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Abstract

Surface modifications against the failure of titanium implants used in hard tissue repair has become a
trend in recent years. In the last decade, it has been investigated that nanoscale tubular spaces on the
titanium surface can be used as a local drug release reservoir without the need for any chemical binder or
polymeric coating. It is possible to obtain one-dimensional structures that can be grown by
electrochemical anodic oxidation by controlling the diameters of less than 100 nanometers on titanium
metal surfaces. The major disadvantage of biomolecules released from titania nanotube structures to the
environment is the hard control of release kinetics and more than half of the loading amount releases in
the first few hours of interaction with the biological fluid. Although the studies on controlling the kinetics
have been tried to overcome by covering the nanotube arrays with barriers such as polymer structures, the
risk of delamination of the polymers from the surface during implantation brings additional problems. In
this manuscript, vancomycin and bovine serum albumin were loaded into titania nanotubes formed by
anodic oxidation technique on titanium metal plates and the tube ends has been narrowed by gold
sputtering technique. With this narrowing at the tube-ends, the length of the release time and the change in
diameter according to the hydrodynamic diameter of the released biomolecule were investigated. It is seen
that the increased gold sputtering time prolongs the release rate of biomolecules and offers a promising

approach for sustained local drug releasing implants.

Keywords: titanium, sustained release, drug loading, implant, anodic oxidation, nanotube

1. Introduction

Millions of hard tissue cases require surgical operations
worldwide, including hip and knee replacements,
fracture fixations or missing tooth implants due to
implant failure. The major reasons of implant failure are
aseptic loosening and insufficient osseointegration
during the post operation process and drug therapy
approach is often recommended to inhibit infections or
inflammations that may develop in the post-op period
after implantation, or to eliminate the need for revision
surgery that results in implant failure. [1-3]. The oral or
intravenous administration of drugs have well known
disadvantages like systemic toxicity and low efficiency
at the target area after elimination throughout the body.
Localized delivery of active agents and therapeutics is
one of the most efficiently validated approaches, which
helps to reduce systemic disadvantages of the
administrated drugs [4-6]. Additionally, it also
maximizes the bioavailability of drugs preventing them

to be eliminated by systemic circulation or
gastrointestinal tract Although implants that release
drugs or active substances through polymer or ceramic
coatings have been used to eliminate the above-
mentioned disadvantages, these conventional
approaches are often subject to remove/delaminate from
the surface as a result of interactions and frictions in the
application area. [7].

Even though, titanium and its alloys are the materials of
choice in the majority of hard tissue and dental implant
applications, they are still open to many challenges
arising from bacterial infections, inflammation or poor
adhesion of osteoblast cells, leading to implant failure
[8-10]. Although titanium has excellent bulk properties,
implant success lies behind its surface morphology and
chemistry. The success of a bone/dental implant is
highly dependent on the properties of the surface of the
implant.
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Electrochemical anodic oxidation is a classical
technique used on titanium, however the use of fluoride
containing organic electrolytes in the last decade has
provided the opportunity to control oxide layer
produced on titanium surface in terms of both
composition and morphology. Controlled oxide
dissolution rate achieved by newer electrolyte systems
allows to design the surface architecture precisely. In
the anodic oxidation process, it is possible to achieve a
high aspect ratio or to extend the nanotube size by
creating a localized acidification at the bottom of the
pore and maintaining the pH value in the pore wall and
its surroundings by controlling the TiO, dissolution in a
controlled manner [11].

In the past decade, research on the direct release of
biologically active molecules and drugs from metal
surfaces has been intensively studied. The usability of
nanotubular structures with less than 100 nm in
diameter and controllable length, which can be formed
on titanium surfaces by anodic oxidation as local release
reservoirs have been tested in these studies. It has been
reported that these nanotube structures can release
different drugs and biomolecules for several days to
several weeks as a result of varying diameters and
lengths.

It is known to use small molecules such as antibiotics
and macromolecules like growth hormone and
therapeutic protein in implants that release bioactive and
biological agents. For this reason, an antibiotic and a
protein were included in the study as a model compound
to test the capability of nanotubes as active agent
reservoirs. Vancomycin and BSA molecules were
selected in the study. The molecular weight difference
was considered as the first criterion in the selection of
these two biomolecules. By loading the drugs into the
nanotubular cavities produced by anodic oxidation,
release profiles with various periods of several hours to
a couple of weeks were reported [12-15]. The
parameters affecting this diversity in release duration
include differences in hydrodynamic diameter of
molecule, nanotube length, nanotube diameter and
loading procedures of the active agent. Popat et al used
gentamicin antibiotics with a simple pipetting on the
nanotubular layer and the colonization of S. epidermidis
bacteria reduced by 40% compared to the control group
[12]. In the loading procedures, drug release duration
can reach several weeks by coating the nanotubular
surfaces with polymeric or ceramic layers [13,16, 17].
As a result of loading operations performed without any
additional coating on the surface, it was reported that
the release from metal surface was completed within a
few days [15,18]. Although the biocompatibility and in
vitro stability of polymeric or ceramic coatings to
prolong the release time are satisfactory, there is also
the possibility of delamination and / or disintegration of
these layers having micrometer thicknesses from the

surface of the material during implantation or in a
dynamic environment.

The inability to control the release kinetics and the burst
release of titanium dioxide nanotubes as a local release
element is one of the most important problems. It is
inevitable for biomolecules, which stand out as much
smaller compared to their nanotube diameters, to exhibit
sudden release within the first few hours. In this study,
nanotube diameters obtained after anodic oxidation
were narrowed by gold, which is known by
biocompatible and inert material for implant
applications, after the biomolecule loading. The effect
of sputtering time to the releasing time behavior were
investigated in terms of diameter and the hydrodynamic
radius of the biomolecule.

2. Materials and Methods
2.1. Nanotube Formation on Titanium Plates

A two-step anodic oxidation process was performed on
the surface of titanium metal plates with a purity of
99.7% (Strem Chemicals, USA). In the process,
titanium plates were subjected to the first step of the
anodic oxidation for 2 hours by applying 80 V potential
voltage in ethylene glycol electrolyte containing 1% of
ammonium fluoride (NH;F) by weight. A platinum
mesh electrode was used as counter electrode. After the
first step of anodic oxidation, titanium plates were
cleaned in an ultrasonic bath for 2 hours for the removal
of titanium dioxide nanotubes with irregular orientation.
In the second step, titanium dioxide nanotube structures
with controllable aspect ratio were created. In the
second anodic oxidation step, 30 V potential applied for
120 min.

2.2. Active Agent Loading into Nanotube Structures

Bovine serum albumin (BSA) and vancomycin.HCI
were used as model molecules in protein (large
molecule) and drug (small molecule) studies to be
loaded onto titanium  surfaces. BSA  and
vancomycin.HCI at a concentration of 5 mg/mL were
pipetted onto 10 mm x 10 mm cut, nanotube array
produced sample surfaces in a volume of 30 pL and
subjected to low-speed radial movement on the orbital
shaker to diffuse into the nanotubes at room
temperature. The samples were dipped in deionized
water to wash away the adsorbed protein/drug to the
surface and dried at 37 °C overnight.

2.3. Tube-end Narrowing by Gold Sputter

Tube-ends of the protein/drug loaded nanotubes were
subjected to gold sputtering in order to reduce the
diameter. In a typical process, samples having different
diameters were placed in sputtering chamber and gold
was coated on the top of the nanotube layer with a rate
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of 2.5 nm per minute. Sputtering time was differed as 2,
5 and 10 mins to evaluate the effect of the narrowing on
active agent release. The narrowing ratio of diameters
were investigated by microscopic methods. Nanotube
morphology and diameter measurements were analysed
by scanning electron microscopy (SEM) and atomic
force microscopy (AFM).

2.4 Spectroscopic and Structural Characterizations

X-Ray Diffraction (XRD) pattern and Attenuated Total
Reflection - Fourier Transform Infrared Spectroscopy
(ATR-FTIR) data were obtained in order to characterize
the crystal structure of surfaces and functional groups,
respectively. 1x2 cm samples were analysed in XRD
(Rigaku D Max-B, Japan) between 20 — 60 26 degrees
and 2000 — 600 cm™ wavenumbers in ATR-FTIR
(Thermo, Nicolet iS50, USA).

2.5. Drug Release Studies

Each sample placed separately in 1 mL PBS (pH = 7.2)
containing closed vials and the total protein and drug
amount released from titanium plates were analyzed
with the Nanodrop UV spectrophotometer device
(Thermo Scientific, USA) in A280 total protein amount
and UV-Vis spectroscopy measurement mode,
respectively. Release studies continued until the release

curve reach to plateau. Tested samples were
summarized in Table 1.
Table 1. Samples tested in release studies.
SpLg::a]:ng Drug/protein Sample code
Without gold | Vancomycin.HCI 30V_vanco
sputter BSA 30V_BSA
2mingold | Vancomycin.HCI | 30V_2min_vanco
sputter BSA 30V_2min_BSA
5mingold | Vancomycin.HCI | 30V_5min_vanco
sputter BSA 30V_5min_BSA
10 min gold | Vancomycin.HCI | 30V_10min_vanco
sputter BSA 30V_10min_BSA

3. Results and Discussion
3.5. Morphologic Evaluations

The surfaces obtained by the first step of anodic
oxidation of are shown in Figure la. After the first
treatment, the surface character is composed of
nanotubes having inner diameters of approximately 100
nm. As mentioned in general information, these tubes
are mechanically unstable as a result of the random
alignment on the metal surface by different orientations,
which makes them easily affected by external forces.
The surface shown in Figure la was cleaned from
nanotubes in the ultrasonic bath for 2 hours by applying
low frequency (37 Hz) and high power (100 W)
agitation to obtain the surface of Figure 1b. These
concave homogeneous regions served as guides for the

structures to be formed on the surface in the second
step.

In the second step anodic oxidation process, 30 V
potential was applied for 2 hours. Inner growth of new
nanotubes was obtained, and the diameters of these
nanotubes were found narrower than the template as the
anodic oxidation voltage is in proportion with the tube
diameter. By applying field-enhanced dissolution on the
nanotube template-formed surfaces, the orientation of
the nanotube formations on the entire surface was
produced in the same direction. According to this,
inward growing nanotubes through the template after
anodic oxidation with a potential voltage of 30 V were
achieved (Figures 1c).

After the gold sputtering step, it has been observed that
the tube-endings start to get narrower. Although the
narrowing of the tube diameters performed using 2
minutes of coating was not evident in the images, a
significant restriction of the outer tube mouth diameters
occurred, especially after 5 and 10 minutes of spraying.
Especially after 10 minutes of sputtering, the decrease
in outer diameter is evident (Figure 2b-d).

Figure 1. Titanium surfaces after first anodic oxidation
process (a) after sonic treatment (b) and after second
anodic oxidation (c). White bar indicates 1 pm.
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Figure 3 also indicates that the narrowing of the tube- to approximately 50-70 nm and the internal diameter
ends, especially after 5 and 10 minutes of sputtering.  shrinkage can be observed from the images (Figure 3).
Images were obtained by an AFM system (Asensis,

Turkey). Particularly after 10 minutes of spraying, the

outer tube diameter of around 100 nm has been reduced

Figure 2. SEM images of titanium surfaces after 2nd anodization (a) and after subsequent 2 (b), 5 (c) and 10 mins
(d) of Au sputtering.
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Figure 3. AFM images of titanium surfaces after 2™ anodization (a) and after subsequent 2 (b), 5 (c) and 10 mins (d) of
Au sputtering.
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Figure 4. XRD diffraction pattern of anodized TiO, surfaces.
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Figure 5. FTIR spectra of TiO,, vancomycin loaded TiO, and BSA loaded TiO, surfaces.

3.6. Spectroscopic and Structural Characterizations

Figure 4 shows XRD patterns of prepared anodic TiO,
nanotube array. The resulting surface exhibits clear Ti
peaks as indicated on the graph along with the anatase
(101) reflection peaks between 20-25 theta. Since the
surface was not exposed to any heat treatment sharp
crystal anatase structures were not observed.

The presence of vancomycin and BSA were analyzed
with infrared spectroscopy. Vancomycin loaded sample
exhibits a wide carbonyl stretching at 1650 cm™. The

other indicators can be observed at 1500 and 1230 cm

for aromatic C=C and phenol ring, respectively. As for
BSA loaded sample, The amide | and Il bands are clear
at 1650 and 1545 cm™, respectively (Figure 5).

3.7. Drug Release Studies

Two model compounds of bioactive substances with
small and large hydrodynamic diameters were
investigated in the release studies from titanium dioxide
nanotube structures with different diameter openings.
The release profiles of vancomycin.HCI (<1 nm) with
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small hydrodynamic diameter and BSA (3.48 nm)
molecules with large hydrodynamic diameter were
investigated  separately. The molecular weight
difference was considered as the first criterion in the
selection of these two biomolecules. It was desired to
observe the trend of vancomycin with a weight of 1.4
kDa and BSA with a size of 65 kDa in the loading and
release criteria. This molecular weight difference also
affects the hydrodynamic diameters. Both components
were selected as water soluble and the difference in
hydrophilic-hydrophobic effect was eliminated in the
release experiments.

Profiles for the release of small hydrodynamic diameter
molecules vancomycin.HCI from titanium surfaces are
given in Figure 6. The amount of drug released into the
medium in all release trials reached the plateau at the
end of the 4th day.

. 1204 == 100 _vanoo
EJ & 30V _2min_vanco
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Figure 6. Release profile of vancomycin.HCI from
titanium surfaces.

The drug released from the nanotubes reached the
maximum level at the end of 24 hours on untreated
surfaces, and the narrowing of the tube-ends obtained
on the surface after 2 and 5 minutes of sputtering did
not extend this period. The duration of release with
narrowing in the tube diameters for a period of 5
minutes was one day longer than the first two sample
groups; The release from the nanotube structures
obtained after 10 minutes of sputtering continued for an
additional period of 3 days. No further drug release
from the tubes was observed in any sample group after
day 4 (Figure 4).

BSA release from the surfaces was monitored up to one
week. The release time was observed for 3 to 4 days on
untreated and gold-sputtered surfaces for 2 min,
respectively and extended to 6 days on 5-min and 10-
min gold-sprayed surfaces (Figure 7). BSA release from
titanium surfaces was longer in all sample groups
compared to vancomycin.HCI release time, and the
effect of gold sputtering was more effective than small
hydrodynamic diameter molecular release.

C. Bayram
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Figure 7. Release profile of BSA from titanium surfaces.

The prolongation of release time is much more evident
in experiments with protein. There are two main reasons
behind this. The first is that the hydrodynamic diameter
of the protein is several times larger than the
vancomycin.HCI molecule, as it is considered during
the experimental design. Smaller molecules are known
to diffuse more rapidly during diffusion. However,
another factor slowing protein release can be considered
as hydrophobic nature of the protein. Although BSA
protein is a water soluble protein, the interaction of
hydrophobic regions with titanium structure is much
greater than vancomycin.HCI. This interaction is also
thought to cause an additional delay in during release.

In the preliminary study conducted by Peng et al. [14]
the length of the nanotubular structure was found as the
most important parameter affecting the release time;
whereas the diameter of the nanotube (when the length
was held constant) was the most important parameter
affecting the amount of drug loaded. In another study by
Caliskan et al.[19], Parallel findings were observed and
parameters affecting drug loading amount and release
time were also reported as nanotube diameter and
length, respectively. By revealing the importance of the
effect of nanotube aspect-ratio in barrier-free studies,
this feature became controllable and became a priority
for localized drug release studies.

4. Conclusion

Direct release of active biomolecules from metallic
implants is a challenge for implant applications.
Although titania nanotube layers offer an opportunity
for drug releasing reservoirs, sustained release remains
as a problem. In order to eliminate the risk of infection
that may arise from the operation in the critical period
after the surgical process, there is a need for implants
that can release the antibacterial active substance locally
or metal surfaces that will contain larger
macromolecules such as growth hormone to accelerate
osseointegration. For this reason, burst and rapid release
should be avoided. Sputter coating of tube ends with
inert metals may be a promising approach to overcome
this drawback. In this study, titania nanotube structures
with adjustable mouth widths on titanium metal plates
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were obtained as a result of a two-step anodization
process. Vancomycin and BSA as biomolecules with
small and large hydrodynamic diameters were also used
as model releasing compounds within these
nanostructures. In order to prolong the release duration,
the tube-ends were narrowed by gold sputter method
and the effect of these narrowings on the release profiles
was investigated separately for both molecules. It is
seen that the increasing sputtering time slows down the
release rate of BSA, which is selected as a large
molecule. Within the scope of this study, it was planned
to obtain a narrowing on the surfaces of titania
nanotubes, which are intended to be used as local
release reservoirs, with gold, a bioinert material that will
not be affected by mechanical abrasion and friction in
the local region after implantation. The findings
obtained were promising results and the feasibility of
the approach will be tried to be demonstrated with the
studies to be carried out with bacteria and osteoblasts in
the next steps.
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Abstract

It is aimed to compare the bending strength and modulus of elasticity of end-grain (vertical strip) core
blockboard, unlike the usual (lengthwise strip core) blockboard construction, with that of the traditional
blockboard with the face-grain or edge-grain core construction. Oriental beech and black poplar woods
are provided by taking care to avoid the grain irregularities and visible defects are used in the study.
These timbers are used to obtain the core, top and bottom layers of the blockboard. PVAc mounting
glue is used for bonding the layers together. According to the test data: The bending strength and
modulus of elasticity of oriental beech blockboard are 39% and 26% higher respectively than that of
end-grain core black poplar blockboards. If we evaluated by neglecting wood species, strip width was
an effective factor in the bending strength and ineffective modulus of elasticity. In addition, the bending
strength of the end-grain core oriental beech blockboard is 79 MPa and that of the end-grain core black
poplar blockboard is 57 MPa, regardless of the width of the core strip. When these values are compared
with the values of other engineered wood, the result is considered open to improvement and

satisfactory.

Keywords: Blockboard, Core Structure, Wooden Board, Bending Strength, Modulus of Elasticity

1. Introduction

Blockboard is defined as "A core layer made of strip
bonded side by side and face layers formed by glueing
at least one sheet perpendicular to the fiber direction on
both sides of this layer under pressure”. The
blockboards are divided into two types, three-ply and
five-ply, according to the number of layers, and the
sheets forming the outer layers must be of the same
wood species[1].

Blockboard is one of the alternative materials with better
bending strength performance than plywood. The main
prominent feature of the blockboard material is that it is
produced from a core-containing frame formed by end-
to-end additions from different types of wood materials,
compressed with cross bands or face coverings on both
sides and surrounded by solid wood borders, as can be
seen in Figure 1 [2,3]. Blockboards produced by bonding
under high pressure and temperature are considered as
different types of plywood[4]. Blockboards are widely
used in products such as furniture, cabinet backs and
centre panels for framed doors, kitchen cabinets, cores
for recessed doors, light and decorative doors[5,6].

Cross Bands

‘/’
&

v\ Face Veneers

Core

Figure 1. Cross-sectional view of a blockboard[7]

The wood species and quality of the layers, the type of
glue used in bonding, fiber direction and angle affect the
physical and mechanical properties of the wooden
products[8-11].

Miter or notched joints are used instead of straight joints
in the end-to-end joining of the bending strength of the
blockboard [12]. The use of oiled wood dowel in the
transverse direction and along the middle with the glue
to bring the strips forming the mid-layer (core) side by
side has positive effects on the bending strength,
modulus of elasticity, and water resistance of the board
[13]. In the cores of blockboards that can be used in
different places such as flooring, formwork plate, floor
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coverings of railway wagons and caravans, barrel bottom
and cover; using solid wood pieces combined side by
side with dowels at an angle of up to 20 degrees increase
the bending and tensile strength up to 20% [14]. By
using different materials in the core, relatively lighter,
environmentally friendly and lower cost blockboards can
be produced [15,16]. By placing materials such as glass
fiber, gauze, cotton fabric and jute between the core and
both top and bottom face layer, an increase in the
breaking and elastic modulus of the blockboard can be
achieved from 35% to 245% [17].

The impregnation of the solid wood material used in its
core with boron compounds increases the resistance of
the blockboard against fungi that cause rotting [18]. The
veneers used in the blockboard were treated with either
boric acid (BA), disodium octoborate tetrahydrate
(DOT), alumina trihydrate (ATH), or a BA/DOT
mixture. Treatments had a little negative effect on
flexural strength; flexural stiffness was significantly
lower for the highest treatment levels [19].

By comparing the flexural performance of unreinforced
low-grade glulam and glulam which was reinforced with
adhesively bonded recyclable Fibre-reinforced polymers
(FRPs), Raftery and Harte[20] found that glass fibre
reinforced polymer plates could be a good alternative to
serve both as flexural reinforcement for low-grade
glulam beams and a substitute for high-quality wood
laminations.

The massive parts used in the production of the core in
the usual blockboard production are horizontal and the
fiber direction is parallel to the horizontal (face-grain
structure)[21].

It has been observed that the direction of the forces
applied on the glue line and the densities of the wood
materials used are effective in the strength values in two
different studies conducted to determine the flexural
strength and elasticity modulus values of wood-based
laminated materials obtained by using Eastern beech and
Lombardy poplar. In both studies, the flexural strength
and modulus of elasticity values of the test materials
were observed to be high against the forces applied
parallel to the glue line[22,23].

e

In the study, it was aimed to determine the bending
strength and modulus of elasticity of the blockboard,
which was constructed by directing vertically the fiber
directions of the solid wood strips used as core with a
different technique (end grain structure).

2. Materials and Methods
2.1. Materials

Oriental beech (Fagus Orientalis L.) and black poplar
(Populus Nigra L.) woods provided from a supplier as
timber in Ankara/Siteler region by taking care to avoid
the grain irregularities and visible defects were used in
the study as core and face materials.

APEL brand PVAc mounting glue was used for bonding
the core strips and facings together. According to the
values reported by the manufacturer, the minimum film-
forming temperature of the glue is 7°C, and the curing
time varies between 45 minutes and 2 hours.

2.2. Preparation of Test Samples

A sufficient number of core strips were cut from oriental
beech and black poplar timbers in finished dimensions of
14 x 22 mm, 28 x 22 mm and 42 x 22 mm (width X
thickness) and 500 mm length. In addition, oriental
beech and black poplar sheets in 5 mm x 22 mm x 380
mm dimensions were manufactured to form the top and
bottom layer of the blockboards. Panels with dimensions
of 22 x 380 x 500 mm were manufactured by glueing 14
mm, 28 mm and 42 mm strips side by side with PVAc
glue, separately in each size group. The glueing process
was carried out by applying an equal amount of 250
grams per square meter, depending on the manufacturer's
recommendation. Panels were machined to a finished
thickness of 20 mm by passing through a calibrated
sanding machine with 80-grade sandpaper at a speed of
10 m/ sec. The pieces were cut so that the core thickness
was 16 mm and the sheets were bonded with PVAc glue
on top and bottom of these pieces. Subsequently, the
pieces were machined to a finished size of 20x 26 x 360
mm. Completely solid wood control samples of
20x20x360 mm were prepared from oriental beech and
black poplar (Figure 2).

g™
i

Figure 2. The process of preparing test samples (a: 14, 28 ve 42 mm; b: 22 mm e: 20 mm; d: 16 mm; c: 14, 28 ve 42

mm; f: 5 mm)
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2.3. Methods

In the tests of bending strength perpendicular to the
surface, the principles specified in the [24] standard were
followed. In the tests, the samples were loaded right in
the middle and the loading speed of the test device was
set as 2 mm/min. The bending strength was calculated

by:

Ep = (3 X Epge XL)/(2 X b X h?) (2.1)
Where F,, is bending strength (MPa), Fn. is the
maximum load at break (N), L is support clearance
(mm), b is sample width (mm) and h is sample thickness
(mm).

In bending tests, the modulus of elasticity was also
calculated. For this purpose, the principles specified in
the [25] standard were followed and the calculations
were made according to:

E = (AF X L3)/(4 x b x h3 X Af) (2.2)
Where E is the modulus of elasticity (MPa), AF is the
difference in applied forces (N), L is support clearance
(mm), b is sample width (mm), h is sample thickness
(mm) and Af’is displacement amount (mm).

2.4. Statistical Analysis

In order to determine the statistical analysis method,
whether the data obtained from the tests show a normal
distribution or not was tested with IBM SPSS Statics
Version 22 package program and it was seen that the
data showed normal distribution according to the
distribution criteria of kurtosis and skewness [26]. After
this analysis, multiple variance analysis was performed
in the MSTAT-C Version 5.4 package program to
determine whether the independent variables of wood
type and middle layer strip width affect the dependent
variable of elasticity modulus in bending. Duncan's
multiple range test was used to level the effect sizes of
variables in case of interaction between variables.

3. Results and Discussion
3.1. The Effect of Wood Type and Strip Width on
Bending Strength

The bending resistance values obtained as a result of the
tests are given in Table 1 and shown in Figure 3
according to the wood type and strip width.

Table 1. Bending strength values of end-grain core blockboard according to wood type and strip width

Bending Strength Values (MPa)

Bending Strength Values (MPa)

Oriental Beech Black Poplar
Control 14mm 28mm 42mm Control 14mm 28mm 42 mm
Minimum 84.67 65.62 54.35 65.52 91.16 37.01 31.90 32.04
Maximum 120.54 78.60 74.34 83.13 124.81 46.62 48.38 49.59
Average 108.27 71.78 66.13 73.50 105.73 42.07 39.59 41.53
Standard deviation 9.56 3.45 4.07 4.33 9.37 2.98 472 3.43
Coefficient of variation 8.83 4.81 6.15 5.89 8.86 7.09 11.93 8.26
Bending Strength Values of End-grain Core Blockboard According to Wood Type and Strip Width
- oM
g E IR —
2 XU
z % Control =
§ 2mm e
% g S 28mm _—
S o Umm s
= © Control =
.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
Oriental Beech Black Poplar
Control 14 mm 28 mm 42 mm Control 14 mm 28 mm 42 mm
m Coefficient of variation 8.83 4.81 5.89 8.86 7.09 11.93 8.26
m Standard deviation 9.56 3.45 4.33 9.37 2.98 4.72 3.43
Average 108.27 71.78 66.13 73.50 105.73 42.07 39.59 4153
® Maximum 120.54 78.60 74.34 83.13 124.81 46.62 48.38 49.59
= Minimum 84.67 65.62 54.35 65.52 91.16 37.01 31.90 32.04

Figure 3. Bending strength values of end-grain core blockboard according to wood type and strip width
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According to the bending strength values given in Table
1, the analysis of variance was given in Table 2 to
determine whether the wood species and width of the
strip used in the core affected the bending strength.

As seen from Table 2, the wood species of strip used in
the core, strip width and the dual interaction of these two
variables were effective on the bending strength (p
<0.05).

Table 2. Multiple variance analysis for the effect of wood type and strip width on bending strength

. Degree of Average of Probability of Error
Variance Sources Ereedom Sum of Squares Squares F Value (p < 0.05)
Strip width (A) 3 79,261.22 26,420.41 745.79 0.00*
Wood species (B) 1 20,595.87 20,595.87 581.38 0.00*
AB 3 5,563.37 1,854.46 52.35 0.00*
Error 152 5,384.73 35.43
Total 159 110,805.19

*p<0.05

The levelling made depending on the importance of the
differences between the bending strength values obtained
depending on the width of each strip is given in Table 3.

Table 3. Levelling of bending strength values
depending on strip widths

The levelling made depending on the importance of the
difference between the bending strength values
depending on the wood species is given in Table 4.

Table 4. Levelling bending strength values depending on
the wood species

Strip Width Bending Homogeneity Wood Species Bending Homogeneity
Strength (MPa) Group Strength (MPa) Group
Control Group 107.00 A Oriental Beech 79.92 A
14 mm 56.93 B Black Poplar 57.23 B
28 mm 5286 C LCeast Significant Difference (LSD) = 1.859
42 mm 57.52 B

Least Significant Difference (LSD) = 2.63

According to the strip widths, the highest bending
strength was obtained with 107 MPa from the control
samples, while the difference between them was
insignificant, followed by the samples with 14 mm and
42 mm strip widths, and the lowest bending strength was
obtained in the samples with 28 mm strip width.

With the value of 79.92 MPa, the bending strength
values of the blockboards with oriental beech core were
higher than the blockboards with black poplar core
(57.23 MPa).

The levelling made depending on the importance of the
differences between the bending strength values due to
the binary interaction of strip width and wood species
is given in Table 5.

Table 5. Levelling bending strength values based on binary interaction of strip width and wood species

Interaction Type

Bending Strength (MPa)

Homogeneity Group

Control x Oriental Beech
Control x Black Poplar
42 mm x Oriental Beech
14mm x Oriental Beech
28 mm x Oriental Beech
14 mm x Black Poplar
42 mm x Black Poplar
28 mm x Black Poplar

108.30
105.70
73.50
71.79
66.13
42.07
41.53
39.59

OO0 wWmWwW>» >

Least Significant Difference (LSD) = 3.72

Depending on the dual interaction of strip width and
wood species, the highest bending strength was achieved
in the oriental beech end-grain core blockboards with 42
mm and 14 mm strip width, followed by oriental beech
end-grain core blockboards with 28 mm strip width.
Strip width was not found to be effective on bending
strength in black poplar end-grain core blockboards.

12

3.2. The Effect of Wood Type and Strip Width on
Elasticity Modulus in Bending

The test values of modulus of elasticity in bending
obtained from the tests according to the wood species
and strip width are given in Table 6 and shown in Figure
4.
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Table 6. Modulus of Elasticity values of end-grain core blockboard according to wood species and strip width

Modulus of Elasticity (MPa)

Oriental Beech Black Poplar
Control 14mm 28mm 42mm Control 14mm 28mm 42mm
Minimum 7,183.21 6,683.75 5,057.79 6,440.85 8,404.97 3,979.49 3,609.12 3,097.60
Maximum 10,320.84 8,449.78 7,760.02 8,653.74 12,046.47 5,728.67 5,701.49 5,320.68
Average 9,307.02 7,531.54 6,975.45 7,205.49 10,466.59 4,726.28 4,864.54 4,623.77
Standard deviation 783.29 42221 52440 543.92 920.06 49488 552,18 524,47
Coefficient of variation 8.42 5.61 7.52 7.55 8.79 10.47 11,35 11,34

Modulus of Elasticity VValues of End-grain Core Blockboard According to Wood Species and Strip

Width
< ‘—E 42 mm
2 A L === ——
; a
o S Amm =
= <
= 0N O
o 5 anm
g g
2 no28mm
o -
s £ 4Amm
= 5 - ]
& Control ==
0.00 2000.00 4000.00 6000.00 8000.00 10000.00 12000.00 14000.00
Oriental Beech Black Poplar
Control 14 mm 28 mm 42 mm Control 14 mm 28 mm 42 mm

m Coefficient of variation 8.42 5.61 7.52 7.55 8.79 10.47 11.35 11.34
m Standard deviation 783.29 422.21 524.40 543.92 920.06 494.88 552.18 524.47

Average 9307.02 7531.54 6975.45 7205.49 10466.59 4726.28 4864.54 4623.77
| Maximum 10320.84 8449.78 7760.02 8653.74 12046.47 5728.67 5701.49 5320.68
m Minimum 7183.21 6683.75 5057.79 6440.85 8404.97 3979.49 3609.12 3097.60

Bending Strength Values (MPa)

Figure 4. Modulus of Elasticity values of end-grain core blockboard according to wood species and strip width
According to the bending strength values given in Table  seen from Table 7, strip width, wood species and mutual
6, an analysis of variance is given in Table 7 to interaction of these two variables were effective on
determine whether the wood species and width of strip  elastic modulus in bending.
used in the core affect the bending strength. As can be

Table 7. Multiple variance analysis of the effect of wood species and strip width on elastic modulus in bending

Variance Degree of Sum of Average of F Value Probability of Error
Sources Freedom Squares Squares (p <0.05)
Strip width (A) 3 457,762,038.72 152,587,346.24 381.68 0.00*
Wood species (B) 1 100,592,063.80 100,592,063.80 251.62 0.00*
AB 3 102,681,051.93 34,227,017.31 85.61 0.00*
Error 152 60,766,458.67 399,779.33
o Total 159 721,801,613.12
B0

The levelling made depending on the importance of the  Table 8. Levelling of elastic modulus values in bending
differences between the elasticity modulus values in  depending on strip widths
bending obtained depending on the width of each strip is

Modulus of Homogeneity

iven in Table 8. i i .
given in Table Strip Width Elasticity (MPa) Group
The elastic modulus (9,889 MPa) of the control group Control Group g?gg g‘
samples was higher than the elastic modulus values of 14 mm 5'920 B
the end-grain core blockboards. Since the difference 28 mm :
42 mm 5,915 B

between elastic modulus values was insignificant, strip

. A ) A ! Least Significant Difference (LSD) = 279.2
width did not affect the elastic modulus in bending.
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Table 9. Levelling the elastic modulus values in bending depending on the tree type

Wood Modulus of Homogeneity
Species Elasticity (MPa) Group
Oriental Beech Core 7,756 A
Black Poplar Core 6,170 B

LCeast Significant Difference (CSD) = 197.40

The levelling made depending on the importance of the
differences between the elasticity modulus values in
bending according to the wood type is given in Table 9.

