30, 37, and 40°C to select strains that
could grow at higher temperatures. The results showed
that increasing temperatures had varying effects on
the growth of the test organisms. All 13 isolates were
found to grow well at 30°C. However, at 37°C, only 7
isolates, namely AR-R2, TBRC478, AR-R3, KKS-R1, AR-
RZ1, KKS-R3, and KKS-RZ3, were able to grow effectively.
Furthermore, at 40°C, only the isolates AR-R2, AR-R3,
KKS-R1, AR-RZ1, KKS-R3, and KKS-RZ3 were found to
grow in sequence. When analyzing the quantity of 2-
KGA products using the chemical method by Lanning
and Cohen [16]. The results revealed that at 30°C, all 13
isolates could produce 2-KGA. Among them, isolated
TBRC479 displayed the highest production capacity,
followed in order by isolates KKS-RZ3, AR-RZ1, KKS-
R1, KKS-RZ3, NKS-RZ2, AR-R2, AR-R3, TBR(C480,
TBR(C478, TBRC4639, KKS-RZ4, and NKS-RZ1. At 37°C,
only the isolates KKS-R1, AR-RZ1, TBRC4639, AR-R3,
AR-R2, KKS-R3, KKS-RZ3, TBRC478, and NKS-RZ2

were found to produce 2- KGA in that order. Meanwhile,
at 40°C, only the isolates KKS-R1, AR-RZ1, AR-R3, KKS-
RZ3, and AR-R2 showed 2-KGA production capabilities,
with KKS-R 1distinctly showing robust consistency
across all three tested temperatures, as represented
in Figure 2. This evidence indicates that this group of
AAB is thermotolerant. Typically, an increase in
temperature can influence the enzymatic activity
pivotal for converting substrates into products and
impair the metabolic pathways of the microorganisms.
Mesophilic acetic acid bacteria tend to thrive best
between 25-30°C. In contrast, thermophilic strains
can maintain good growth and metabolic activity at
elevated temperatures, largely because the enzymes
in these heat-resistant microorganisms naturally
possess inherent thermostability [19]. Therefore,
there has been an effort to select strains of AAB that
can thrive at elevated temperatures, aiming to maximize
utility while minimizing temperature-related limitations.
This allows for broader applications in various industries
that operate at higher temperatures. Consequently,
the researcher is keen on further exploiting the N.
vanlangensis KKS-R1 strain for enhanced 2-KGA
production because it is most stable in production at
higher temperature ranges.

30°C ®37°C w40 °C

2KGA concentration (mg/ml)

strains of bacteria isolated

Figure 2 Production of 2-KGA from thirteen selection
bacterial strains at 30, 37, and 40°C.

2-KGA production

From the experiment of producing 2-KGA using
the N, vanlangensis KKS-R1 strain in a minimal liquid
medium, with 1% gluconate (w/v) serving as the carbon
source ina 1 L volume, and under shaking conditions
at a rate of 200 rpm at a cultivation temperature of
37°C for 1 day, the total production amounted to
7.476 g/L.

Purification of 2-KGA

The culture supernatant (crude 2-KGA) was
subjected to DEAE Sephacel column chromatography,
characterized by its anionic properties. Each fraction
was monitored by measuring the absorbance at a
wavelength of 280 nm, a standard method for quantifying
general protein levels. The results revealed two distinct
peaks: peak 1 was located within the fraction range
of 22-110, while peak 2 was identified in the fraction
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range of 111-142, as illustrated in Figure 3. These
outcomes aligned with tracking via TTC, indicating the
emergence of red spots solely within peak 1, fraction
22-100 (pool I), as demonstrated in (e). Conversely,
peak 2, fraction 102-142 (pool II), showed an absence
of these red spots. The fractions (pool I) with these
evident red spots were then pooled together before
undergoing 2-KGA quantification analysis using Lanning
and Cohen’s method [16]. Compared to the sample
before column chromatography, the total 2 -KGA yield
was found to be 3.40+0.01 g, while the quantity prior
to column passage was 3.74+0.04 g. Moreover, when
the total protein quantity both before and after column
passage was analyzed using Lowry’s method [18], it
was observed that pool I contained only 0.38+0.46 g of
protein. This starkly contrasts the total protein measured
before column chromatography, which was as high
as 0.94+0.63 g. Some of the protein content was lost,
with a significant 90.96 % of the desired compound
eluted from the DEAE Sephacel column, as depicted in
Table 3. This suggests that some proteins carrying
positive charges were retained by the DEAE Sephacel
column chromatography, which possesses anionic
properties. These proteins were only eluted when
washed with 1 M NacCl. In this phase, some of the
proteins were separated, resulting in a purer desired
compound.
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Figure 3 Chromatography of 2-KGA of N, vanlangensis
KKS-R1 on DEAE Sephacel column. Culture
supernatant was applied onto a DEAE Sephacel
column previously equilibrated with 25 mM
Tris-HCI buffer (pH 8.0). The elution of 2-KGA
was made by 25 mM Tris-HCI buffer (pH 8.0)
and eluted with 1 M NaCl.

After 2-KGA fractions from DEAE Sephacel
column chromatography were pooled, they were
loaded onto a DOWEX 1X4 column and adjusted to
their chloride form, which binds to positively charged
compounds. Tracking the 2-KGA profile by spotting
on filter paper and spraying with TTC reagent showed
slight red spots in fractions 12-26 (pool I) during the
sample loading and wash phases (fractions 1-58), as
red spots indicated (e). As the elution phase (fractions
59-98)using 8.0 M NaCl three times the volume began,
red spots appeared from fractions 60-96 (pool II)asred
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spots indicated (e), with no color observed in other
fractions. Pooling and analyzing these fractions showed
peaks consistent with the TTC test results. The wash phase
peak might arise from neutrally charged compounds
having weak column binding, resulting in some desired
compound release after water wash. All compounds
were completely eluted during the elution step,
presenting as the second peak, with no substances
observed post-elution with 1 M NaCl, as depicted in
Figure 4. Upon analyzing the total 2-KGA quantity in
comparison to pre-DOWEX 1X4 column values, the
post-column product amounted to 3.40+0.01 g, and the
pre-column content was 3.74+0.04 g. This signifies that
purification using the DOWEX 1X4 column post. protein
separation via DEAE Sephacel column chromatography
improved purity, yielding up to 75% of the desired
compound. However, protein analysis revealed a
residual protein content of 0.06+0.002 mg/mL in the
product, as shown in Table 3. Consequently, this
product would undergo further purification stages.

1M NacCl

0.8 M Nacl
c

Absorbance at 330 nm
N

Pool Il

(TS T -
0 20 40 B0 80 100 120 140
Fraction number (10 mL/tube)

=330 nm & TTC Red Spot

A applied sample step B:washing step  C: elution step (0.8 M NaCl) Dt elution step (1.0 M NaCl)

Figure 4 Elution profile of 2-KGA from pooled I of DEAE
Sephacel column applied onto DOWEX 1X4
column chromatography previously equilibrated
with 1 M CaCl, under the conditions described
in Materials and Methods. Elution was done
with a stepwise of 0.8 M NaCl and 1 M NaCl
as indicated. (A: applied sample step, B:
washing step, C: elution step (0.8 M NaCl)and
D: elution step (1.0 M NaCl)).

The 2-KGA sample (pool II), primarily obtained
from purification via the DOWEX 1X4 column,
was purified using the Superdex™ S-200 column
chromatography. The profile of the eluted components
was monitored using Lanning and Cohen’s method
[16]. Experimental results showed that the profile of
substances eluted from the column had only one peak,
spanning fractions 94to 108 (pool I). This result correlates
with the TTC test, where red spot appeared, asindicated
in(e). Furthermore, when monitoring the protein content
in each fraction by measuring the absorbance at a
wavelength of 280 nm, a protein peak was observed in
fractions 18 to 86.No peaks were evident in fractions
94t0 108, suggesting that the Superdex™ S-200 column
chromatography effectively eliminated the proteins.
Consequently, when pooling the fractions from 94 to
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108, the overall yield of 2-KGA was determined to be
2.654 g, resulting in a yield of 71.02%. Meanwhile,

1.35

Lowry’s method reduced the overall protein concentration
to undetectable levels [18] (Table 3).
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—&—280 nm
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Figure 5 Gel filtration profile of 2-KGA from N, vanlangensis KKS-R1.The 2-KGA was obtained from pooled II of
DOWEX 1X4 column chromatography was loaded onto Superdex™ column chromatography (@1.6 cm
x 90 cm)equilibrated with 0.1 N NaCl and eluted at a flow rate of 22 mL/h. Absorbance is at 330 nm (open

circles)and 280 nm (closed triangles).

Table 3 Purification summary of 2-KGA from N. vanlangensis KKS-R1.

Step of Purification Total Volume 2-KGA Content Total 2-KGA Protein content Total Protein %yield of
(mL) (mg/mL) (8) (mg/mL) (8) 2-KGA
Crude 2-KGA 500.00 7.47+0.04 3.74+0.04 1.88+0.07 0.94+ 0.63 100.00
DEAE Sephacel 630.00 5.40+0.01 3.40+0.01 0.60+0.01 0.38+0.46 90.96
DOWEX 1X4 (Pool 1) 62.00 0.27+0.01 0.1740.04 0.08+0.002 0.01+0.004 4.90
DOWEX 1X4 (Pool I1) 350.00 8.08+0.02 2.9620.33 0.0620.002 0.02+0.73 75.00
35.00 75.84+0.016 2.654+0.18 ND* ND* 71.02

Superdex S-200

*ND: Not detected

Figure 6 The Chactristics of 2-KGA powder after
activated carbon adsorption and crystallization
by freeze-drying.

Decolorization and precipitation

The decolorization of the 2-KGA product
obtained from the experiment was performed using
activated charcoal, known for its decolorizing properties.
The mechanism behind this decolorization process
involves weakly binding through van der Waals forces
between organic compounds and the external surface

of the charcoal [20]. When the charcoal was added to
the pale yellow 2-KGA solution and allowed to settle for
4 hours, the solution's color became clearer. Before
undergoing freeze-drying, the decolorized solution
turned into a white powder, as shown in Figure 6.

Analysis of purity of the 2-KGA product using HPLC
and TLC

After subjecting the powder solution of the
purified 2-KGA product, obtained from the separation
through the three types of columns, to analysis using
High-Performance Liquid Chromatography (HPLC),
it was observed that two distinct peaks emerged. The
main peak exhibited a retention Time value of 9.857
minutes, corresponding to the retention time of the
standard 2-KGA solution (data not shown). The
secondary peak displayed a Retention Time value of
7.529 minutes, aligning with the Retention Time of
the standard NaCl solution (data not shown). This is
illustrated in Figure 7A. Furthermore, when tested
using Thin-Layer Chromatography (TLC) and sprayed
with 2,3,5-Triphenyltetrazolium chloride (TTC), only
a single spot corresponding to the standard 2-KGA
solution was observed, as depicted in Figure 7B.
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Figure 7 Purity analysis of 2-KGA product obtained from N. vanlangensis KKS-R1 by HPLC (A) and TLC (B).

CONCLUSION

The acetic acid bacterium Nguyenibacter
vanlangensisKKS-R1 has been identified as exceptionally
capable of producing 2-KGA at high temperatures up
to 40°C, utilizing a minimal liquid medium with sodium
gluconate as the carbon source. When the produced
2-KGA is further purified through ion exchange
chromatography, two types of columns, a DEAE
Sephacel column chromatography, which functions
as an anion, and a DOWEX 1X4 column in its chloride
form, before being subjected to gel filtration
chromatography for increased purity, this efficient
process allows the isolation of highly pure 2-KGA
with a concentration of 81.90+0.03 mg/mL, constituting
71.02% of the total yield. Subsequently, the 2-KGA
product undergoes a decolorization process using
activated carbon and is then freeze-dried, resulting
in a pure white powder. This study suggests that these
processes are viable for industrial application and
can be further optimized to enhance production
efficiency.
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ABSTRACT

Salted eggs are mainly produced through salting treatments that taste salty. However, high sodium intake is part
of the pathophysiology of hypertension. Thus, this study aimed to develop low-sodium egg yolks with salting
treatment using sodium chloride (NaCl) and maltodextrin to reduce salt content in the salting process. Salted egg
yolks were produced using methods in the salting process using maltodextrin (10% and 20% supplement) and were
compared to salted eggs brined with 20 and 26% sodium chloride (NaCl) solutions. The moisture content, salt
content, color, and texture properties of salted egg yolks during salting for up to 35 days were determined.
Nevertheless, salted egg yolks produced with the salting solution using maltodextrin supplement had a significant
salt content (0.21-3.30 mg/g) that was lower than the amount discovered in commercial salted yolks (2.84-4.15
mg/g). The results revealed that the maltodextrin substitution affected the salted yolks' properties. The salt
contents of all salted egg yolk samples gradually increased during the salting process, along with slight decreases
in moisture content as salting time and salt solution concentration increased. The lightness (L*)and the yellowness
(b*) decreased while the redness (a*) increased. The hardness, adhesiveness, cohesiveness, gumminess, and
chewiness of salted egg yolks increased rapidly over the time of salting, while springiness decreased during the
initial stages of salting and reached almost constant levels at the end of salting. As the salting time increased to 35
days, the salted yolk gradually became dark reddish. The maximum denaturation temperature (Tmax) and
denaturation enthalpy (AH) of egg proteins increased with increasing salting time. These effects were most
pronounced due to the high maltodextrin content of the salting solution. This study suggests that this approach
with maltodextrin substitution using the shell egg salting protocol can produce low-sodium salted eggs.

Keywords:Salted egg, Salting method, Egg yolk, Maltodextrin, Sodium chloride

INTRODUCTION In order to lower the salted eggs' sodium content, [1]
manufactured salted eggs using a salt paste containing
potassium chloride (KCI) as a salt substitute. Although
the salted eggs lacked interior sensory properties, their
antioxidant potency was equivalent to those without
KCl replacement. Using separated chicken egg yolks,
[6] also employed osmotic agents to salt egg yolks with
a combination of sodium chloride, potassium chloride,
and sucrose. Nonetheless, salted egg yolks had a
significant salt content close to the highest amount
discovered in commercial salted yolks (about 2.84-4.15
mg/g). They resulted from the fact that sugar diffusion
through the yolks was significantly slower than that
of salt due to sugar's higher molecular weight and the
fact that the majority of the sugar remained on the yolk
surface [6]. Maltodextrin is a high molecular weight
solute. Khin MM, et al. [8] reported that maltodextrin
was used as the coating material before osmotic
dehydration in fresh apples to control solute uptake.
The maltodextrin coating provided an excellent barrier

Factors that are physical, chemical, or microbial
can harm eggs. Turning eggs into salted egg products is
a popular one that is quick, inexpensive, straightforward,
and capable of maintaining the nutritional content
of eggs [1].Salted eggs are egg preservation products
that contain high levels of unsaturated fatty acids, fat,
protein, and minerals and lower phospholipid and
cholesterol levels than fresh eggs. All ages can consume
them [2, 3]. Making salted eggs mainly involves soaking
the eggs in a sodium chloride solution, which imparts
a salty flavor and acts as a preservative. However,
consuming more salt is a pathophysiologic component
of hypertension. Consumption of salt was positively
linked with the prevalence of hypertension and the
risk of stroke [4]. Many research teams have attempted
to produce low-salt salted egg yolks by using a variety
of osmotic agents, including maltodextrin, glucose,
potassium chloride, sodium chloride, and sucrose [5-7].
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to mass transfers during osmotic dehydration. The
results showed that both solute uptake and moisture
loss were reduced. A few studies have attempted to
add maltodextrin to the osmotic solution to control
the incorporation of low molecular weight solutes,
such as in the fruit tissues for pickled fruits, with the
osmotic dehydration process. This idea was suggested
by Azuara E, et al.[5] as a way to lower the amount of
salt in salted yolks [7]. This work used the maltodextrin-
salt OD system for separating salted duck egg yolk to
demonstrate a novel concept of salted yolk processing.
The egg yolk became watery and did not develop the
desired features, even though this procedure reduced
the salting period from 4 weeks to 4 days with salted
content, which is equivalent to the result seen using
the conventional method employing NaCl.

To address these concerns, salted egg yolks
created using the traditional salting method with 20
and 26% sodium chloride solutions and fresh duck eggs
made using the shell-salting procedure with a mixture
solution of 20%sodium chloride and 10-20% maltodextrin
were compared. A thorough understanding of the
product's qualities, which has not been publicized,
should also be examined. This study aimed to make
low-sodium salted egg yolks with salt and maltodextrin,
examine their physicochemical properties, and compare
low-sodium salted yolks to standard salted yolks.

MATERIALS AND METHODS

The study was conducted at the Department
of Food Science and Technology laboratory, Faculty of
Home Economics Technology, Rajamangala University
of Technology Phra Nakhon, located in Bangkok,
Thailand. The research used a completely randomized
design (CRD) with three replicates. Fresh duck eggs
were acquired at a local market in Bangkok's Dusit
district.

1. Chemicals

Sodium chloride (NaCl) was obtained from a
local supermarket. Maltodextrin (DE 10-20) was
purchased from Zhucheng Dongxiao Biotechnology
Co., Ltd. (Shandong, China). Ammonium ferric sulfate
(NH4Fe(S04),-12H,0), Potassium thiocyanate (KSCN),
silver nitrate (AgNOs),and nitric acid (HNOs)were
obtained from were supplied by Sigma-Aldrich (Sigma-
Aldrich, Co., Ltd., USA). Petroleum ether was purchased
from Lab-scan (Bangkok, Thailand). Unless indicated
otherwise, the chemicals were analytical grade. To
compare the effect of different salting processes. The
salting solution consisting of 20% NaCl, saturated NaCl
solution (26% NaCl), and 20% NaCl with 10% and 20%
maltodextrin were prepared.

2. Salted egg preparation

Duck eggs weighing 65-75 g and an age of less
than three days were procured at a local marketplace

in the Dusit district of Bangkok, Thailand. Before
immersion in salting solutions consisting of 26% salt
(mass fraction) and 20% NaCl, supplemented with 10%
and 20% maltodextrin, the eggs underwent a cleansing
process using running tap water. A thorough inspection
was conducted to identify any potential fractures in
the eggshell. This treatment regimen was carried out
at room temperature and repeated every week for up
to 35 days as part of the pickling process. A salt solution
was prepared with a weight-to-weight ratio of around
1:3 concerning eggs. A total of six eggs were selected
every week for salting. The egg whites and yolks were
effectively segregated. A total of ten raw egg yolks
were manually isolated and combined to form composite
samples for each treatment. The samples were evaluated
and analyzed at 7, 14, 21, 28, and 35 days after the
salting process. Before instrumental identification,
the samples were stored at a temperature of 4 °C in
a refrigerator and packed with preservative film.

3. Determination of moisture and NaCl contents of
salted egg yolks

The moisture and sodium chloride contents
of salted duck egg yolk samples were analyzed using
the AOAC (2000) methodology. To assess the moisture
content, egg yolk samples weighing between 2.5 and
3.0 grams were evenly dispersed into weighing vials
measuring 30 mm x 50 mm. These samples were then
dried in a drying oven at a temperature of 105 °C
until a constant weight was achieved. The following
is the methodology for determining the presence of
sodium chloride (NaCl): A total of 5 grams of egg yolk
samples were subjected to a solution containing 20
milliliters of silver nitrate (AgNOs) with a concentration
of 0.1 moles per liter, along with 10 milliliters of nitric
acid (HNOs) with a concentration of 30 milliliters per
100 milliliters. Except for AgCl,, the mixtures were
heated slowly on a hot plate until all solids were
dissolved entirely. Subsequently, a volume of 5 mL
of a solution containing 5 g of FeNH4(S04)2.12H,0 per
100 g of solution was introduced into the mixture
when it had reached a temperature of around 24-26 °C.
Once the solution exhibited a consistent light brown
color, the mixtures were titrated using a standardized
KSCN solution with a concentration of 0.1 mol/L. The
equation employed for the calculation of the sodium
chloride (NaCl) % in the given samples was as follows:

5.8x[(V1xN1)-(V2xNy)]
W

NaCl content (%) = (1)
Where;

V; =Volume of AgNOs3 solution (mL)
N;=Concentration of AgNOs solution (mol/L)

V, = Consumed volume of KSCN solution (mL)
N,=Concentration of KSCN solution (mol/L)

W = Weight of the salted egg yolk sample
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4. Determination of Fat contents of salted egg yolks

The Soxhlet extraction technique was employed
to determine the lipid content of salted egg yolks.
The experiment utilized a SoxtecTM 2055 extraction
device manufactured by FOSS Analytical Solutions
Pty Ltd. in Victoria, Australia. A total of 2.0 g of salted
yolk samples were subjected to extraction for 60
minutes. This extraction process was conducted in
individual weighing extraction flasks containing 85 mL
of petroleum ether (FOSS 2055). In order to ensure
complete removal of any residual solvent, the residue
was subjected to an additional 20-minute period of
evaporation, followed by heating at 105 °C in a hot air
oven for 30 minutes. The determination of crude fat
content was performed by applying equation (2) and,
after that, expressing it as a percentage of the initial
weight of the fresh (wet)sample, considering the
variation in sample weight before and after the
extraction process.