As seen from Table 9, the modulus of elasticity in
bending (7,756 MPa) of the blockboard with oriental

beech core was higher than that of the blockboard with
black poplar core (6,170 MPa).

The levelling made depending on the importance of the
difference between the modulus of elasticity values due
to the dual interaction of strip width and wood species is
given in Table 10.

Table 10. Levelling of the modulus of elasticity values based on binary interaction of strip width and wood species

Interaction Type

Modulus of Elasticity (MPa)

Homogeneity Group

Control x Black Poplar
Control x Oriental Beech
14mm x Oriental Beech
42 mm x Oriental Beech
28 mm x Oriental Beech
28 mm x Black Poplar
14 mm x Black Poplar
42 mm x Black Poplar

10,470
9,312
7,532
7,205
6,975
4,865
4,726
4,624

mmmoJow»

LCeast Significant Difference (LSD) = 394.90

As seen from Table 10, the highest modulus of elasticity
was obtained in the blockboard from black poplar with
the value of 10,470 MPa, followed by the blockboard
from oriental beech with the value of 9,312 MPa. While
the width of the strip was found effective on the modulus
of elasticity in the oriental beech core blockboards, it
was not found effective on the black poplar ones.

4. Conclusions

This study, it is aimed to determine the effect of strip
width and wood species on the modulus of elasticity in
bending and bending strength in end-grain core
blockboards. In the usual blockboards, the direction of
the strips forming the core is parallel to the horizontal
and in the direction of the length. In this study, the strips
forming the core were perpendicular to the horizontal
and in the direction of the thickness of the blockboard to
ensure more effective use of waste and non-standard
wooden parts and this study is a pioneering work in this
respect.

The bending strength and modulus of elasticity of
oriental beech end-grain core blockboards were 39% and
26% higher, respectively, compared to black poplar
ones. It is thought that the higher the density of the
oriental beech and the lower the void ratio affected this
result. In oriental beech end-grain core blockboards,
higher bending strength and modulus of elasticity values
were obtained in the blockboards with core from the
strips 14 mm and 42 mm in width compared to 28 mm

strip width without any noticeable difference between
them. And also, the strip width was not an effective
factor in bending strength and modulus of elasticity in
black poplar end-grain core blockboards. As another
result, regardless of the wood type, strip width was an
ineffective factor on the modulus of elasticity, but
effective on bending strength.

Efe and Kasal[27], determined bending strengths as 129
MPa in oriental beech, 73 MPa in Scots pine, 65 MPa in
Okume blockboard, 32 MPa in MDF (Medium-Density
Fiberboard) and OSB (Oriented Strand Board) in their
studies. In the same study, the modulus of elasticity was
found as 12,250 MPa, 11,760 MPa, 7,730 MPa, 5,498
MPa, 6,530 MPa, respectively. Altinok and Kilig found
the bending strength of particleboard as 12 MPa and the
bending strength of particleboard faced with laminate
(CPL) as 24 MPa [28].

According to the data obtained from this research, the
bending strength of the end-grain core oriental beech
blockboard is 79 MPa and that of the end-grain core
black poplar blockboard is 57 MPa, regardless of the
width of the core strip. When these values are compared
with the values of other engineered wood, the result is
considered open to improvement and satisfactory.

By using the wood species, strip width and adhesive type
variables, it is possible to manufacture different end-
grain (vertical strip) core blockboard and strength values
can be further improved.
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Abstract

This study investigates the characterization of aluminum barrier laminate tubes and how mechanical
properties change by difference of polymeric raw materials. In this study, four different prototypes have
been produced and compared with themselves plus two different references. References have been
obtained from the market with taking into consideration of the most common ones. After the examination
of cross section images, it has observed that the main difference of produced prototypes from reference
sample is layer distribution. Main layers are thicker in prototypes than reference samples. Prototypes have
been produced by different formula and in some cases, different raw materials. Characterization
measurements were taken by dynamic scattering calorimetric thermograms. For comparison of
mechanical properties, young modulus values were obtained by using tensile meter for measurements of
250um thickness 25mm wide, 50mm length foil samples. Aim of this study is the discovering possible

ways of reaching 600-700 N/mm? in young modulus value by different formula like reference samples.

Keywords: Aluminum barrier laminate tubes, flexible packaging, plastics, young modulus.

1. Introduction

Since the discovery of polyethylene (PE) and
polypropylene (PP), plastics have easily found their way
into every aspect of our lives. Although it is very
difficult to build a world without plastics that contains
synthetic or organic polymers these days, the emergence
of the plastic industry dates back to the recent past
~1950s. The use of the plastic was in the military field
at first. Then it started to be used in different sectors
such as construction after the World War II. However,
the plastic industry market has made its biggest leap in
the packaging sector. Currently, the packaging sector
without plastics is unthinkable [1,2].

The most basic task of a package is to protect the
product to be included in it from environmental factors
and help the product to protect its shelf life. In addition,
it facilitates the transportation and storage of the
product. It informs the consumer about product and has
an attractive effect for the consumer with its design.
Packaging is divided into three different categories:
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Flexible, semi-flexible and rigid. Paper-plastic bags and
pet food packages fall into the flexible category.
Paperboard boxes are an example of the semi-flexible
category. Rigid packaging involves materials with
higher strength such as glass bottles and metal cans [3].

Recently, there has been a transition from rigid to
flexible form in PE and PP based plastics. The most
important factor in this is to obtain less thick structures

with the use of less plastic in flexible packaging. In
addition, flexible packaging has many advantages such
as versatility, high resistance, light weight, less waste
and being suitable for different printing techniques [1].
Thanks to these advantages, it is very easy to come
across flexible packaging solutions with different
structures in different sector such as food, hygiene and
cosmetics. One of these structures is laminate tubes,
which are a type of packaging where aggressive
chemicals such as toothpaste, hair dye and
pharmaceutical cream [4,5]. Laminate tubes have a
longitudinal back seam along their body as a
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characteristic feature. They can be in different colors
and with or without print. Closing the tubes filled with
the product to be placed inside can be easily done by
thermal processes. These tubes are designed using five
layers: a heat sealable layer, a first tie layer, a barrier
layer, a second tie layer and an outer layer. Polymeric
materials such as low density polyethylene (LDPE) and
high density polyethylene (HDPE) are generally used
for heat sealable and outer layers, respectively. Ethylene
acrylic acid (EAA) or ethleyene methacrylic acid
(EMAA) copolymers are often preferred for tie layers
[6,7]. One of these layers provides a barrier feature to
the packaging, in other words, to the laminate tube,
helping it protect the products shelf life. According to
the difference in the barrier layer, these tubes are
separated into two groups: Aluminum Barrier Laminate
(ABL) and Plastic Barrier Laminate (PBL). Barrier
property in PBL tubes is provided by ethylene vinyl
alcohol (EVOH) layer [8]. In the study of Feng et al., it
is clearly seen that the oxygen permeability decreases
with the increases of the EVOH ratio in the
EVOH/LDPE composition [9]. However, ABL tubes
include aluminum foil providing barrier properties as
shown in Figure 1. This layer protects the product, from
environmental factors such as corrosion, diffusion and
light, as well as preventing changes in the flavor and
odor of the product due to the excellent barrier property
provided by aluminum foil [8].

1 ouniR LR W
SONTOVC P COPOLYWE R
B e e
BONDVG PE COPOLYMER
R et e

Figure 1. ABL tube layers [10].

Samples are produced as taking into consideration of
most common ABL tubes in market and this refers as
12/250. The meaning of 12/250 comes from 12um for
aluminum thickness and 250 pum for total thickness.
Inner and outer layers are produced in blown PE film
production lines as co-extruded films. Then, these films
are laminated via melted polymers with aluminum foil
in extrusion lamination lines. ABL tubes should be
examined considering many mechanical properties such
as coefficient of friction, tear resistance and stiffness
value. Stiffness is a very important parameter especially
when filling the tube with product. If the tube is not
tough enough, problems such as loosening in the tube
and flowing of the product occur during filling.

In this study, it is aimed to characterize ABL tubes
produced with different formulas by comparing them
with reference materials and to compare the stiffness of
laminants. Thus, it will be learned how changes in
formulas affect stiffness or young modulus values.
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2. Materials and Methods

A, B, C and D samples were fabricated using different
polymeric raw materials such as HDPE, LDPE, linear
low density PE (LLDPE), metallocene low linear
density PE (mLLDPE) and cyclic olefin copolymer
(COC). Trials were done using different resins with
melt flow index (MFI) and density values for the same
type of raw materials. The density values of raw
materials are 0,95, 0,923, 0,918, 0,918, 1,01 g/cm3 for
HDPE, LDPE, LLDPE, mLLDPE and COC,
respectively. The MFI values are 1,5, 0,75, 1, 1 and 2
¢/10 min in the same order. Inner and outer PE layers
were produced in Windmoller Holscher (2010) branded
blown film line. Then, the PE films were laminated in
Erwepa-Davis Standart (2015) branded extrusion
maination machine. Dynamic Scattering Calorimetry
(DSC) analysis was used for the characterization and
verification of the samples. DSC thermograms were
taken with Perkin Elmer-DSC 4000 device. Lloyd
Insrument’s tensilemeter device was used for young
modulus values. Olympus-BX53F2 branded microscopy
device was used for the thickness distribution of the
ABL structures.

2.1 Samples Preparing

Compared to market leaders’ products, the product
subject to this work has a particular difference in layer
distribution. In this project, production has been making
with thicker inner and outer layers despite thinner tie
layers. This adjustment is mostly relevant to production
technologies and limitations. Examined reference
sample has been produced in consecutive extrusion
lamination lines which are specially designed for ABL
productions. These production lines allow applying
higher polymer melt weights which mean thicker tie
layer in another saying.

In this project, ABL production has been making in a
compact extrusion lamination line which is designed for
thinner packaging. PE films of inner and outer layers
has been produced in Pilenpak PE film production site
by S-layer Windmoller & Holscher blown film lines. PE
film formulation had been designed in the scope of this
study. Hereby different versions of 120um thickness
white PE for outer layer and 70pm transparent PE film
for inner layer had been produced. Beside that two
reference samples had been chosen according the
customer’s referral and market share of ABL laminates.
As the customer’s feedbacks, these two references show
ideal production efficiency and provide consumer
satisfaction. References samples’ microtome cross
sections have been examined under microscope to
determine thickness of each layer. Cross section of
sample B is shared in Figure 2 as an example.
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Figure 2. Cross-section of sample B.

Layer distributions of sample A, B, C, D and reference
samples are given into Table 1. Since outer and inner
layers constitute almost 70% of finished good by
weight, actions to increase stiffness have been made by
focusing to edit these layers. Four different samples
have been produced by editing formulas of inner and
outer layers.

Table 1. Layer distributions of ABL samples.

A-B-C-D Ref. 1 Ref. 2
PE White
(outer) 120pum 113pum 80um
Tie layer 21pum 35um 68um
Aluminum 12pm 12um 12um
Tie layer 27um 30pum 40um
PE Transparent
(inner) 70um 60um 50um
Total 250um 250um 250um

Table 2. Material dispersions of inner and outer layers
of sample A, B, C and D.

A B C D
LDPE 35-50% | 25-40% | 40-55% | 20-35%
LLDPE 2-15% | 2-15% | 10-25%

MDPE 15-30% | 15-30% | 15-30%
mLLDPE  10-25% | 10-25% | 5-20% | 25-40%
HDPE (0,3) 20-35%
HDPE (1,5) 5-20%

cocC 5-20%

3. Results and Discussion
3.1 Characterization

DSC termograms were taken into consideration to
crosscheck which materials have been used. DSC
analysis has been designed as 5 steps. First, samples
have been heated 50°C to 150°C at 50°C/min. After
have been held a minute in 150°C as step 2, samples
have been cooled back to 0°C at 15°C/min. Then again,
held a minute. And last, have been heated 0°C to 150°C
at 10.00°C/min which is relatively slower. That’s why
more clear outcomes are expected from step 5.
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Figure 3. DSC thermograms of samples A,B,C, D,
Reference 1 and Reference 2.

In Figure 3, DSC termograms of sample A, B, C, D with
reference 1 and 2 based on step 5 outcomes. Especially
LDPE, LLDPE, HDPE and COC materials are able to
specified on DSC depending their relatively different
melting temperatures. On the flipsidle mLLDPE -
LLDPE and MDPE — HDPE have quite close melting
temperatures therefore these materials may be confused
on DSC termograms [11].

3.2 Mechanical Properties

Young modulus values have been considered to
compare samples due to their stiffness. Young modulus
or in another saying elastic modulus can be referred as
ratio of strain to unit elongation in strength. Unit
elongation is ratio of length difference to first length. In
tensile tester devices, young modulus is calculated with
curve of strain to unit elongation as shown in Figure 4
[12].

Figure 4. Strain-unit elongation curve [12].

Young modulus (E) is equals to ratio of strain
differences (Ac) to elongation differences (Ag).

_ Ao

T As
In this work, samples have been prepared as 25mm
width, 10cm length and 250pum thickness and analyzed
machine direction (MD) and transverse direction (TD)
both. In other saying, MD is the direction which melt
flows through and TD is the vertical direction to this.
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Tensile tester has been drawn until samples elongate
1%. To elongate the samples 1%, ratio of required
strength to surface area is based as young modulus
which makes the unit N/mm?. Outcomes are shared in
Table 3 and Figure 5.

Table 3. Young Modulus values.

Direction of
section A B C D Refl | Ref2
MD 589 613 706 758 675 738
TD 457 623 743 685 654 758
1000 T T T T T T
MD (N/mm?)
800 - D (N/mmz) 4
3 600 - |
El
©
o
= 400 1
o
c
>
o
> 200 H
0 ]
A B @ D Ref1  Ref2

Figure 5. Young Modulus Comparison.

The result has shown that reference samples has at least
650 N/mm? young modulus values for MD and TD both.
Hereunder 650 N/mm? young modulus value has been
set as target in this project. Sample A which had been
mostly made of LDPE, LLDPE and MDPE has been
achieved lowest Young modulus values. Accordingly,
LDPE, LLDPE and MDPE combination is insufficient
can be deduced to reach target. Especially in TD, there
is a huge gap between target. Sample C has quite
promising outcomes. COC provides the ending good a
significant stiffness and this may be considered as
working solution. Yet according to reference
termograms, there is no sign to COC is used. Sample B
and D are HDPE added prototypes. They also show
some promise by increasing young modulus values. As
a comparison to each other, using HDPE with lower
MEFI effects more to increase young modulus. Low MFI
HDPE use may be considered as key inference of this
work.

4. Conclusion

In this study, ABL tubes have been fabricated by using
different polymeric raw materials and formulas. Lower
stiffness causes ovalization problem and this leads to
loss while filling of ending good. In the examination of
Pilenpak’s products and reference samples, significant
difference between young modulus values had been
observed and this had linked to stiffness failure. Target
value in young modulus were determined as 600-650
N/mm’ by reference materials from the market. To
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increase Young modules, 4 different samples have been
produced. Sample A had been produced mainly by
LDPE and Sample B is the theoretically 5-20% HDPE
included version of A. In sample C, Cyclic Olefin
Copolymer (COC) had been used 5-20% and sample D
had been designed with lower MFI HDPE (0.3 in 190°C
and 2.16 kg). DSC thermograms have showed that
reference samples involve HDPE and according to cross
section images, main layers are thinner compared to
produced prototypes. Using thicker tie layer may
provide higher young modulus. Because of the limits of
Pilenpak production lines, tie layer can only be this
much thicker. That’s why different formulas and raw
materials had been used to increase young modules.

When the results are examined, Sample A and B show
lower young module values than the other samples. It
was observed that using COC and HDPE with lower
MEFI work to increase young modules. Sample C and D
looks comparable with references in terms of young
modules. The difference of Sample B and C is the using
different HDPE especially with different MFI. Results
show that lower MFI HDPE provides better young
modulus comparing to higher MFI and this supports
Abbas-Abadi and friends [13]. Sample D also shows
promising results. COC is known for providing stiffness
and lower tear resistance on PE films [14]. Especially in
MD, Sample D has exceeded target values and made
better results. Sample C and D, 706 and 758 N/mm?
young modulus values in MD and 743 and 685 N/mm®
in TD which are significantly promising results
compared to references..
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Abstract

Advanced Persistent Threat (APT) has recently emerged as sophisticated and tailor-made attacks. APTs
pose threats mainly targeting military, defense, security infrastructure, high profile companies, and
government units. Intrusion detection mechanisms are crucial for adequate protection, especially as a
countermeasure for APT attacks done by hacktivists, cyber warriors, and cyber terrorists over
management information systems (MIS) of government institutions and e-government applications. In this
study, Intrusion detection and prevention systems have been studied in detail after being referred to the
tasks and abilities of the intrusion detection systems that are at the core of the computer security
technology presented today to meet the increasing need for information and network security. This paper
aims to specify the differences between Host Based Intrusion Detection Systems (HIDS) and Network-
Based Intrusion Detection Systems (NIDS) and compares the tools using HIDS and NIDS. It is asserted
that to better assurance for APT attacks, there should be a Hybrid IDS approach covering both networks
and hosts using both signature and behavioral detection mechanisms based on deep learning algorithms.

Keywords: Intrusion detection systems, Host-based intrusion detection systems (HIDS), Network-
based Intrusion detection systems (NIDS), Hybrid IDS, MIS security

1. Introduction

One of the main issues of trust in E-government
implementation is security. The information age
makes information to be accessed all over the world
without any constraints due to the wusage of
technological advancement that provides solutions for
efficiency, confidentiality, and availability concerns.
Citizens prefer to use traditional ways rather than an
unsecured website [1]. So information services located
on servers become widespread, and data stored on
these services become vulnerable to exposure and
cyber-attacks. Mainly cloud services provide
omnipresent opportunities for information processing
and fast access, and it also makes information more
vulnerable a target for hacktivists, cyber warriors, and
cyber terrorists. Cyber-attacks have existed, evolved,
and become more sophisticated than ever in recent
times as Advanced Persistent Threats (APTs) come
into view.

Along with the widespread use of the internet, threats
to information systems have also increased
dramatically and widened in types of attacks. Along
with the rapid increase in the number and types of
security threats, security technologies are also
undergoing rapid development. Security mechanisms
such as authentication and access control were first
developed to ensure the security of computers, prevent
unauthorized access to systems, and capture or modify
information. Such mechanisms constitute the first step
of safety. Firewalls, wvulnerability scanners, and
intrusion detection systems form the second stage of
security mechanisms. None of these security
technologies alone is fully adequate because each one
is focused on different security points. For a secure
system, these structures must be used together to
support each other. The purpose of intrusion detection
is to classify all intrusion attempts correctly and notice
activities that should not be tagged as an intrusion. In
this context, an intrusion is a resource accessibility
violation. Systems that detect these actions are named
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Intrusion Detection Systems-IDS. IDS use system
network or data to find attacks.

IDS provides three essential security functions:
monitoring, detecting, and responding to unauthorized
activities. IDS are generally classified as follows [2]:

1. Host-Based (HIDS): Host-based intrusion detection
systems run on individual hosts/devices on the
network.

2. Network-Based (NIDS): Network-based intrusion
detection systems monitor traffic between all devices
on the network.

In general, the effectiveness of the intrusion detection
system depends on its "Configurability” (Ability to
define and add new specifications attack), robustness
(fault tolerance), and the small number of false
positives (false alarms) and false negatives
(undetected attacks) it generates [3]. The remainder of
the paper is organized as follows: Introduction to
intrusion  detection systems; advantages and
disadvantages of both network-based IDS and Host-
based IDS; expectations from sound intrusion
detection systems; intrusion detection tools; and
conclusions are drawn before future work discussed.

2. The E-Government Security Risks to Be
Mitigated by IDS Systems

According to a study, the development of e-
government faces fatal security problems due to the
complexity and vulnerability of networks [4]:

2.1 Information Intercepting

If interceptors cannot be detected in a system,
information confidentiality will not be adequately
managed.

2.2 Information Tampering

If information tampering cannot be detected in a
system, information integrity and availability will not
be appropriately managed.

2.3 Services Denying

It is the complete invalidation of the network system
or the server's system in some period.

2.4 System Resources Stealing

In the network system environment, stealing the
system resources is very common.

2.5 Information Faking

The primary forms include pretending users get illegal
certifications, forging emails, etc. The risks mentioned
above related to e-government applications and e-
business systems can be mitigated by using IDS
systems properly.
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3. Intrusion Detection Systems-1DS

Intrusion means any set of actions that dare to risk a
source's integrity, confidentiality, or availability. Such
computer system violations can cause problems: data
integrity, access denied for online resources, the leak
of confidential data, and taking benefit of private
resources. Denning implemented an intrusion
Detection System (IDS) in 1987. Since then, IDS has
become a hot analysis topic essential for network
security. IDS protects external users and inner
attackers, wherein visitors do not pass beyond the
firewall at all. Intrusion Detection Systems are divided
into identification methods and attack detection.

Intrusion Detection Systems are based on their
established environment; Network Intrusion Detection
Systems and Host-based Intrusion Detection Systems.
Intrusion Detection Systems are divided into
signature-based Intrusion Detection Systems and
anomaly-based Intrusion Detection Systems according
to intrusion detection methods. Signature-based
Intrusion Detection Systems use attack signatures in
an attack signature database to detect attacks.
Anomaly-based Intrusion Detection Systems perform
intrusion detection based on the anomalies in the
network traffic without using attack signatures.
Signature Based Intrusion Detection Systems can only
detect attacks on the attack database. They have no
chance of seeing new episodes. Since anomaly-based
Intrusion Detection Systems do not use any attack
signatures, these systems are likely to produce false-
positive results. Anomaly Based Intrusion Detection
Systems are also able to detect new attacks. Intrusion
detection systems are systems designed to detect these
attacks, which are made up of various packages and
data, which can be attacked or caught after computer
system attacks against the computer system
technology. Intrusion detection systems can be
thought of as a kind of alarm system.

It is possible to divide them into categories in many
different ways. For example: According to the Internet
Security Systems (ISP) model, an intrusion detection
system can be primarily active or passive. The latter
may be host-based or network-based. When we
combine these two systems, intrusion detection
systems can be grouped as such:

active / host-based,

active / network-based,

passive / host-based,

passive / network-based.

Intrusion detection can be classified according to two
analysis methods. A system needs to respond in real-
time or close to an attack that is detected to be
functional (for example, shaping firewall rules against
an attack or warning the user from the command
console). Passive systems usually record episodes and
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then store them for review. There is a need for
triggering mechanisms (in other words, to know the
wrong and unusual usage of the system and network
resources) to detect attacks. These are misuse attacks
(signature-based attacks) and anomaly attacks.

Intrusion Detection is becoming re-created as
Intrusion Prevention. These systems are being crafted
for HIDS and NIDS environments, showing that
vendors listen to security needs. These new
technologies work by various means, such as
intercepting application interface calls to operating
systems and classifying the calling activity. If the
Intrusion Prevention system thinks that the caller is
inappropriate, the access can be denied, allowed,
logged, or combined.

3.1 Network-Based IDS

A Network-Based IDS (NIDS) analyzes incoming
packets over a network connection and analyzes
packets on the data part of the attack. NIDS uses the
abnormality detection of signatures to detect attacks. It
alarms to report a real-time attack keeps a log of
detailed information about the attack after the attack
has occurred. Network-based intrusion detection
systems display the traffic passing through the
network’s segment in the form of a data source. This is
usually accomplished by bringing the network card
into promiscuous mode to capture all traffic passing
through it. Traffic to other segments of the network
and other types of communication, such as phone
lines, can not be captured and displayed. The network-
based intrusion detection system mainly deals with
packets passing through the network via a sensor. The
package arriving at the detector must be checked
against the existing signatures to decide what to do
with the package. The filter at the start level specifies
which packets are accepted and which packages are to
be discarded or sent to the attack recognition module.
If an attack is detected, the response module triggers
the alarm to be generated in response to the attack.
Encryption of the traffic between the sensor and the
monitor, including sensors and viewers in a separate
network, is essential for security. For a knowledgeable
and experienced attacker, the traffic (alarms, status
logs, other packets, etc.) between the sensor and the
viewer is vital for attacking the network. Sensors and
viewers can be included in a separate network to
protect against DoS (Denial of Service) attacks. The
other advantage is that the network on which the
attack is detected differs from the network we are on.
Network-based intrusion detection relies on acquired
knowledge [6]. Symantec reported that IDS could
generate 10-90% of false alarms depending on the
level of tuning and customization [7]. Julich and
Dacier [8] have pointed out that IDS could generate up
to 99% false alarms.
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3.2 Host-Based IDS

Host-based intrusion detection was a commonly used
method in the early 1980s. Audit logs were held
against potentially dangerous network activities.
Today, this system is used; but "audit logs" are more
sophisticated, automated, and real-time detection and
response made easier. Software is used to view logs in
host-based systems. The system, event, and security
records on Windows NT systems, Syslog, and custom
OS registry files are available on UNIX systems. Any
changes to these files are to be compared to the
existing security policy, and the response will be
promptly answered. The host-based IDS displays real-
time logs and responds in the same way. Some host-
based IDS can also listen to port events and block
access to specific private ports, thereby providing
network security. The task of host-based intrusion
detection systems; Listening to the traffic of the server
on which the server is installed, recording files and
transactions based on the attack/signature database on
the server and customized for that server, and
responding by detecting attacks. Host-Based Intrusion
Detection Systems (HIDS) work by examining the log
files of the server traffics based on the database on the
server and notify a report to the relevant system
administrator when an unexpected attack is detected.
The essential rule in these systems is system
compatibility. The compatibility of operating systems
can be non-contingent.

Host-based intrusion detection systems are installed
on various special servers and detect or prevent
attacks on that server. It is the task of taking the
configuration files of the systems they are in, tracking
the files that the system records are kept in, examining
the changes that may occur in the system's integrity,
and preventing malicious use. They have difficulties
complying with the systems they have built fully. The
nature of the operating systems is incompatible with
each other. This leads to the requirement that intrusion
detection systems are explicitly written for that
operating system and structured to the weaknesses.
They are available for custom server software.

4. Literature Review

Anderson first described the concept of the intrusion
detection system in 1980, and in 1987 by Denning's
publication, the basic intrusion detection system was
defined. The amount of data being produced by such
Intrusion Detection Systems (IDS) exceeds by far the
human capability of information processing [9].
Various researchers have given the following
definitions on matter intrusion detection systems and
technology in recent years.

According to Yang and others [10], IDS is a system
that detects and identifies intrusion behavior or
intrusion enterprises by monitoring and analyzing Ag
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packets or system audit records in a computer system
and then giving real-time intrusion warnings to system
administrators.

According to Xuetao and others [11], intrusion
detection technology is a crucial research area in the
information system, which is open to attack and is an
essential  research  direction  for  information
technologies that prevent malfunctions from being
exploited by malicious codes or codes.

According to Pikoulas and others [12], the intrusion
detection system is a system that identifies threats
aimed at any organization and then guarantees that the
system is protected.

Jemini and others [13] have compared a network with
an intrusion detection system to a house with installed
burglar alarm systems. They both used different
methods to detect an attacker from the inside. In
addition, everyone has been alerted that the system
and the attacker are alerting them.

From the above definitions, the definition of the
intrusion detection system, in general, can be given as
follows: It is a system aiming at detecting attackers
who are infiltrating or leaking outside the system with
various purposes such as accessing the system without
permission, unauthorized use of the system resources,
accessing and changing the personal information of
the users, running or stopping the operation of the
system, and users who misuse the limited system
resources.

Intrusion detection systems can be divided into three
main categories and subcategories. Network-based
intrusion detection systems detect web-based attacks
based on an intrusion detection system and host-based
intrusion detection systems that detect attacks against
a single computer system. Traditionally, intrusion
detection systems detect misuse attacks and systems
that see anomaly attacks. According to the attack
detection technique, some studies assumed that they
are in systems that detect identification/hybrid attacks,
a mixture of misuse and abnormality models, as an
additional category [14,15]. Also, detection of
abnormality attacks can be decomposed by statistical
abnormality test, artificial neural networks, full based
on the detection of abnormality, data mining based on
the detection of anomalies, immune-based
abnormalities detection, and so on [10,16].

Intrusion detection systems are central and distributed
according to their architectures [14,17]. Data analysis
in centralized intrusion detection systems is done on a
server independently of the number of servers
monitored. This process can be done on servers in the
intrusion detection systems prepared with distributed
architecture. Though centralized architecture and
intrusion detection systems have the advantage of
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having direct access to the database, there is a severe
drawback, such as the occurrence of bottlenecks.
DDIS, AAFID, and NIDIA can be given to intrusion
detection  systems prepared with distributed
architecture. Intelligent agents are usually used in
structures used instead of the new generation
distributed architecture. Intrusion detection systems
can be classified as real-time or offline in terms of
operational logic.

A STUDY USES XML-based SOAP, WSDL, and
UDDI to utilize web services that allow machine-to-
machine interoperability. M. Silva and others
presented a multi-agent remote access intrusion
detection system [17] that provides services for users
who do not have a local intrusion detection system in
their work. Multi-agent architecture and model-based
architecture web services were used in the model they
used. Due to the multi-agent structure, system
flexibility is provided by agents sharing information in
the system. Model-based architecture adds portability,
interoperability, and reusability to the system. The
design presented in this study consists of 6 layers,
including monitoring, analysis, response, update,
management, storage. The proposed system provides
intrusion detection system services over the internet.
Although users can easily access it, there is a
disadvantage in its very intensive communication.

Data collection techniques in intrusion detection
systems are implemented through sensors. These
sensors are classified as internal and external sensors.
Internal sensors embedded in the program being
watched or working as part of them and those separate
from the program are also referred to as external
sensors. Advantages of external sensors; They can be
easily added to the server quickly and easily separated
from the server. The ability of an attacker to disable or
change the sensor as easy to modify and creating
delays is the disadvantage of external sensors. The
advantages of internal sensors can be listed as minimal
latency, ease of change, and difficulty in developing
the server's weaknesses. However, it is listed as a low
overhead to the server's performance, the necessity of
developing the program to be monitored in the
program's language, updating and developing the
wrong implementation, and serious problems.
Examples of external sensors are agents that monitor
each server in distributed systems separately and
report them in a hierarchical structure they find.
Internal sensors developed for OpenBSD systems for
internal sensors can be provided that do not require
the additional load to detect different attacks in real-
time [15]. Intrusion detection systems' quality should
be evaluated according to their effectiveness,
adaptability, and extensibility scales [15].

While intrusion detection systems detect attacks, they
do not determine that they have failed successfully.
Instead, this decision is left to the analyst and system
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administrators. In such a case, the system
administrator reviews the collected audit information,
performs vulnerability scans, and checks the system
for updates. Although these operations can be
performed on small-scale networks, they are not
practical in distributed networks having a large
amount of control information.

Researchers have generally ignored the human factor
by focusing on the machine component in the
intrusion detection system. This shortcoming puts the
advocating side in a disadvantageous position.
Because the wvalues of avoidance and assertion
validation methods are not fully understood [16].

5. Verified Current Zero-Day Exploits of IDS
Systems

The zero-Day vulnerability occurs when computer
vulnerability is publicly announced. Once the Zero-
Day Vulnerability occurs, all computers and computer
users using that software are at risk. If the software's
support team does not act fast enough to close the gap,
hackers can turn this vulnerability into exploits and
quickly share them among themselves. Of course, a
competent team can perform a simple computer user
or internet hackers. As a result, more hackers can
easily manage to exploit this vulnerability.

Zero-Day Exploit transforms the vulnerabilities
caused by the Zero Day Vulnerability into software or
scripts by experienced internet hackers. When such
vulnerabilities are turned into Zero-Day Exploit, all
professional or inexperienced hackers can easily
exploit the vulnerability and damage systems.

The preparation of Zero-Day Exploits is sometimes a
complicated process, and sometimes it can be
straightforward. Creating Zero-Day Exploits for
operating systems such as Windows XP that have
entirely lost support and have not received updates
will be much easier. Microsoft has announced that no
security updates will be offered for this operating
system. All vulnerabilities for Windows XP will turn
into Zero-Day Exploit from now on.

Zero-Day Attack attacks can be a kind of blessing for
internet hackers who act early. A zero-day attack is
the emergence of software vulnerability and hackers
launching attacks using this vulnerability directly or as
an exploit. Because although others have revealed
these vulnerabilities, the first act of hackers will
benefit from this vulnerability and will continue to use
the exposure until closing the gap. Some examples of
IDS and systems are declared as verified zero-day
exploits in the table below. The hyperlinks can
provide detailed information for each exploit.

Table 1. Some Examples for Verified Exploits Declared in the Exploit Data Base on the IDS

Date Title Type Platform Author
Snort unified 1 IDS Logging - Alert Evasion & Lodfile . Pablo Rincén
2009-09-21 Corruption/Alert Falsify DoS Multiple Crespo
2009-07-27 Magician Blog 1.0 - 'ids' SQL Injection WebApps PHP Evil-Cod3r
2007-12-26 RunCMS 1.6 - Blind SQL Injection (IDS Evasion) WebApps PHP sh2kerr
Oracle 10g - 'LT.FINDRICSET' SQL Injection (IDS .
2007-10-27 Evasion) Local Multiple sh2kerr
2005-12-07 App_fluent Database IDS < 2.1.0.103 - Environment Local Solaris  cOntex
Variable Local Overflow
2002-05-17 2§§§SSIDS Device Manager 3.1.1 - Arbitrary File Read Remote Hardware Andrew Lopacki
Cisco Secure IDS 2.0/3.0 / Snort 1.x / ISS RealSecure 5/6 .
2001-09-05  "\FR 5.0 - Encoded 1S Detection Evasion Remote Multiple blackangels
2000-06-07 Computer Assoplates eTrust Intrusion Detection 1.4.1.13 Local Windows Phate.net
- Weak Encryption
1999-08-05 Network Security Wizards Dragon-Fire IDS 1.0 “Remote  Hardware Stefan Lauda

Command Execution

Source: www.exploit.db

The information given in Table 1 is related to exploits
available in the exploit database for the IDS system. The
each of the exploits, there is a link demonstrating its
information. For example, with the "Snort unified 1 IDS
Logging - Alert Evasion & Logfile Corruption/Alert

Falsify" named exploit, the alert type and size are
overwritten with the MAC addresses of the raw packet.
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So with malformed packets (Eth/IP/TCP/Data with
modified MAC addresses), the size and the type (and
other information) can be set falsifying alerts for a later
parsing process. For example, suppose an attacker
builds malformed packets. In that case, so a signal is
faked, the size is more extensive than 128M (the unified
log limit size by default), snort will continue inserting
alerts in the file. Still, when reading that alert, a parser
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will try to jJump 128M skipping the signals inserted after
the falsified one. An attacker can also insert a complete
list of falsified signals and malformed packets because
the basic package is TCP data. You can fill with
falsified UnifiedLog alert structures with binary data.
Therefore you would need to adjust the packet headers
to set the "size of the alert" (overwritten with the MACs
of the packet), making that the parser read the following
alert in the offset that the TCP data will overwrite with
the list of falsified warnings.

6. Advantages and Disadvantages of NIDS and HIDS

According to the intrusion detection system, the
categorization is performed single host-based or multi
host-based because of data collection mechanism and
activities monitoring. Network-based intrusion detection
systems monitor the entire network to determine an
attack or an attack condition. There is a distinction
between network-based and host-based systems on
"how data is collected™" but not on "how and where data
is processed” [15]. In general, network-based intrusion
detection systems are based on signature detection, and
host-based intrusion detection systems are based on
anomaly detection [14,15]. The HIDS and NIDS
approaches have advantages and disadvantages.
Pahlevanzadeh and Sansudin also exhibited these
advantages and disadvantages that they have stated in
their work in Table 2.

Table 2. Comparison of HIDS and NIDS

NIDS HIDS

The activity area is wide The activity area is limited. It
monitors  private  system
activities.

It is better at detecting an It is better at detecting

attack from the outside.
Notices that HIDS is
missing

The package header and the
entire package will be
examined.

The reaction is close to
real-time.

Independent from host
Dependent to bandwidth
Slows traffic on networks

where IDS clients are
located
The payload detects

network attacks after they
are analyzed.

It is not appropriate for
carrying encrypted data and
using the keying.

There is no overload

Have high false-positive
value

intrusions from inside. HIDS
notices that NIDS are
missing.
It does not see package
headers.

Reacts after any suspected
entry.

Dependent to host
Independent from bandwidth
Slow down IDS installed
server computers

Detects local attacks before
they damage the network.

It is appropriate for carrying
encrypted data and using the
keying.

Overloaded

Have low false positive value
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In addition to the information given in Table 1, Bai and
Kobayashi [15] point out that it is difficult to change the
evidence left by the attacker for network-based intrusion
detection systems and host-based intrusion detection
systems are connected to the operating systems.
However, they will not miss packets such as network-
based systems in dense network traffic [18].

The goal of the NIDS is to detect an attack that is
actively happening on a network. The emerging trend
seems to blend the two approaches in what we now call
a hybrid intrusion detection system [19]. The Hybrid
IDS combines both signhature and anomaly-based
models to achieve higher detection rates with lower
false positives.

In addition to the host and network-based intrusion
detection systems, these systems can be considered a
mix of host and network-based systems divided into
three different categories [15]. These are PH-NIDS (Per
Host Network-Based IDS), LB-NIDS (Load Balanced
Network-Based IDS), FW-IDS (Firewall Based IDS).
PH-NIDS analyzes network traffic based on the host
and only incoming traffic. LB-NIDS uses load
balancing and balances bandwidth using other network
intrusion detection systems. FW-IDS Network-based
intrusion detection system adds functionality to a
firewall. There is hardly any packet loss, but there is a
slowdown in the network.

7. Expectations from a sound intrusion detection
system

The quality of intrusion detection systems is often
assessed according to their effectiveness, adaptability,
and extensibility characteristics. These parameters can
be ordered as follows from a good and quality intrusion
detection system other than the primary needs:

e Attack detection rates are at very high levels

e It can operate at high speed and can be used in
real-time and applications

e Be able to display all events by following the
most effective listening data in large quantities

e In the system where it is running, the processor
memory, file, and network operations are at a
minimum level of resource utilization

e To Alert the security analyst by instantly
alerting them of any attack

e Be able to withstand the attack that may come
to it
Easy to set up and scalable
No matter how high the density in the network
traffic, the network packets are not lost

e It is a structure that does not cause faults and
openings in its internal mechanism.

e The system must be very resistant to an
attacker's deception.
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8. Intrusion Detection Tools

Here we are analyzing some of the best known IDS
tools to understand their benefits and advantages in
comparison. Snort is a leader in open-source NIDS
solutions. Snort uses signature-based intrusion detection
and anomaly-based detection methods and can rely on
user-created rules or update signatures from the
database as emerging threats. Suricata is Snort's direct
competitor, and it applies a security and anomaly-based
approach  based on signature-based  detection
methodology to detect attacks. Bro IDS uses an
anomaly-based intrusion detection method. The
language of Bro IDS is specific to network applications
that are the NIDS. It is very effective in traffic analysis.

6.1 Snort

Snort is a recently developed network-based intrusion
detection system that can perform abuse detection and
real-time traffic analysis on IP networks. Snort is an
intrusion detection system that works in the abuse
detection model—initially presented as a rule-based
penetration detection system in the intrusion detection
model. Nowadays, it is also used for traffic analysis
such as network data collection using plug-in programs
detection of abnormalities in protocol headers. Snort
consists of a multi-layer structure. It works with all the
arrangements to detect specific attacks and output them
in the desired format.

Snort, open-source, and free software distributed under
the GNU license, was developed by Martin Roesch in
1988. Now, an attack developed by Sourcefire, which
Martin Roesch has built, is the most widely used
globally. It is capable of real-time traffic analysis and
packet logging on IP networks, which can work
seamlessly on many different platforms such as Linux,
Windows, MAC, and FreeBSD Detection and
prevention system software. Snort, which is generally
signature-based, can also perform protocol and anomaly
analysis by using a set of paid or unpaid rules
downloaded from www.snort.org and
www.emergingTreats.com. They also have a flexible
rule/policy setup language that allows users to write
their own rules for attack detection, software protocol
analysis, content scanning/mapping, buffer overflow,
port scanning, operating system fingerprint test.

When Snort is used as an Intrusion Detection System
(IDS), two network interface cards are usually used.
One of the interfaces is used to listen to the network and
remotely access Snort and configure Snort. The
interface that listens to the network is generally not
assigned an IP address but all the switch ports to which
it is connected or mirrored. Snort will listen to all
packets passing through the switch with this method.

Snort's architecture is based on performance, simplicity,
and flexibility. It is built on four essential components:
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packet decoder, preprocessor, detection engine, and
logging/alarm.

6.2 Suricate

Suricata is an open-source intrusion detection and
prevention system distributed with a GPLv2 license.
The first beta version was released in December 2009,
and the first stable version was released in June 2010.
Snort's support of the rules became effective soon after
being accepted. Suricata has come up with significant
innovations in attack detection. These are the new
HTTP normalization tool called HTP library and
developed by lvan Ristic from the Suricata project team.
The most important feature of this new tool that allows
parsing HTTP traffic is "security-aware." It can capture
various techniques that attackers can use to bypass
intrusion detection systems. However, the library has
different parses for request line, request header, URI,
username, response line, server response line, and
cookie, "basic" and "digest" authentication operations
related to the HTTP protocol. Another essential feature
of Suricata is its ability to support multi-threaded
operations. For architects with multiple processor units,
the packet processing is distributed in different
departments with different threads. Each CPU unit acts
as a separate machine running on a single processor.
Thus, load balance is achieved, and performance is
improved.

The characteristics of Suricata are as follows:

e It can be used in operation modes such as
intrusion detection systems (IDS), intrusion
prevention systems (IPS).

It is possible to record the traffic in PCAP
format and then analyze it offline by
monitoring the network traffic. It also works in
UNIX socket mode for the analysis of PCAP
files.

Linux, FreeBSD, OpenBSD, Mac OS X,
Windows, and almost all operating systems can

work.
e The configuration file is in YAML format,
making it easy to understand. Many

programming languages are supported. With
Suricata 2.0 stable version, YAML file is
divided into desired parts and called from the
main file.

The IPv6 protocol is fully supported.

TCP sessions perform operations such as
tracking the session from beginning to end,
queuing the stream, etc. It also has a separate
module for reassembling the shredded
packages.

A study based on a comparison of Snort and Suricata
found that both systems are sound [20].


http://www.snort.org/
http://www.emergingtreats.com/
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6.3 BRO

Bro is an open-source, UNIX-based, BSD-distributed
intrusion detection system, network analysis, and
monitoring tool. It was first codified in 1995 by Vern
Paxson, Lawrence Berkeley National Laboratory
(LBNL). It was functionally developed in 1996 and
announced in an article published in 1998. By 2003, the
project was supported by the National Science
Foundation (NSF) and is now being developed at the
International Computer Science Institute (ICSI) in
Berkeley.

Bro is a complex network traffic analysis tool, unlike
the classical rule-based IDS. Traffic analysis covers
security and includes performance analysis and
networking solutions.

The characteristics of Bro are as follows;

Linux, FreeBSD, MacOS and UNIX-based
operating systems.

It can analyze real-time or offline.

It uses the library "libpcap” to capture packages.
Bro users offer clusters ("Bro Clusters") wherever
traffic is concentrated and distributed, such as
universities, research laboratories, and large-scale
businesses. Bro runs on different servers, and they
can communicate between themselves.

9. Conclusion

IDS systems become the most critical security systems
for e-government and e-business applications [21]. One
of the ways to identify hackers is to use and tightly tune
intrusion detection systems (IDSs), which try to detect
or predict the probability of an attack in various ways,
such as controlling the network traffic and detecting
those trying to attack by creating too much traffic on the
network [22]. Session Initiation Protocol (SIP) packet
replay attack, SIP packet insertion attack, TLS
connection reset attack, flood attacks, and fake message
attacks are the most known DoS attacks. Using a SIP-
supported firewall against such attacks provides detailed
network analysis and prevents attacks by adding SIP-
oriented rules to IDS and IPS devices. Multiple packets
sent simultaneously can be detected with these systems,
which can warn admins. Restriction can be in the form
of not accepting packets from users outside the network,
or it can be in the form of limiting the number of
packets coming over a single IP. In addition, during the
attack on the server, the attack can be detected manually
by monitoring the network packets with tools like
"ngrep"”. [23].

While the number of software vulnerabilities discovered
and publicly disclosed by white hats or experts is
increasing every year, only a small portion, if not all, of
these vulnerabilities are used in real-world attacks. Due
to constraints on time and qualified resources,
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organizations often look to ways to identify threatened
vulnerabilities for patch prioritization. For this, robust
threat intelligence is needed, which not every
organization can do well and adequately [24]. Since we
have found many zero-day exploits available in the
exploit-DB database, it is highly recommended to
tighten IDS and IPS tools and keep up to date with the
latest vendor patches. Machine learning techniques are
now widely used to perform effective attack detection,
as attackers can quickly exploit techniques and zero-day
vulnerabilities that bypass security measures and avoid
direct detection. In this context, deep learning networks
can play an essential role by analyzing network flows
and classifying them as "normal™ or "attacked". Various
projects aim to design and implement tools for detecting
zero-day threats (ZED-IDS, Zero Day Intrusion
Detection System), and a deep learning architecture is
used to detect DoS attacks [25, 26].

It is impossible to choose the most effective approach
for IDS systems formed by very different methods. Still,
the advantages and disadvantages of each IDS system
are presented to the reader. It can be said that traces on
Attack signature-based systems will increase in terms of
the processing time in the future due to the day-to-day
progress slowing down of such systems will be
inevitable, and new investigations will eliminate this
deficiency. More efficient signature-based intrusion
detection systems should be developed. IDS and IPS
systems should be used with firewall devices. These
products are used together with the new generation
Firewall devices, which enable the monitoring of the
activity on the network and the analysis of the traffic to
detect possible cyber-attacks, breaches, and threats. In
this way, the performance problems that may arise are
prevented and successful results by working more
efficiently. Today, the complex structure of networks
and the fact that they are connected to other networks,
especially the internet, with many access points, make it
easier for cyber attackers. It has become challenging to
prevent complex network systems from increasing and
developing attacks with technology development. It has
become impossible to protect data and ensure
information security with encryption or a stand-alone
firewall.

Today, intrusion detection systems that apply artificial
intelligence, machine learning, and data mining
approaches are intensely confronted. Atrtificial
intelligence plays a vital role in detecting intrusions and
is widely considered the better way to adapt and build
IDS. Nowadays, neural network algorithms have
emerged as a new artificial intelligence technology
applied to real-time problems [26]. As can be seen from
the reviewed articles, researchers have concentrated on
classifiers. There is also a question of how the intrusion
detection systems run offline to show how they perform
in real-time. A suggested way is to select real-time
intrusion detection systems with faster and higher
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detection rates by reducing the number of features by
selecting only the critical components examined. In
addition, more successful intrusion detection systems
can be created by combining various categories of
methods in the simplest terms using different ‘fusion’
approaches.

Another consequence of the studies examined is the
need for up-to-date audit data sets. The data sets used in
the studies are often very diverse and outdated. For this,
it can be said that it is necessary to create quantitative
and diversified data sets in terms of personal privacy.
We believe that the methods that generate traffic data
will be further developed to observe the real-time
success of the intrusion detection systems presented in
the literature and give us a more detailed interpretation
of these systems.
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Abstract

With each passing year, people’s consumption activities create permanent effects on nature. In this
context, the carbon footprint has been determined as a way of expressing the magnitude of this impact. In
addition, the carbon footprint is defined as a measure of the damage caused by human activities to the
environment in terms of the amount of greenhouse gases produced and measured in units of carbon
dioxide. In this study, an easy-to-use and effective carbon footprint calculation engine has been created
for carbon footprint calculation. Also, this application has been designed and developed as a web-based
application — http://karbon-ayakizi.com/ (this site has been in active use between January 2020 and
January 2021, but it is currently inactive). Furthermore, a real case study on the carbon footprint of an
education institution located in the city centre of Burdur has been conducted, and so the accuracy and
functionality of the developed application has been showed and demonstrated. For this purpose, natural
gas consumption within Scope-1, electricity consumption within Scope-2, private personal cars, public
transportation service vehicles and water consumption data within Scope-3 have been considered in
carbon footprint measurement. In the light of these obtained numerical data, the efficiency and the
reliability of the developed carbon footprint calculation engine — application — with its trustworthy results

have been explained and showed in detail.

Keywords: Carbon footprint, calculation engine, web-based application, environmental pollution

1. Introduction

The ecological balance (environmental balance) is
defined as the system that consists of the physical and
biological elements of the natural environment and in
which the mutual interactions between living and non-
living things continue in a way that preserves the
general character of the ecosystem [1]. One of the
biggest factors in the deterioration of the ecological
balance is defined as the traces left in nature because of
some activities carried out by humanity while
continuing its life, depending on various effects and
factors such as the rapid increase in population,
industrial and technology activities, global competition,
consumption needs, unconscious and unlimited
consumption understanding and mentality [2-4]. As a
result of these traces, various problems on a global scale
such as pollution of the natural environment, depletion
of natural resources, global climate change, and increase
in barren areas and the threat of extinction by
decreasing some species arise. In this context, climate
change, which is the most obvious environmental
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problem, is caused by greenhouse gas emissions that
reach the atmosphere because of human activities [5,6].

In recent years, many models, methods and indicators
have been put forward in the guantitative calculation of
the sustainability of societies and individuals. The
“ecological footprint”, developed to measure the impact
of individuals on natural ecosystems and their
sustainability levels, is one of these indicator tools
[2,7,8]. Depending on human consumption activities,
the ecological footprint components are expressed in six
basic areas in Figure 1 as grassland footprint, forest area
footprint, fishery area footprint, agricultural land
footprint, built area footprint, and carbon footprint [9].
In addition, ecological footprint is defined as the fertile
land and water area, biologically expressed in “global
hectares” (gha), required to produce the resources
consumed by an individual, community, institution,
organization or activity and to remove the waste it
generates, with current technology and resource
management [9].
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Figure 1. Ecological footprint components [9].
2. Carbon Footprint

The largest component of the ecological footprint is the
carbon footprint [10]. As it is the largest component of
the total footprint on a global scale, the carbon footprint
constitutes the largest component of Turkey’s total
ecological footprint — 46% (1.24-1.36 gha per capita)
[9] as shown in Figure 2. In addition, carbon footprint
includes emissions from fossil fuels used in the country,
emissions from the production process of products
purchased from abroad, the country’s share in
international trade emissions and non-fossil fuel carbon
emissions [9].

%46

Carbon 32
%35

Agricultural Land = @
2&11
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Figure 2. Turkey’s ecological footprint components [9].

“People” as defined by the “Kyoto Protocol” [6] in
Figure 3: leave a trace in nature as a result of the
activities they carry out in transportation, heating,
shelter, products, services and many other subjects [11].
Moreover, carbon footprint calculations are made in
order to provide mandatory or voluntary greenhouse gas
commitments of companies, institutions and
organizations, to determine their effects on climate
change and to participate in emission trading
mechanisms.

Aipage

Figure 3. Carbon footprint [11].
In this way, in Table 1 [6] in the following, the
greenhouse gases determined within the “Kyoto

Protocol” have been shown and explained.

Table 1. Greenhouse gases by Kyoto Protocol [6].

Symbol Given name 00 Main soarces
00, Carhoa dicxide | Cranbussnn of Fosal Facls, Forest Fires, Coment
| | | Produztion |
CH. Methane A Lansfills, Prodocton sod Diswibutnn of Ol snd
Natueal Gas, Digestion of Famm Anirsals
Fermeztatica 1 Systers
NO Nirous auue e} Combution of Fossil Fuels, Fertilizers, Nykoa
Produstiea
HRCs | Hydofhorocrtoss | 181130 Refniperive Gases, Aumamem Mehing, Semi
R U E—— Coodactre Prodaction |
PFC; | Tedineocarboas | 630090 | Aharssn Production, Semonductor Prodinson |

SFy Sulfar Hemafloonde B%0 Ekstricity Trarsmession snd Distnbutno Systems,

Miagresin productiog

The carbon footprint, which can be formed personally
and institutionally as a result of people’s activities, may
be calculated by grouping them in two [12] or three
scopes [13-17]. In this context, Scope-1 includes
activities that directly create carbon footprints. In this
category, there are fossil fuels used by institutions and
organizations for heating or energy needs and emissions
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created by the fuels of the vehicles within the
organization. Also, Scope-2 indirect carbon footprint
includes emissions due to steam, cooling or hot water
purchased by the institution from another institution or
organization, and emissions caused by the electrical
energy consumed by the institution. Moreover, Scope-3
is another indirect carbon footprint is the most difficult
and troublesome to calculate, which does not have
direct emissions from the institution or organization but
originates from the activities of the institution. In this
way, activities such as outsourced transportation
services, emissions from the wastes of the institution or
organization, and catering services taken from outside
are included in this scope [18]. According to the data of
the Wildlife Conservation Foundation [9], the footprint
per capita in Turkey is 2.7 (gha). This figure is much
more than the world average [19].

In the literature reviews on carbon footprint, which is an
important concept in the preservation of ecological
balance, studies on this subject in Turkey are more
limited than studies conducted abroad, and various
studies have been carried out in universities as
educational institutions [6, 20-23] and there is no study
on this subject in other educational institutions [11].
Furthermore, studies on the subject emphasize the need
for the development of education, program and teaching
materials and various subject-based applications for
reducing carbon footprint values in terms of individual,
social and institutional aspects [2].

3. Method

The universe of the study consists of education and
training institutions in the city centre of Burdur. In this
context, the sample of the research is one of the
education and training institutions in the city centre of
Burdur, using the convenient/accidental sampling
method, considering that the sample is easily accessible
and practical due to the limitations in terms of time,
money and labour [24]. In Figure 5, the general
boundaries of the educational institution, which has
been considered as a sample, have been indicated
visually. Also, the study has been done and carried out
by applying the following steps in Figure 4.

* Determunaton of the study area and scope

= Identification of emission sources

* Calculation of the carbon footprint

* An effective engmeering spplication for carhon foatprint
calculstion: Development of carbon footprint calculation engine

K KL

Figure 4. Steps for calculating carbon footprint.
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Figure 5. The general boundaries of the education
institution in Burdur [25].

The study, whose general boundaries have been
indicated in Figure 5, located in the centre of Burdur,
has been carried out. As of 2019-2020 academic year,
there have been 27 school staff — 21 staff members, 2
administrators, 1 civil servant, 2 service personnel and 1
security — 244 students — primary, secondary, high
school — in total. In addition, the distance of the
institution to the city centre of Burdur is approximately
4.5 kilometres.

Emissions arising from the activities carried out directly
or indirectly by the educational institution in the study
are listed in the following:

Scope-1: Various sources that directly emit greenhouse
gas emissions from the organization itself.

Scope-2: Emissions to the atmosphere associated with
indirect consumption of energy such as purchased
electricity, heat, steam and cooling.

Scope-3: Emissions arising from the activities of the
organization but not under the control of the
organization and caused by various sources that cannot
be classified as Scope-2 emissions.

Within the framework of the scopes explained above,
the emissions created by the natural gas consumption of
the institution for fuel within Scope-1; electricity
consumption for electrical energy within Scope-2;
emissions arising from the transportation of students
and employees (teachers, civil servants, servants,
security guards, etc.) and water consumption are
evaluated within Scope-3. However, it is not included in
the carbon footprint measurement due to the lack of
food service and consumption and the lack of data on
chemicals/consumables purchased.

Scope-1, natural gas wused for heating; Scope-2,
electricity consumption; and Scope-3, it possible to
calculate the data on water consumption annually and in
order to provide more realistic information, the data of
2019 have been included in the scope of the study. In
addition, the data of the institution regarding the
emission sources included in the scope of the
examination and research have been obtained from the
institution administration on the basis of the relevant
invoices. Moreover, private personal cars used for the
transportation of students and employees (teachers, civil
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servants, servants, security guards, etc.), and service
vehicles in public transportation considered within
Scope-3, have been determined and the emissions
caused by these have been found out, revealed and
calculated in detail.

4. Carbon Footprint Calculation Engine

In order to apply the carbon footprint calculation
engine, the work-flow diagram has been determined and
the study has been revealed and carried out in this way.
Within the framework of this schedule — in Figure 6 —,
the application has been planned, designed, developed,
necessary tests have been carried out, the writing has
been completed and then implemented into the life.

Determmnation
of the Study
Subject

Figure 6. The schedule in work-flow diagram.

Scientific formulas for calculating and finding carbon
emission values [11,26] have been explained in the
following, and a carbon footprint calculation engine —
application — has been designed and developed in the
line with these specific formulas (formula 1 to 9).

EtCO,/year (natural gas) [11]
= (((Natural gas usage (m®) * 0.67) * 0.001) *
(56100 * 0.001) * 48 * 1) * 0.001

@)
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0,67=Average Density; 0,001=kg-ton; 56100=Emission
Factor; 0.001=kg-ton; 48=Oxidation Factor;
1=Oxidation Factor; 0,001=ton-Gg

EtCO,lyear (electricity) [11] 2
= ((Electricity consumption (kWh) * 0.4603 * 0.133)
+ (Electricity consumption (kWh) * 0.4603)) * 0.001
0.4603=Emission Factor; 0.133=Loss Factor;

0.4603= Emission Factor; 0.001=10

EtCO,/year (gasoline (liter)) [11] (3)
= (((Gasoline usage (liter) * 0.735) * 0.001) * (69300 *
0.001) * 44.3 * 1) * 0,001
EtCO,/year (gasoline (km)) [11] 4)
= ((((kilometer/100) * 7.5 * 0.735) * 0.001) * (69300 *
0.001) * 44.3 * 1) * 0.001

0.735= Average Density; 0.001=kg-ton; 69300=
Emission Factor; 0.001=kg-ton; 44.3= Oxidation Factor;
1= Oxidation Factor; 0.001=ton-Gg

EtCO,/year (diesel (liter)) [11] (5)
= (((Diesel use (liter) * 0.83) * 0.001) * (74100 *
0.001) * 43 * 1) * 0.001
EtCO,/year (diesel (km)) [11] (6)
= ((((kilometer/100) * 7.5 * 0.83) * 0.001) * (74100 *
0.001) * 43 * 1) * 0.001

0.83= Average Density; 0,001=kg-ton;

74100= Emission Factor; 0,001=kg-ton; 43= Oxidation
Factor; 1= Oxidation Factor; 0,001=ton-Gg

EtCO,/year (water) [11] @)
= (Water consumption (m®) * 0.0014

0.0014= Emission Factor

EtCO,/year (public transportation) [11] (8)

= ((((Kilometer * 0.13)/number of people) * 0.830 *
0.001) * (74100 * 0.001) * 43 * 1) * 0,001) * number
of people

0.13=Diesel use; 0.830= Average Density; 0.001=kg-
ton; 74100= Emission Factor; 0.001=kg-ton;

43= Oxidation Factor; 1= Oxidation Factor;
0,001=ton-Gg

Number of Trees to be Planted Against 9
Carbon Emission [27]

= Total Carbon Footprint (Ton) / (((24 * 2.3) * 365) *
0.001)

While developing the carbon footprint calculation
engine, Visual Studio Code platform (IDE) has been
used in the web-based application. Also, PHP, HTML,
CSS and JavaScript languages have been used through
this platform. In addition, the main part of the site has
been written in PHP, and CSS has been used for the
design part. Moreover, functions for carbon footprint
calculation formulas have been developed with the
JavaScript language. Furthermore, HTML has been used
for the basic texts on the site. In addition, in order to
prevent errors in user input, relevant commands have
been written so that character entries and number entries
with minus (-) values that should not be in formulas
have not been accepted. Before the designed and
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developed site has been opened to internet access,
necessary trials and tests have been carried out and
applied in the local environment via the AppServ server.
As a result of the successfully completed tests, the
necessary domain (domain name) and hosting (domain
service) transactions have been made and the engine
link address http://karbon-ayakizi.com/ (this site has
been in active use between January 2020 and January
2021, but it is currently inactive) has been opened to
internet access. Also, the interface for obtaining the
necessary data from the user on the developed site has
been showed in Figure 7; the interface for writing the
outputs to the screen has been given in Figure 8; the
interface for calculating the tree to be planted depending
on the outputs has been showed in Figure 9. In addition,
in Figure 10 in the following, the source code fragment
of the index of the developed site has been given in
detail.

P

Figure 9. Interface for tree calculation via see button.
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Figure 10. Source code fragment of the site index.

5. Important Findings Regarding the Carbon
Footprint Calculation Engine

In the study carried out in the 2019-2020 academic year,
based on the 2018-2019 academic year, it has been
stated that the natural gas consumption within Scope-1
has been approximately annually 38,000 m® (as a result
of the findings obtained from the monthly natural gas
bills) in the light of the findings summarized in Table 2
below, and it has been concluded that this consumption
caused 69 tons of carbon emissions. In addition, when
the electricity consumption in the Scope-2 calculation
has been examined, it has been determined that the
annual average is 19.000 kWh (as a result of the
amounts obtained from the monthly electricity bills),
and it has been stated that this electricity consumption
causes around 10 tons of carbon emissions.
Furthermore, when the annual use of gasoline and diesel
products within Scope-3 has been examined, it has been
calculated that these have been approximately 12,500
liters (~169,000 km, 30 gasoline cars in total) and
14,000 liters (~187,000 km, 28 diesel cars in total),
respectively. It has been revealed that a total of 68 tons
of carbon emissions have been exposed to the
environment. Moreover, it has been stated that the
annual water consumption and usage, which has been
also included in Scope-3, has been approximately 1,600
m? (in the light of the usage calculations obtained from
the monthly water bills), and it has been calculated that
it has caused around 2 tons of carbon emissions. When
looked at the last parameter in Scope-3, which has been
public transportation, it has been calculated that the
vehicles serving the school travel an average of 200,000
km (23 diesel-powered public transportation vehicles
for 20 people) annually and has caused approximately
69 tons of carbon emissions. In the light of the data that
emerged, it has been concluded that the education
institution within the province of Burdur has caused a
total of about 216 tons of carbon emissions in the 2019-
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2020 academic year - based on the 2018-2019 academic
year — in Scope-1, Scope-2 and Scope-3 frameworks.
Also, it has been calculated that approximately 11 trees
(based on the rates specified in the TEMA foundation
[27]) have been needed to control this emission and
capture carbon. In this context, the carbon emission
findings obtained as a result of the calculations have
been summarized in Table 2 in the following.