(F-T)
S

Fat content (%) = x100 (2)
Where;

F =Weight of extraction flasks and fat residues (g)

T = Weight of empty extraction flasks (g)

S =Test portion weight (g)

5. Color of salted egg yolk

According to the operation manual, the Chroma
Mater CR-400 (Konica Minolta Sensing, Inc., Tokyo,
Japan) analyzed the color of raw salted egg yolks
nearby. All measurements were recorded six times
at room temperature, and the values of lightness
(L*), redness (a*), and yellowness (b*) were obtained
[9].

6. Determination of texture profile analysis (TPA) of
salted egg yolk

The TPA procedure was conducted using a
TA-XT Plus texture analyzer manufactured by Stable
MicroSystems in Surrey, England, following the
methodology outlined in the reference [10]. The
salted egg yolks were sliced into pieces measuring
2.0x2.0x2.0 mm. The prepared samples underwent
two rounds of compression at a strain of 50% using a
cylindrical aluminum probe with a diameter of 50.0
mm. The speeds recorded for the pre-test, test, and
post-test were 5.0 mmy/s, 1.0 mm/s, and 5.0 mm)/s,
respectively. The interval between two compression
cycles was established as 5.0 seconds. The force-distance
deformation curves were measured at a cross-head
speed of 5.0 mm/s. Various parameters were obtained:
hardness, adhesiveness, springiness, cohesiveness,
gumminess, and chewiness. The texture analysis for
each treatment was repeated five times.

7. Differential scanning calorimetry analysis

\ AND TEGHNOLGY

Differential scanning calorimetry (DSC) TA
instrument model Q20 was used to determine what
happened to the proteins in salted egg yolk when the
temperature changed. 5-10 mg of the sample was
placed in the DSC hermetic pans. An empty hermetic
pan was used as a reference sample. The samples
were scanned at 10 °C per minute over the 20-120 °C
temperature range. The denaturation temperature
(Tmax) was measured, and the denaturation enthalpy
(AH)was estimated by measuring the area under the
DSC transitions curve using TA analysis software.

8. Statistical analysis

The data were presented as the mean *
standard deviation of triplicate determinations. A
one-way analysis of variance (ANOVA) was done, and
Duncan's multiple-range tests were used to compare
the means. The statistical tool (SPSS 26.0 for Windows,
SPSS Inc., Chicago, IL, USA) was used to measure the
statistical analyses. The significance of differences
was defined at p< 0.05. The differences among
treatments were verified by their least significant
difference.

RESULTS AND DISCUSSIONS

1. Changes in moisture and NaCl contents of salted
egg yolks

Because the inside and outside of an egg have
different amounts of sodium ions (Na*) and osmotic
pressures, the Na* slowly goes from the eggshell to
the egg white and then to the egg yolk during the salting
process. The water molecules in the yolk move through
the membrane into the egg white, and the water
molecules in the egg white move through the membrane
of the eggshell into the salting solution[11]. Figure 1
shows the changes in the amount of water and NaCl.
The amount of water in egg yolks decreased as salting
time and salt concentration increased. Figure 1A
showed that salted egg yolks with maltodextrin salt
replacement had less water than those without salt
replacement (p<0.05). Because egg white and egg yolk
have different amounts of osmotic pressure, pickling
made the food less liquid. The water moved from the
egg yolk to the egg white and from the egg shell into
the surroundings. When maltodextrin was used to
replace salt in salted yolks, the water went down more
than when maltodextrin was not used. Also, osmotic
dehydration was higher when the amount of maltodextrin
was higher. In addition, Shinde B, et al. [12] suggested
that the sucrose and maltodextrin 10DE solution
produced higher moisture loss than sucrose, which
is composed of a comparatively lower molecular solute.
A similar finding was found by Wang TH [7], who
observed that when maltodextrin was added to the
salting solution, the moisture in a salted yolk sample
went down faster.
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Figure 1 Change in moisture content (A) and NaCl
content (B) of salted egg yolks with different
salting solutions during 35 days of salting
Bars represent the standard deviation from
a triplicate determination.

NaCl moved from the salt solution through
the eggshell in the white egg during salting. This was
because the egg white's osmotic pressure increased,
making it easier for the salt to keep penetrating into
the egg yolk. At the same time, both the egg white and
the egg yolk lost water. Both the absorption of NaCl
and the loss of water would cause the yolk to harden
[13, 14]. Figure 1B shows that the amount of salt in
egg yolks went up significantly (p<0.05)as the salting
time (7-35 days) and the amount of salt in the salting
solution went up. The salt content went up as the salting
time went on, but the growth rate slowed as the salting
time went on. The salt content of the salted yolks brined
in a 26% NaCl solution kept rising and hitting its highest
point after 21 days. This shows that the salt content of
the yolks salted with maltodextrin substitution changed
less quickly than that of the yolks salted in the NaCl
solution. Wang TH [7], Ai MM, et al. [10], Xu L, et al.
[15] and Xu L [16], have all reported results that are
similar to this one. NaCl moves quickly into the egg
at the beginning of salting because there is a big
difference in osmotic pressure between the salting
solution and the egg. Over time, the solidification of

the upper yolk during the pickling process will stop
some NaCl from moving into the yolk [17]. This behavior
can also be explained by the combination of low
molecular weight solute and high molecular weight
maltodextrin, which can create a solid barrier at the
surface, preventing solid gain and ultimately increasing
the osmotic potential and water transfer coefficient.
This also makes solids mass transfer more difficult
[5,18].

Also, yolk has a lot of oil, and the barrier of
the yolk membrane can slow the movement of NaCl
into the yolk. This keeps the amount of NaCl in the
yolk almost the same at the end of the salting process
[19].Azuara E, et al. [5] said that the maltodextrin
molecules were too big to get through the membrane.
This made the salt move through the membrane more
slowly.Because of this, the amount of salt in salted
yolks with maltodextrin replacement went up slowly,
while the amount in salted yolks in salt solution went
up quickly.

In addition, yolk has a high oil content, and the
barrier of the yolk membrane can slow the movement
of NaCl into the yolk. This keeps the amount of NaCl
in the yolk almost the same at the end of the salting
process [20]. Wang TH [7] said that the maltodextrin
molecules were too big to get through the membrane.
This made the salt move through the membrane more
slowly. Because of this, the amount of salt in salted
yolks with maltodextrin replacement went up slowly,
while the amount in salted yolks in salt solution went
up rapidly.

2. Change in fat content of salted egg yolks

50
—s— 20% NaCl
- -o=+26% NaCl
1 «-a--20% NaCl+ 10% Maltodextrin
—w - 20% NaCl+ 20% Maltodextrin
%45 4 /i Teeel
= o
[
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c
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O
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@©
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35 v T M T v T v L M T
0 7 14 21 28 35
Salting time (days)

Figure 2 Change in fat content of salted egg yolks
with different salting solutions during 35
days of salting. Bars represent the standard
deviation from triplicate determination.

Egg yolk is rich in protein and contains a
high content of lipids. The fat concentration in eggs
was found to be mostly located in the yolk, reaching
up to 35%[21]. During seven consecutive days, the
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yolk's exterior underwent a solidification process,
but the interior retained its liquid state. Salting egg
yolks primarily results in the hardening of the yolks
due to reduced moisture content. The lipid content
of salted egg yolks exhibited a modest increase with
prolonged salting duration, primarily attributed to
osmotic dehydration inside the yolk. This process
led to the development of a rigid layer. According to
the findings of Suretno N, et al. [22], fat extraction
from egg yolk rose upon water removal.

The salting procedure induces a chemical
reaction between low-density lipoprotein (LDL), the
primary lipid component found in the yolk, and the
salting solution. As a result of structural modifications
induced by dehydration and exposure to a hypertonic
environment, low-density lipoprotein (LDL) micelles
undergo the release of their lipid constituents.
According to previous research, it was found that the
lipid content in the yolk increased from 8.5%to 16.5%
over up to 14 days during the salting process[23].
According to Figure 2, the fat content of salted yolks,
created using a combination of 20% NaCl and 20%
maltodextrin, exhibits the greatest value, reaching
42.38% after the salting process. This finding suggests
that the dehydrating effects of NaCl and maltodextrin
contribute to the loss of water in the yolk, leading to

\ AND TEGHNOLGY

an increase in oil extraction and free lipids release.
These effects are mostly attributed to the structural
modifications in low-density lipoproteins (LDL) during
salting [15].

3. Change in color of salted egg yolks

The color data about egg yolks, as presented
in Table 1, indicated a slight increase in both lightness
(L*) and yellowness (b*) across all samples throughout
a pickling period of 35 days in 20% and 26% NaCl,
whereas steady decline trends of L* and b* for salted
yolks salting in a mixture of 20% NaCl and 10-20%
maltodextrin was observed. The observed alteration
in color could be attributed to the desiccation
experienced by the egg yolks throughout the pickling
procedure.

The yellow color of egg yolks is influenced by
the concentration of pigments, specifically xanthophyll
and zeaxanthin [17, 24] and has been influenced by
the concentration of pigments. The study of Wang X,
et al. [9] suggested that the observed rise in redness
could be attributed to the release of lutein and
zeaxanthin, which are contained inside lipids [23].
The egg yolk subjected to prolonged storage under
low moisture exhibited a noticeable deepening in its
golden color.

Table 1 Color measurements of salted egg yolks during salting.

Color
Salting solution Salting time (days)
L* A* B*

7 30.778"+1.13 9.87"+1.72 5.75€+1.82

14 29.05/+0.91 12.24¢%2+1.92 7.08%%+1.46

20%NaCl 21 30.538i+1.91 15.17%+2.67 7.24%+1 85
28 3342441 89 14.317¢+1 41 9.97:c4+1 14

35 37.20b42.63 13.20<e2+1 .98 9.0¢+1.79

7 26.77++0.42 10.92¢1+0.66 6.09'+1.00
14 29.491+0.64 12.48¢%fe+1.32 7.12¢feh+1 14

26%NaCl 21 31.54%h+1 41 15.68"+1.68 7.59¢+1.09
28 35.26+2.36 14.88%de+1.87 11.155+1.77

35 39.95%+1.81 14.74%4+1 .82 10.65"+1.59

7 41.567+0.92 18.81740.61 25.56+1.64
) ) 14 32.76%+2.17 10.81¢M+1.92 5.94¢(¢h+1 50
20% NaCl +10% 21 30.30M+1.72 13.615€f41 56 7.824+2 14

maltodextrin .