Table 2. Total carbon emission of the education
institution in Burdur province.
Soped | Seaped Soped Teal
Ay | ] il o . -
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Ju *7 | Bl i KR! Iz
(sl 01w | BIDSML W10 | L | 1§¥n' DEYAm
= v o | p ——— I EIDear
Oupr | B0xe | 9%k | XB%ce | ¥Who |IDvo| B6ke
Toal #ive | 990 13678 e 1388 b EICOvor

6. Conclusion and Discussion

In the study, a web-based carbon footprint calculation
engine has been designed and developed. In addition,
the carbon footprint of an education institution located
in the city centre of Burdur has been calculated as a real
case study. In the light of the calculations made and the
results obtained, the annual carbon emission of the
education institution in Burdur province due to the fuel
(natural gas) used for heating the institution in Scope-1
has been 69.05 tons; in Scope-2 the annual carbon
emission due to electricity consumption has been 9.99
tons; in Scope-3, annual carbon emission based on
vehicle emissions (gasoline and diesel) and water
consumption has been 136.78 tons. Finally, the annual
total carbon emission value of the institution has been
215.83 tons. In this context, it has been determined that
at least 11 adult trees have to be located within the
general boundaries of the institution for the absorption
of this carbon value, according to the equation and the
formula set by TEMA Foundation [27].

In addition to these, the study has provided both the
calculation of the carbon footprint (individual and
institutional) and the demonstration of how the damage
to the environment could be improved — especially with
tree planting. In this respect, a face-to-face meeting was
held with the Burdur Forestry Operations Directorate
within the scope of the study regarding the reduction of
carbon emissions by planting trees and it was promised
that planting could be done in each year in the areas
included in the afforestation program. Also, some
discussions on climate change were held at the World
Economic Forum held in Davos, Switzerland on January
24, 2020, and it was set to goal of growing 1 trillion
trees [28]. In this context, it has been clearly observed
that the conducted research and the presented work have
been valid and meaningful both in national and
international framework. Within the scope of the study,
the site http://karbon-ayakizi.com/ (this site has been in
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active use between January 2020 and January 2021, but
it is currently inactive) has been designed and
developed, and its effectiveness and trustworthy results
have been showed with a specific case study.

7. Future Works

The designed and developed website http://karbon-
ayakizi.com/ has been extracted, created and emerged
within the framework of case analysis based on the
parameters that have been included in Scope-1, Scope-2
and Scope-3 that may cause carbon emissions within the
framework of the carbon footprint of the education
institution in Burdur province. In addition, it has been
aimed to get a general domain name related to the site,
and to enable people to reach it quickly and comfortably
on the internet, and it has been also aimed to move
forward in a forward-looking, cumulative and collective
way that has been open to development and
improvement. With the addition of all the parameters
used in the carbon footprint calculation of this study,
which emerged with a case analysis, in the light of the
scientific formulas in the academic world, all users
(individuals, institutions, organizations, companies,
foundations, etc.) will calculate their own carbon
footprints and as a result, it will be that people become
more conscious (environmental, social, societal, etc.)
related tree calculation, nature and environment. In
addition to this goal, it will be able to create a large data
set in the light of the information to be obtained.
Moreover, various purposes related to the data set to be
obtained with the help of artificial intelligence, machine
learning and deep learning algorithms and methods,
which are developed on the basis of mathematics, and
which are very popular in the informatics world these
days and will not lose their importance for many years.
With the contribution of these techniques, operations
such as classification, clustering, advice, prediction and
ordering will be applied and carried out in this carbon
footprint study in the future. In this context, the study
will be able to calculate the carbon footprint (private &
general), specify the required tree planting, and present
a purposeful and detailed report in the light of the
available data and information.
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Abstract

This paper presents a control system and energy management strategy (EMS) with a standalone and grid-
connected mode in the microgrid. The microgrid is energized by distributed energy resources (DER) such
as photovoltaic panels, wind turbines and lithium-ion batteries. The controller structure for regulating the
voltage regulation in this microgrid consisting of renewable energy sources and an energy storage system
is covered. Overshoot, rise time, settling time performances of designed self-tuning fuzzy proportional-
integral-derivative (SFPID) controller and conventional proportional-integral-derivative (PID) controller
examined comparatively. In addition, an EMS has been proposed for loads that fed in the microgrid. Here,
the aim is to make maximum use of RESs as much as possible, maintain voltage regulation, and ensure
continuity in the feeding of the critical load. The system switches between the standalone and grid-
connected modes if necessary. A model of the microgrid's dynamic behavior is constructed, and it is
simulated in the MATLAB®/Simulink environment. The proposed SFPID controller stabilizes the bus
voltage and frequency oscillations within the allowable tolerance limits in a short time despite the

disturbance effects on the generation and load side.

Keywords: Energy management system, fuzzy controller, microgrid, renewable energy system.

1 Introduction

In traditional power systems, energy production
methods are largely based on fossil fuels, and the
negative effects of these fuels on the environment have
become quite alarming. In these systems, central power
plants are preferred to meet the energy needs of
consumers, and the network structure is interconnected.
Therefore, high voltage transmission lines are required
during the transmission of energy to the consumption
centers. This is the reason for investment costs increase
and transmission losses. The production of clean energy
in distributed energy resources (DER) based on
renewable energy systems (RES), such as photovoltaics
(PV) and wind energy (WT), plays an important role
due to the positive impact on the environment [1, 2]. In
recent years, microgrid (MG) structures fed with
alternative energy sources have been raised. The MG
system has efficiency, ease of control, and network
integration.
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MGs are small community networks, and they have
attracted much attention in recent years due to their
advantages, such as reducing power losses in
transmission lines, achieving maximum utilization from
RES, and providing reliable energy to consumers.
Typical MGs include PV arrays, WTs, energy storage
systems (ESS), power DC/DC converters, DC/AC
inverters, and local loads that can operate standalone or
grid-connected mode in power systems [3]. MGs, which
can operate both connected to the main grid and
independent of the grid, have proven to be efficient in
eliminating the negative effects of intermittent energy
generation depending on weather and environmental
conditions [4].

MGs are vital for managing existing energy sources,
frequency and voltage control, and the smooth and
optimum operation of the existing network. In an energy
system, it is necessary to keep the amplitudes of the
voltage of the load buses within certain operating limits
in both steady-state and transient voltage stability
events. In the literature, many methods such as fuzzy
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logic controller [5], self-tuning fuzzy PI/PID (SFPID)
controller [6-9], adaptive neuro-fuzzy controller [10],
conventional PID controller [11], predictive power and
voltage control [12, 13] are recommended for voltage
control in MG. In addition, energy management and
optimization have become the focus of research
conducted on MGs. The control methods used in the
optimum operation of MGs can generally be grouped
into four classes such as centralized [14], decentralized
[15], distributed and hierarchical control methods [16-
18]. Three-level hierarchical control methodology is
widely used, including primary, secondary and tertiary
control levels [19, 20]. Ziouani et al. [21], a control
strategy based on a hierarchical approach, is presented
to operate MG, which continuously switches between
island mode and grid-connected modes. In order to
regulate the output voltage, the inner control is used to
improve the stability in the primary control, amplitude,
and frequency for active and reactive power-sharing.
Mohamed et al. [22] developed a tertiary control
algorithm for DC MG, and a laboratory-scale test was
performed experimentally.

In this paper, the SFPID controller has been suggested
to minimize voltage oscillations in a MG consisting of
RES and ESS and improve the voltage response of the
system. The designed controller is compared with the
conventional PID controller. Furthermore, an energy
management strategy (EMS) has been proposed to
regulate power flow in MG. The suggested EMS
ensures that the voltage and frequency in the MG are
maintained at the specified limits and switches between
the standalone and the grid-connected modes to ensure
continuity in the supply of the critical load.

2 Configuration and Modeling of the Microgrid

PV arrays and WTs based on permanent magnet
synchronous generators (PMSG) form renewable energy
sources in the MG structure. A battery pack is available
to provide the needed power in cases where the
generated power cannot meet the load demand. Also,
MG includes power electronic converters and dynamic
loads used as interfaces in connecting these sources to
the DC bus. These components are connected through a
DC bus, as shown in Figure 1.

A 400V DC bus is created for RES and ESS. A
converter is used when connecting the PV system to the
DC bus. The wind turbine based on a PMSG is first
converted to DC with the help of a three-phase rectifier
and then connected to the DC bus via the boost
converter. Here, taking changes in bus voltage and
power as a reference and with the control of the boost
converter, RES is worked at the maximum power point
(MPP). The ESS is connected to the DC bus via the

bidirectional converter to perform charging and
discharging according to the state of the energy. The
SFPID controller has been suggested to minimize
voltage oscillations between MG and AC loads and
improve the system's voltage response. The EMS's
integration among source, load, and network is carried
out according to the priority of the loads. If the
resources are insufficient to feed the critical load, the
grid-connected mode is switched.

In the suggested MG structure, the total load is 9 kW
and the critical power (P..) is defined as 2.5 kW, load2
(P,,) 3.5 kW and load3 (P,3) 3 kW. The installed
power capacity of the system is a total of 11.1 kW,
including PV generation system 6.1 kW and WT
generation system 5 kW. The energy capacity of the
ESS unit used as a storage device in the system is
determined as 6 kwh.

2.1. Photovoltaic System

PV systems are one of the most important RES and
convert irradiant energy directly into electrical energy.
Since the electrical energy obtained from the PV system
will vary depending on the sun's position, clouds and
temperature changes, the operation of PV arrays at the
MPP is important for system efficiency. In the boost
converter structure, perturb and observe (P&O)
technique provides working at the MPP. Figure 2 shows
the boost converter structure, and Table 1 shows the
electrical characteristic of the PV module.

Table 1. Electrical characteristics of the photovoltaic
module (25 °Cand 1000 W/m?).

Description Symbol Value
Maximum power (W) Prax 305.23
Open circuit voltage (V) Voc 64.2
Voltage at MPP (V) Vinpp 54.7
Cells per module Neen 96
Short-circuit (A) I 5.96
Current at MPP (A) Lnpp 5.58
Diode saturation current (A) I 1.36e™
Shunt resistance (€2) Ry 420.55
Series resistance (Q) R, 0.3778
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The PV system consists of 20 modules, five parallel
strings and four serial modules per string. As seen in the
relationship between the P-V and I-V curves of the PV
arrays in Figure 3, the installed capacity of the PV
arrays is 25 °C cell temperature and 6105 W in the
irradiance of 1 kW/m?. The output voltage of the PV
arrays from 218.8 V is increased to 400 V DC bus
voltage with the boost converter.
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simulator in 1 kW/m? irradiation.
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2.2. Wind Energy System

One of the other essential RES is wind turbines. Many
types of generators are used in wind turbines. One of
them is PMSGs, which can be used directly in wind
turbines without a gear system. For this generator type,
the rotor magnetic flux is generated by permanent
magnets; therefore, it has no brush mechanism. Since
there are no rotor windings, there are no winding losses,
and a high-power density can be achieved [23]. The
WT, diode rectifier and MPPT controlled converter

structure are shown

in Figure 4. The technical

characteristics of the PMSG are listed in Table 2.

-t

rpr——

Figure 4. Wind turbine and boost converter structure.
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Table 2. Technical characteristics of the PMSG. Table 3. Technical specifications of the ESS.
Description Symbol Value Description Symbol Value
Nominal PMSG power (W) P, 5000 Maximum capacity (Ah) Q 30
l;lto:nlnal ytiltage ((SIS;L) V) ;n O?)éi o Nominal voltage (V) v, 200

ator resistance s .
Stator inductance (mH) Lg 0.975 Fully charged voltage (V) Vr 2328
No. of pole pairs p 4 Cut-off voltage (V) V. 150
Flux linkage (V.s) oy 0.1688 Internal resistance (£2) R; 0.0667
Viscous damping (N.m.s) F 0.0004924 Nominal discharge current (A) I, 13.04
Moment of inertia (kg. m?) Ji 0.003945

2.3. Energy Storage System

The ESS is connected to MG's DC bus with a
bidirectional converter. The energy surplus obtained
from RES and not used on the load side is stored in
ESS. Energy stored is used to meet the demand of the
load when the network is not sufficient or the network is
not available. Thus, both the critical loads are not de-
energized, and the control of the voltage and frequency
components is provided within limits. According to the
Coulomb Counting method, SOC is given in Equation
(2.2).

t

Iy
SOC(t) = SOC(t—1) + f ot 2.1)
0 “b

Where SOC(t — 1) is the initial value of SOC right
before I, battery current is applied to the battery cell, C,
is the capacity of the battery and time t of the battery.
Charging the battery is performed according to the
limits determined in the control algorithm. These limits
are important for the safety of the battery and are given
in Equation (2.2).

SOCpin < SOC < SOCpnay (2.2)

SOCpin and SOC,, 4, are the minimum and maximum
charge states of the battery. These values are determined
as 20% and 100%, respectively. The ESS structure is
given in Figure 5, and the used system's technical
characteristics are given in Table 3.

Figure 5. Battery and bidirectional converter structure.
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3. Voltage Source Converter and SFPID controller

The voltage source converter (VSC) converts the DC
input voltage to a symmetrical AC output voltage at the
desired amplitude and frequency. The inverter gain, also
known as the modulation index, can be defined as the
ratio of the AC output voltage to the DC input voltage
[24]. The adjustable output voltage is obtained by
controlling this gain parameter in the inverter with the
suggested SFPID. The block diagram based on the
SFPID controller is given in Figure 6.

Power

'0935mH | 0323mH |

Sources

I{/
1]

1]"‘ 24uk

'l AWM ‘ O :

Figure 6. Block diagram of SFPID controller.

The feedback error of the fuzzy inference system is e
and the derivative of the error is Ae. They are given in
Equations (3.1) and (3.2).

e(t) = Vyep (£) = V() (3.1)
Ae(t) =e(t) —e(t—1) (3.2)
Where  V,.((t) represents reference input, V,(t)

represents output signal. Feedback error e and Gaussian
membership functions are used during the fuzzification
of the derivative of the error Ae, and it is represented in
Equation (3.3) [25].

Where the width of the fuzzy set is o and the center of
fuzzy set c. Thus, the input data e and Ae are converted
to the appropriate linguistic value using the fuzzy
Mamdani inference model. The fuzzy inference system
linguistic variables are organized as negative big (NBB),

(c —x)?
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f(x;0,¢) = exp (— (3.3)
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positive big (PBB), negative small (Nss), positive small
(Pss) and zero (ZR). Rule bases are given in Table 4,
and Table 5 and membership functions for input and
output variables are given in Figure 7. In the next step
of the fuzzy inference system, K,,, K; and K; outputs are
determined according to the rule base defined in Table 4
and Table 5. As an example;

IF e(t) is NBB and Ae(t) is ZR THEN K, is Pss, K is
Nss and K; is Nss. All other cases are described
similarly.

Table 4. The rule base of K, and K,

e\Ae NBB NSS ZR PSS PBB
NBB PBB PBB PSS PSS ZR
NSS PBB PSS ZR ZR NSS
ZR PBB ZR ZR ZR NBB
PSS PSS ZR ZR NSS NBB
PBB ZR NSS NSS NBB NBB

Table 5. The rule base of K;

e\Ae NBB NSS V4 PSS PBB
NBB NBB NBB NSS NSS ZR
NSS NBB NSS ZR ZR PSS
ZR NBB ZR ZR /R PBB
PSS NSS ZR ZR PSS PBB
PBB ZR PSS PSS PBB PBB

Degroe of membamtip

Figure 7. Gaussian membership functions for input
variable (a) e(t) (b) Ae(t) and output variable (c) K,
gain (d) K; and K, gain.

Finally, the fuzzy output is converted to a sharp control
signal in the defuzzification process. The centroid
method defined in Equation (3.4) is used during this
process.

_ Xim X p(xy)
B Dz H(x) 34

Where, x is the defuzzified value, x; indicates the
sample  element, u(x;) is the membership function,
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and n represents the number of elements in the sample.
Thus, the best proportional gain constant Kp, the
integral gain constant K; and derivate gain constant
K, outputs are obtained. These values are used as the
multiplier in the calculation of PID coefficients.
According to Equation (3.5)-(3.7), the PID controller
parameters are updated.

K, = Kpo * K, (3.5)
K; = Ko * K/ (3.6)
Kd = KdO * Ké (37)

Where, K, is proportional modification coefficient, K;
is integral modification coefficient, K is derivative
modification coefficient. The initial values of the PID
controller are calculated using transfer function-based
Simulink PID Tuner. K, is initial proportional gain
(0.02), K;, is initial integral gain (0.6), and K, is initial
derivative gain (0.0001). The control signal of the
SFPID controller is defined as shown in Equation (3.8).
Simulink block diagram of the MG is given in Figure 8.

de(t)

= (3.8)

UFPID = er(t) + KL' f e(t) + Kd

Finally, filtration is performed to bring the voltage at the
inverter output closer to the form of a sinusoidal wave.
An LCL filter was used for this purpose. As a result of
the analyzes, calculated values of inductors L, and L,
and capacitor C are 0.935mH, 0.323mH and 16.24 pF,
respectively (see Figure 6).

4. Energy Management System in DC Microgrid

The EMS provides coordination between MG's
standalone mode and grid-connected modes. It also
allows activation and de-activation of loads in a
controlled manner. Depending on the state of the
sources and loads, the power equation in MG should be
defined as in Equation (4.1).

va+Pwd=PL T Ppase (4.1)

Where, the Py, represents battery power, P,,,Pyq
represent power generated by PV array and WT,
respectively. P, represents the total power of loads that
are connected to MG. Similarly, the total load is defined

by Equation (4.2).

P+ Py + P+ Pross = P (4.2)
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Figure 8. Simulink diagram of the MG architecture.

P.. represents the critical load that must be active
continuously. P,, and P,; are loads that can be

Table 6. MG transition strategy

controlled according to the load condition. The EMS
flow diagram between power supplies and loads is

shown in Figure 9.
In this case, scenarios related to SOC are given in Table

6. According to the flow diagram, if the total power
produced by RES is insufficient to meet the demanded

power, the battery supplies the energy as required. If
SOC falls below 50%, it opens the S, circuit breaker,

and so load2 is disabled. If SOC falls below 40%, it

opens the S circuit breaker, and so load3 is deactivated.

Scenarios | Transition Events
conditions

1 SOC<SOC,.x |Battery discharging, PV
and WT are in MPPT

2 SOC<50% Load2 shedding, PV
and WT are in MPPT

3 SOC<40% Load2 shedding, PV
and WT are in MPPT

4 SOC<SOCin | Pgrid—» ON

5 SOC>SOCax | Pgrid—» OFF

Start ’
" Tis

Carmgumem madels and
read lapats

A

P = (P s il)

-
Charge the
tersery

S
o'y chaarge
the tattery

| |

—
e @ Yes

il
Connest to
the maen g
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" "

" ——
Dischiangs Hischarge
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Figure 9. Flowchart of the proposed EMS.
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If the SOC, which is determined as the safe range for
the battery, falls below the SOC,,;, level, the power
flow from the battery to the load is stopped. The grid is
switched to connected mode, and the battery is charged
in this case. If the production capacity of the power
supplies is greater than the demanded load, the energy
surplus is stored in the battery. When the battery reaches
SOC,,. level, excess energy is transferred to the grid.

5. Simulation Results and Discussion

In Figure 1, the block diagram is simulated in the DC
MG MATLAB®™/Simulink environment. A SFPID
controller is designed for system voltage stability. The
comparison of PID and SFPID controllers is given in
Figure 10. The performance values for the PID and
SFPID controllers are given in Table 7. Reference root
mean square (RMS) value of output voltage in MG is
230 V. When a PID controller is used in the control
structure of the VSC, the overshoot value of the output
voltage is 244 V, and this value is 236 V when the
SFPID controller is used. Similarly, for the PID
controller, the rise time is 0.035s, and the settling time
is 0.301s, while for the SFPID controller, these values
are 0.021s and 0.075s, respectively. The results show
that the proposed SFPID controller improves the
overshoot 57.14%, rise time 40% and settling time
75.08% in performance criteria compared to the PID
controller.

Table 7. Comparative performance analysis of PID and
SFPID controllers.

Parameter PID SFPID
Overshoot (%) 6.087 2.609
Rise Time (s) 0.035 0.021
Settling Time (s) | 0.301 0.075

The voltage and frequency stability of the MG on the
standalone and grid-connected modes has been analyzed
under variable production scenarios. In these scenarios,
the solar radiation is 0.2-1 kW/m?, and the wind speed is
changed autonomously between 8-12 m/s. When the
simulation is started, the SOC of the battery is 80%. The
changes in the power flow between the source and the
load are given in Figure 11. In the initial case, the solar
panels produce 6.08 kW in 1 kw/m?, the wind turbine
produces 5.4 kW at 12 m/s, and the totally produced
power is 11.08 kW. In this case, all loads with a total of
9 kW are operational. The surplus 2.26 kKW power is
transferred to ESS. When solar irradiance decreased to
0.25 kW/m? at second 2, the energy obtained from solar
panels decreased to 1.59 kW. In this case, because the
power supplies are insufficient to meet the demand
power, 2.5 kW of power is met from ESS to meet the
total load.
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Since the SOC value of the battery falls below 50% of
the limit value defined in the EMS in 5 s, load2 with the
lowest priority level of 3.5 kW is disabled, and surplus
0.52 kW power is used to charge the ESS. It is assumed
that wind speed is to fall to 8 m/s and the solar
irradiance is 0.1 kW/m? in the 6th second. Since the
power produced under these conditions could not meet
the current demand load, the ESS in the charge state
went into discharge mode with 4.33 kW power to meet
the remaining load demand. When ESS continues
discharge for a while, SOC falls below 40%, load3 with
low priority was disabled and critical load continued to
feed. Discharge operation is stopped because the battery
charge falls below SOC,,,;,, level in the 10.2th second. In
order to be ensured of feed of the critical load, EMS
switched to grid-connected mode. When the system
switches to the grid mode, all loads are supplied, and
RES has charged ESS. As the SOC level of ESS reached
to SOC,4, In 14 s, the grid was deactivated and
switched back to standalone mode. Thus, the supply of
the loads continues to be provided by the RES.

The variation of DC bus current and voltage in MG is
given in Figure 12 compared to PID and proposed
SFPID controller. Voltage variation in the DC bus is
shown in Figure 12 (a) for PID and SFPID controllers.
In this system, it is desired that the DC link voltage
remains at 400 V. In order to evaluate the change in the
DC bus voltage during the simulation process generated
in different scenarios, voltage regulation values
maximum positive & and lowest negative & were
obtained according to Equation (5.1) [26].

e — min(wy)

& = .100%

U
(5.1)

& =

. — max (uy)

.100%
U

Where, 1y is reference DC voltage and u; is the DC
voltage value at the time of operation. Maximum
oscillation in the DC bus voltage has occurred in the
14th second due to changes in scenarios or load after the
condition in which MG gets into a steady state. As seen
in Figure 12 (a), considering the oscillation values that
continued for 200 ms in the 14th s, the voltage
regulation results obtained from the PID controller are
8.75% and 0% ( & and ¢; ), and the results obtained
from the proposed SFPID controller are 4.85% and 0%,
respectively. The variation of the DC bus current is
shown in Figure 12 (b) for both controllers. Here, the
DC current change of the system depending on the load
is seen. The fluctuation of the DC bus current is seen to
be high at the start. This is due to the voltage and
current oscillations during the wind turbine operation.
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The graphs of the change in the maximum and RMS
values of the load voltage during the simulation process
(SFPID) in MG are given in Figure 13. Similarly, the
biggest oscillation in the AC bus voltage after the
steady-state of the MG occurred at 14s. Considering the
maximum and minimum voltage values of the
oscillation that continued for 150ms, the voltage
regulation results & and ¢ are obtained as 0% and -
1.74%, respectively (see Figure 13(b)). According to
these results, it has been shown that the oscillations in
the load voltage are within limits according to the EN

8

g

o

50160 standard [27]. The graph of the change in system
frequency during the simulation process in MG is given
in Figure 14. The changes in scenarios or load after the
stabilization of MG, the maximum oscillation in the
system frequency occurred at 14.38 s and lasted for 200
ms (10 cycles). This shows that the oscillations are
within the limit values according to EN 50160 standard.
Similarly, it has been observed that the SFPID
controller greatly reduces oscillations in the system
frequency relative to the PID controller.
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Figure 13. Graph of the AC load voltage change of MG (a) Maximum AC load voltage value (b) AC load voltage

RMS value.
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Figure 14. Effect of PID and SFPID controllers on system frequency.

Also, the total harmonic distortion (THD), a measure of
the formal proximity between the output waveform and
its main component, is one of the performance criteria
that measures power quality. As seen from the graphics

in Figure 15, THD,, and THD;, in the voltage and current
are measured, and it is seen that they are within the limit
values according to IEC 61000-4-7 standard [28]. A
comparative graph of current and voltage harmonics of
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SFPID and PID controller is shown in Figure 16. The
THD is calculated as 3.54% and 3.29% for voltage and
current when using the PID controller in the MG. On
the other hand, THD for voltage and current in SFPID is
3.14% and 3.12%, respectively. The results clearly
showed that the THD ratio is improved by 9.4% for
voltage and 5.17% for current compared to the proposed
SFPID  controller with the PID controller.
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6. Conclusion

In this study, a MG structure consisting of RES with
ESS has been developed to operate in standalone and
grid-connected modes. The aim is to make maximum
use of RES. However, RES and ESS resources may be
insufficient to feed the critical load, the worst-case
scenario. In this case, MG switches between standalone
and grid-connected modes to ensure continuous feed.

In the MG, the SFPID controller is designed for voltage
regulation stability compared with traditional PID
controllers. Results show that compared to the PID
controller, the SFPID controller diminishes overshoot at
voltage signal at the system output by 57.14%, shortens
settling time by 75.08% and improves rise time by 40%.
Thanks to the designed controller and suggested EMS
system, the system performance is good and within limit
values under all scenarios.
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Future work will include a hierarchical control method
and hardware implementation for several MGs and
ESSs.
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Abstract

In today’s technology world, virtual personal assistants (VPAs) have become very common and most
people have started making their homes smart, using these VPAs. Although different companies have
different assistants, Google Home Mini (GHM) is our focus in this paper. The first device, Google Home,
was released in November 2016 and then GHM was released after a year, in October 2017. GHM has
many features such as playing music, setting reminders, setting kitchen timers, and controlling smart
home devices. Although GHM might be reliable against cyber-attacks, devices that are paired with GHM
could be attacked and these cyber-attacks can lead to severe problems. Cyber-attack issues become more
important to us, specifically if the devices controlled by GHM are vital devices such as ovens, fire alarms,
and security cameras. In this article, we represent the denial of service (DoS) attacks applied against
devices that are paired with GHM. In this study, Bluedoser, L2ping, and Bluetooth DoS script, which are
software in the Kali Linux platform, were used to perform DoS attacks, and some devices were used such
as GHM, headphones, and two speakers as victim devices. Successful results were observed on Bluetooth
headphones.

Keywords: Bluetooth attacks, Denial of service attack, Google Home, Security, Network attacks, Virtual

personal assistant.

1. Introduction

Using virtual personal assistants (VPAS) like Google
Home Mini (GHM) to make our home smart is possible
nowadays and many people do it successfully. As of
2017, newly developed VPAs such as GHM were
presented to the market, so the capabilities and usage of
virtual assistants have been started to expand rapidly.
Smart home devices, GHM, and at least one device that
is capable of running GHM applications are required
basically for designing a smart home. Most of today's
VPAs can interpret human voices and can respond via
their defined voice. These kinds of VPAs are also able
to understand lots of questions, manage smart devices
connected to them. Moreover, they can manage basic
operations such as calendars, alarms, and email
checking. People use VPAs for different reasons. Some
of them think that VPAs have a big role in easing their
lives. Almost half of the users utilize features of a VPA
such as browsing the web, weather forecasts, and music.
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Using VPA for online shopping and information is also
possible.

Despite the advantages that a VPA provides to the user,
there are serious security issues that are associated with
using them. Although there is not much research on the
use of VPAs, which is rapidly increasing, research
continues in this area. The most important security issue
is privacy. The questions we ask the VPA are stored on
the servers and the responses we receive from the VPA
are also sent to us by those servers. Although companies
report that this data exchange remains confidential and
the data is encrypted, our privacy may be compromised
by another attacker during this data exchange between
the server and the VPA.

1.1 Related Works

Zhang et al. (2018) reported a study that was a security
analysis of popular VPAs and proved the vulnerability
of VPAs against two new attacks [1]. They
implemented two attacks that are called "voice
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squatting™ and "voice masquerading”, on GHM and
Amazon Echo. These attacks focused on the way VPAS
work or misconceptions of wusers about VPA
functionalities. These two attacks were the proofs of a
realistic threat to VPAs, as understood by their studies
and the real-world attacks they performed. Finally, they
implemented a context-sensitive detector to reduce the
voice masquerading threat with a 95% precision.

Alrawi et al. examined possible security issues in 45
smart home applications and loT devices [2]. They
determined that most users were the reason for the
security vulnerabilities. Users endanger their security
for various reasons. In particular, they do this by using
home assistants and 10T devices at different security
levels. There has been research that offers a simple and
effective solution for such security vulnerabilities. That
solution is regulating the multiple loT and Home
Assistant usage and explaining the relational
relationships to the users.

In another study, Park et al. (2018) discussed data
storing and security methods of a GHM [3]. There are a
lot of research projects that have been done on the other
virtual personal assistants for digital investigations and
the related article produces another one about a GHM.
They separated the study into three main sections: the
device, the mobile app, and the network and they
analyzed the results obtained. In conclusion, they
reported that the GHM does not store much data in the
mobile app. The data that is exchanged across the
GHM, mobile app and the Google cloud is analyzed by
using Wireshark. The vulnerability tests on ajpl3 port
(one of the five ports of Google Home Mini) are
proceeded and it is realized that it is not exploitable.
Caputo et al. (2020) dealt with that critical information
about the habits of the users, which use VPA. The
critical information can be leaked using the features of
the encrypted traffic, such as the throughput, the size of
protocol data units, or the IP addresses [4]. In a related
study, they showed the risks of using VPA via models
developed by using exploiting machine learning
techniques to classify traffic and implemented privacy
leaking attacks automatically.

Cepik et al. made attempts to attack the network time
protocol and exploits were tested [5]. The attack was
carried out on a wireless connection established
between a Google Home Mini device and an Internet of
things device. They examined secure communication
between an 10T device and the GHM [6-8]. They tried
to determine whether the Blynk (blynk.cc) application
accesses time information via the simple network time
protocol (SNTP) [9] from the time server. Thus, they
tested the possibility that an attacker could obtain this
information and interrupt the secure connection.

Giese and Noubir developed a set of forensic loT
techniques [10]. They applied these reverse engineering
techniques to the hardware and software of the Amazon
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Echo Dot. They demonstrated that there is little
protection of private user data. An attacker with
physical access to such devices would be able to gain
access to Wi-Fi credentials and can reach the sensitive
information. They have shown that passwords and some
sensitive information in the flash memory can be
accessed even after the device is reset to factory
settings. Finally, they proposed alternative secure
designs and techniques to mitigate threats.

Yigit tried to establish a secure connection using the
AES algorithm between the NodeMCU and the Blynk in
his study [11]. In this way, he aimed to prevent possible
security vulnerabilities in the connection of the GHM
with 10T devices.

There is increasing concern about the data collection
and the security breaches of user privacy on devices like
Amazon Echo and Google Home. Consumers
sometimes unknowingly place too much trust in these
devices. Ferraris et al. investigated the behavior of the
devices such as Amazon Echo and Google Home in the
smart home environment in terms of trust relationships
[12]. As a result, they evaluated the effectiveness of the
security controls provided and identified potentially
related security issues. They defined a trust model to
address the identified issues.

1.2 Aim and Contribution

Making a smart home or smart somewhere else is
possible using GHM as told in the introduction section
of the paper. This seems like a useful solution, but we
have to be sure that the devices controlled via GHM are
also secure. This paper focuses on the security of
devices that are paired with the GHM via Bluetooth
[13]. If the Bluetooth devices have some security
weaknesses, the problem may become more vital.
People can pair their vital devices such as an oven,
security camera, or a fire alarm with GHM. The
weakness(es) of those devices can cause irreversible
damage and may harm people.

Our work aims to analyze the weaknesses of the devices
and apply cyber-security attacks on them. To achieve
our goal and simulate the attacks, the Ping of Death [14]
attack, which is one of the DoS attacks, is used on the
Kali Linux operating system. There are some
customized tools for performing DoS attacks on the Kali
Linux system. In our study, those tools are used for
education research, and they shouldn't be used against
someone else without permission. Attacking using those
tools to someone is illegal and legal sanctions can be
imposed on the attackers.