28 37.48b+2.18 14.26"+1.07 8.481+1.74
35 33244142 07 14,1351 53 10.25%+1.34

7 42.12°+0.80 19.09%40.61 26.31%+1.43

) ) 14 32.12%¢h+2.31 11.09¢0+1.78 3.97h+1.60
20% NaCl +20% 21 30.458h42.07 12.94cdefe41 49 7.31¢%+1,66

maltodextrin .

28 36.1642.195 13.32+1.10 7.158hi+1.40

35 34,92¢%+1.90 13.76%+1,02 8.67°0+1.56

Measurements were made six times for each sampling group.

Different lower-case letters (a-g) in the same column indicate significant differences (p<0.05).
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Figure 3 Appearance of salted eggs with different salting solutions during 35 days of salting.

The observed phenomenon can be attributed
to the extraction of moisture, disruption of the
emulsion of salted egg yolk, and the release of oil
[23], which was mitigated to a lesser extent by
incorporating maltodextrin. The findings are presented
in reference [17]. This observation implies that the
orange hue of salted egg yolk could be attributed to
the heightened concentration of pigments.Consequently,
the desiccation of egg yolks in the course of the
salting procedure exerted an influence on both the
consistency and pigmentation of the salted yolk
derivative.

Figure 3 illustrates the impact of salting
solutions and salting time on the visual characteristics
of salted egg yolk. Throughout the 5-week salting
period, the salted egg yolk acquired a progressively
reddish hue across all salting solutions. After 35 days
of salting, the yolks subjected to various solutions
exhibited a firm and dehydrated center, accompanied
by a more intense pigmentation. The alteration in
hue observed in salted egg yolks during the salting
process may be attributed to the reduction in moisture
content, which leads to a higher concentration of
pigments and free lipids within the yolks [25].

4. Change in the texture of salted egg

As shown in Figure 4B, the springiness
gradually decreased throughout salting. Extremely
alkaline conditions lead to the yolk proteins cross-
linking and may cause a tighter connection. During

28-35 days of salting, the egg yolk gel network
structure is extensively formed by electrostatic
interaction forces and dehydration to a constant degree,
which may contribute to the stability of springiness [3].

The adhesiveness of the salted yolk increased
continuously and reached its maximum at 21 days
of salting (Figure 4C). Yolks salted with maltodextrin
substitution at 21-35 days exhibited higher adhesiveness
than those salted with NaCl only (p<0.05). The
potential connection may also involve the liberation
of unbound lipids from the lipoprotein, which
contributes to the increased adhesiveness of the
yolk and the reinforcement of a gel-like network
during the process of yolk solidification [15].

Salted egg yolks became more cohesive from
1 to 5 weeks of salting (Figure 4D). Because the
proteins in egg yolks are highly charged, they may
experience unfolding at high pH levels.The intramolecular
repulsions and intermolecular interactions caused
by those proteins would increase noticeably [3].
Moreover, salt might help such unfolded proteins
interact [26, 27]. The mechanism of salt-induced
aggregation of yolk proteins with NaCl addition was
disclosed by Kaewmanee T, et al. [28]. When salt is
added to egg suspensions, it affects the hydrophilic
groups in the protein backbone and encourages
protein aggregation, which could create a gel-like
network due to an increase in hydrophobicity [29].
The gumminess and chewiness of salted yolks increased
with longer salting times in both the NaCl salting
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and maltodextrin substitution processes (p<0.05). The
yolks salted with a maltodextrin substitution solution
for 35 days exhibited increased levels of gumminess
and chewiness compared to those only salted with a
NacCl solution, as depicted in Figures 4D and 4E. The
increased gumminess and chewiness observed in

\ AND TEGHNOLGY

the yolks may be attributed to using maltodextrin as
a substitute for salting, as it promotes dehydration.
Furthermore, it has been claimed by Kaewmanee T,
etal.[13] and Xu L, et al. [15] that there was an increase
in the concentration of proteins or lipoproteins,
leading to enhanced interactions among them.
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Figure 4 Texture profile analysis (hardness (A), springiness (B), adhesiveness (C), cohesiveness (D),
gumminess (E), and chewiness (F) of salted egg yolks with different salting solutions during 35
days of salting Bars represent the standard deviation from six measurements.
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Figure 5 DSC analysis of salted egg yolk proteins
during salting for 7-35 days in different
salting solutions. A: 20% NaCl; B: 26% Nadl; C:
a mixture of 20% NaCl and 20% maltodextrin.

5.DSC analysis of salted egg yolk proteins during the
salting process

Figure 5 displayed the DSC thermogram curves,
while Table 2 presented the maximum transition
temperature and denaturation enthalpy of salted egg
yolks. These measurements were obtained from three

T T
70 80 20 100 110 120

different samples: 20% NaCl, 26% NaCl, and a mixture
of 20% NaCl and 20% maltodextrin. The salting process
lasted for 7-35 days, and the DSC technique was
employed to monitor the changes in the salted egg
yolk proteins.

The relationship between the change in
denaturation temperature and enthalpy can be
attributed to the alterations in composition and
conformation resulting from the salting processes
[9, 20]. An endothermic peak was observed for salted
yolk salting with Tmax values of 88.07-103.85 °C for
yolks salting 20% NaCl, 90.46-102.72 °C for yolks
salting 26% NaCl and 88.55-100.70 °C for yolks salting
the mixture of 20% NaCl and 20% maltodextrin. The
thermograms of samples showed that the characteristic
peak showed a significant increase with the increasing
salting time. Higher Tmax of salted yolk tended to be
found with salting in 26% NaCl, particularly with
longer salting durations. The observed change in
denaturation temperatures aligns with the concurrent
rise in salted egg yolk surface hydrophobicity during
the salting process. According to the study conducted
by XuL, etal.[2],an increased presence of hydrophobic
groups or proteins with a more compact structure
leads to an elevated denaturation temperature. The
observed phenomenon might likely be attributed to
the elevated concentration of salt, which leads to a
more robust network architecture and the aggregation
of yolk protein under thermal conditions. A comparable
pattern was documented by the study conducted by
Kaewmanee T, et al. [20].

According to the data presented in Table 2
and Figure 5, including maltodextrin resulted in a
modest decrease in the denaturation temperature of
salted egg yolks. This decrease was observed when
eggs were salted using a solution of 20% NaCl and
20% maltodextrin, compared to a solution containing
only salt. According to prior research [6], it has been
seen that the rate at which sugar diffuses into the
yolk is comparatively slower than that of salt. This
disparity can be attributed to the higher molecular
weight of sugar. Additionally, it has been noted that
a portion of the sugar tends to persist on the egg yolk's
surface, potentially impeding salt migration into the
yolk.Based on the provided explanation, maltodextrin,
similar to sugar, is a solute with a high molecular
weight that can impede salt absorption. Reducing
salt consumption may lead to an increased
prevalence of hydrophobic moieties or proteins with
enhanced structural stability and a marginal decrease
in denaturation temperatures. The values of denaturation
enthalpy exhibited variation in response to different
salting procedures and durations. The results of all
treatments exhibited a positive correlation between
the duration of salting and the observed rise in
enthalpy.
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Table 2 The denaturation temperature (Tmax) and enthalpy (AH) of salted egg yolk proteins during 35 days of

salting.
Sample Salting time (day) Tmax (°C) AH (J.g)
7 88.078+0.07 1.09'+0.33
14 94.31%+1.09 1.27¢'+0.04
20% NaCl 21 99.71°+0.16 1.84<4+0.10
28 102.292+0.72 2.29%°+0.17
35 103.85%+1.78 2.37°+0.06
7 90.46+1.44f 1.24¢'+0.17
14 97.524¢+0.89 1.564¢+0.26
26% NaCl 21 100.59+1.03 2.113b¢+0.32
28 101.14%+0.39 2.222°+0.01
35 102.722+0.25 2.37°£0.01
7 88.55+0.49 1.34¢'+0.02
o 14 96.64°+0.04 1.679+0.01
38; Elilf’io+dextrin 21 98.84+0.36 1.83b¢d+0,03
28 100.87°+0.09 2.002<4+0.04
35 100.70P+0.57 2.223+0,19

Mean#S.D. from duplicate measurements.

Different lower-case letters (a-g) in the same column indicate significant differences (p<0.05).

The salted egg yolks exhibited greater enthalpy
when subjected to a combination containing 20%
NaCl and 20% maltodextrin solution. The primary
factor contributing to the enthalpy of protein
denaturation primarily stems from the presence of
alternate secondary and tertiary protein structures.
Protein secondary structure is primarily influenced
by hydrogen bonding, hydrophobic interactions, and
ionic strength [2, 30]. On the other hand, the tertiary
structure of proteins involves the aggregation of
proteins and peptides in egg yolk following a salting
process lasting 7-35 days. This process leads to a
modification in the endothermic properties of the
salted egg yolk [31]. Similar trends were reported by
Kaewmanee T, et al. [20] and [2].

CONCLUSION

Characteristics of salted egg yolks were affected
by salting solutions and salting time. Salted yolks
obtained with the different salting solutions showed
different oil content, color, transition temperature,
and textural properties. The sodium level of salted
egg yolks prepared using the immersing method with
maltodextrin salt substitution was intended to be
comparable to that of salted eggs prepared without
maltodextrin substitution. Maltodextrin was used as
a salt suppressant and dewatering agent. A salting
solution containing 20% NaCl and 20% maltodextrin
prevents over-salting of the salted yolk and produces
salted egg yolks with a lower sodium content than
traditional salted yolks. The physicochemical evaluation
of salted egg yolks with maltodextrin substitution
revealed that their overall qualities were the same as
those produced with only sodium chloride treatment.
This information is very useful for developing low-

sodium salted eggs that hypertension patients can
consume, but more bioavailability research is
required to provide more comprehensive information
about the health benefits of low-sodium salted eggs.
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ABSTRACT

In this study, a polystyrene (PS)/nano-TiO, hybrid was prepared by a mini-emulsion polymerization process to
improve the photocatalytic properties when the crosslinking agent was added. N, N'-methylenebis (acrylamide)
(MbA) was used as a crosslinking agent. The effect of a crosslinking agent on the photocatalytic properties was
studied. The diameter, morphology, and photocatalytic properties of the samples were characterized and discussed.
The methylene blue discoloration was monitored at 660 nm by a spectrophotometer. The result showed that
the L* value from the Hunter color scale for 7 wt% TiO»-PS/0.25 wt% MbA was highest at 73.73. It was noticed that
the 7 wt% TiO, - PS/0.25 wt% MbA hybrid gave the highest photocatalytic properties. The FE-SEM confirmed the well-
defined structure with a spherical shape and network formation to improve the photocatalytic properties. The
diameter and morphology of the PS/TiO; hybrid were in the range of 76 nm to 95 nm by using a field emission
scanning electron microscope (FE-SEM). The particle size of the 1 wt% TiO, - PS/0.25 wt% MbA was 76 nm, which
was smaller than that of the pristine PS of 88 nm. The particle size of the 7 wt% TiO,—PS/0.25 wt% MbA hybrid was
increased by 25%. The HR-TEM image of the PS/TiO, hybrid was studied to confirm the encapsulation of TiO;
particles in the hybrid. The FFT image of PS/MbA/TiO, 7 wt% demonstrated the crystalline structure of TiO, (dot)
and the amorphous structure of PS (ring). FT-IR spectroscopy confirmed the presence of the Ti-O functional group
in the PS hybrid spectra. It was noticed that the TiO; particles were successfully encapsulated in the PS/TiO hybrid.