DoS attack is a type of cyber-attack in which a
malicious attacker aims to render a computer or loT
device unavailable by interrupting the device's service
[15]. DoS attack is launched from a single computer and
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the computer is also the attacker's device. DoS attacks
harm by overwhelming a victim machine with requests
until normal traffic is unable to be processed, resulting
in a denial of service to users. In this study, useful tools
of Kali Linux were used to send requests and packages.
In this paper, 2 Bluetooth speakers, 1 Bluetooth
headphone, and GHM were used to achieve success.
DosS attack was applied on those devices separately and
different results were obtained. Three different
Bluetooth devices were used as a victim because the
results depend on the vulnerability of the devices. This
study contributes to putting forth of risks of using a
VPA and performing cyber-attacks using vulnerabilities
of the devices. At the end of the study, results are
presented and analyses are discussed. Attacks are
performed on the victim devices one by one and
software tools, which are used for cyber-attack, are
applied on each victim device separately.

2. Materials

In our study, Bluetooth headphones, Bluetooth speakers,
Kali Linux [16] operating system, and tools for DoS
attack were used. GHM was used to pair victim devices
via Bluetooth. Kali Linux, which includes tools for
penetrating tests, was required as the operating system
for performing DoS attacks. L2ping
(linux.die.net/man/1/12ping), Bluedoser (github.com/
Anlos0023/bluedoser) and Bluetooth DoS Script
(github.com/cryptObOy/bluetooth-dos-attack-script) are
used for performing DoS attacks on victims. In this
section, the GHM, Kali Linux, and tools for attacking
are explained.

2.1. Google Home Mini

GHM, developed by Google; which allows us to turn
our devices into smart devices in our home, office, or
elsewhere; is an assistant that takes voice commands.
GHM is connected to Google services over the Internet.
Thanks to its microphone, it detects our voice
commands and executes the commands. While devices
that are on the same network as the GHM can be
managed, we can also manage Bluetooth devices with
the GHM.

There are lots of features such as turning lights on and
off with the GHM, playing music by pairing our Spotify
account with the GHM, managing our Netflix account
with voice, sending voice messages, ordering food,
calling by voice, creating alarms and reminders,
managing smart home devices, etc. To use all these
opportunities, it is enough to download the GHM
application, complete the setup phase of the GHM, and
make sure that the GHM is connected to the internet.
After the setup phase, users can make the GHM listen to
themselves saying "Hey Google" and can say the
command they want to it.
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Before using the GHM smart assistant, the device
should be reset to factory settings by holding down the
reset button on the back of the GHM. Using the
Bluetooth service of the GHM, the setup phase is
completed through the GHM application, and the device
is connected to the Wi-Fi access point. Thus, the GHM
becomes ready to access its services over the Internet.
Finally, assistant settings can be changed through the
device application, users can introduce their voice to the
assistant and the GHM detects the voice that is
introduced. Figure 1 simply describes the working
principle system.

Woge Home Mad

Bhsoom Dence

Figure 1. Google Home Mini system.
2.2. Kali Linux

Kali Linux is a Debian (en.wikipedia.org/wiki/Debian)
based Linux operating system developed for penetration
tests and security audits. Penetration tests are used to
find, analyze and report vulnerabilities in systems. With
a lot of tools and components for cybersecurity, Kali
Linux is a widely used operating system for performing
penetration tests. In this study, DoS attacks were
performed using 12ping, Bluedoser, and Bluetooth DoS
script tools on the Kali Linux system.

Bluez (bluez.org) is a library that provides the Bluetooth
layer and protocol requirements necessary for us to use
Bluetooth on our Kali Linux operating system. Bluez is
developed in a modular structure which can support
more than one Bluetooth adapter and also it contains
many useful modules. Bluez, which can run on almost
all Linux systems, can be downloaded using the “sudo
apt-get install bluez” command.

Hcitool (linux.die.net/man/1/hcitool) contains many
useful commands such as "dev", "scan", "ing". To reach
all commands and detailed descriptions, the “hcitool -h”
command can be used on the terminal. Finding the
media access control (MAC) addresses of Bluetooth
devices during our attacks is the first step to do before
starting any operation. “hcitool scan” command finds
those MAC addresses with their device names.

2.2.1. L2ping

L2ping allows us to send packets to Bluetooth devices.
During performing [2ping, we need to determine some
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parameters such as "-i", "-s", "-f'. The computer's
Bluetooth adapter should be selected using the "-i"
parameter. In this study, our Bluetooth adapter was
hci0. By using the "-s" parameter, we can adjust the size
of the packets to be sent. The target needs to be set by
entering the victim's MAC address with the "-f"

parameter.
2.2.2. Bluedoser

Bluedoser is a tool used to perform DoS attacks to
disrupt the Bluetooth function. Bluedoser automatically
tries to detect the surrounding Bluetooth devices and
lists detected devices to the attacker with their MAC
address. Then, the victim to be attacked is determined
by finding from the list. Finally, a DoS attack can be
initialized by entering the victim's MAC address into
the interface.

Bluedoser performs a DoS attack using 12ping. The only
difference is that Bluedoser attacks the victim using
more than one thread instead of attacking by only one
thread. That acts like sending packages from more than
one terminal and the way used by Bluedoser disturbs the
victim more periodically.

2.2.3. Bluetooth Dos Script

Bluetooth DoS script (BDS) is a script that works on
only Linux systems and is used to perform Bluetooth
DosS attacks. It is required by 12ping in the Kali Linux
system to use BDS. The working principle of BDS is
the same as Bluedoser, but the only difference is that
BDS allows attackers to define thread count as a
parameter. This parameter provides performing DoS
attacks using a defined number of threads. Figure 2
explains how BDS uses it for attacking.

Figure 2. Performing DoS attack using BDS.

Googhe Haow W Bhartnoth e (vt

As soon as BDS attacks any unpaired Bluetooth device,
it prevents other devices from connecting to the attacked
victim device. For some devices that are not very
secure, it may stop communicating with the
corresponding device connected via Bluetooth. The
security of the device to be attacked is the most
important measure in the disconnection process via a
DOS attack.
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3. Proposed Work

First of all, the GHM application is downloaded to the
device and the setup of the GHM proceeds through the
application. After the GHM setup, we can integrate
applications that support the GHM and many processes
which we can do with our Gmail account. The GHM
has a Bluetooth feature so that, we can pair Bluetooth
devices in our house with the GHM and manage them
by giving voice commands to the GHM. So, can we stop
the services of these Bluetooth devices via DoS attacks?
Especially if these Bluetooth devices have vital
responsibilities such as fire alarms or security cameras,
this issue becomes even more important for us. In this
study, in addition to many studies on GHM security, we
worked on DoS attacks against Bluetooth devices that
are paired with the GHM. DoS attacks were applied
based on the vulnerability of the Bluetooth devices.
While the services of the non-secure devices were
stopped, the Bluetooth connections of these devices
with the GHM were also cut. In line with the results
obtained, it is obvious that the devices to be connected
with the GHM should also be secure.

Using 12ping, an attack was carried out on the Bluetooth
headphone paired with the device. As the first step, as
you can see in Figure 3, the parameters were adjusted,
and then the attack was launched. Packets to be sent are
set to 600 bytes, Bluetooth adapter and victim device
MAC address are also set up. Only part of the MAC
address can be read from Figure 3, the remaining is
blackouted.

Figure 3. L2ping

The victim device’s MAC address was searched using
Bluedoser’s user interface. After determining the victim
device, the related MAC address with the victim was set
up as the parameter. Then DoS attack using Bluedoser
was started on the Bluetooth headphone.

The user interface of BDS is as you can see in Figure 4.
BDS requires Victim MAC address, package size, and
several threads as parameters. After the DoS attack
starts, packets of 600 bytes are sent to the victim over
100 different threads. The number of threads for
achievement depends on the victim and this count may
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Figure 4. The user interface of BDS.

change for different devices to be attacked. This optimal
thread number was found by performing lots of attacks
on the victim and observing those trials.

4, Results and Discussion

L2ping attack was failed even though the Bluetooth
headphone accepted the packets. During the attack,
music was playing over the headphone and service
couldn't be denied. While sending the packages to the
GHM, the GHM doesn’t accept the packages. When
trying to send packages to the Bluetooth speakers,
packages couldn't be received because the Bluetooth
speaker already had a Bluetooth connection with the
GHM.

In the attack on the Bluetooth connection between the
GHM and the Bluetooth headphone using Bluedoser,
expected success was not achieved and the Bluetooth
connection could not be disconnected. The attack is
performed on non-paired Bluetooth headphones and
then it is tried to connect to the headphone via the GHM
using Bluetooth. As a result, the GHM could not
connect to the headphone.

In the attack on the Bluetooth connection between the
GHM and the Bluetooth headphone using BDS, success
was achieved and the Bluetooth connection was
disconnected. Before the DoS attack, the GHM was
playing music over the Bluetooth headphone as an
output device. The GHM was changed the output device
automatically after the DoS attack and it started to play
music over itself. An optimal thread count was found
for Bluetooth headphones and observations were plotted
as a graph in Figure 5. Using 6 threads causes voice
corruption on the headphone and using more than 6
threads provides disconnection of the Bluetooth
connection between the headphone and the GHM. Using
7 threads offers the same result and using more than 7
threads is unnecessary, it just fatigues the attacker. The
optimal thread number depends on the vulnerability of
the Bluetooth device and this graph changes for
different Bluetooth devices. Attacks should be
performed again, and trials should be observed again to
obtain a graph for another Bluetooth device.
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Observations of Bluetooth Headphone Attacked by BDS

Cermaog i Sevss

Figure 5. thread count for Bluetooth

headphone.

Optimal

We realized that we could not be successful in the DoS
attack using I2ping, but we know that BDS uses 12ping
and we succeeded in the DoS attack using BDS. This is
because the BDS performs I2ping attacks over multiply
defined threads and sends a suitable number of packages
to the victim as much as possible to keep the victim
busy. The optimal thread count parameter was found by
observing different trials for Bluetooth headphones.
Using at least 7 threads provided successful DoS attack
results for our Bluetooth headphone.

5. Conclusion

In conclusion, attacks that were performed using I12ping,
Bluedoser, and Bluetooth DoS script (BDS) were
observed. No success was achieved using Bluedoser and
I2ping against Bluetooth headphones and other
Bluetooth speakers. Attack, which was performed using
BDS against Bluetooth headphones, was able to
disconnect Bluetooth service and victim headphone was
denied of service.

We achieved success in performing a DoS attack on the
device which supports more than one Bluetooth
connection. Other devices didn't support more than one
Bluetooth connection, so they didn't accept packets
while the DoS attack has been performed. Future work
aim is to find a way to perform DoS attacks on the other
Bluetooth devices that don’t support more than one
Bluetooth connection. It is required to find more
vulnerabilities for those devices and to discover new
techniques against security risks.
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Abstract

In this study, the design and electrical tests of polarization-independent radar absorber fabric containing
an array of circular shaped conductive patches positioned on a neoprene fabric are presented. The
proposed absorber has an overall thickness of 1.57 mm and a unit cell dimension of 8.75 x 8.75 mm?,
which is < M/3, where A is the free-space wavelength at 9.33 GHz. In the designs, electrical performance
of the radar absorber fabric is numerically studied in both planar and conformal structures. Furthermore,
the two-dimensional (2D) surface current distribution at the resonant frequency is examined to better
understand the operating principles of the proposed structure. Finally, a prototype of the radar absorber is
manufactured using neoprene fabric with relative permittivity of 3.18, loss tangent of 0.93, and the
frequency dependent reflection parameter values are measured by using the free space measurement
technique to validate the numerical results. A good agreement between the measurement and numerical

results is obtained.

Keywords: Radar absorber fabric, metamaterials, frequency selective surfaces.

1. Introduction

Radars are commonly used for detecting, locating,
tracking, and recognizing of the air, land and sea
vehicles such as ships, aircraft and space crafts for both
civilian and military purposes [1]-[4]. Radar Absorbing
Materials (RAM) which convert the incident
electromagnetic energy into thermal energy should be
used to make harder to detect of these vehicles by radars
[5]-[7]. The traditional RAMs based on frequency
selective surface (FSS) are include periodically arranged
of conductive patches located on a dielectric substrate.
In the literature various FSS designs with different unit
element geometries are proposed to reduce the
electromagnetic energy reflected back to the radar [8]-
[10].

In [11], a thin absorber which consists of a single
resistive FSS layer and a dielectric superstrate is
designed to operate in the frequency range of
approximately 3.3 to 20 GHz with 88.26% bandwidth.
In the designs, square patches are used as the unit cell
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elements to simplify the derivation of the equivalent
circuit model. The three-layer ultrathin RAM which
includes an FSS with double square loops is considered
in [12]. In order to improve the absorption performance
of the considered structure micro-split gaps are opened
in the middle of the outer square loops. In this way, the -
10dB absorption bandwidth is increased to 14.1 GHz.
Another design is shown in [13], where a tunable circuit
analog absorber is proposed for the first time. The basic
idea of the tunable circuit analog absorbers is replacing
the conventional ground plane by a varactor tunable
FSS. The RAMs can be also used for conformal surface
applications. For this purpose, in [14], a Jaumann
absorber with a low-pass FSS back layer is applied to
the curved wing-front end to efficiently reduce the
monostatic radar cross-section for both TE and TM
polarizations over 2—-16 GHz.

Recently fabric-based radar absorbers are becoming
more popular for their low processing cost, flexibility,
light weight and easy fabrication [15].
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In the proposed study a polarization-independent radar
absorber fabric is designed to operate in the center
frequency of the X-band.

This paper is organized as follows. Section 2 describes
the design procedure and numerical analysis of the
proposed model. Section 3 details the manufacturing
and measurement processes. Moreover, this section
compares the measurement results with numerical
results in the frequency range of interest. Finally,
Section 4 presents the evaluation and conclusions of the

paper.

2. Radar Absorber Fabric Design and Operating
Principle

In this study, radar absorber fabric design with circular
shaped conductive patch array providing polarization-
independent absorption characteristic for both TE and
TM modes under different incident angles due to the
symmetrical shape of the patches is considered. As
shown in Figure 1, the proposed structure has four
design parameters; the radius of the circular patches r,
the thickness of the fabric positioned between the
conductive patches t, the side length of the unit element
h and the relative permittivity of the fabric positioned
between the conductive patches ¢. The design
parameter values of the absorber fabric are obtained by
using CST Microwave Studio optimization tools for
9.33 GHz center frequency value as listed in Table 1
[16].

Table 1. Design parameter values of radar absorber
fabric with circular shaped patch array

Parameter Description Value

the radius of the circular

r 3 mm
patches
the thickness of the fabric

t positioned between the 1.5mm
conductive patches

h the side length of the unit 8.75 mm
element
the relative dielectric

&r 35

permittivity of the fabric

[ = ok

Figure 1. Design parameters of the radar absorber
fabric with a circular shaped patch array
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In the simulations, the open boundary condition is used
along z-direction whereas electric and magnetic
boundary conditions are respectively used along the x
and y-directions to eliminate all tangential electric and
magnetic fields. Furthermore, the unit element model
illustrated in Figure 1 is excited with a pure TEM mode
by two 50 Q waveguide ports which are located over xy
planes at equal distances from the panel along the z-
axis.

The frequency dependent transmission (T), reflection
(R) and absorption (A) coefficient values obtained from
numerical analysis are compared in Figure 2. It is
observed from the comparison given in Figure 2, the
amplitude values of the reflection and absorption
coefficients are respectively minimum and maximum at
the center operating frequency of 9.33 GHz, while the
transmission coefficient values are equal to zero
throughout the frequency range due the ground plane
used in the designs.

T+R+A=1 (2.1)

Considering Eq. (1), the sum of the amplitude values of
the frequency dependent transmission, reflection and
absorption coefficients should be equal to 1. While the
transmission parameter values are zero due to the
ground plane, the reflection and absorption coefficients
should be symmetrical with respect to each other.
Therefore, in this study, only reflection coefficient
values are taken into consideration in the numerical
analysis.

The effect of various incidence angles and polarizations
of the electromagnetic wave on the electrical
performance of the radar absorber fabric is also
considered in this study. For this purpose, numerical
analysis is performed for the angle of incidence of the
electromagnetic wave between 0°—60° with 15° angle
steps and the obtained frequency dependent reflection
parameters are compared in Figure 3.
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Figure 2. Numerically obtained frequency dependent
transmission (T), reflection (R) and absorption (A)
coefficient values of the radar absorber fabric

It can be seen from Figure 3 that the operating
frequency value of the radar absorber fabric shifts
towards higher frequencies depending on the increase in
the incidence angle.

14
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To examine the electrical performance of the radar
absorber fabric against different polarizations of the
electromagnetic wave, the angle of the wave with the x-
axis is changed with 15° steps between 0°-60° and the
obtained frequency dependent reflection parameters are
compared in Figure 4. From the comparison given in
Figure 4, the proposed radar absorber fabric design shows
a polarization independent characteristic.
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Figure 3. Numerically obtained frequency dependent
reflection coefficient values of the radar absorber fabric
for various incidence angle of electromagnetic wave
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Figure 4. Numerically obtained frequency dependent
reflection coefficient values of the radar absorber fabric
various polarizations of the electromagnetic wave

In order to investigate the electrical performance of the
proposed structure, 2D surface current density at the
operating frequency of the radar absorber fabric with
normal electromagnetic wave excitation (g=0°, 6=0°) is
considered. As can be clearly seen from Figure 5,
conductive circular patches resonate at operating
frequency.

Circular Shaped
Conductive Patches

Figure 5. 2D surface current distribution at the center
operating frequency of the radar absorber fabric

After the 2D surface current density of the proposed
structure is  studied, several simulations are
implemented to investigate the effect of the design
parameter values on the electrical performance of the
radar absorber. For this purpose, only one design
parameter value is varied while the others are fixed as
shown in Table 2.

Table 2. Design parameter values used in the parameter
analysis of radar absorber fabric

Model r t h &
Ref. Model 3mm 1.5mm 8.75mm 35
Model-1 294mm 1.5mm 8.75mm 35
Model-2 3.06 mm 1.5mm 8.75mm 35
Model-3 3mm 1.3mm 875mm 35
Model-4 3mm 1.7mm 875mm 35
Model-5 3mm 15mm 855mm 35
Model-6 3mm 15mm 895mm 35
Model-7 3mm 1.5 mm 8.75mm 25
Model-8 3mm 1.5mm 8.75mm 45
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The first parameter to be studied is the radius of the
circular patches r. As can be clearly seen from Figure 6,
the center of the operating frequency moves to 9.86,
9.33, and 8.62 GHz by varying r as 2.94, 3, and 3.06
mm, respectively.

0 \ \ \ \ \
-10f 1

@ -20f .

A :

= i
v 800 EH —r=2.94 mm 1
i -==-Ref. model (r=3.0 mm)
e r=3.06 mm i
_50 [ [ ) [ [ [ [ [
6 7 8 9 10 11 12 13 14
Frequency (GHz)

Figure 6. Numerically obtained reflection coefficient
results of the proposed radar absorber as the function of
ther.
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g
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)

30 \ ===-Ref. model (t=1.5 mm)

------- t=1.7 mm
_40 r I I I I I I
6 7 8 9 10 11 12 13 14
Frequency (GHz)

Figure 7. Numerically obtained reflection coefficient
results of the proposed radar absorber as the function of
the t.
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In order to investigate the effect of the thickness of the
fabric positioned between the conductive patches and
ground plane on the operating frequency, t is varied
from 1.3 mm to 1.7 mm with an increment of 0.2 mm.
Figure 7 confirms that the operating frequency is
inversely proportional to t.

The effect of the unit cell dimension on the reflection
coefficient values of the radar absorber fabric is
compared in Figure 8 under varying the values of h. As
depicted in in Figure 8, the center of the operating
frequency values are obtained as 8.55, 9.33, and 9.8
GHz for the unit cell dimension values of 8.55, 8.75,
and 8.95 mm, respectively.

0

-10

o -20

ko)

v -30F ) —h=8.55 mm ]

h -==-Ref. model (h=8.75 mm)
-40- h=8.95 mm 1
_50 r r r r r r r
6 7 8 9 10 11 12 13
Frequency (GHz)

Figure 8. Numerically obtained reflection coefficient
results of the proposed radar absorber as the function of
the h.

Finally, the effect of the relative dielectric permittivity
of the fabric & on the electrical performance is
considered. According to Figure 9, the operating
frequency is inversely proportional to the relative
dielectric permittivity value of the fabric.

0

10+
o
K N
=, 201 \ {
o ! K —sr:2.5

1
30 \ ----Ref. model (s =3.5)
€ =4.5
r
_40 I I I r I I r
6 7 8 9 0 11 12 13

Frequency (GHz)

Figure 9. Numerically obtained reflection coefficient
results of the proposed radar absorber as the function of
the ¢,.

Before starting the manufacturing process of the radar
absorber fabric, the electrical performance of the
absorber fabric on the conformal structures is
considered. For this purpose, the designed absorber
fabric is placed on a cylindrical conformal structure
which has an average inner radius of 8.8 cm as shown in
Figure 10 and numerical analyzes are performed by
applying periodic boundary conditions along the vertical
axis. In the numerical analysis, reflection parameters are
obtained by using waveguide port. It can be observed
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from the frequency dependent reflection parameters
given in Figure 11 that the center operating frequency
does not change when the absorber fabric is positioned
on conformal structures, but the amplitude of the
reflection coefficients decreases at higher frequencies.

Figure 10. Radar absorber fabric placed on the curved
structure

0

-10
g
v: -20
® — Planar fabric
-30 ===+Curved fabric B
_40 I I I r r I I
6 7 8 9 10 11 12 13 14

Frequency (GHz)

Figure 11. Comparison of the numerically obtained
frequency dependent reflection coefficient values of the
conformal radar absorber fabric with the planar fabric

3. Manufacturing Process and

Verification

Experimental

In order to experimentally verify the numerical analysis
results, the prototype of the radar absorber fabric is
manufactured. As schematically shown in Figure 12, the
grounding conductor and circular shaped patch arrays
are manufactured using conductive fabric with a
shielding efficiency of 70-90 dB in the frequency range
of 10 MHz —-30 GHz consisting of 62% polyester, 25%

14 copper and 13% nickel, while 1.5 mm thick neoprene

fabric is used for the dielectric substrate.

Cor:;mtive fabric
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Circular Shaped
«— Conductive Patches
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-
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Neoprene fabric
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Figure 12. Prototype production stages of radar

=15
absorber fabric
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After the manufacturing process is completed, the
electrical performance of the radar absorber fabric is
started by measuring the frequency dependent complex
dielectric permittivity of the neoprene fabric. As shown
in Figure 13, Agilent N5234A PNA-L microwave
vector network analyzer (VNA) with an operating
frequency range of 10 MHz to 43.5 GHz is used
together with the Agilent 85070E dielectric
measurement kit. The obtained measurement results of
the neoprene fabric for the frequency range of 6-12
GHz are given in Figure 14.

Vector network analyzer
(VNA)

Probe

Neoprene fabric

Figure 13. Measurement setup of frequency dependent
complex dielectric permittivity of neoprene fabric

0 r r r r r r r
7 8 9 10 11

Frequency (GHz)

(@)

12

0 r r r r r r r

7 8

Frequency (GHz)
(b)
Figure 14. Frequency dependent complex
permittivity of neoprene fabric (a) real
imaginary parts

9 10 11 12

dielectric
and (b)

It can be observed from Figure 14 that the real and
imaginary parts of the relative permittivity value of the
neoprene fabric at the center operating frequency are
3.18 and 0.93, respectively. The obtained values
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confirm that the electrical characteristic of the neoprene
fabric is similar to the substrate used in the simulations.
After the complex relative permittivity values of the
neoprene fabric is verified by measurements, frequency
dependent reflection coefficient values of the planar
radar absorber fabric are measured. For this purpose, the
free space measurement setup shown in Figure 15 is
used [17]. In the measurements a horn antenna which
has excellent radiation characteristics in the operating
frequency range of 3 GHz to 18 GHz is located 20 cm
far from the proposed structure and connected through
semi rigid coaxial cable to the VNA.

Vecetl(r:ralr)]/ezt:\r’ . - WL f
(VNA) i \ : ol "' Radar absorber
-v fabric
ro _F Y

Horn /J

antenna

|

Figure 15. Frequency dependent reflection parameter
measurements of planar radar absorber fabric

— Simulation
==="Measurement

_40 I I I I I I I
6 10 11 12 13

Frequency (GHz)

14

Figure 16. Comparison of the numerically obtained
reflection coefficient values of the planar radar absorber
fabric with the measurements

The reflection coefficient values obtained from the
measurements are compared with the numerical results
in Figure 16. It can be clearly seen form Figure 16 that
the measurement results are consistent with the
numerical results.

In order to obtain the electrical performance of the
cylindrical conformal absorber fabric, as shown in
Figure 17, the proposed structure is placed on a paper
roll with an average radius of 8.5 cm and reflection
coefficient values are obtained in the frequency range of
6-14 GHz. The reason for using a paper roll in
measurements is that it has a conformal surface and has
a dielectric permittivity of close to 1 which is equal to
free space.
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Vector Radar
Network absorber
Analyzer fabric

antenna

Figure 17. Frequency dependent reflection coefficient
measurements of cylindrical conformal surface absorber
fabric

The frequency dependent reflection coefficient values
obtained from measurements are compared with the
numerical analysis results in Figure 18.
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Figure 18. Comparison of the numerically obtained
reflection coefficient values of the conformal radar
absorber fabric with the measurements

It can be seen from the comparison given in Figure 18
that the measurement results are in good agreement with
the numerical analysis results.

Finally, the electrical performance of the proposed radar
absorber fabric is compared with previously published
studies in terms of unit cell dimensions, material used in
the manucafturing process, the operating frequency
values and the polarization insensitivity. As it can be
observed from Table 3, the proposed absorber
represents a polarization insensitivity up to 60° and
good miniaturization as well as flexibility for conformal
applications.

Table 3. Electrical performance of the proposed radar
absorber fabric compared with previously published
studies

14

Ref. Unit cell  Material Oper. Pol.
No. (mm?) Freq. Insens.
(GHz)
[15] 30x30 Fabric 9,98 0°-60°
[18] 26x26 FR4 28 0°-40°
[19] 11x11 FR4 10 Not
ment.
[20] 16x16 Graph. 11.6 Not
ment.
This 8.75x8.75  Fabric 9.33 0°-60°
study
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4. Conclusion

In this study, radar absorber fabric with a circular
shaped conductive patch array which has a central
operating frequency of 9.33 GHz is designed. In the
designs, the electrical performance of the radar absorber
fabric is numerically studied considering the different
incident angle and polarization of the electromagnetic
wave. In the numerical analysis, the angle of incidence
of the electromagnetic wave is changed between 0°-60°
with 15° angle steps. It is observed from the numerical
results that the operating frequency value of the
absorber fabric shifted towards high frequencies due to
the increase in the incident angle whereas the operating
frequency value does not change for the different
polarizations of the electromagnetic wave. In order to
deeply analyze the electrical performance of the radar
absorber fabric 2D surface current distribution at the
operating frequency value for normal electromagnetic
wave excitation (J=0°, 6=0°) is examined. Within the
scope of numerical analysis, the electrical performance
of the conformal structure obtained by placing the
planar radar absorber fabric on the cylinder surface with
an inner radius of 8.8 cm is analyzed and it is observed
that the central operating frequency value has shifted 60
MHz towards the high frequency. In order to
experimentally verify the numerical analysis results of
both the planar and conformal radar absorber fabrics,
the prototype of the proposed structure is produced, and
the frequency dependent reflection coefficients are
obtained by wusing the free space measurement
technique. The measurement results of the planar radar
absorber fabric are consistent with the numerical results
whereas the measurement results of the cylindrical
conformal radar absorber fabric are in good agreement
with the numerical results. Consequently, the proposed
absorber represents good miniaturization as well as
flexibility for conformal applications and a polarization
insensitivity up to 60° both for TE and TM modes.
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Abstract

Jujube (Ziziphus jujuba Mill.), which grows in tropical and sub-tropical regions of world and has been
commercially cultivated in China for 4000 years. Jujube is a juicy and crispy fruit, resembling a large
olive and tasting like an apple. Moreover, jujube has been used for treatment of several diseases in
traditional Chinese medicine. Jujube has antioxidant, anticancer, hepatoprotective, anti-inflammatory,
antimicrobial activities due to bioactive components such as phenolic compounds, saponins,
polysaccharides and ascorbic acid. It is also a valuable fruit in terms of its nutrient content including
carbohydrates, proteins, vitamins and minerals. In recent years, the tendency towards natural therapies has
increased, due to increase in incidence of certain diseases and adverse effects of drugs used in the
treatment of such diseases. Jujube could be considered as a natural therapeutic material because of
bioactive and nutritional properties. The aim of present review is to introduce jujube fruit in terms of
chemical composition, effects on health and bioactive properties.

Keywords: bioactive properties; health benefits; jujube; nutritional value

1. Introduction The color of jujube fruit changes from yellow to red-
brown during maturation. Generally, jujube is consumed
Jujube  (Ziziphus jujuba Mill.), belonging to as fresh or dried fruit, but it also has a variety of
Rhamneceae family, has been grown for 4000 years and  consumption types such as tea, alcoholic beverages,
has more than 700 cultivars in China [1]. The jujube is  pickles, jam, compote or candy in some cultures [11].
naturally spread in some regions of Russia, India, North
Africa, Southern Europe, Middle East and Anatolia  Jujube has been used in Traditional Chinese Medicine
[2,3]. Jujube is called different names among cultures  for thousands of years because of nutritional and
such as Chinese jujube, Tsao, Azufaifo, Chinese date, bioactive properties [9, 12]. Recently, some researchers
Dara, Unnab, Annap, and Hiinnap [4,5]. have indicated that jujube fruits are good source of
vitamins (especially vitamin C) and minerals (calcium,
China, the only exporter, produces 90% of jujube in the iron and potassium as well as the content of
world [6,7]. In Turkey, statistical data has been carbohydrates, proteins and fatty acids [10,13,14]. The
compiled since 2013 by Turkey Statistical Institute.  jujube, which is rich in phenolic compounds, has many
According to records, jujube production has increased  bioactive properties such as antioxidant, anticancer,
from 142 tonnes in 2013, to 1760 tonnes in 2021 [8]. anti-inflammatory, hepatoprotective and  sedative
activities [9,15,16,17].
Jujube is a crispy and juicy fruit with a single hard
stone, which resembles a large olive in size of The purpose of the study is to review the jujube fruit in
approximately 4x6 cm, and tastes similar to an apple terms of physical features, nutritional values and
[9,10]. bioactive properties.
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2. Physical features

Jujube plant is a small deciduous tree with thorny
branches and can reach 5-10 m height. Jujube has shiny-
green leaves with 2-7 cm wide and 1-3 c¢cm broad.
Yellowish green, small flowers of jujube are 5 mm wide
[18]. Also, there is one stone in the fruit [19]. Jujube
fruits have ovoid and elongated shape like an olive.
Jujube, a mild climate plant, can grow wild as well as
cultivation for commercial purpose in garden. The
growth rate of jujube trees is slower than other fruit
trees.

The growing season of jujube is divided into 5 stages.
Stage | is bud burst to leafing stage during early April-
early May. Stage Il is flowering to fruit set stage during
mid-May-late June. Fruit formation stage is the third
stage, and it occurs between late June-late July. During
early August-early September, fruit maturation stage
proceeds and then between October and March,
dormancy stage continues [9].

Soil type does not have large effects on jujube growth
because jujube trees are resistant to salinity and
alkalinity. It is not necessary to provide large amount of
water since jujube trees are better adapted to arid
regions than other fruit trees [9]. Sandy, permeable,
moist, and lime-rich soil with sufficient humus for
jujube cultivation is more suitable [20]. Although jujube
trees adapt to many climates, it needs summer heat for
the formation of high-quality fruits.

3. Nutritional properties

Jujube fruit is a good source of vitamins, minerals,
phenolic components, carbohydrates. Nutritional values
and bioactive components of jujube depend on maturity
stage and genotype [15].