Keywords:Mini-emulsion polymerization, Hybrid, Crosslinking agents, Photocatalytic properties

INTRODUCTION Titanium dioxide is a widely studied material
due to its unique optical, electrical, and chemical
properties. It is well-known for its photovoltaic and
photocatalytic properties, along with its applications
in the paint, paper, and food industries as pigment,
filler, or whitener [18-20]. In order to improve the
photocatalytic behavior, it is necessary to modify
the surface of TiO, nanoparticles [21]. This work
aimed to synthesize and characterize a novel hybrid
material based on TiO, nanoparticles. The TiO; particles
were modified through a mini-emulsion polymerization
process in order to improve the surface area and
photocatalytic behavior.

Inorganic-organic nanocomposites in which
inorganic (metal oxide) fillers are uniformly dispersed
in a polymer matrix have developed strength, toughness,
processability, dimensional stability, and wear properties
[1-4]. The properties of polymer nanocomposites are
affected by the type, size, shape, and concentration
of incorporated particles, as well as their interaction
with the polymer [5-7].

Polymer hybrids are versatile materials in
inorganic-organic nanocomposites. It was the
combination of two types of polymers and inorganic
nanoparticles to generate advanced materials with
possessing properties [8-11]. Therefore, hybrids have MATERIALS AND METHODS
been successfully used for various stable inorganic
colloids free from aggregation, such as titanium oxide, = Materials
zinc oxide, magnetic and metal nanoparticles. Mini-
emulsion polymerization is one of the common methods
for preparing polymer hybrids in colloid systems[12-17].

Styrene monomer (99%, Sigma-Aldrich) was
purified by passing through aluminum oxide before

©2023 Institute of Research and Development, RMUTT, Thailand \ ] Appl Res Sci Tech 2023:22(3):253757

DOI: 10.60101/jarst.2023.253757



https://ird.rmutt.ac.th/
https://doi.org/10.60101/jarst.2023.253757

JOURNAL OF

APPLIED RESEARGH ON SCIENCE

being used. Titanium dioxide (TiO, 99%, US Research
Nanomaterials), aluminum oxide basic (Al>Os, Sigma-
Aldrich), hexadecane (HD, 99%, Sigma-Aldrich), sodium
dodecyl sulfate (SDS, 99%, Sigma-Aldrich), potassium
persulfate (KPS, 99%, Sigma-Aldrich), and N, N-
methylenebis (acrylamide) (MbA, 99%, Sigma-Aldrich)
were used as received. Deionized water (DI water)was
purified by a Micra™ water purifier from ELGA LabWater.

Preparation of polystyrene hybrids

The mini-emulsion polymerization of the
polystyrene hybrid was synthesized as follows: 5.00 g
of styrene monomer and 0.20 g of hexadecane were
mixed in the presence/absence of 0.25 g of MbA. 0.06
g of SDS was dispersed in 20.0 cm? of water. Then, the
dispersion was mixed with the monomer mixture in
the flask and stirred under nitrogen gas for 15 minutes.
The flask was sonicated (130 W and 60 % amplitude)in
an ice bath for 15 minutes. After raising the mini-emulsion
temperature to 70 °C, 0.083 g of KPS was injected into
the flask. The reaction time was carried out for 4 hours.
The mini-emulsion was achieved by cooling in an ice
bath. The experimental details for the syntheses of PS
and PS/MbA/TiO; are given in Table 1.

Table 1 The experimental details of the syntheses of
PS and PS/MbA/TiO..

Sample name MDA (%wt)  TiO2 (% wt)
PS - -
PS/TiO; 10% - 10
PS/MbA 0.25 -
PS/MbA/TiO; 1% 0.25 1
PS/MDbA/TiO; 3% 0.25 3
PS/MbA/TiO; 7% 0.25 7
Neat TiO, - 10
Characterization

1. Fourier-transform infrared spectroscopy
(FT-IR)

The functional and bonding structures of the
PS hybrid were analyzed using a PerkinElmer Frontier
spectrometer from the USA. The samples were
performed in the range of 4000-400 cm™'.

2. Field Emission Scanning electron microscope
(FE-SEM)

The morphology of the PS hybrid was observed
on a Jeol JSM-7600F from Japan. The particle size
distribution was measured using Image] software.

3. High-resolution Transmission electron
microscope (HR-TEM)

The morphology and crystalline structure of
the PS hybrid were determined on a Jeol JEM-3100F
from Japan.

Photocatalytic behavior

The photocatalytic activity of the PS hybrid
was examined by observing the discoloration of MB
under UV-A (365 nm) TL-K 40W/10-R light from the

\ AND TEGHNOLGY

Netherlands. 1 mLof PS hybrids was prepared in 10 ppm
of the MB solution. The samples were tested without
purification. The UV light intensity was 6.0 mW/cm?.
The MB discoloration was monitored at 660 nm using
an UltraScan Pro Color spectrophotometer with a 512-
element diode array (from HunterLab, USA).

RESULTS AND DISCUSSION

FT-IR spectroscopy was employed to analyze
the functional group and bonding of the PS hybrid.
Figure 1 presents the FT-IR spectra of PS, PS/MbA/TiO>
with various 1, 3, and 7 wt% of TiO, contents. It was found
that the broad peak at 3423 cm™! corresponds to the
stretching of the surface hydroxyl or absorbed water
[22, 23]. The main absorption bands of PS over the
2800-3100 cm! range were attributed to C-H stretching
vibrations in the main chain and aromatic rings [23].
The absorption bands at 3025, 3063, 3084, 1600, and
1492 cm ! were assigned to aromatic ring vibrations.
The absorption bands at 2921, 2848, and 1451 cm'! were
ascribed to the aliphatic backbone of the
polystyrene macromolecule. The characteristic
absorption bands of Ti-O particles were observed at
692 cm[22]. It was shown that the absorption bands
of the PS matrix were not affected by the
encapsulated TiO; particles. It concluded that the
TiO, was presented in PS hybrids.

3415 1375

/ /

PS/MbA
—

%Transmittance

695

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

Figure 1 FT-IR spectra of PS, PS/MbA/TiO, with various
1-7 wt% TiO, contents.

FE-SEM was employed to observe the morphology
of the PS hybrids. Figure 2 demonstrates the SEM images
of PS hybrid TiO2 1, 3, and 7 wt% and their particle size
distribution. The result shows that the particle diameter
of the PS/MbA was 76 nm, as presented in Figure 2a.
Moreover, the PS/MbA/TiO; 1 and 3 wt% were similar
at 88 nm, as shown in Figures 2c and 2e. For 7 wt% TiO>
in Figure 2g, the particle diameter of PS/MbA/TiO, was
increased to 95 nm, which increased by 25%. The particle
size distribution of the PS and PS hybrids demonstrated
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a narrow size distribution, as seen in Figures 2b, 2d,
and 2f. It concludes that the encapsulation of TiO> in
the PS mini-emulsion caused an increase in the

: 200 nmj

~ HanoKu
OB _HIGH WD 3.7mm

final particle size of the hybrid. This was due to an
increase in the amount of TiO> in the PS hybrid [24].

b
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Figure 2 SEM images of P hbids and their particle size distribution of (a-b) PS, (c-d) PS/MbA/TiO, 1 wt%,
(e-f) PS/MbA/TiO, 3 wt%, and (g-h) PS/MbA/TiO, 7 wt%. The scale bar was 100 nm.
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The HR-TEM was employed to demonstrate
the morphology and crystalline structure of the PS
hybrids. The sphere shape of the PS matrix was found
with a few large particles due to the free radical
polymerization, as seen in Figure 3a. Some TiO3,

\ AND TEGHNOLGY

moreover, was encapsulated in the PS hybrid. Figure
3b presents the Fast Fourier Transform (FFT)image of
PS/MbA/TiO; 7 wt% at magnification 500,000 which
demonstrates the crystalline structure of TiO; (dot)
and the amorphous structure of PS (ring).

Figure 4 The discoloration of MB under UV light of
PS/MDbA/TiO, 0-7 wt%in 1 h.

Table 2 The Hunter L*, a*, b* color scale for PS/MbA/TiO>
0-7wt¥%at 1 h.

PS/MbA/TIO, Owt%  L* a* B*
Omin 5359 -10.89 -25.78
60min 5415 -1026 -23.87
PS/MbA/TIO; 1wt%  L* a* B*
Omin 65.64 -1538 -21.85
60min 6551 -13.94 -19.67
PS/MbA[TiIO; 3wt%  L* a* B*
Omin 69.89 -15.72 -19.00
60min 7373  -1124 -12.49
PS/MbA/TIO, 7 wt%  L* a* B*
Omin 7352 -1488 -15.67
60min 7373  -1124 -12.49

The photocatalytic activity of PS/MbA/TiO; 1-7
wt% was investigated by observing the discoloration

of MB under UV light by measuring the Hunter L*, a*,
b* color scales; for the “L*” scale a low number (0-50)

presents dark and a high number (51-100) presents
light For the “a*” scale a positive number presents red
and a negative number presents green. For the “b*" scale
a positive number presents yellow and a negative
number presents blue. Figure 4 demonstrates the
discoloration of MB of PS/MbA/TiO, (0-7 wt%) for
1 h.It was found that the color of MB for PS/MbA was
not changed due to the absence of a catalyze. For 1wt%
and 3 wt% of TiO, in PS hybrid, the MB color was slightly
decreased, as seen in Figure 4. Table 2 shows the Hunter
L*, a* b* color scales for PS hybrids at 60 minutes. The
result shows that in all the samples at 0 minute the
L* was different due to the various amounts of white
TiO,. The negative b* scale was focused on due to the
indicated blue color of MB. The b* value of the
PS/MbA/TiO; 7 wt% was higher than PS/MbA due to
the photocatalytic activity of the TiO hybrid, as shown
in Table 2. Moreover, the a*value is presented as less
negative than increasing the photocatalytic degradation.
An increased amount of TiO, improved the photocatalytic
efficiency. It concludes that the TiO; was successfully
integrated with PS nanoparticles via mini-emulsion
and showed photocatalytic properties.

CONCLUSION

A Polystyrene (PS)/nano-TiO, hybrid was
successfully investigated by the mini-emulsion
process. To study the effect of crosslinking agents on
the photocatalytic properties of the hybrid, N, N-
methylenebis (acrylamide) (MbA)was added to the
colloid system. The diameter, morphology, and
photocatalytic properties of the samples were
characterized and discussed. It was noticed that the
7 wt% TiO2 -PS/0.25 wt% MbA hybrid gives the highest
photocatalytic properties. The FE-SEM confirmed
the well-defined structure with a spherical shape and
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network formation to improve the photocatalytic
properties. The diameter and morphology of the
PS/TiO; hybrid were in the range of 76 nm to 95 nm.
In addition, the encapsulation of TiO; in the PS hybrid
may result in an increase in the particle size of the
hybrid. FT-IR spectroscopy was employed to analyze
the functional group and bonding of the PS hybrid.
The results showed that the absorption bands of the
PS matrix were not affected by the encapsulated
TiO; particles. It could be confirmed that the TiO»
was encapsulated in PS hybrids. HR-TEM image of the
PS/TiO, hybrid was studied to confirm the encapsulation
of TiO; particles in the hybrid. It was noticed that the
TiO; particles were successfully encapsulated in the
PS/TiO; hybrid.
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ABSTRACT

Locating and classifying different types of vehicles is a vital element in numerous applications of automation
and intelligent systems ranging from traffic surveillance to vehicle identification, with deep learning models now
dominating the field of vehicle detection. However, vehicle detection in Bangladesh remains a relatively unexplored
research lacuna. One of the main goals of vehicle detection is its real-time application, with “You Only Look Once”
(YOLO) models proving to be the most effective. This paper compared real-time vehicle highway detection systems
using YOLOv4, Faster R-CNN and SSD algorithms to determine the best performance. A vehicle detection and
tracking system was also developed that improved highway safety. Vehicle trials compared the real-time
performances of the YOLO, Faster R-CNN and SSD algorithms in detecting and tracking highway vehicles by
measuring precision, recall, F1-score and operating speed. Models for each algorithm were constructed and each
model was trained and tested, with performance measured using a confusion matrix. This statistical tool assessed
the efficiency of the system using a prepared test dataset and evaluated the results using appropriate indicators
such as real-time road lines, traffic signs and vehicle detection false positive rates. Results showed that the
YOLOv4 algorithm outperformed Faster R-CNN and SSD in real-time vehicle detection and tracking on highways.
YOLOvV4 also processed the results more quickly and proved superior in detecting and tracking objects in real time.
The Faster R-CNN algorithm gave high object detection, tracking accuracy and recall while reducing the number
of locations needing detection, with the SSD algorithm providing high precision, recall and good image detection
results.

Keywords:Real-time vehicle detection, YOLOv4, Faster R-CNN, SSD, Highway safety

INTRODUCTION small objects with oblique details, as shown in figure
1. The hallmark of Faster R-CNN [4-6] is accuracy and
efficiency in simultaneously detecting multiple objects
with oblique details. This algorithm is suitable for tasks
that require detecting and identifying multiple objects
in a single image. One disadvantage of Faster R-CNN is
its slow performance, generated by a complex workflow.
The area containing the object must first be extracted
before predicting the memory required to detect the
object. Faster R-CNN is slower than algorithms that
do not have to perform this step, such as YOLO. The
SSD (Single Shot MultiBox Detector) algorithm [7] can
detect objects moving at high speed using a split image
function that works in real time. This algorithm uses
a data pyramid to detect multiple small objects in the
image simultaneously. However, the SSD algorithm
has difficulty detecting large objects with oblique
details, object movements, or changes in perspective.

Several recent studies have addressed the
problem of vehicle detection using aerial imagery [8-
11]. Previously [12], we compared YOLOv3 with Faster
R-CNN for vehicle detection from aerial imagery using
a small dataset of low-altitude UAV images collected

Real-time detection and tracking of vehicles on
highways have benefited from high-profile developments
in image processing over the past decade. Vehicle
detection and tracking systems are critical for
maintaining highway safety by quickly identifying
obstructions and traffic violations to control vehicle
speed limits in the event of accidents. Cutting-edge
technologies such as image processing and deep
learning are now utilized to develop vehicle detection
and tracking systems, delivering safety and efficiency
in highway traffic. This research proposed a real-time
vehicle detection and tracking system using image
processing and deep learning algorithms. The developed
system detected vehicles moving on highways in real
time and accurately tracked them using the three
experimental algorithms YOLOv4, Faster R-CNN and
SSD. Each algorithm has advantages and disadvantages.
YOLO (You Only Look Once) [1-3] is a high-speed
algorithm that works in split-image mode (single-
stage), making it possible to detect objects quickly
and YOLO can detect larger objects better than other
algorithms. However, YOLO has difficulties detecting
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on the premises of Prince Sultan University. Imaging
altitude plays an important role in accuracy detection.
Advanced performance indicators include Intersection
over Union (IoU) and mean Average Precision (mAP).
This article considers several datasets with different
configurations and presents a comprehensive comparison
analysis between three state-of-the-art approaches:
Faster R-CNN, YOLOv3 and YOLOv4. The challenges
faced by photo physics were discussed in ref [13].
Problems in airborne vehicle detection include small
objects and complex backgrounds. These problems
were solved using neural networks. Other research
problems when applying deep learning techniques to
aerial imagery have been discussed in various contexts,
including object detection and classification [14,15],
semantic segmentation [16-18] and generative
adversarial networks (GAN) [19]. Jiao et al. [20] surveyed
many object detectors and reported results on a COCO
dataset [21]. This study focused on an in-depth
comparison of three recently published algorithms
representing two main types of object detectors, Faster
R-CNN [22] (a two-stage detector) and YOLOv3 [23]
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and YOLOv4 [24] (single-step detectors), to investigate
a wide range of hyperparameters and evaluate the
impact of size and characteristics of aerial view datasets.

This paper proposes a method that obtains the
driving area of a vehicle through road line detection
and captures the main color information of the motion
area and non-motion area of a moving vehicle. The
experimental algorithms YOLOv4, Faster R-CNN and
SSD were used to detect and track the vehicles. The
vehicle detection and tracking model is shown in figure
2. The detector is responsible for detecting the vehicles
in each frame, while the tracker correlates vehicles in
adjacent frames to form a complete vehicle trajectory.

The rest of this paper is organized as follows:
Section II briefly reviews the existing object detection
algorithms used for vehicle detection and tracking.
Section III explains the method that applied in this
paper. Section IV explains the use of a confusion matrix
for measurement. The experiments and comparative
analyses to evaluate the state-of-the-art methods
are detailed in Section V and the conclusions drawn
are presented in Section VI.

____________________
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Figure 2 The detection-based vehicle tracking model.

MATERIALS AND METHODS
Research scope

The research objective was to compare the
YOLOV4, Faster R-CNNF and SSD algorithms to determine
the best performance and develop a vehicle detection
and tracking system to improve highway safety. Digital
cameras with image file sizes 640 by 840 and 50 frames
per second were used to collect the information. The

image dataset detected images from normal, well-lit
surroundings and divided 1000 images into 800 training
images and 200 testing images, representing different
vehicles such as cars, trucks, motorcycles and buses to
evaluate and measure the effectiveness of the system
in detecting and tracking vehicles in actual traffic
conditions.

The trial compared the performance of YOLO,
Faster R-CNN, and SSD in detecting and tracking highway
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vehicles by measuring precision, recall, F1-score, and
operating speed. The accuracy and performance of
each algorithm were assessed in the same situation.

This real-time vehicle detection and tracking
system on highways used YOLO, Faster R-CNN and SSD
algorithms and tuning parameters such as detector
resolution to achieve a high-performance system in
a highway environment for real-world use.

Related literature

1. Vehicle detection

Real-time detection of vehicles on highways
represents an important field of study with benefits
inmany areas, including the prevention of road accidents.
Highway vehicle detection and tracking is an integral
part of the road safety system, covering events on the
highway, such as changing lanes. Traffic control or
vehicle problem detection to reduce road accidents
using traffic management. Highway vehicle detection
and tracking systems effectively manage vehicle speed
while also controlling highway lighting. Data collection
from highway vehicle detection and tracking was
analyzed to gain insights into traffic trends, risks and
factors affecting highway safety as a research area with
potential for further development. Copious previous
research has addressed these issues. Njayou Y, [25]
used Convolutional Neural Network (CNN) image
processing techniques for traffic sign classification
and object detection with Faster R-CNN and YOLOv4
algorithms. The Faster R-CNN test results gave a mean
average precision (mAP) of 43.26% at 6 frames per
second (fps), which was unsuitable for real time use.
By contrast, YOLOv4 yielded mAP of 59.88% at 35 fps
as a suitable model for real-time traffic sign detection.
Annam F, et al. [26] proposed a fast and accurate real-
time vehicle detection method using deep learning
techniques for unrestricted environments. They detected
vehicles in the model image and real environment
using deep neural networks as the main tool. The
dataset consisted of vehicle images taken in various
environments and was divided into training and test
sets. The proposed detection method gave high speed
and accuracy. The concept of the Faster R-CNN model
used the feature extraction technique and depth
processing model. Results demonstrated the efficiency
of the proposed method in terms of vehicle detection
accuracy and short image processing time.

Bochkovskiy A, et al. [27] proposed the YOLOv4
algorithm as a Single Shot Detector (SSD) object detection
model that focused on providing optimal speed and
accuracy for object detection using a combination of
techniques to improve YOLOv3 and the existing models.
They added depth and used new techniques to increase
the efficiency and accuracy of the system. Results
demonstrated that YOLOv4 detected objects in images
with high speed and accuracy. Ren S, et al. [28] used
real-time Region Proposal Networks (RPN) in the
Proposal Generation process by combining CNN and

RPN into a single structure, enabling fast and highly
efficient rapid object detection. This new concept
created images based on deep neural networks and
then used these images for object detection. Results
demonstrated the high speed and accuracy of Faster
R-CNN in object detection. Liu W, et al. [29] proposed
an SSD (Single Shot MultiBox Detector) algorithm
using rapid duplex object detection. This method
combined the detection and ranking of several class
objects into a single structure, enabling fast and highly
efficient detection of objects that did not require new
proof procedures.