Jujube contains approximately 85% carbohydrates, 57-
77% reducing sugar, 0.57-2.79% soluble fibre, 5.24-
7.18% insoluble fibre, 4.75-6.86% protein, 0.37-1.02%
lipid, and 2.26-3.01% ash in dry weight [21]. In general,
fructose, glucose and sucrose are the major sugars [22,
23]. Foods, which are rich in fructose, may be
considered as potential food source for diabetic diets.
So, jujube may be helpful for diabetics because of high
fructose content [22]. Some researchers have indicated
that sugar content and composition may differ based on
cultivar, agro-climatic conditions and habitat [21].
Hernandez et al. [5] found that fructose, glucose, and
sucrose levels of jujube ranged from 4.8 to 5.7 g/100
mL, 3 to 3.9 g/ 100 mL, 1.6 to 9.4 g/100 mL,
respectively. Hernandez et al. [5] have indicated that the
differences in the content of sugar depend on only
cultivar because they grow at similar conditions. In
another study, predominant sugars of jujube were
defined as fructose, glucose, and sucrose. It was
indicated that with the increasing maturity level, content
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of total sugar increased, then at the last stage of
maturation, it decreased. Content of total sugar was
determined as 817.42, 6061.23 and 4807.33 mg/100 g
fresh weight at the first, fourth and last (sixth) stage of
maturation, respectively. Additionally, it was reported
that sucrose content increased with maturation despite
of no sucrose content at initial stages [23].

There is limited information about protein and amino
acid content of jujube. Amino acid profile of jujube at
eight maturation stage was investigated by Choi et al.
[24]. It was stated that protein content of jujube
decreased from 42.1 to 4.6 g protein/100 g dry weight
during maturation. Asparagine was reported to be major
amino acid. Additionally, total free amino acids/protein
(%) increased from 3.4 to 62.4 during maturation.
Hernandez et al. [5] reported that protein content of
jujube is ranged from 3.7% to 5.8% in dry weight and
the usage of jujube in unbalanced plant-based diet might
be helpful for remedy protein deficiency. Free amino
acid composition of fresh, dried and stored jujube was
showed by Pu et al. [25] The results demonstrated that
fresh jujube contains approximately 26 g/kg free amino
acid. The major amino acid was proline (17117.4
mg/kg), followed by threonine (3794.7 mg/kg) and
serine (1151.4 mg/kg). Free amino acid content was
stated to decrease as a result of Maillard reactions
during drying [26].

Organic acids are indicators for fruit maturation, flavor,
nutrition and acceptance of fruits [27]. Different types
and amounts of organic acids in jujube were reported to
be found depending on fruit’s maturity stage, genotype,
cultivation regions and climates [22,28]. According to
the results of Gao et al. [22], while malic (294-740.3
mg/100 g fresh weight), citric (39.4-196.6 mg/100 ¢
fresh weight) and succinic (0-177.9 mg/100 g fresh
weight) acid were the organic acids in jujube cultivars.
They have also indicated that the concentration of each
organic acids differed dependent on cultivar. In a study,
oxalic, tartaric, malic, lactic, and ascorbic acid were
detected in jujube with different cultivar and maturity
stage. Ascorbic (280.4-250.3 mg/L in white maturity;
312.9-319.2 mg/L in red maturity) and malic acid
(106.1-130.7 mg/L in white maturity; 268.2-305.6 mg/L
in red maturity) were reported to be major organic acids.
They have stated that only oxalic acid content decreased
with maturity from 92.3 to 45.3 mg/L, while the others
reached maximum amount in the red maturity stage.
This study has shown that maturity stage has important
effect on organic acid content [15]. Although,
Hernandez et al. [5] determined succinic acid (0.84-5.53
g/100 mL) as main organic acid, citric (0.30-0.77 g/100
mL), ascorbic (0.41-0.64 g/100 mL) and malic acid
(0.21-0.31 ¢/100 mL) were reported to be detected in
jujube fruits by other researchers. Some researchers
have demonstrated that tartaric, malic, citric and
succinic acid may exist in jujube fruits, but predominant
organic acid was malic acid followed by tartaric acid.
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At the different maturation stages, content of each
organic acid was stated to be different [23]. Wu et al.
[23] have also indicated that organic acids are the
markers for fruit acceptability.

Li et al. [21] have reported that jujube has low lipid
content (0.37-1.02%). Total lipid amount of fresh jujube
fruits was observed between 0.06-0.1% by San and
Yildirim [29]. They detected 19 different fatty acid and
indicated that oleic (14.27-18.84%), linoleic (17.39-
34.20%), palmitic (13.21-17.84%) and palmitoleic
(7.27-18.86%) acid were predominant fatty acids in 4
jujube cultivars. These differences may result from
jujube cultivars, chemical composition of jujube,
geographical and climatic conditions.

Vitamins are essential micronutrients because they
cannot be synthesized in human body. Therefore, it is a
necessity to meet the need for vitamins with diet [30].
Vitamins have vital functions and lack of vitamins can
cause various health problems [31]. Ascorbic acid
(vitamin C), a water-soluble vitamin, has scavenging
free radical activity and is a chelating and reducing
agent [32]. Jujube is one of the richest fruits in terms of
vitamin C [10]. Recommended nutrient intakes (RNIs)
for vitamin C were stated that 45 mg/day for an adult
man [33]. As recommended by FAO/WHO, one jujube
fruit would meet the daily requirements for the complex
vitamin C for an adult man [14]. In a study, ascorbic
acid content of jujube was reported to be as 310.32
mg/100g fresh weight at the beginning of maturation
and then decreased with maturation to 199.58 mg/100 g.
It was indicated that ascorbic acid content of jujube is
higher than most reported fruits as source of vitamin C
such as kiwi, strawberry, lemon [23,34]. Cosmulescu et
al. [15] have reported that ascorbic acid content of two
different jujube cultivars were 280.4-250.3 mg/L at the
white maturity stage, 321.9-319.2 mg/L at the red
maturity stage. Most of studies indicate the highest
ascorbic acid value at matured stage [35]. Wojdylo et al.
[14] have stated that ascorbic acid content of four
different jujube cultivars was ranged from 387 to 555
mg/100 g fresh weight. Gao et al. [22] have also
indicated that hardness of fruit was significantly
correlated with vitamin C content. Li et al. [21] have
found that the amounts of other water-soluble vitamins
were 0.04-0.09 mg/100 g for thiamine (B1), 0.05-0.09
mg/100 g for riboflavin (B2) and 192-359 mg/100 g for
vitamin C. According to FAO, recommended daily
riboflavin intake is 1.1 mg/day for female and 1.3
mg/day for male and recommended daily thiamin intake
is 1.1 mg/day for female and 1.2 mg/day for male. Thus,
one fresh jujube fruit wouldn’t meet daily recommended
intake.

Dietary minerals have great important roles in
prevention of several diseases. Many researches show
that jujube is one of the mineral-richest fruits.
Hernandez et al. [5] determined four macro- (potassium,
calcium, magnesium, sodium) and four micro-elements
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(iron, zinc, copper, manganese) in jujube. It was
reported that potassium content of jujube was ranged
from 11.9 to 17.3 g/kg dry weight as the highest mineral
content [5]. Similarly, Wang et al. [36] have noticed the
same result for potassium (13.1 g/kg). Calcium content
of jujube was reported to be ranged from 0.23 to 0.72
o/kg and jujube might be considered as calcium source
[36]. Jujube was found also rich in micro-elements such
as iron (10.2-17.3 mg/kg dry weight), zinc (4.0-5.1
mg/kg dry weight), copper (0.5-1.2 mg/kg dry weight),
manganese (0.2-2.9 mg/kg dry weight) by Hernandez et
al. [5]. Li et al. [21] have stated that jujube is considered
as rich fruit in terms of minerals and potassium (79.2-
458 mg/100g fresh weight), calcium (45-118 mg/100g
fresh weight), phosphor (59.3-110 mg/100 g fresh
weight) and manganese (24.6-51.2 mg/100g fresh
weight) have been defined as major minerals in the
tested jujubes. Iron (4.68-7.90 mg/100 g fresh weight),
sodium (3.22-7.61 mg/100 g fresh weight), zinc (0.35-
0.63 mg/100 g fresh weight) and copper (0.19-0.42
mg/100 g fresh weight) were also detected by Li et al.
[21].

Phenolic content of fruits plays a key role with regard to
improving sensory quality and resistance to some stress
conditions [37,38]. Phenolic compounds also show
bioactive properties such as antioxidant, anticancer,
anti-inflammatory and antiallergic [39]. Ecological
conditions, harvest and post-harvest conditions,
maturity stage and process conditions of fruits have
effects on the phenolics in terms of amount and quality
[38]. In general, catechin, epicatechin and rutin are the
main flavonoids; caffeic, gallic, chlorogenic and ferulic
acid are the main phenolic acids of the jujube fruits
[39,29,12,23,24]. Choi et al. [24] identified the
flavonoids of jujube as epicatechin, procyanidin B2,
kaempferol-glucosyl-rhamnoside, quercetin-3-
galactoside, quercetin-3-robinobioside, quercetin-3-
rutinoside. Phenolic content of jujube changes during
maturation. It was observed that total flavonoid content
of jujube decreased with maturity stage from 26.52 to
0.35 /100 g dry weight [24]. Seven phenolic
compounds (catechin, epicatechin, caffeic acid, ferulic
acid, p-hydroxybenzoic acid, cholorogenic acid and
rutin) were defined in jujube fruits by San and Yildirim
[29]. San and Yildirim [29] have also indicated that
predominant phenolic compounds of fruits were
catechin (2.46-3.74 mg/100 g fresh weight) and rutin
(0.88-3.60 mg/100 g fresh weight). Gao et al. [40] have
reported that flavanoid content of different jujube
cultivars were ranged from 159.3 to 230.3 mg rutin
equivalent (RE)/ 100 g fresh weight. Phenolic content of
jujube fruit (600.4 Gallic acid equivalent (GAE)/100 g
fresh weight) have been reported to be higher than
common fruits which are known for their high total
phenolic contents such as cranberry (507 mg GAE/100
g fresh weight), red grape (182 mg GAE/100 g fresh
weight), strawberry (147.8 mg GAE/100 g fresh weight)
[40].
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4. Bioactive Properties
4.1 Antioxidant properties

Antioxidants are defined as substances that greatly
delay or inhibit the oxidation of materials that can easily
be oxidized [41]. Antioxidant substances are divided
into two groups as natural or synthetic. Natural
antioxidants are extractable compounds which exist in
plant and animal tissues or occur during the food
processing such as fermentation and heat treatment.
Important natural antioxidants include tocopherols,
flavonoids, polyphenols, phenolic acids, vitamin C,
carotenoids and selenium [42].

Jujube is a very rich fruit in terms of flavonoids and
phenolic components. Gao et al. [22] have stated that
jujube have more antioxidant activity (AA) than
common antioxidative fruits such as pomegranate,
guava and sweetsop. In their study trolox equivalent
antioxidant capacity (TEAC), total phenolic (TPC) and
total flavonoid content (TFC) of jujube fruits were
ranged from 1.74 to 7.75 mmol Trolox equivalent
(TE)/100 g fresh weight, 275.6 to 541.8 mg GAE/ 100 g
fresh weight and 62 to 284.9 mg RE/100 g fresh weight,
respectively. The authors have also indicated that higher
AA was found in fruits which have higher antioxidant
substances such as flavonoid and phenolic content and
during the maturation, AA, TPC and TFC decreased
[22].

Kou et al. [43] studied fifteen matured jujube cultivars
in terms of bioactive compounds and AA. They have
demonstrated that AA of jujube mainly depends on
ascorbic acid, polyphenols and proanthocyanidins. In
the study, AA of methanol extracts of jujube fruits was
reported to be ranged from 1.04 to 1.91 mM TE/100 g
fresh weight as DPPH values and 224.6 to 406.2 mg
ascorbic acid equivalent (AAE)/100 g fresh weight as
Ferric Reducing/Antioxidant Power (FRAP) values by
Kou et al. [43].

Some researchers have investigated that jujube in the
green maturity stage have higher DPPH scavenging
activity, FRAP value and phenolic content than ripe
jujube [44]. The DPPH radical scavenging activity and
FRAP activity were found between 76.01-91.84% in
green pulp and 0-85.11% in ripe pulp, respectively;
126.12 and 163.02 mmol FeSO4/g dry weight in green
pulp and 0-148.18 mmol FeSO4/g dry weight in ripe
pulp, respectively. Furthermore, a positive correlation
between AA and TPC was reported by Siriamornpun et
al. [44].

Cosmulescu et al. [15] have investigated those AA and
bioactive compounds of two different jujube cultivars at
four maturity stages from white to red maturity. During
the maturation, TPC, TFC and AA were reported to be
decreased from 1269.6-1643.4 to 475.3-529.5 to mg
GAE/100 g, 34.6-48.5 to 19.9-26.7 mg QE/100 g,
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1566.4-1661.4 to 1154.6-1164.7 mg AAE/100 g,
respectively. They have indicated that TPC, TFC and
AA decreased with maturity for two varieties and
genotype has effect on amount and composition of
bioactive compounds [15].

Four maturity stages of jujube fruits were analyzed in
terms of antioxidant capacity and chemical components
by Wang et al. [45] and pulp and peel of fruits were
separately investigated. The results showed that peel of
fruits have higher antioxidant capacity, total phenolic
and flavonoid content than the pulp. At green maturity
stage, all of these values were the highest level.
However, these values significantly decreased during
maturation [45]. Wu et al. [23] analyzed that the effect
of maturation on some physicochemical properties and
AA of jujube. It was stated that maturation levels were
identified by red surface area percentage. This study
showed that AA, total phenolic, total flavonoid and
proanthocyanidin  content decreased during the
maturation. Epicatechin and cinnamic acid were
reported to be found as the dominant phenolic
compounds.

Choi et al. [24] determined AA of jujube by 4 methods;
Folin Ciocalteu Reducing Capacity (F-C), DPPH
Radical Scavenging Assay, ABTS Radical Scavenging
Assay and Ferric Reducing/Antioxidant Power (FRAP)
Assay. While F-C and FRAP assay were significantly
correlated with each other (r=0.985), DPPH assay was
weakly correlated with other methods (r=0.8). These
AA methods have different principles such as FRAP
and F-C assay detect only electron transfer antioxidants,
ABST and DPPH detect electron transfer and hydrogen
transfer  antioxidants.[46] Therefore, differences
between results of these methods may result from
different precisions to a variety of antioxidative
molecules. To explain the effect of AA in jujube,
correlations  between  different compounds and
antioxidant capacity results were calculated by Wojdylo
et al. [14]. The results showed that content of ascorbic
acid and polyphenolic compounds such as quercetin
derivatives, polymeric procyanidins and flavonols
related to antioxidant capacity (r>0.8). Zhang et al. [12]
have investigated antioxidant capacities of the ethanolic
extract of different tissues of jujube and it was noticed
that flavonoid content of peel is higher than in the seed
and pulp. Besides, antioxidant capacity was reported to
be related to TPC and TFC in the study (r>0.98). In
another study, AA and TPC of jujube pulp and peel
were investigated by Xue et al. [47] The results of study
showed that TPC and AA of jujube peel were found to
be higher than pulp in three jujube cultivars. Xue et al.
[47] have also reported that antioxidant capacity was
measured by three different methods (DPPH, FRAP,
TEAC) and all results of these three methods were
highly correlated with each other.
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There are studies on the relation between AA and peel
color of Jujube. In literature, in this context, relation
between antioxidant capacity and peel color of jujube
was investigated by Xie et al. [48] It was reported that
peel color may be an indicator for polyphenol content
and antioxidant capacity. The L value represents
lightness, and it indicates freshness of fruits [49]. Xie et
al. [48] have reported that L values decreased from
87.24 to 58.77 during maturation. A value, which
expresses redness, increased gradually from 0.53 to
17.03 during maturation. The b value, represent of
yellowness, increased at the beginning of maturation,
and then decreased. TPC of jujube peel decreased
during maturation, while total flavonoid and
proanthocyanidin content of jujube peel increased at
first maturation stage and then decreased. It was
indicated that higher L value is related to higher content
of total phenolics, and it means that jujube would be at
the first stage of maturation (unripe). The higher b value
is related to higher content of flavonoids and
proanthocyanidins which means jujube would be mid-
mature. The higher a value related with higher content
of total phenolics which means jujube would be fully
mature.

4.2 Antimicrobial activity

In recent years, many microorganisms, which cause
infections and contagious disease, have developed
resistance against antibiotics because of antibiotics’
misusage. For this reason, several researchers have
indicated requirement of defining novel compounds
having antibiotic effect [50]. Antimicrobial activity of
fruits depends on cultivar and composition of fruit,
species of target microorganism, processing and storage
conditions. Proteins, lipids, pH, salts and temperature
effect on antimicrobial activity of phenolic substances
in fruits [51].

Ozkan [52] have reported that jujube has antibacterial
activity against gram positive bacterias. The highest
antibacterial ~ activity =~ was  identified  against
Staphylococcus aureus with 2 mg/mL (methanolic
extract of jujube) minimum inhibitory concentration.
Similarly, Abd-Alrahman et al. [53] and Ahmad and
Beg [54] have stated that jujube extracts have
antimicrobial effects on gram positive bacteria such as
S.aureus. On the other hand, no or poor antimicrobial
effects on gram negative bacteria such as Escherichia
coli was reported by Abd-Alrahman et al. [53] and
Ahmad and Beg [54].

4.3. Anticancer activity

It is known that Ziziphus species have been used for
treatment several diseases such as diabetes, liver
complaints, obesity, insomnia, and cancer in Traditional
Chinese Medicine [1,9,64]. In cell culture studies, it was
reported that Ziziphus extracts have anticancer activities
on several tumor cell line [55]. It was stated that
triterpenic acids were effective bioactive components on
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cancer [56]. Additionally, polysaccharides of jujube
may show antitumor activity by different mechanisms
such as inducing the apoptosis of tumor cells,
prevention of oncogenesis and spread of tumor cells,
improving immune response to tumors [57,58,59,60,7].
Choi et al. [24] have investigated some chemical
properties, antioxidative and cancer cell inhibitory
effects of jujube fruits at eight maturity level. Cancer
cell inhibitory effect was determined by using MTT (3-
(4,5-dimetiltiyazol2-yl)-2,5-difeniltetrazolyum-bromiir)
method. This method is based on measurement the color
change of MTT test solution with the cell viability.
MTT solution with yellow color is reduced by alive
cells to formazan components with purple color, then
the absorption is measured. In the study, two normal
cell line and three carcinogenic cell line were treated
with four doses of the jujube fruits at different maturity
levels. Cervical cancer cells were dose-dependently
inhibiting all maturity levels, in contrast with normal
lung and lung cancer cells inhibition decreased with
maturation. It was also noticed that cancer cell
inhibition effects of jujube were related to flavonoid
content and AA.

Anticancer activity of dried jujube fruit was investigated
by Vahedi et al. [61] Jurkat leukemia cell line, HelLa
epitheloid cervix and HEp-2 larynx carcinoma cell line
was treated by water extract of dried jujube fruit. MTT
results showed that jujube has dose-dependently
cytotoxic effects on these cell lines [61]. Huang et al.
[62] have demonstrated that jujube fruit extracts have
anticancer activity in HepG2 hepatocellular carcinoma
cell line by inducing apoptosis. In a study, the
antiproliferative effects of different extracts obtained
from jujube fruit on MCF7 and SKBR3 breast cancer
cell lines were investigated. The  highest
antiproliferative activity was found in the fraction which
is rich in triterpenic acid and protocatechuic acid [55].
Antiproliferative activity of deproteinized
polysaccharides (DPP) of jujube fruits was evaluated by
Hung et al. [63] DPP showed dose- and time-dependent
antiproliferative activity against melanoma cells.
Hoshyar et al. [64] have proved the in vitro anticancer
activity of aqueous jujube extract against breast cell
line. Additionally, in vivo experiments showed that due
to decreasing the adverse effects of N-Methyl-N-
Nitrosourea (NMU) carcinogenesis, jujube fruit could
be helpful for treatment of breast cancer. They also
indicated that this anticancer effect could be related to
AA of jujube. In a study, it was demonstrated that
aqueous extracts of two different varieties jujube have
cytotoxic effect on leukemic cell line with 375 and 852
pg/mL ICs (the half maximal inhibitory concentration)
values [44].

4.4, Other health benefits

The liver has important role in the body because of
functions in biotransformation and detoxification [65].
Therefore, protection of liver or curing liver injuries
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with natural sources have been evaluated by many
researchers [66]. The hepatoprotective effect of water
extracted jujube was investigated and protocatechuic
acid, vanilla acid, p-coumaric acid, catechol, p-
hydroxybenzoic acid were indicated as the main
phenolic compounds by Liu et al. [67] In vivo
experiments in mice with alcohol-induced liver damage
showed that oral administration of water extracted
jujube decreased the level of total cholesterol and
triglyceride, activities of serum hepatic AST (aspartate
aminotransferase), ALT (alanine aminotransferase) and
LDH (lactate dehydrogenase). Alcohol-induced liver
damage cause to increasing of these parameters in the
serum. Decreasing level of these parameters with oral
administration of jujube indicated that jujube has
therapeutic and protective effects against alcohol-
induced liver damage. In another study, the researchers
have shown that jujube fruits extracts have
hepatoprotective effects in relation to modulate the
oxidative stress in hepatic injury [68]. Selim et al. [69]
have investigated effects of jujube and honey on the
human hepatocarcinogenesis. The study run with 50
patients who have chronic hepatitis C. Patients were
treated with 4 g jujube and 1 g honey three times per
day for three months. Results showed that the treatment
decreased the level of some parameters related to the
disease such as ALT, AST, alkaline phosphatase (ALP),
bilirubin. It may be considered the potential of using
jujube for natural therapy against hepatocarcigonesis
due to results of the study.

In Traditional Chinese Medicine, jujube has been used
for some therapeutic purposes. Mostly encountered
problems such as insomnia and anxiety have been
treated with jujube [64,70]. Sedative and hypnotic
effects of jujube have been associated with decreasing
the monoaminergic system activity [71]. Jiang et al. [71]
have indicated that most effective sedative and hypnotic
functions of jujube were a result of existing saponins.
Another disease, which may be treated by jujube, is
Alzheimer’s Disease. Alzheimer’s is memory loss
caused by loss of cholinergic neurons of the nucleus
basalis of Meynert (NBM) and cortical cholinergic
deficiency [72]. Because jujube has activator effect on
choline acetyltransferase due to oleamide content,
jujube may be useful for therapy of Alzheimer’s [73].
Rabiei et al. [72] have indicated that jujube has effects
on memory repairing and restoring behavioral disorders
produced by NBM lesion.

Nucleotide and flavonoids are specific bioactive
components of jujube. For instance, cAMP (cyclic
Adenosine Monophosphate) in jujube has important
roles in several physiological processes such as
neuroprotective effects, antimelancholic properties
[74,75]. Additionally, some studies showed that jujube
increased the cAMP level in plasma and hippocampus
of animals [76]. CAMP has also an important role in
gene expression, inhibition of cell proliferation, heart
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diseases, allergic diseases [77]. Kou et al. [43] found
that the amount of cCAMP in jujube ranged from 17.38 to
193.93 pg/g fresh weight.

5. Conclusion

Prevalence of many diseases such as cancer, diabetes,
liver diseases, vitamin or mineral insufficiency has
increased around the world. Medical treatments and
drugs have some adverse effect. Therefore, interest in
natural therapeutics has increased. Jujube is one of the
richest fruits in nutritional and bioactive compounds. In
the current paper, nutritional values and health benefits
of jujube were reviewed. In the light of the previous
researches,

a) The jujube fruit has high phenolic content.
Jujube extracts may be used for natural
antioxidant extracts because of high phenolic
content.

The jujube is a rich source of ascorbic acid,
strong antioxidant substance. Therefore, it may
be beneficial to investigate usage potential of
jujube as natural vitamin C supplement.

The  knowledge of total phenolics,
polysaccharides, triterpene acids, organic acids
may be useful for understanding the bioactivity
of jujube. Due to bioactive compounds, jujube
fruits have a potential medicinal value.

b)

c)

Health benefits of jujube such as anticancer,
antioxidant, antidiabetic and hepatoprotective activities
have been indicated by previous researches. Further
studies are needed to better understanding of curing
potential of jujube.
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Abstract

In this study, boron removal from synthetic solutions and colemanite mine wastewater by coagulation
method using in-situ generated zinc hydroxide from zinc chloride salt was investigated. The parameters
for Jar test experiments were solution pH (8-12), concentration (50-750 mg/L), temperature (12-40°C),
and zinc chloride dosage (1.0204-10.204 g). The saturation pH of zinc hydroxide is 8.93. The boron
adsorption capacity reached to maximum value at pH value of 9 and this pH was selected as optimum
value. Boron adsorption capacity increased with increasing concentration due to increasing driving force
of concentration. High dosages increased the removal percentage. The adsorption of boron to zinc
hydroxide had exothermic nature. The optimum conditions obtained from synthetic solutions were applied
to the colemanite mine wastewater by 22 factorial designs. The maximum boron adsorption capacity of
zinc hydroxide from colemanite mine wastewater was calculated as 43.57 mg/g. The used material and
process was promising for boron mine wastewater. The end product of removal from mine wastewater

may be used in zinc borate production by solid-state reactions by calcinations.

Keywords: Boron removal, coagulation, colemanite mine wastewater, factorial design, zinc

hydroxide.

1. Introduction

Turkey has 61% of the world borate amount and its
underground boron richness forms from colemanite,
ulexide, pandermite, tincal and kernite minerals [1].
Boron has an average 5-50 ppm concentration in the
earth crust [2]. The two of boron chemicals used as
boron source in the industrial applications are boric acid
and borax. While colemanite deposites of Turkey are
located in Bigadi¢, Mustafa Kemal Pasa and Kirka
regions, the borax deposites are located in Eskigehir
region [3]. The excavated colemanite minerals in
Bigadi¢ region are waited in water for swelling of
attached soils from the surface of colemanite mineral
and these washing waters contain about 382 mg/L boron
[4]. The general wastewater of Bigadi¢ colemanite mine
is stored in Camkdy dam and has 627.36 mg/L boron
concentration. The boric acid is produced from the
reaction of colemanite ore (Ca;B¢O;;.5H,0) with
sulphuric acid and gypsum is produced as solid waste
from this reaction [5]. The boric acid production plant
located in Bandirma District in Turkey discharges
2,750-3,500 mg/L boron containing wastewater [6].
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Borax production in Bandirma plant is formed from the
reaction of colemanite mineral with Na,CO; and
NaHCO; salts. The solid form of CaCOs is filtered from
mother solution and borax is crystallized [7]. The
removal of boron from the wastewater of Bandirma
boric acid plant and Bigadi¢ colemanite mine (Camkdy
dam) is necessary because boron is toxic at higher
concentrations than needed for humans, animal and
plants. For humans, daily intake of boron by drinking
water and diet is expected in the range of 0.2-0.6 and
1.2 mg/day, respectively [8].The tolerable limit value of
boron in the irrigation water has been reported as
maximum 4 mg/L for asparagus, palm, sugarbeet,
clover, onion and etc. [9].

Boron removal from wastewaters is possible by
physico-chemical methods. The most investigated
methods for boron removal are reverse o0smosis,
electrocoagulation, ion  exchange, coagulation,
electrodialysis, solvent extraction and adsorption. These
mentioned processes are not capable of production
economically valuable end product such as zinc borate
except electrocoagulation in which zinc electrodes are
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used. Therefore, coagulation with zinc chloride is
advantageous for production of zinc borate [10].
Kluckzka and coworkers studied the comparision of
activated carbon, zirconium oxide and aluminum oxide
and the boron adsorption capacities of the adsorbents
were about 0.8, 0.4, 0.4 mg/g for aluminum oxide,
activated carbon and zirconium oxide, respectively [11].
In an ion exchange study, Oztiirk and coworker reported
the optimum pH value as 9 for boron ion exchange
reaction with the Dowex 2x8 resin [12]. Lee et al. has
reported that the fraction of polyborate ions in solution
is higher at 10 °C than 60 °C temperature for boron
concentration of 1,000 mg/L [13]. Sayiner and
coworkers have reported that the metal hydroxide
forming in the electrocoagulation process was of a high
adsorption capacity for anion and cations [14]. In
another electrocoagulation study reported by Yilmaz
and coworkers, the optimum conditions for boron
removal from geothermal water were determined as pH
(8), 6.0 mA/cm? current density and 333 (Kelvin)
temperature [9]. Vasudevan and coworkers reported that
the equilibrium data between boron and zinc hydroxide
flocs from electrocoagulation process fitted to the
Langmuir isotherm suggesting monolayer coverage of
boric acid molecules [15]. The boron removal
performance of CPA2 reverse osmosis membrane at pH
9 was reported as 61% and 45% at 500 mg/L and 15,000
mg/L NaCl concentrations [16]. Hu et al. reported the
performance of a new prepared reverse 0SMOsis
membrane for boron removal from waters [17].
Yazicigil and coworker determined that the current
density was an important operation parameter in
electrodialysis process because it transports the ions
from one cell to the other through the membrane via
driving force of current density and the best removal
efficiency was obtained at high current density [18].
The solvent extraction can be applied with organics
containing diols.

In the literature, a few studies intending boron removal
by chemical coagulation have been reported. In the
reported studies, the performance of polyaliminum
chloride (PAC) [19], alum [20], aluminum chloride [21]
and ferric chloride [22] were tested; however, zinc
hydroxide has not been reported in the literature for
boron removal from wastewater by coagulation method
The colemanite mine wastewater (The wastewater of
Camkoy dam) had about 627.36 mg/L boron. As the
zinc chloride addition to boron solution after pH
adjustment will cause to residual zinc cation, the pH
adjustment after zinc chloride addition is advantageous
due to zero zinc concentration at pHs above 8.93. This
process enables to production of zinc borate.

2. Materials and Methods

The process was coagulation as the formation of zinc
hydroxide and binding of boron on it were occured
simultaneously, but as a result there was a binding
process and therefore it can be mentioned for adsorption
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process. The pure zinc cations did not remove boron and
only in-situ formed zinc hydroxide adsorbed boron.
Therefore, boron adsorption capacities of the zinc
hydroxides could be calculated. A coagulation-
flocculation process was conducted for boron removal
from synthetic solutions and colemanite mine
wastewater using in-situ generated zinc hydroxide from
zinc chloride. The experiments were carried out by
applying Jar Test experiments. The zinc chloride (Carlo
Erba product) had>98% purity and this purity
percentage was taken into consideration when the zinc
chloride amounts (1, 2.5, 5, 7.5, 10 g) were being
calculated. The working boron solutions were prepared
using solid boric acid (Merck Product). The boron
solutions were prepared at 50-750 mg/L concentrations
and solid zinc chloride salt was added and mixed for
dissolution and then pHs of the solutions were adjusted
on a magnetic stirrer. Thus, zinc hydroxide flocs
became formed in the boric acid solutions. The
temperature of the solutions was controlled by a
temperature-controlled water circulator. The solution
containing both of boron and zinc hydroxide in batch
jacketed reactors were placed to the Jar Test apparatus
and 2.5-5 min rapid mixed for coagulation at 120 rpm
and 27.5-30 min slow mixed for flocculation at 30 rpm.
At the end of the reaction, the formed flocs were
allowed for settling during one hour and 10 mL boron
solution was taken from clear portion of the solutions
and boron analysis was done by potentiometric method.
Boron analysis procedure was as follows [23]: A
volume of 5 mL of solution was pipetted into 100 mL
beaker and a volume of 50 mL of pure water was added
and pH of the solution was adjusted to 7.6 and mannitol
was added to the solution up to pH of the solution
became stable. Then, the solution was titrated with 0.02
N KOH solution up to the solution pH became again
7.6. 1 mL 0.02 N KOH solution is equal to 0.6964 mg
B,0O3;. The spended base volumes in the titration were
recorded for boron concentration calculation and also
the standardization factors for base solution were
measured against 500 mg/L boron solution daily. The
obtained optimum conditions from the synthetically
prepared solutions were applied to the colemanite mine
wastewater as a function of dilution (1 and 20-fold) and
coagulant dosage (7.5 and 12.5 g). The characterization
of colemanite mine wastewater was as follows: 713
mg/L sulphate, 627.36 mg/L boron, pH (8.50),
conductivity 2,137 (uS/cm), total hardness 658.8 (mg
CaCOg3/L) and suspended solids (9 mg/L). The used
base and acid solutions had 4 M concentration for KOH
and 20% (v/v) for concentrated HCI. Throughout the
whole experiments the pure water had 225 °C
temperature. The experimental setup is given in Figure
1. The results of time dependent experiments are given
in Figure 2 and optimum time was determined as 32.5
min. The flocculation time was determined as 30 min
because the classical flocculation process requires 20-30
minutes to maturate the flocs for healthy settling [24].
The boron removal was depended on flocculation. The
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approximate base volumes requiring for pH adjustment
in synthetic solutions were (10.9-17.3 mL for pH range
of 8-12), (10.35-17.5 mL for concentration interval of
50-750 mg/L), (12.3-13 mL for 12-40 °C) and (7.2-40.6
mL for 1.0204-10.2040 g coagulant dosage). The raw
solutions throughout the experiments had 500 mL
volume. The spended base volumes (10 M KOH) for
colemanite mine wastewater in pH adjustment to 9 were
around 15 mL for 7.5 g zinc chloride and 25 mL for
12.5 g zinc chloride at 12 °C. Boron adsorption
capacities were calculated by the following equation:

)= ((Cp xVv1 /1000) — (C x V> /1000))

v ®

Qe(mg /g
Qe(mg/ g),Boron adsorption capacity, C, is initial
boron concentration (mg/L), V; is the solution volume
before base addition (mL), C is the boron concentration
at the end of the reaction (mg/L), and V, is the solution
volume at the end of base addition (mL). M is the mass
of zinc hydroxide (g) The saturation pH value for
completely precipitation of zinc cations in the reactors
was 8.93 and to avoid residual zinc cation after
precipitation of zinc hydroxide, the minimum operation
pH was selected as 9. The residual zinc concentrations
for 2.5510 g zinc chloride at pH values of 9,10,11 and
12 and at pH 10 for 10.2040 g zinc chloride were zero.
Residual zinc concentration at pH 8 was 224.7 mg/L.
Therefore, after the pH 8 study, the taken solution pH
was raised to 9-10 and the solution refiltered and then
boron analyzed. For this operation the floc amount is
very low.