2. Vehicle tracking

CNN-based multi-target vehicle tracking
technology has recently received increased attention
[30]. Bewley et al. [31] used the Faster R-CNN algorithm
as the target detector and proposed a simple online and
real-time tracking (SORT) algorithm to track multiple
targets simultaneously based on the Kalman filter and
Hungarian matching algorithm, while Wojke N, et al.
[32] considered both the movement characteristics
and the appearance of the target. They proposed an
improved DeepSORT algorithm where the appearance
features of the target were extracted through the CNN
model after target detection by the detector. Later,
Wang Z, et al. [33] further improved the complexity
of the DeepSORT algorithm by developing the JDE
algorithm. This directly exported the target location
and appearance features into the detection network
using RetinaNet to embed an instance-level vehicle
feature extraction network in the detector model, while
Lu Z, et al. [34] created a RetinaTrack multi-target
vehicle tracking model to combine vehicle movement
and appearance characteristics for data association.

Method

YOLOV4 is a high-speed, high-precision rapid-
duplex object detection model that uses deep neural
networks (Convolutional Neural Network) to detect
objects in images YOLOv4 includes Backbone:
CSPDarknet53, Neck: SPP, PAN, Head: YOLOv3 and
uses Bag of Freebies (BoF) and Bag of Specials (BoS)
to optimize the model. BoF includes CutMix and Mosaic
data augmentation, DropBlock regularization and Class
label smoothing, while BoS includes Mish activation,
Cross-stage partial connections (CSP), Multi-input
weighted residual connections (MiWRC), SPP-block,
SAM-block, PAN path-aggregation block and DIoU-
NMS to increase model precision and speed.

YOLOv4's object detection and tracking
algorithm uses a CNN (Convolutional Neural Network)
structure that comprises the backbone. CSPDarknet53
is used as the core structure of the YOLOv4 model to
extract image features. Neck uses SPP (Spatial Pyramid
Pooling) and PAN (Path Aggregation Network) to
increase object detection accuracy, and the head uses
YOLOv3 (anchor-based) as the head of the YOLOv4
model to perform object detection.
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To perform object detection and object tracking
functions, YOLOv4 uses an improved CNN structure
over YOLOv3 with the addition of Bag of Freebies (BoF),
a model modification technique that is not a core part
of the YOLOv4 model but enhances model accuracy.
BoF includes CutMix and Mosaic data augmentation,
DropBlock regularization, Class label smoothing, and
Bag of Specials (BoS) to increase accuracy.

\\ AND TEGHNOLGY

In YOLOV4, the input image is split into a grid
SxS, with each grid cell in charge of vehicle
detection. B bounding boxes are placed in each grid
cell and the network then outputs an offset value for
the bounding box and class probability. The
bounding boxes are chosen and the vehicle in the
image is then located using those with a class
probability with a particular threshold (Figure 3).

Final detections

Class probability map

Figure 3 [llustration of YOLOv4 framework.

B
Backbone -

: n-units
0 =512

3x3 filters
512 channels

Figure 4 Faster R-CNN architecture.

YOLOV4 is a fully convolutional network with
110 convolution layers comprising 66 as 1 x 1 and 44
as 3 x 3, The input layer has a 3 x 3 convolution layer
with 19 32 filters. This thesis used input size starting
at 416 x 416 with 3 channels (RGB). The output layer is
a1 x1 convolution layer with astride and padding size of
1. The output layer has 33 filters and uses CSPDarknet53
as the backbone, SPP and PAN for the Neck, with the
head of YOLOv4 used as the head in YOLOv4. Mini-
batch gradient descent with momentum is used for
optimization. CSPDarknet-53 extracts deep features
of the input images, while SPP efficiently increases the

il Regression
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e =36
. 36 7]
1x 1 filters
512 channels
]
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receptive field, PANet extracts features across multiple
scales and the heads detect objects. A linear activation
function is used for the final layer, with input starting
size 416 x 416 with 3 channels (RGB), YOLOv4 has more
than 60M parameters.

Faster R-CNN [36] (Region-based Convolutional
Neural Network) is an algorithm designed to detect
objects and track images quickly with high accuracy
(Figure 4). The algorithm can be divided into three
parts as follows:

1) Faster R-CNN uses a Region Proposal
Network (RPN) network to create a region proposal
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as a region that may have straightforward objects. The
pre-trained feature map is used as an assembly.

2) Region of Interest (Rol) pooling. Upon
receiving an image proposal from an RPN, Faster R-
CNN uses Rol pooling to adjust the size and position
of the image proposal to fit the deep neural network
for tracking the object.

3) Region Classification and Regression. The
last step of the Faster R-CNN deep neural network
classifies objects and adjusts the size and position of
the bounding boxes found in the proposed segments
of the image. Object classification is the process used
to decide the type of object while adjusting the size
and position of the squares to improve object detection
accuracy.

Faster R-CNN is the most preferred and used
version of the R-CNN family, using a particular selection
of search algorithms for proposing regions and taking
only 1 or 2 seconds per image to run the CPU computation.
Faster R-CNN uses Region Proposal Networks (RPNs)
to generate region proposals, reducing generation time
from seconds to milliseconds per image.

In FASTER R-CNN,

¢ RPN generates bounding boxes as a rectangular
box that surrounds an object and specifies its position,
class (e.g. car, person) and confidence (how likely it
is to be at that location).

« In this stage, CNN is used to generate features
of these objects. Region proposal is not performed
on the original image but on the final feature image,
which is then input into the ROI pooling (Region of
Interest Pooling fixes image size requirements for
object detection).

¢ The output from the ROI pooling layer has

a size of N, 7, 7, 512, where N is the number of
proposals from the region proposal algorithm. After
passing those ROI pooling outputs through two fully
connected layers, the features are fed into the sibling
classification and regression branches.

¢ Aclassification layer is present to determine
the object’s class.

¢ Finally, a regression layer is used to ensure
that the coordinates of the bounding boxes are more
precise, leaving no gaps for errors.

¢ Anchors are introduced in RPN to deal with
different scales and aspect ratios of the objects. An
anchor is positioned at each sliding location of the
convolutional maps and at the center of each spatial
window. Each anchor is associated with a scale and
an aspect ratio.

SSD (Single Shot MultiBox Detector)[37]is a
method of object detection and image tracking using
a single deep neural network, which is shown in
figure 5. The SSD divides the regions of the bounding
boxes into a set of default boxes. The aspect ratio and
scales differ for each feature map location. To hold
objects of different sizes and shapes, the network
generates a score for factoring each object category
in each initial box and generates adjustments to make
the box fit the shape of the object. Predictions from
multiple property maps with different resolutions are
used to handle objects of different sizes. SSDs have
been tested, with results proving that increasing the
number of carefully selected default boxes greatly
improves object detection and tracking performance.
SSD is a highly efficient and easy-to-use object detection
and tracking model.
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Figure 5 SSD framework.

(a) SSD only needs an input image and ground
truth boxes for each object during training. A small
set (e.g. 4) default boxes of different aspect ratios is
evaluated in a convolutional fashion at each location
in several feature maps with different scales (e.g. 8x8
and 4x4 in figure 5 (b) and (c)).

The key difference between training an SSD
and a typical detector that uses region proposals is that

(b) 8 x 8 feature map

(C) 4 x 4 feature map

ground truth information must be assigned to specific
outputs in the fixed set of detector outputs. Some
versions also require training in YOLO [38] and the
region proposal stage of Faster R-CNN [39] and MultiBox
[40]. Once this assignment is determined, the loss
function and backpropagation are applied end-to-
end. Training also involves choosing the set of default
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boxes and scales for detection as well as hard negative
mining and data augmentation strategies.

Training Objective. The SSD training objective
is derived from the MultiBox objective [23] but is
extended to handle multiple object categories. Let
xfj = {1,0} be an indicator to match the i-th default box
to the j-th ground truth box of category p. In the matching
strategy above, Zixfj = 1. The overall objective loss
function is a weighted sum of the localisation loss
(loc) and the confidence loss (conf) such that:

L(x,¢,L,9) = 3 (Leonp (x,€) + aLioc(x,L,g)) (1)

where N is the number of matched default
boxes and the localization loss is the Smooth L1 loss
[41] between the predicted box (1) and the ground
truth box (g) parameters. Like Faster R-CNN [42], we
regress to offsets for the center of the bounding box
and its width and height. Our confidence loss is the
SoftMax loss over multiple class confidences (c) and
the weight term a is set to 1 by cross-validation.

4. Vehicle tracking method

\\ AND TEGHNOLGY

Section Il describes the Simple Online and
Real-time Tracking (SORT) algorithm used to track an
individual vehicle. SORT is a real-time and online
tracking algorithm integrated with the Kalman filter
and the Hungarian algorithm, with an accuracy
comparable to state-of-the-art online trackers while
supporting higher update rates. The state space of
each vehicle is modeled as follows: [x,y,s,r,x y’s] 7,
where (X, y) is the central location of the bounding
box of the vehicle, s and r represent the scale (area)
and the aspect ratio of the bounding box respectively
and x"and y-are the velocity elements. When detection
is associated with a vehicle, the detected bounding box
is used to update the state of the vehicle. The location
of the new bounding box for each vehicle is predicted
based on the Kalman filter. SORT uses the intersection-
over-union (IOU) between each incoming detection
and all predicted bounding boxes of the existing vehicle.
These values are then used to populate a cost matrix
solved by a Hungarian algorithm to assign each track
an appropriate detection. The vehicle tracking procedure
of SORT is shown in figure 6.

Figure 6 Vehicle tracking procedure of SORT.
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Confusion matrix theory is a statistical tool used
to evaluate the effectiveness of classification systems,
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Figure 7 Training diagram of YOLOv4 on our dataset.

Training and
validation sets

especially binary systems, by considering the predicted
result against the ground truth of the sample data
(rows) and the actual values (columns). Each cell in the
confusion matrix represents the number of examples
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correctly or incorrectly classified for each group of a
sample type. The classification results can be divided
into four parts, according to Table 1.

Table 1 Confusion matrix.

Predicted positive Predicted negative

Actual True Positive (TP) False Negative (FN)
positive

Actual False Positive (FP) True Negative (TN)
negative

The variables used in the confusion matrix
are defined below.

1) True Positive (TP)is the number of samples
predicted to be positive and truly positive.

2)False Positive (FP) is the number of samples
predicted to be negative but are actually positive.

3)False Negative (FN) is the number of samples
predicted to be positive but are actually negative.

4)True Negative (TN) is the number of samples
predicted to be negative and true negative.

The TP, FP, FN and TN values were used to
calculate system efficiency, with the important equations
2, 3 and 4 shown below.

TP

Precision = ) 2)
Recall = (TPT+—PFN) (3)
Flscore = 2oy @
mAP = %ZqQ=1APq (5)

Precision is the accuracy of forecasting.

Recall is the accuracy of positive detection.

The F1 score is the mean of precision and recall
and is used to evaluate the performance of a particular
binary classification system.

The mAP is the average value of AP for each
class.

Research process

This research used the following steps to
compare the performance of YOLOv4 (Figure 7). Faster
R-CNN and SSD real-time highway vehicle detection
and tracking algorithms.

1) Set the objectives

The research objective was to develop a highway
detection and tracking system to enhance the efficiency
and accuracy of vehicle detection and increase road
safety.

2)Create a dataset

Building the suitable dataset for training and
testing the system involved taking photographs or
videos of the highway vehicles being tracked to increase
detection accuracy. The dataset was divided into two
parts the training dataset and the testing dataset.

3)Train and test the model

A built-in dataset was employed to train and
test the models used in vehicle detection and tracking
using the YOLOv4, Faster R-CNN and SSD algorithm
training methods on the defined dataset.

4) Measure the performance

The performance was measured using a
confusion matrix after successfully training and testing
the models for each algorithm. This statistical tool
assessed the efficiency of the system using the prepared
test dataset and evaluated the results using appropriate
indicators such as detection rate and false positive
rate.

RESULTS AND DISCUSSION
The dataset and evaluation index

Deep learning-based vehicle object detection
algorithms learn features from data samples and the
dataset must be representative. The dataset contained
real image data collected from scenes such as urban
areas, rural areas and highways. Each image contained
up to 15 cars and 30 pedestrians, with various degrees
of occlusion and truncation. The images reflected a
variety of complex situations, such as multiple trucks
and cars appearing in the same image or multiple
trucks, vans and cars appearing in the same image
under different lighting conditions, road environments
and road conditions. For the peculiar application of
vehicle object detection, the Car, Van, Truck, Pedestrian,
Pedestrian (sitting), Cyclist, Tram and Misc classes in
the dataset were converted to Car, Van, Truck and Other
classes. The 1000 labeled images in the dataset were
divided into a training set and a testing set at ratio 6:4.
To validate the generalization ability of the algorithm,
a vehicle dataset was established through online
collecting and real-scene shooting. Figure 8 shows
some samples from the dataset.

Experimental setup

The experiment was run in a Python environment
using Google Collaboratory. The average usable memory
of the machine was 8 GB and the average disk space
used was 256 GB. The sample images were randomly
split into 60% for training, 20%, for validation and 20%
for testing. The batch size was 16 for all the models
because smaller batches are noisy and can reduce
generalization errors. Model Checkpoints were used
to save the model with the best validation accuracy
during the process. The convergence of the models
depended on many parameters and the size of the
weight parameters. Using the Early Stopping technique,
the total time required to complete the training of all
three models was more than 500 hours.

Research results

Small batch random gradient descent was used
for training optimization and a set of values that improved
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the network quality was selected. The momentum
parameter was set to 0.8, the weight attenuation
coefficient was set to 0.0001 and the initial learning
rate was set to 0.001. Due to memory limitations, the
batch was set to 64 and the subdivision was set to
64. Two indicators were considered to verify the
performance of each vehicle detection algorithm detection
accuracy and detection efficiency. Comparative
experiments were conducted to prove that each part
of the modified YOLO was effective.

Real-time detection and tracking of vehicles
on highways were conducted using YOLOv4, Faster
R-CNN and SSD algorithms to determine the best
performance, with research findings summarized in
Tables 2 and 3.

Table 2 Confusion Matrix Measurement Results.

True False False True
Positive Positive Negative Negative
(TP) (FP) (FN) (TN)
YOLOv4 90 10 5 895
Faster 85 15 7 893
R-CNN
SSD 88 12 8 892
Table 3 Precision, Recall and F1-score.
Average . . cision Recall TV
IoU score
YOLOv4 93.17% 0.900 0947 0.923
Faster 85.86% 0.850 0923 0.885
R-CNN
SSD 80.11 0.880 0916 0.898

Detecting image objects was assigned into four
categories. Each category had a True Positive (TP) value
as the number of objects that were correctly detected

WA ‘

Figure 8 Real-time vehicle detection and tracking system.

InTable 3, when the loU threshold of the YOLOv4
model trained on the Royal Thai Naval Academy 1000
dataset was changed from 0.5 to 0.75, the average
IoU was 47.08%. The F1-Score of YOLOv4 was 0.923
when the IoU threshold was 0.5 but was relatively
biased, with Faster R-CNN and SSD as 0.885 and
0.898, respectively, when the IoU threshold was 0.75.
Thus, some classes were better learned than others. As
shown in Table 3, after the feature extraction network

\ AND TEGHNOLGY

and tracked by category, False Positive (FP) value as
the number of objects that were detected but not tracked
or incorrectly tracked by category, False Negative (FN)
value as the number of objects that were present but
were not detected or incorrectly detected as a category
and True Negative (TN) value as the number of objects
that were not objects in a category and were not
detected as objects in a category (Table 2). YOLOv4
gave a good performance with the highest value of True
Positive (TP) and the lowest value of False Negative
(FN). The TP, FP, FN and TN values were then used to
calculate the Precision, Recall and F1-score, including
other values related to the image detection and tracking
system performance, as shown in Table 3.

Real-time detection and tracking results of
highway vehicles are shown in Table 3. In table 3, the
YOLOv4 algorithm had Precision of 0.900, Recall of
0.947 and F1-score 0f 0.923, indicating good performance
in detecting all images. The Faster R-CNN algorithm
had Precision of 0.850, Recall of 0.923 and F1-score
0f 0.885, indicating good performance in image detection.
The Faster R-CNN algorithm had the highest Recall but
the Precision and F1-scores were lower than YOLOv4.
The SSD algorithm had Precision of 0.880, Recall of
0.916 and F1-score 0f 0.898, indicating good performance
in image detection. The SSD algorithm had relatively
high Precision and Recall and a high F1-score. When
comparing the Precision, Recall and F1-scores of all
three algorithms, the YOLOv4 algorithm gave the best
performance in image detection.

The faster R-CNN algorithm and SSD algorithm
showed similar performances but SSD had higher
precision and recall. The real-time vehicle detection
and tracking system on the highway is shown in
figure 8.

of the original YOLOv4 was replaced by the skip-
connection deep residual feature extraction network,
in Table 3, the recall and mAP increased from Faster
R-CNN of 7.31% and from SSD of 13.06%, respectively,
because the feature extraction network proposed in
this paper reused the features extracted from the input
feature.

Additional experiments were conducted with
different values of learning rates (10, 104, 103 and
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10-2) for each of the main algorithms (Faster R-CNN
with Inception-v2, Faster R-CNN with Resnet 50 and
YOLOv4 with input size 608 x 608) to measure the
sensitivity of each algorithm to the learning rate
hyperparameter. A learning rate of 10-3 yielded the
best performance in most cases but on the Stanford
dataset Faster R-CNN with Inception-v2 and YOLOv4
gave better results at lower learning rates (10 and
107, respectively). A learning rate of 10-2 gave poor
results in all cases except for YOLOv4 on both datasets
and for Resnet50 on the dataset. A learning rate of
10" was also tested but this led to a divergent loss.
These results highlighted the importance of testing
different learning rate values when comparing object
detection algorithm performances. Results in Table
3 and Table 4 confirm the superior performance of
YOLOv4 and Faster R-CNN when the learning rate
was well chosen.

Table 4 Detailed results of different configurations of
YOLOv4, SSD and Faster R-CNN, on the Stanford dataset.

Algorithm Feature Extraction Input Size
YOLOv4 CSPDarknet-53 320 x 320 (fixed)
YOLOv4 CSPDarknet-53 416 % 416 (fixed)
YOLOv4 CSPDarknet-53 608 x 608 (fixed)
Faster R-CNN Inception v2 600 x 816 (variable)

Faster R-CNN Inception v2 608 x 608 (fixed)

Faster R-CNN Resnet50 600 x 816 (variable)
SSD Darknet-53 320 % 320 (fixed)
SSD Darknet-53 416 x 416 (fixed)
SSD Darknet-53 608 x 608 (fixed)

For YOLOvV4, one-stage detectors performed
well over a dense selection of potential object locations,
enabling whole image detection in a single forward
propagation. Two-stage detectors such as Faster R-
CNN are generally more accurate than their one-stage
counterparts but fast speeds and low memory costs
render one-stage detectors more suitable for real-time
applications such as autonomous driving.

CONCLUSION

YOLOvV4 outperformed Faster R-CNN and SSD
in real-time vehicle detection and tracking on highways
because YOLOv4 processed the results faster and was
ideal for detecting and tracking objects in real time, as
a key feature in detecting high-speed highway vehicles.
YOLOv4 offered high object detection and tracking
accuracy by precisely identifying the location and size
of the vehicle. This is important for managing and
improving highway traffic. However, in some cases,
YOLOv4 encountered difficulty or finely detailed
objects, causing some detection discrepancies. Therefore,
YOLOv4 may experience reduced performance in
challenging environments.

Faster R-CNN had high object detection,
tracking accuracy and recall. The system detected
and tracked a wide range of objects in the test dataset
by creating region proposals that accurately determined
object boundaries. This reduced the number of locations
that needed to be detected. However, the Faster R-
CNN algorithm was executing slower because it had
to create region proposals before performing object
detection. This resulted in uptime that could limit fast
deployment in environments that require immediate
response.

The SSD algorithm gave high precision and
recall and good image detection performance, with a
high ability to detect small objects such as small rings
or turn signals. However, limitations of SSD included
accuracy in detecting large objects with fine detail.

Recommendations to improve real-time
detection and tracking of vehicles on highways using
YOLOvV4 include: 1. Increase the amount of training
data used to train YOLOv4 to improve the accuracy
and detection of the system 2. Experimentally tune
YOLOv4 parameters such as detection thresholds or
filters to suit the dataset and objects to be detected
3.Increase YOLOv4 resolution by adding or enhancing
model layers to detect and track objects in more
detail.

Suggestions for further research

Real-time detection and tracking of vehicles
on highways using the YOLOv4 algorithm can be
improved as follows:

1) Customize and add training data: Increase
the amount of training data used to train YOLOv4 to
improve the accuracy and detection of the system.
Consider adding information such as different weather
conditions and lighting to improve system operation.

2)Parameter customization hyperparameter
tuning. Experimentally tune YOLOv4 parameters such
as detection thresholds or filters to suit the dataset
and objects to be detected. Parameter tuning may
achieve better results in vehicle detection and tracking.

3)Model refinement: Consider increasing the
resolution in YOLOv4 models by adding or enhancing
model layers to detect and track objects in more detail.
For example, overlapping vehicle sections can be
detected and tracked.
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