Figure 1. 1-) Jar test apparatus, 2-) Jacketed batch
reactor, 3-) Temperature controlled water circulator.
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Figure 2. Time effect on removal of boron (pH=10,
22.5 °C, zinc chloride:2.5510g, 250 B-mg/L).
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3. Results and Discussion
3.1. pH Effect on Boron Removal

The initial solution pH limits the performance of
technologies such as adsorption, reverse 0smosis,
electrodialysis, electro-coagulation and etc. Solution pH
affects the formation of metal hydroxides in the solution
phase when chemical coagulation process is applied.
For instance, the aluminum hydroxide is dominate at pH
range of 5.5-10 based on aluminum concentration and
aluminum hydroxide plays main role in electro-
coagulation of boron [21]. Boron removal by zinc
hydroxide was studied at pH range of 8-12. The results
are given in Figure 3. The experimental parameters
were as follows: Temperature (22.5 °C), boron
concentration (250 mg/L), zinc chloride amount (2.551
g). The adsorption capacity of zinc hydroxide reached to
maximum value at pH 9. The boric acid starts to convert
to monoborate anion at pHs above 7 and turns
completely to monoborate at pHs above 11 for boron
concentration below 270 mg/L [13].

The adsorption capacities belonging to pH effect were
12.38, 20.78, 9.75, 8.59, 5.88 mg/g for 8,9,10,11,12
pHs. The removal percentages were 18.87, 31.80, 16.28,
14.76, 11.63% for 8,9,10,11,12 pHs, respectively. In
this study, the dominate form of boron was boric acid
and monoborate anion at pH value of 9 [13]. Boron ions
adsorbed onto Zn(OH), flocs during the removal. The
zinc cations were existing at pH below 8.93 and are
toxic. For instance, the residual zinc concentration was
224.7 mg/L for pH 8. Adsorption capacity of fresh zinc
hydroxide flocs increased at pH 9 due to presence of
boric acid molecules and monoborate anions against
competitive hydroxyl ions. Boron removal for in-situ
formed iron hydroxide was reported as pH (7) and for
in-situ formed aluminum hydroxide was reported to
reach to maximum value at pH (8) [25,26].
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Figure 3. pH effect on removal of boron (250 mg-B/L,
22.5 °C, zinc chloride:2.5510g).
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3.2. Concentration Effect on Boron Removal

The polyborates are not present at concentrations below
270 mg/L boron; however, the molar fraction of
polyborates rises by concentration increase above 270
mg/L boron [13]. The studied experimental parameters
were as follows: Temperature (22.5 °C), pH (10), and
zinc chloride amount (2.551 g). The results are given in
Figure 4. Boron adsorption capacity change was studied
at concentration range of 50-750 mg/L and the capacity
increased with increasing concentration. Boron reacts as
mainly monoborate anion and boric acid with Zn(OH),
at pH 10 for boron concentration below 250 mg/L and
polyborates were adsorbed on zinc hydroxide flocs at
500-750 mg/L [13].The adsorption capacities were 5.03,
5.70, 9.75, 26.54 and 42.60 mg/g for 50, 100, 250, 500
and 750 mg/L concentrations, respectively. The removal
percentages were 38, 22.49, 16.28, 21.71, 20.71 for
concentrations of 50, 100, 250, 500 and 750 mg/L. The
high percentage of 750 mg/L than 250 mg/L can be
attributed to polyborate formation. The reason of
increase of adsorption capacity at high boron
concentrations was the low zinc hydroxide-to-boron
ratio or high driving force of concentration [4]. Boron
adsorption capacity of in-situ formed iron hydroxide
was increased with concentration increase [25].

50 ) - 40
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g 40 —a— Percentage (%)
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Figure 4. Concentration effect on removal of boron (pH
10, 22.5 °C, zinc chloride:2.5510g).

3.3. Dosage Effect on Boron Removal

The coagulant dosage is important parameter to obtain
the maximum removal yield and it should be determined
before operation of coagulation-flocculation process.
The zinc chloride dosages between 1.0204 and 10.204 g
were applied for boron removal from synthetic
solutions. The experimental parameters were as follows:
Temperature (22.5 °C), pH (10), concentration (250
mg/L). The results are given in Figure 5. Boron
adsorption capacities were 9.95, 9.75, 13.76, 12.25 and
9.05 mg/g for 1.0204, 2.551, 5.102, 7.653, and 10.204 g
coagulant dosages. Thus, optimum dosage was
determined as 5.102 g. The differences in these results
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can be attributed to the effective ion-to-adsorbent ratio.
The removal percentages were 7.14, 16.28, 42.06,
56.35, 56.35% for 1.0204, 2.551, 5.102, 7.653, and
10.204 g coagulant dosages. The increase of removal
percentages with dosage increase was the result of
adsorbent active surface increase [1]. Boron adsorption
capacity of in-situ iron hydroxide increased with dosage
decrease [25].
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Figure 5. Dosage effect on removal of boron (250 B-
mg/L, 22.5 °C, pH 10).

3.4. Temperature Effect on Boron Removal

Polyborate molar fraction increases by decreasing
temperature for boron concentration above 270 mg/L
[13]. The experimental parameters were as follows:
Zinc chloride dosage (2.551 g), pH (10), concentration
(250 mg/L). The results are given in Figure 6. Boron
adsorption capacities were 12.38, 9.75, 2.99 and 0 mg/g
for 12, 22.5, 30, 40 °C temperatures. Boron reacted with
Zn(OH), species as monoborate anion and boric acid for
all the temperatures. The coagulation was exothermic
process suggesting the increasing trend of removal yield
with decreasing temperature. The removal percentage
values for 12, 22.5, 30, 40 °C temperatures were 18.87,
16.28, 6.78 and 0%. Similarly, boron removal by in-situ
formed iron hydroxide was reported as exotermic
process [25].
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Figure 6. Temperature effect on removal of boron (250
mg-B/L, zinc chloride2.5510 g, pH 10)
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3.5. 2% Factorial Design of Experiments

A factorial experimental design was applied to
colemanite mine wastewater with 627.36 mg/L
concentration. The design of experiments is a well-
known approach for optimization of independent
factors. The factorial design of experiments analyzes the
responses for changing parameters from low value to
the high value. If the limits of parameter levels have
been determined before; for example, by traditional
classical experiments, the analysis of data set by
factorial design will be helpful for establishment of
interaction effects belonging to experimental factors. To
determine the main (i.e pH or coagulant dosasge) and
interaction effect (i.e., pH*coagulant dosage) of
parameters for boron removal by zinc hydroxide, the
four factorial experiments (2%) were carried out. For the
present study, the effect of parameters such as dilution
factor (land 20-fold) and coagulant dosage (7.5 and
12.5 g) were optimized by 2° factorial design using
Minitab 16.0 programme. The response used in the
statistical analysis was the adsorption capacity (mg/g) of
the zinc hydroxide. The number of experiments in the
experimental matrix was calculated by the equation of
a“'xb*® = 2'x2'=4 where a and b are the number of
levels and kiand k, are the number of factors [4, 27].
The P values (confidence constants) were used as
control parameter to check the reliability of the
developed statistical model, individual and interaction
effects of the parameters. In general, the larger the
magnitude of t (Student t-test) and the smaller the value
of p, the more significant is the corresponding
coefficient term [4, 27]. The general regression model
equation is given as follows.

Zn(OH), (Capacity mg/g) =b+bX;+b,Xo+bs X1 X, (2)
Here; b, by, b,, b; are model constants and X;, X, and
XX, are coded factors representing coagulant dosage,
dilution factor and dosage-dilution interaction,
respectively.

The low and high levels of parameters are given in
Table 1. The low and high levels of coagulant dosage
(zinc chloride) were 7.5 and 12.5 g while the low and
high levels of dilution factor were 1 and 20-fold. The
factors and their levels were determined according to
preliminary experiments conducted on synthetic
solutions. The optimum results (T=12°C, pH=9)
determined by synthetic solution experiments were
applied to colemanite mine wastewater with 627.36
mg/L  concentration. The factorial matrix of
experimental design is given in Table 2. The ANOVA
analysis (student-t test and confidence levels, p) was
performed and is given in Table 3. The confidence limit
value (p) for main and interaction effects of parameters
was selected as 88% (p<0.12). The optimized factors
were abbreviated to be dilution factor (D) and coagulant
dosage (CD).The regression model for boron removal
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from colemanite mine wastewater by coagulation
method was obtained as follows:

Capacity (mg/g) = 52.8534-1.4040CD -1.8384D 3)
The regression model was developed according to
uncoded factors. The results of ANOVA analysis are
given in Table 3. According to analysis of ANOVA,
only model constant and dilution were found as
important parameter and the coagulant dosage was
above confidence level (p<0.12). The importance
sequence of the parameters and interactions were as
follows: dilution and dosage factor. R-Sg, R-
Sq(adjusted) values were calculated as 97.09 and
91.26% respectively by Minitap 16.0 programme. The
Pareto chart is given in Figure 7. The limit value of the
Pareto chart for confidence level was calculated as
5.242 by the programme and the statistically
insignificant parameter was dosage. The dilution-dosage
interaction factor distorted the fitness of the regression
model to the data; therefore, this term was omitted in
the analysis in the programme. The maximum boron
adsorption capacity of zinc hydroxide from colemanite
mine wastewater was calculated as 43.57 mg/g and
92.48% removal was obtained at 20-fold dilution and
125 g zinc chloride dosage. Although the boron
concentration of colemanite mine wastewater was high
from 250 mg/Il, the removal percentage of 7.5 g dosage
for mine water (627.36 mg/L, initial pH=9, 12 °C) was
found as high from synthetic solution (7.6530 g dosage,
pH=10 and 250 mg/L concentration, 22.5 °C, Figure 4).
This result can be attributed to the formation of
polyborates at high concentration and initial pHs and
temperatures differences for mine water and synthetic
solutions. The removal percentage of 750 mg/L is high
than 250 mg/L for synthetic solution (Figure 4) and this
result can be related with the polyborate formation.
Also, the content of mine water may cause to these
results. The residual boron concentrations from
colemanite mine wastewater at 7.5-12.5 g dosages and
20 fold dilutions were 4.72-2.36 mg/L, respectively and
these values are suitable for usage as irrigation water of
mine water.

Dilution -
Dosage §

Standardized Effect

Figure 7. Paretographic of analysis



)

Celal Bayar University Journal of Science
Volume 18, Issue 1, 2022, p 77-83
Doi:10.18466/cbayarfbe.951542

M. Korkmaz

Table 1. Low and high levels of parameters for
optimization

Parameters Abbreviation Low High
Level Level
Zinc Chloride
Coagulant cD 75 125
Dosage (g)
Dilution
(Fold) D ! 20

Table 2. Experimental matrix for optimization and
responses (pH:9, temperature:12 °C, concentration:
627.36 mgB L™

Experimental Parameters  Adsorption Removal
capacity Percentage
(mg/g) (%)
Run Dosage Dilution Analyzed Unanalyzed
(9) (Fold) data by data by
ZnCl, Minitab* Minitab**
1 7.5 1 43.57* 75.19**
2 7.5 20 2.47* 84.96**
3 125 1 30.38* 87.22%*
4 12.5 20 1.62* 92.48**

1 fold dilution: (627.36 mg/L/1) and 20 fold dilution:
(627.36 mg/L/20)

Table 3. Factorial fitness to boron removal from
colemanite mine wastewater (pH:9, temperature:12 °C,
concentration: 627.36 mgB L™)

Term Effect Model Coefficients T p
(Uncoded Units)

Constant 52.8534 6.32 0.100

CD -7.02 -1.4040 -1.1 0459

D -34.93 -1.8384 -56 0111

T:Student T-test, p-value: Statistically confidence value

3.6 Economical Evaluation of Treatment and
Comparison with Conventional Coagulants

The kilogram price of commercial zinc chloride, iron
chloride and aluminum chloride are $1, $0.5, $0.22. In
the study, the zinc chloride was used as raw material for
preparation of zinc hydroxide in reactor body and for
this purpose 10 M KOH was used. The prices of metal
chlorides are very low and their boron removal
performances close to each other. In our previous
studies, the boron removal performances of iron and
aluminum chlorides were studied [25,26]. For instance,
boron removal was 44.7 % at 250 mg/L boron solution
for 2.5 /515 mL aluminum chloride at pH=8 and boron
removal was 29.71% at 250 mg/L boron solution for 2.5
g/520 mL iron chloride at pH=7 [25,26]. In this study,
boron removal was 50.4% at 250 mg/L boron solution
for 2.551/510 mL zinc chloride at pH=10. The removal
performances of coagulants in the basis of (price)/ (%
removal x gram total coagulant amount) was in the
sequence of 0.00506, 0.00123, 0.00421 ($)/(%
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removalxgram coagulant) for zinc, aluminum, iron
chlorides. Therefore, the advantage sequence of the
coagulants was aluminum, iron and zinc chlorides. The
treated colemanite mine wastewater is a big problem in
Bigadi¢ boron mine in Balikesir city and region
underground water quality. Also, the solid waste of
treatment may be used in zinc borate production by
calcination or solid-state reactions [10]. Therefore, this
produced zinc borate will contribute an economical
value to Turkey and this treatment will solve the
environmental problem of the wastewater

4. Conclusion

Boron removal by coagulation from synthetically
prepared solutions and colemanite mine wastewater was
studied using in-situ generated zinc hydroxide from zinc
chloride salt. The results of the study were summarized
as follows. The optimum initial solution pH was
determined as 9 and the coagulation process had
exothermic nature. Boron adsorption capacity increased
with increasing concentration and maximum capacity
was obtained at 5.1020 g zinc chloride dosage for
synthetic solutions. The results obtained from the
synthetically prepared solutions were applied to
colemanite mine wastewater supplied from the Bigadic
colemanite mine in Balikesir city of Turkey. The
maximum adsorption capacity for optimum conditions
in mine wastewater (7.5 g zinc chloride dosage and 1-
fold dilution) was obtained as 43.57 mg/g at pH of 9 and
12°C temperature. The experimental factors were
optimized by factorial design approach and while
dilution factor was statistically important, coagulant
dosage was statistically unimportant for boron removal.
And also, the treated water can be reused in mine field
due to low boron content.
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Abstract

In this study, Glass / ITO / PEDOT / Polymer / Al organic solar cell structures were obtained by using
glass/indium doped tin oxide (Glass/ITO) transparent metal oxide substrates, PEDOT:PSS and
P3HT:PCBM polymer photoactive layer and their performance depending on spin rate and coating
technique were investigated. The polymer layer was coated using the spin coating method. Al metal was
coated by the physical vapor deposition method. By keeping the concentration of the photoactive layer
constant, the effects of different spin coating rates, beside static and dynamic coating technique on the
power conversion efficiency of the cells and their stability were compared. Electrical characterization of
organic solar cells was performed under a solar simulator in a glove box system. By applying voltage
between -0.5 V and +1.5 V, I-V (current-voltage) measurements of the solar cells were taken in the light
and dark. The power conversion efficiencies of organic solar cells coated at 800rpm, 1000rpm and
2000rpm spin coating speeds, respectively, were observed to be 2.34%, 2.08% and 1.98%. When the
average efficiency values are considered, static coating at 800 rpm gives more reproducible results in
comparison with the other average efficiency values. The average efficiency values for static coating at

800 rpm is observed to be %2.

Keywords: Energy, Organic solar cell, Photovoltaic, Polymer solar cell,

1. Introduction

Recently organic solar cells have gained great attention
due to their easy fabrication, low cost and flexibility.
Organic photovoltaics consist of two organic-based
materials compressed between two metal electrodes.
The most common type of device is a combination of
the donor (p) and acceptor (n) materials. In addition, it
is possible to change the chemical structures of the
materials, as well as to increase the efficiency with
additional materials. In normal type organic solar cells,
active P3HT:PCBM layers are produced between a
transparent 1TO (indium tin oxide) or FTO (fluorine tin
oxide) glass and an Al back electrode.

While simple photovoltaic (PV) devices based on
organic materials have limited power conversion
efficiency (PCE), typically below 0.1%, over time,
including dye/dye, polymer/dye, polymer/polymer, and
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polymer/fullerene blends showed higher efficiency and
have become interesting for researchers. Due to the high
electron carrier capability of fullerene,
polymer/fullerene mixtures have become a subject of
interest in recent years [1]. In polymer solar cells, poly
(3-hexylthiophene) (P3HT) and phenyl C61-butyric acid
methyl ester (PCBM) are the most widely used
materials with improved efficiency. PCBM is a
fullerene derivative material. Due to its high electron
mobility, it is used as an acceptor material in organic
solar cells. P3HT is a commercially available and has a
wider absorption spectrum than polyphenylene vinylene
(PPV) derivatives that make them another widely used
material in this technology.

In conventional organic solar cells, poly (ethylene-
dioxythiophene) (PEDOT) solution is coated on the
conductive substrate. PEDOT is a thiophene derivative
but has poor solubility in water. It is mixed with
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polystyrene sulfonate (PSS) to increase the solubility in
water and it becomes a proper form for the solution
process. Combining with PSS also provides high
conductivity which is a requirement for organic solar
cells. An active layer is coated on PEDOT:PSS film
which improves the quality of the ITO or FTO coated
surfaces. The active layer is generally composed of
polymer-fullerene derivatives. The typical structure of
organic solar cell is shown in Hata! Basvuru kaynagi
bulunamada..

Figure 1. Schematic presentation of a typical organic
solar cell.

Photocurrent generation in polymer solar cells consists
of 4 steps: light absorption, exciton diffusion, separation
of excitons into charge carriers, and charge collection.
First, the incident light is absorbed by the active layer
and excited molecules are formed in the active layer.
The excitations spread in the active layer and dissociate
at the interface with different electron affinities to form
free charge carriers. Finally, the charge carriers are
transported by moving towards the anode and cathode
due to the chemical potential difference [2]. There are
generally 2 different types of structures for photoactive
layer. The heterojunction structure is generally formed
by coating the mixture of donor-acceptor materials on a
substrate as a mixture. Unlike bulk inorganic
semiconductors, organic semiconductor materials do not
directly produce free charge carriers by light absorption,
but strongly form electron-hole pairs called excitons [3].
Since the exciton diffusion length is typically around
10-20 nm in conjugated polymers, the optimum distance
of the exciton diffusion length in donor-acceptor (D/A)
interface must be approximately 10-20 nm. For this
reason, in bulk-heterojunction structure active contact
area, its length and film structure play an important role
in charge separation and transport [4]. Therefore, the
size of the active contact area has critical importance on
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performance. An ideal donor-acceptor configuration
should be perfect for efficient exciton dissociation and
charge transport (Figure ).

The size of the active contact area depends on the
optimum microphase separation. While microphase
separation can usually be achieved by heat treatment,
some methods can be applied during the production
process to facilitate this separation. Microphase
separation occurs due to the tendency of p and n-type
(P3HT and PCBM) semiconductor molecules in mixture
to come together. However, the duration of the heat
treatment and the applied temperature are important
parameters and may vary depending on the ambient
conditions. It has been shown in previous studies that
the mixing ratios of semiconductor, thermal annealing
and type of solvent play a critical role in the
performance of organic solar cells [6]. Zhao et al. [5]
worked on the 70 nm thick P3HT:PCBM (1:0.8) and
exposed them to 120, 130, 140, 150 °C for different
periods of time. While the efficiency was 0.74% in the
cell without any heat treatment, it was observed that the
efficiency increased to 2.54% after 3 minutes of heat
treatment at 130 °C. On the other hand, the cell with a
thickness of 250 nm of the active layer, the highest
value was obtained at 150 °C for 3 minutes. Another
parameter that affects solar cell performance is the
P3HT/PCBM solvent. P3HT/PCBM dissolves well in
solvents such as toluene, chloroform, chlorobenzene.
However, solvent evaporation during spin coating is an
important factor. Wang et al. examined the effects of
mixtures prepared with different solvents and observed
that 1,2-dichlorobenzene and chlorobenzene solvents
were the best compared to other solvents [7]. They even
found very good results with a mixture of two solvents

[8].

However, active layer thickness is also a critical
parameter and directly affects cell efficiency. lakobson
et al. reported that the thicker the photo active layer, the
larger short circuit current (Jsc) and photon to current
conversion efficiency (PCE). PCE increases more than
twice within the studied range[9]. Further increase of
the photo active layer thickness leads to increase in
roughness. Light harvesting ability increases with
increasing film thickness but it results in larger charge
diffusion lengths and thus recombination losses [10—
12]. Here we have to notice that thicker films do not
mean better performance. Because there is a thickness
limit for charge diffusion length and optimum thickness
must be considered for the best efficiency. Farrokhifar
et all showed that more than 90 nm thickness FF value
dramatically decreases due to more and more light
harvesting which leads an increase of hole density. As
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well-known larger holes and excitons leads lower
mobility of charge carriers and thus efficiency decreases
[10].

In addition to the charge diffusion distance, thickness is
also important in microphase separation. On the other
hand, the morphological structure of the film is another
factor and varies depending on the coating speed and
technique.

In this study, besides the coating speed of the active
layer, the effect of dynamic or static coating on the
performance was investigated. The reproducibility tests
of the prepared solar cells were carried out and optimum
production conditions were determined over the average
efficiency values.

2. Materials and Methods
2.1. Preparation of Solar Cells

ITO coated glasses, which allow light to pass through
the active layer easily due to their transparency, are cut
in 1.5 cm x 1.5 cm lengths. All glasses were washed
with Hellmanex solution in an ultrasonic bath for 10
minutes. Then washing process was continued with
water, acetone and propanol, respectively. The cleaned
glasses were dried with nitrogen gas and exposed to
oxygen plasma for 5 minutes.

PEDOT:PSS was filtered before coating. P3HT:PCBM
ratio was adjusted to be 1:0.7. P3HT:PCBM was
prepared by dissolving them in
chlorobenzene/dichlorobenzene (1:1) solvents. It was
incubated overnight on a magnetic stirrer at 45°C.
PEDOT:PSS (70 pl) was statically coated for 40
seconds at 4000 rpm. PEDOT:PSS coated glasses were
dried at 120 °C for 10 minutes. Coating was carried out
by statically or dynamically by dropping 50 pl of 2%
P3HT:PCBM solution on PEDOT:PSS coated ITO
glass. P3HT:PCBM (cb/dch)  solutions  were
dynamically and statically coated with three different
coating speeds of 800, 1000, 2000rpm under the same
conditions. Static coating refers to dropping the
perovskite solution onto film before spinning while
dynamic refers to dropping the solution during spinning.
The coated films were heat treated at 150 °C for 10
minutes. Finally, 80 nm Al electrodes were coated by
physical vapor deposition technique under 5x10-6 torr
pressure with an evaporation rate of 0.1 A°/s - 5 A°/s.
Figure 3 shows fabrication steps for organic solar cells.

After the steps in Figure 1, solar cells with
ITO/PEDOT:PSS/P3HT:PCBM/AI  concepts  were
fabricated.
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Figure 1. Scheme of preparation of organic solar cells

2.2. IV characterization of solar cells

Electrical characterization of organic solar cells was
carried out in the glove box system (from MBraun
company) under a solar simulator (Atlas, AM 1.5) by
applying voltage between -0.5 V and +15 V, |-V
(current-voltage). The results were calculated with
home-made software. The software provide us all
required data such as efficiency, FF, I and V. etc for
graphs. Measurements of the solar cells were taken in
the light and in the dark. 1-V results were evaluated
according to the coating speed and static or dynamic
coating technique by keeping the active layer mixing
ratio and temperature constant.

3. Results and Discussion

Thin films of P3HT/PCBM (1:0.7) prepared in
dichlorobenzene (DCB) and chlorobenzene (CB) were
prepared separately at 800, 1000, 2000 rpm and
compared with each other. Compared to coatings with
high rotational speed and coatings with low rotational
speed, the film thickness of the higher spin rates will be
thin. Thin films absorb light less than thick films [13].
In this study, it is thought that since the cells coated
with 800 rpm will be thicker and thus they will absorb
more light. A photo of organic solar cells coated in
different thicknesses prepared for this work is given in
Figure 2.

Figure 2. The photo of fabricated solar cells (except for
top metal contacts)
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The IV graphs of fabricated solar cells are given in
Figure 3. In this graph, the best performance for each
concept is given. The letter (S or D) at the beginning of
the names given in the graphic indicates static or
dynamic coating, while the number next indicates the
coating speed (rpm). As can be clearly seen in Figure 3,
the highest efficiency value was obtained with the
dynamic coating technique at 800 rpm, while the lowest
efficiency value was observed with the static coating at
2000 rpm (Table 1). In table 1, the last column shows
the average values which are obtained from the
arithmetic average of all fabricated devices.

Table 1. Characteristics of solar cells

Cell Jse Ve FF Vmp Efficiency  Average
Descri  (mA/  (mV) [mV] [%] efficien
ption cm?) cy (%)
S800 7,52 550 0,42 350 2,15 2,00
D800 7,63 550 0,45 350 2,34 1,87
S1000 7,75 500 046 300 2,22 1,92
D1000 7,37 450 0,43 300 1,87 1,79
S2000 5,67 400 0,48 250 1,36 1,18
D2000 6,11 400 048 250 1.48 1,37

Considering the static and dynamic coating technique as
a basis, different film formations can be obtained
according to the viscosity of the solution. While the
dynamic coating is expected to give a more uniform
morphology in films with low viscosity, ripples are
expected on the film surface in the opposite case. The
better yields at low coating rates show that both the
concentration and the viscosity of the active layer
solution are good. On the other hand, another result that
supports this situation is the reproducibility values in
static and dynamic coatings at low speed. Although the
dynamic coating gave the highest efficiency value at
800 rpm, it was observed that the static coating gave
more reproducible results at 800 rpm in case
reproducibility test results were considered and
evaluated.
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Figure 3. IV curves of solar cells

Looking at Figure 4 shows the reproducibility test
results of all cell concepts. As it is known, one of the
most critical parameters in solution-based thin-film
device technologies such as organic solar cells, organic
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Figure 4. Reproducibility of solar cells.
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4, Conclusion

As well-known, stability and reproducibility are critical
parameters for organic solar cells. Many researchers
focused to improve those parameters with different
approaches. In this study, we focused on process
optimization for coating parameters to achieve both
high efficiency and reproducibility. As a result, using a
mixture of chlorobenzene and dichlorobenzene as the
solvent given in the experimental part, solvent
concentration at the level of 2% and static coating at
800 rpm are the best parameters for reproducible and
highly efficient solar cells.
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Abstract

The Atom-bond-connectivity index ABC of a graph G is determined by d; and d;. In this paper, sharp
results for the general ABC index which has chemical applications are found using different methods.
These new results for ABC index are investigated in terms of its edges, its vertices and its degrees. In
particular, some relations for general ABC index are obtained involving different Topological indices;
Randic index, Zagreb index, Harmonic index and Narumi-Katayama index. Indeed, general ABC index is
improved by the help of the maximum and minimum degrees.

Keywords: Atom-Bond-Connectivity index, Topological indices, Generalization.

1. Introduction

A topological index is a popular number involved to
graph which is wused in chemical graph theory,
particularly. Topological index also contributes to the
design of pharmacologically active compounds and the
identification of environmentally hazardous substances.
The most important topological indices base on vertex
and edge distances. Randic index is used to model the
arms of the carbon atom framework of the alkanes.
Randic index is described as [2]

1

ViVjEZE(G) \ didj

where v;v; indicates the edge of the graph G and d; is
the degree of the vertex v;. During many years, different
indices are improved. Among them, first and second
Zagreb indices are recognized by [4,7]

R(G) =

Z,(6) = ZvivjEE(G)(di + dj)lZZ(G) = ZvivjeE(G)(didj)-

Another topological identifier is the Harmonic index
that has a prominent place is described in [11]

H(G) = }:

ViVjEE(G)

1
di+d;
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A survey of properties of Harmonic index is given in
[10,13]. Also the modified Narumi-Katayama index is
introduced in [8],

NK*(6) = Tliev(e)(d)% = [vw;ere)(did))-

Nowadays, it is found the atom-bond connectivity index
ABC which is a good example of linear and branched
alkanes with tensile energy of cycloalkanes. ABC index
is an important degree based topological index in [9]
such that

di+d; — 2
ABC = ABC(G) = T
i

ViVjEE(G)

The ABC index plays a significant role in temperature
studies in alkanes. [1,3,6] For example,ABC index of

ethene (C,H,) is 4\/§+§.

Recently, much attention is being paid to the general
ABC index ABC, is described as

di+d; — 2

ABC, = ABC,(G) = 2; )
i4j

‘Ui‘l]jEE(G)

The narrative order of this study is as follows: In
Section 2, some results for general ABC index of graphs
with some fixed parameters are obtained. In the sequel,
some special bounds are outlined and some inequalities
using the vertices, the edges and the degrees are
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improved. In addition, some novel results for the
general ABC index of graphs are pointed out related o
Randic index, Zagreb index, Harmonic index and
Narumi-Katayama index.

2. Main Results

Let G be a simple, finite, connected graphs with the
vertex set V(G) and the edge set E(G). In this section,
Yijee) and[]; jers) is  represented by  X;; and
[1;; respectively.

The article [12] is refered to reader for a classical
lemma, the Ozeki’s inequality. Also, the following
lemma is used to find the bound on general ABC index.

Theorem 2.1. [10] If ¢ = 1 is anintegerand 0 < x4 <
< xp < k—1,then

k

(= 1)1 Y (e < (

j=1

k

1

@)
j=1

For details, see [5,14,15].

2.2. On The General ABC Index For ¢ = 1 and
a=2

In this subsection, G may have several connected
components but G does not contain isolated vertices.
Here, general ABC index for « = 1 is found by adding
an edge to G and by deleting an edge from G. Also,
special inequalities for general ABC index are
established associated with different topological indices.

Theorem 2.2. Let i and j be nonadjacent vertices of
graph G and let G + ij be the graph obtained from G by
adding edge ij to it. Then,

i) ABC,(G + ij) < ABC,(G);d; = 2,
ii) ABC,(G + ij) = ABC,(G);0 < d; < 2.
Proof: Letd; = uand d; = p. Forx,y > 0,
w+D+p—-2 u+p-2 —p+2
(x+ Dy 1P po(u+1)

There are two cases in this expression: i) p > 2,
o< p<2.

Let iy, iy, ..., iy be the neighbours of i in G for k = d;
and let j;, j, ..., j; be the neighbours of j in G for [ = d;.
Let « = 1 in general ABC index.

i) For p = 2; the inequality gives

ABC, (G + ij) — ABC,(G) =

(di+1)+(dj+1)—2

k (di+1)+dim_2 di+dim_2
(di+1)(d;+1) *um=l (di+(d;,)  did;
i j i im %y
di+1)+d; -2 d;j+d; -2
+Z£z=1[(] ) Jn _ 2" n ]SO
(dj+1)(djn) djdjn
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ii) Similarly case (i), ABC,(G + ij) — ABC;(G) = 0 for
0<p<2.

Theorem 2.3. Let i and j be nonadjacent vertices of
graph G and let G — ij be the graph obtained from G by
deleting edge ij to it. Then,

i) ABC,(G) = ABC,(G —ij);d; < 2,
ii) ABC,(G) < ABC,(G — ij);d; = 2.

Proof: Letd; = uandd; = p.Forx > 1,p > 0,
ptp—2 @W—-D+p—-2 —p+2
up (u—1Dp po(p—1)

There are two cases in the above exression:
i)p=2ii)p <2

Let i, i, ..., i; be the neighbours of i in G for k = d;
and let j;, j, ..., j, be the neighbours of j in G for I = d,
similar to Theorem 3.1.

Let « = 1 in general ABC index.

i) For p = 2; the inequality shows
ABC,(G) — ABC,(G — ij)

S dbd, —2

- Z[ a(d;,)
(di— 1) +d;, —2

- (d;—Dd,,

l

di+d, —2 (dj—1)+d; —2
+;[ 4d;,) (-1, ]

_(di—1)+(dj—1)—2<0

di-1D(d—-1)

ii) Similarly case (i), ABC,(G) — ABC,(G — ij) = 0 for
p <2

Theorem 2.4. Let G be a nontrivial graph with the
minimum degree § and the maximum degree A. Then,

om
ABC,(G) = e + (62 — 2)R%(G)

Proof: Itis seen that (d; — §)(A — d;) = 0. Thus,
Ad; + 8d; = d;d;. Itis implies that

A 2A
didy + 86 2 5 (di+d; = 2) + —
o 0 _adirdi2

Therefore, the inequality gets 1+ 22 < 3=

. om 2 1 di+dj—2
2 - s — <Y
5 4, Thatis; ==+ (6° = 2) Xy ad; = ij 2

the definition of ABC,(G) for @ = 1 and R(G),
ABC,(G) 2 2 + (82 — 2)R*(G).

2A 1

. By
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Theorem 2.5. Let G be a nontrivial, regular graph with Oxy ;
§-1 A—1\"
m edges. Then, (=) - (Fo)) S if 1x] = Iyl

2(NK*(G))ﬁ -2
NK*(G)

Proof: By the Aritmetic-Geometric Mean inequality,

ditdj—2 1 13%;(di +d;) —2m
_Z Y did;

>i2”2 d;d; —2m

h 2ij ‘fidj

- 2(IL; ym -2

— Il did;

2(NK*(G))% -2
NK*(G)

ABC,(G) = m

m

Hence,
1
2(NK*(G))zm — 2

ABC,(6) = m =g

Theorem 2.6. Let G be a graph with n vertices and m
edges. Then,

H2(G) — 4M,(G) — H(G) + 4m

ABC,(G) < VL, (G2

Proof: Using the definition of ABC,(G) for a = 2;
ABC,(G) is obtained as follows:

ABC,(6) = Z(L)“

- Yi(df +df) — 23 didj —4%;(di+d)+ X4
B 2ij(did;)?
< Yij(di +dj)? — 4% did; — Xy;(d; + d)) + 4m
- M, (G)?

_H2(G) — 4M,(6) — H(G) + 4m

B M,(G)?

2.2.0On The General ABC Index

In this subsection, ABC index is generalized and some
relations for general ABC index are obtained consepting
the degrees.

Theorem 2.7. Let G be a nontrivial graph with x,y € R.
Then,

ABCy 1, (G)ABC,_,(G)

< \/ABCx+y(G)ABCx_y(G)

— 0,y < ABC,(G)

with

93

R O e L R e e R

Proof: The Cauchy-Schwarz inequality gives that

Z(d +d; — )a_z(d +d;—2 x+y XY

Z(( “yen Z(( “yy
= JABCx+y(G)ABCx_y(G)
In this expression, there are four cases:
o X+
1) If x+y=0 then, 2222 5 <
di+di-2 u 286-2
. ) ) >,
X+
2 If x+ys<o then, (5D <
di+dj—-2 *+y 20-2 XY
o ) (—) 2
3) If x—y=0 then, oy
di+dj—-2 X=Y 26-2
(== ) < &7
4 If x—y<0 then, 2‘;;2)’% <
di+dj—2 XY 20-2
1 ) < (—) >
Let (x+y)(x—y)=0. By the Ozeki’s

inequality, it is seen that

Z((d T )—)ZZ((d GG Ry

x=y
R N Zj(fd i)

_y
n2

_((255; 2) (255; 2)

<
4 )
20 — 2 20 —2
_< A2 ) ( A2 ) )
BCyyy(G)ABCy_,(G) — ABC,(G) <
2-an2(5) - ().

It follows that

and thus,

ABCy1/(G)ABC,_, (G) — 0, < ABC,(G).
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Let (x + y)(x — ) < 0. Itis represented that

BCy4,(G)ABC,_,(G) — ABC (G)
2
n

- n (<2AAZX+2> <26 2)_

25— 22 /20 — 2
_< 52 ) <A2 )

)
And thus,
A-1 = 5-1 =
0 @56, @)~ 2 () (5)7 -
x+y x—

(7 (57 < an0)

Hence,
ABC,(G) = ABCx+y(G)ABCx_y(G) — Oxy

Theorem 2.9. Let G be a nontrivial graph with
m edges, maximum degree A and 2A< m — 1.
For any integer 4a > 1,

3. Conclusion

ABC index is an important estimation index in chemical
graph theory. In this paper, some effects for the ABC
index and the general ABC index are formed by the help
of degrees and different topological indices. This paper
aims to contribute to the use of the ABC index.
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Abstract

The use of nutritional supplements has grown conspicuously over the last decades. The present study
aimed to design, develop, and optimize the toxicological and biological procedures to perform the
quantitative determination of botanical dietary supplement KL21 which is a novel product containing
extract form 21 plant species in different amounts. The concentrations of phenolics in KL21 were 11.90
and 258.58 mg for ethanol extract, 3.58 and 86.42 mg for methanol extract, respectively. Carvacrol is a
major component of the extracts according to GC-MS analysis. DPPH activity of methanol extract was
higher than that of the ethanol extract. Both extracts showed similar relative antioxidant activity according
to ABTS+ assay. Only methanol extract exhibited antimicrobial activity. KL21 ethanol extract exhibited
inhibitory activity with 50% growth inhibitory concentration of 92.09 pg/mL, 95.47 pg/mL and 44 pg/mL
on MCF-7, HeLa and HEK-293 cells respectively. KL21 demonstrated no mutagenic activity with the
Salmonella strains. The in vivo toxicity test results indicated that KL21 had no significant adverse effects.
Dose-depended KL21 treatment seemed nontoxic due to biochemical, hematological values. No
histological damage in the liver was observed in the tissues. These results suggested that KL21 polyherbal
formulation is a naturel source of antioxidant with antimicrobial activities and has therapeutic potential in
a safe range.

Keywords: Antioxidant activity, Biochemical and hematological analyses, Dietary supplement, Phenolic

and flavonoid contents, Toxicity

1. Introduction

Herbal drugs have been used for thousands of years in
the worldwide especially they were extensively gained
attention on last decades [1, 2]. Numerous herbal
ingredients are now used to treat various diseases or
health problems [3]. Additionally, there are many
polyherbal formulations which can widely have used
such as dietary supplements and treatment agents.
Moreover, these formulations are source of vitamins,
minerals and antioxidant compounds [4]. Because of
herbs are source of polyphenolic compounds these
formulations are widely used for anti-carcinogenic, anti-
viral, anti-inflammatory effects. Also, the quality of
polyherbal formulations depends on the composition
and concentration of relevant natural compounds. For

95

these reasons, the quality control studies and
toxicological investigations are most important
parameters to determine the safety use of polyherbal
formulations [5]. Nowadays, many studies that focused
on adverse effects of herbal drug combinations results
regarding the risk of herbal drug combinations induced
adverse effects such as liver injury because of these
herbs were contaminated by heavy metals, microbial
toxins, pesticides, polycyclic aromatic hydrocarbons
and fumigants. These factors can accumulate during the
production and manufacturing of herbs and may have
adverse effects on consumer health. Recently, the
practice on herbal medicine is increasingly used in
various diseases with the expectation of reducing drug
toxicity, alleviating adverse effects and minimizing
recruitment periods. Considering this situation,
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reliability and efficiency of these herbal formulations
are one of the important health problems for last decade.
It is important to find new combinations and also to
determine their toxicological level to improve the
outcome for patients.

In this study, KL21 was used as a prototype which
consisting of Achillea millefolium L. (Asteraceae),
Equisetum arvense L. (Equisetaceae), Urtica dioica L.
(Urticaceae), Thymus vulgaris L. (Lamiaceae), Viscum
album L. (Viscaceae), Acorus calamus L. (Acoraceae),
Rosmarinus officinalis L. (Lamiaceae), Solidago
vigaurea L. (Asteraceae), Silypbum marianum L.
(Astreraceae), Curcuma longa V. (Zingiberaceae),
Lavandula stoechas L. (Laminaceae), Fumaria
officinalis L. (Papaveraceae). Taraxacum officinale L.
(Asteraceae), Cichorium intybus L. (Asteraceae),
Zingiber officinale R. (Zingiberaceae), Peganum
harmala L. (Nitrariaceae), Juniperus communis L.
(Cupressaceae), Nigella sativa L. (Ranunculaceae),
Hypericum perforatum L. (Hypericaceae), Valeriana
officinalis L. (Valerianaceae), Melissa officinalis L.
(Lamiaceae). Standardized KL21 product is approved as
a botanical dietary supplement by The Republic of
Turkey, Ministry of Agriculture and Forestry. However,
there is no information about chemical composition
profile and biological activities of KL21. The aim of
this study was to assess the total phenolic and flavonoid
content, antioxidant capacity and antimicrobial efficacy
of KL21 polyherbal formulation. Additionally, it was
aimed to analyze the toxicological profile and to
investigate histological changes in liver. It allowed
acquiring data about this product’s therapeutic potential
in a safe range.

2. Materials and Methods
2.1. Plant material

KL21 is a novel product containing extract form 21
plant species in different amounts. It is a mixture of
A.millefolium L. (63 mg), U.dioica L. (63 mpg),
E.arvense L. (63 mg), T.vulgaris L. (99 mg), V.album L.
(13 mg), A.calamus L. (13 mg), R.officinalis L. (27),
S.vigaurea L. (13 mg), S.marianum L. (50 mg), C.longa
V. (27 mg), L.stoechas L. (27 mg), F.officinalis L. (27
mg). T.officinale L. (27 mg), C.intybus L. (27 mg),
Z.officinale R. (27 mg), P.harmala L. (13 mg),
J.communis L. (27 mg), N.sativa L. (13 mg),
H.perforatum L. (4 mg), V.officinalis L. (4 mg),
M.officinalis L. (13 mg) in a hydroxypropylmethyl
cellulose capsule (amount of 1 capsule). Merely, all
quality control studies of KL21 have been done by
Naturin  Nutraceuticals Products Company, Izmir,
Turkey. Ethanol and methanol extracts of KL21 were
separately prepared.
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2.2. Determination of total phenolic and flavonoid
contents

The total phenolic compound was determined
spectrophotometrically utilizing Folin—Ciocalteu
reagent [6]. The total flavonoid compound content was
measured as quercetin equivalence [7]. Volatile
constituents were determined by Shimadzu QP 2010
plus Gas chromatography Mass spectrometry equipped
with Rtx-CL capillary standard non-polar column
compose  of  100%  dimethyl  polysiloxane.
Approximately 1 g of KL21 extracts were taken into a
screw cap vial and 10 mL of acetone was added then 1
pL ethanolic and methanolic solutions were analyzed by
GC-MS. The identification of the extracts was
performed by Wiley 7 Library data provided by the
software of the GC-MS.

2.3. Total antioxidant capacity

The antioxidant capacity of KL21 extracts were
determined according to DPPH radical-scavenging
activity and ABTS® (Sigma-Aldrich Co., USA)
radicalcation decolorisation assays. DPPH assay was
performed with 1000 pL of the extracts and 4 mL
methanol solution of DPPH. After 30 minutes of
incubation at room temperature, the absorbance was
read against a blank at 517 nm. Inhibition of a free
radical by DPPH in percent was calculated. According
to decolorisation assays, ABTS with potassium
persulfate generates blue/green ABTS'. The radical
formed shows a maximum absorbance at 734 nm. The
total antioxidant activity percentage (TAA%) was
calculated [8].

2.4. Minimum inhibitory concentration test

The bactericidal activity test was evaluated using the
following four-gram negative test organisms which are
Escherichia coli ATCC 11230, Klebsiella pneumonie
ATCC 13883, Salmonella typhimurium CCM 583,
Pseudomonas aeruginosa ATCC 27853 and four-gram
positive test organisms which are Staphylococcus
aureus ATCC 6538P, Staphylococcus epidermidis
ATCC 12228, Bacillus cereus ATCC 7064,
Enterococcus faecalis ATCC 29212. Moreover, the
fungicidal activity test was performed using the
vegetative cells of Candida albicans NCPF 3179 and
the spores of Aspergillus brasiliensis NCPF 2275.
Strains were obtained from Biomerieux® (France) and
Microbiologics® (USA). Gentamycin (CAS: 1405-41-0,
Sigma Aldrich Co., USA) and Nystatin (CAS: 1400-61-
9, Sigma Aldrich, Co., USA) were used as a positive
control (NCCLS, 2015).
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2.5. Cytotoxicity test

According to cell viability, modified MTT test was
performed to determine the cytotoxic effects of KL21
extracts [9]. Human breast adenocarcinoma, Human
lung adenocarcinoma, Human colon adenocarcinoma,
Human cervix adenocarcinoma and Human embryonic
kidney cell lines were maintained in flasks at 37 °C in
incubator. The broth was treated with different dilutions
(0.1 mg/mL, 1 mg/mL and 10 mg/mL) of KL21 and
incubated for 72 hours. Inhibition of cell growth was
calculated as ICsq (50 % effective concentration). The
results were measured at 570 nm with an UV
spectrophotometer. GraphPad Prism (San Diego, USA)
was used for the calculation of KL21 causing a 50 %
inhibition in comparison to untreated controls.

2.6. The Ames Salmonella/microsome mutation test

Ames MPF™ mutagenicity assay (Xenometrix Inc.
Switzerland) was conducted on 4 strains of Salmonella
typhimurium, tester strains TA98, TA100, TA 1535 and
TA 1537 according to the OECD Guideline 471 [10].
TA98 and TA 1537 strains are used for the detection of
frameshift mutations and TA100 and TA1535 for base
pair substitutions. Genotypes of the strains were
checked by Xenometrix Inc. Study design was
performed w/wo S9, strain-specific positive control
chemicals and bacteria are exposed to 6 concentrations
of ethanol and methanol extracts of KL21. Bacterial
growth which is mutagenicity is measured
colorimetrically by a color change (pH drop) from
purple to yellow.

2.7. Animals and experimental design

The study was approved by the Ege University, Local
Ethical Committee of Animal Experiment (24.02.2012,
2012-032). Ethical guidelines for investigation of
experimental pain unconscious animals were considered
all in vivo experiments [11]. Mice purchased from the
KOBAY Laboratory (Izmir, Turkey). During the study,
all animals were weighed daily.

2.7.1. Single dose oral toxicity test

Up-and-Down-Procedure (UDP) was conducted on 5
animals according to OECD Guidelines No: 425 [12].
Doses of KL21 which were applied 175, 500 and 2000
mg/kg. During the lethality period, body weight data
and toxicity signs were observed individually. The total
observations period was 14 days according to method.

2.7.2. Subacute toxicity test
Repeated dose 28-day oral toxicity study was conducted

on male (n=20) and female (n=20) Swiss albino mice
according to OECD Guidelines No: 407 [13].

After acclimation period healthy male and female mice
were assigned randomly to groups (300, 600 and 900
mg/kg KL21 and control). All mice were sacrificed end
of the study and liver weights were recorded after; liver/
body weight ratios were calculated. Blood samples were
collected before and end of the study for hematological
and biochemical analyses. Routine protocols were
performed for evaluation of histological analyses.

2.8. Statistics
All experimental results were the means of experiments

performed in triplicate and the data in the tables and
figures represent the mean values +standard deviations

(n=3). p<0.05 was considered to be statistically
significant.

3. Results

3.1. Total phenolic and flavonoid compounds
analysis

Total phenolic and flavonoid compound contents of
KL21 extracts were demonstrated. The highest contents
of these compounds were seen in KL21 ethanol extract
(Table 1). GC-MS analysis of the KL21 extracts led to
identification and quantification of compounds. Nine
compounds were identified constituting 99.9% of the
total extracts (Table 2; Fig 1 and 2). Carvacrol has been
reported a common major component (45.091% for
ethanol extract; 42.414% for methanol extracts).

Table 1. Content of flavonoid and total phenolic
compounds of KL21 extracts

Phenolic Content  Flavonoid Content

Extracts

(GAE mg /g) (QE mg /9)
Ethanol 258.58 + 0.02 11.09 + 0.02
Methanol 86.42 +0.03 3.58+0.02

* GAE: Gallic acid equivalent; QE: Quercetin equivalent

Table 2. Chemical composition of the KL21 extracts

Composition of KL21

T?;??ﬂ?r: ) Compounds Extracts (%)
Ethanol Methanol
7.32 Carvacrol 45.091 42.414
7.98 Eugenol 0.954 0.974
8.57 a-Curcumine 1.495 1.479
8.89 B-Sesquiphellandrene 0.615 0.508
10.94 a-Asarone 8.665 6.230
11.36 f3-Tumerone 17.721 11.780
11.75 o-Tumerone 9.143 6.398
15.33 Hexadecanoic acid 6.056 12.409
18.30 Linolenic acid 10.259 17.807
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The other most plentiful compounds were identified as
B-Tumerone (17.721%), Linolenic acid (10.259%), a-
Tumerone (9.143%), o-Asarone (8.665%) and
Hexadecanoic acid (6.056%) for ethanol extract.
Similarly, Linolenic acid (17.807%), Hexadecanoic acid
(12.409%), B-Tumerone (11.780%), a-Tumerone
(6.398%) and a-Asarone (6.230%) were identified for
most abundant components of methanol extract.
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Figure 1. GC-MS chromatogram of KL21 ethanol
extract
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Figure 2. GC-MS chromatogram of KL21 methanol
extract
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3.2. Antioxidant capacity test

The antioxidant activities of KL21 extracts are
demonstrated in Tables 3 and 4. According to DPPH
method, methanol extract exhibited higher antioxidant
activity than ethanol extract. The extract (0.25 mg/mL)
displayed 40.82 % inhibition in the test. Additionally, it
has exhibited similar antioxidant effect of a-tocopherol
(36.89 mg/mL). Besides the ICs, value of methanol
extract of KL21 was calculated as 0.294 mg/mL.
However, ICs, value of ethanol extract was determined
as 14.173 mg/mL. These data were demonstrated that
lower ICsq value indicates higher antioxidant activity
(Table 3). Also, both extracts showed similar relative
antioxidant activity with antioxidant capacity according
to ABTS" assay (Table 4).
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Table 3. DPPH radical scavenging activity of KL21
extracts

a-Tocopherol
equivalent

Inhibition P 1Cso
Extract (mg/mL) o antioxidant
(%) activity values (mg/mL.)
(ng/mL)

0.25  40.82+0.04 36.89+0.01

Methanol  0.50 74.86 = 0.03 67.66+0.01 0.294
1 90.66 = 0.04 81.94 +0.03
0.25 0.41+0.05 22.31+0.04

Ethanol 0.50 2.92+0.01 32.22+0.02 14.173
1 4.67+0.02 42.16+£0.03

* Data expressed as mean + SD, TC50: concentrations of extracts for 50% inhibition of
DPPH free radicals

Table 4. Total antioxidant activity of KL21 extracts by

ABTS assay
Extract ABTS
(0.125 mg/mL) Inhibiton (%) RRA
Ethanol 72.80+002  0.53+0.02
Methanol 71.70+0.02  0.52£0.02

* Data expressed as mean = SD, RAA, relative antioxidant activity (TAA%

extract/TAA % standard antioxidant compound)

3.3. Antimicrobial activity

In general, there was major differences activity between
methanol and ethanol extracts. Methanol extract was
active against the tested microorganism with MIC
values ranging from 32 to 64 ug/mL. However, ethanol
extract had no activity at the highest concentration (256
ug/mL) (Table 5).

Table 5. Minimum inhibitor concentration values of
KL21 extracts

MIC (mg/mL)
Microorganism Extract — _
Viethanol —_ Etharol Gentamicin Nystatin
S. aureus 32 128 1
S. epidermidis 32 128 1
S. typhimurium 32 128 1
E. coli 32 256 1
B. cereus 64 256 4
K. pneumonie 64 256 4
E. faecalis 32 256 16
P. aeroginosa 32 128 2
C. albicans 64 256 - 4
A. brasiliensis 64 256 - 8
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3.4. Cytotoxicity test

The MTT results indicated that only ethanol extract
inhibits cancer cell proliferation in a dose-dependent
manner. The ethanol extract’s ICs, values were found to
be 92.09 pg/mL and 95.47 pg/mL for 48 h treatment on
MCF-7 and HeLa cell lines respectively. 44 pg/mL of
ethanol extract and 49 pg/mL dose of methanol extract
showed marked cytotoxicity on HEK-293 cell line.

3.5. The Salmonella/microsome mutagenicity assay

The mean number of positive yellow wells per 6 doses
was calculated from the triplicates and the fold increases
above the baseline were determined for each dose of
KL21 polyherbal formulation extracts. According to
results no mutagenic evidence was determined for
maximum dose 5000 pg/mL of KL21 ethanol and
methanol extracts (Fig 3 and 4).
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Figure 3. S. typhimurium mutagenicity test results of
KL21 ethanol extract

3.6. In vivo toxicity test results

Each animal was observed daily throughout the entire
14-day single-oral-dose toxicity test period. There is no
abnormal clinical signs or lethality, as well as the
observation day and time were recorded (Table 6).
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Figure 4. S. typhimurium mutagenicity test results of
KL21 methanol extract

Table 6. Dose-dependent single dose oral toxicity test
result

Step Include (1) Dose Response (X) Logio
Exclude (E) | (mg/kg) :| Non-response (O) Dose
1 | 175 O 2.2430
2 | 550 0 2.7404
3 | 2000 0 3.3010
4 | 2000 0 3.3010
5 | ) 2000 0 3.3010
S E “_i The LDs, is greater than 2000 mg/kg
g E L] because more than three animal survive.
Calculated maximum LDsg value > 2000 mg/kg

According to subacute toxicity test results, there was no
significant change in body weight gains of the treatment
groups in comparison with control groups (Table 7).
There were also no important differences in absolute
and relative weights of organs of KL21 treated mice
when compared with control (p<0.05) (Table 8). There
were no significant differences in both biochemical and
hematological parameters compared to KL21 treated
and control groups in male and female mice (p<0.05).
According to comparison between the pre-treatment
(day 0), post-treatment (day 28) and control values of
female and male mice, it was demonstrated that there
were no toxicological significant differences (p<0.05)
(Table 9-12).
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Hematoxylin-eosin-stained sections of liver tissue were
examined for routine histological parameters. According
to results histological appearance of liver tissue was
evaluated normal in all groups. Regular appearance of
vena centralis, vena interlobular, hepatic artery, bile

ducts, sinusoids, eosinophilic cytoplasm, hepatocytes
formations and nucleus alterations were also observed
in the liver of all treated mice. Additionally, there were
no numeric increases of Kupffer cells which were
observed (Fig 5 and 6).

Table 7. Body weights of male and female mice of control and KL21 treated groups

Body Weight (g) (mean £ SD)
Groups Sex
Day 0 Day 7 Day 14 Day 21 Day 28

Control M 242 +1.16 24.6+1.53 25.1+1.28 28.8+£2.61 29.1+2.56
F 24.1+1.02 25.7+0.74 25.8+0.70 28.5+1.18 28.6+1.15
300 mg/kg M 24.3+0.99 24.8+1.44 25.0+1.46 28.5+1.69 28.7+1.71
F 24.4 +0.84 25.7+0.57 25.7+0.48 26.9 £0.82 27.2+0.85
600 mg/kg M 24.0+1.22 25.9+0.89 26.4+0.43 27.4+2.70 27.8+2.29
F 23.4+0.54 24.4+1.33 248+ 1.14 26.5+1.99 27.1+1.59
900 mg/kg M 24.6+1.51 25.3+0.88 25.8 £0.48 27.7+1.09 27.8+0.61
F 24.4+0.59 25.7+091 26.1 £0.50 26.1+1.78 26.5+1.56

* Data expressed as mean + SD, Statistically significant from the control (p<0.05)

Table 8. Organs weights and relative organs weights of male and female mice of control and KL21 treated groups

Liver Relative Liver Kidney Relative Kidney - Relative Testicle
Groups  SeX \weight(g) ~ Weight(g) = Weight (g) Weight (g) VESIEE (@) Weight (g)
M | 1.54+0.18 | 0.0528 +0.0026 0.38+0.05 0.0131 +0.0012 0.16 +0.04 0.0055 £0.0011
Control
F 1.47+£0.22: 0.0517 £0.0087 0.32+0.02 0.0109 £ 0.0006 - -
M | 1.55+0.15 | 0.0543 +0.0083 0.41+0.01 0.0145+0.0011 0.16 =0.01 0.0056 + 0.0004
300 mg/kg
F 1 1.45+0.11 | 0.0535+0.0038 0.32+0.06 0.0117+0.0011 - =
M | 1.57+0.05 | 0.0564 +0.0028 0.40+0.05 0.0142 +0.0015 0.14+0.02 0.0051 + 0.0006
600 mg/kg
F 1 1.43+0.07 { 0.0529 +0.0056 0.30 +0.06 0.0108 =0.0016 - =
M | 1.56+0.10 ;| 0.0561 +0.0083 0.39+0.02 0.0139+£0.0011 0.15+0.02 0.0053 £ 0.0004
900 mg/kg
F 1 146+0.12 : 0.0553 £0.0070 0.39+0.03 0.0112 £0.0016 - -

* Data expressed as mean + SD, Statistically significant from the control (p<0.05)

Table 9. Biochemical profile of female mice

Pre-treatment period (Day 0) Post-treatment period (Day 28)
Parameters

Control | 300 mg/kg | 600 mg/kg | 900 mg/kg | Control : 300 mg/kg : 600 mg/kg | 900 mg/kg
ALB (g/dL) 3.94+0.6 3.7+0.4 4.1+0.1 4.1+0.2 3.3+0.1 3.0+0.1 3.0+0.4 3.4+0.1
ALP (U/L) 81.2+4.7 82.245.2 81.6+9.1 80.6+4.1 87.2+2.7 86.4+6.6 84.8+5.7 86.0+£2 .4
ALT (U/L) 61.0+7.5 57.0£12.9 58.4+16.1 60.6+:14.6 57.4+2.0 56.6+2.5 55.6+4.3 55.8+3.4
AMY (U/L) 841+204 833+190 800198 802+167 918+67 916+76 90697 909+78
TBIL (mg/dL) 0.3+0.1 0.3+0.1 0.3+0.1 0.3+0.1 0.2+0.1 0.2+0.1 0.2+0.05 0.2+0.1
BUN (mg/dL) 12.0£1.8 12.2+1.6 12.6+3.2 12.8+2.7 10.2+1.6 10.8+1.3 10.6+0.8 10.8£1.6
Ca (mg/dL) 10.3+£0.8 10.4+0.6 10.0+0.8 9.9+0.4 10.6+0.3 10.2+0.5 9.8+0.4 9.7+0.1
Phos (mg/dL) 8.3+1.4 8.1+1.6 8.2+1.3 8.3+1.4 8.1+0.7 8.2+1.6 8.1+0.8 8.8+0.5
Cre (mg/dL) 0.2+0.1 0.2+0.1 0.3+0.0 0.2+0.0 0.1+0.1 0.2+0.1 0.2+0.1 0.2+0.1
GLU (mg/dL) 214+£53 216£19 214+£16 215454 223+8 227+17 226+9 222+12
Na (mmol/L) 136.4+3.7 135.2+1.7 135.8+1.9 135.0£3.2 | 142.0£1.5 | 142.2+5.2 142.4+4.6 142.0+5.0
K (mmol/L) 6.1+1.6 6.1+1.8 6.0+1.4 6.0+2.0 5.2+0.1 5.2+0.1 5.240.3 5.1+0.4
TP (g/dL) 5.4+0.4 5.3+0.5 5.7+0.4 5.5+0.5 6.2+0.2 6.2+0.4 6.3+0.2 6.2+0.3
GLOB (g/dL) 2.2+0.7 2.3+0.6 2.4+0.5 2.8+0.4 2.8+0.5 2.8+0.3 2.8+0.4 2.7+0.1
BA (umol/L) 3.8+2.1 4.0+1.5 34+1.8 3.6+2.4 3.24+0.3 3.84+0.3 2.4+0.8 2.0+0.7
Chol (mg/dL) 90.2+9.5 92.8+4.5 96.4+9.4 89.4£16.5 94.8+6.4 95.049.1 130.0£11.9 125.843.4

* Data expressed as mean + SD, Statistically significant from the control (p<0.05)
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Table 10. Biochemical profile of male mice

Pre-treatment period (Day 0) Post-treatment period (Day 28)
Parameters

Control : 300 mg/kg : 600 mg/kg : 900 mg/kg | Control | 300 mg/kg | 600 mg/kg 900 mg/kg
ALB (g/dL) 3.4+0.6 3.7+0.4 3.6+0.4 3.5+0.5 3.1+0.1 2.8+0.2 2.8+0.1 3.0+0.2
ALP (U/L) 88.8+7.9 85.2+4.9 89.6+12.2 86.6£7.4 | 87.6£14.3 | 89.4+7.8 87.6+3.3 88.4+2.7
ALT (U/L) 64.0+8.2 63.2+6.9 61.8+10.1 58.6+8.9 63.8+3.4 61.2+£3.7 62.2+1.7 62.0£2.5
AMY (U/L) 826+78 821457 818+11 827+30 919+75 917+81 911490 914+92
TBIL (mg/dL) : 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1
BUN (mg/dL) 11.6+3.1 11.0£2.5 11.442.6 11.8+4.0 11.4+1.5 11.0£1.0 11.0+1.8 10.6+1.6
Ca (mg/dL) 10.4+0.6 10.4+0.4 10.2+0.4 10.1+0.3 10.4+0.4 10.1+0.3 10.1+0.4 9.9+0.3
Phos (mg/dL) 8.3+1.2 8.2+1.5 8.5+1.3 8.1+1.6 8.1+£0.6 8.20+1.07 8.7+0.7 7.9+1.2
Cre (mg/dL) 0.3£0.1 0.3£0.1 0.3£0.1 0.3£0.1 0.2+0.1 0.20+0.07 0.2+0.0 0.1£0.1
GLU (mg/dL) 213+9 21248 21349 211+13 22745 226+11 227411 288+8
Na (mmol/L) 137.841.1 @ 136.0£1.4 | 135.6+2.1 = 136.042.5 | 141.442.3 | 136.0+1.4 142.442.3 144.0+23.3
K (mmol/L) 5.3+0.8 5.2+0.4 5.2+0.4 5.2+0.3 5.3+0.4 5.2+0.4 5.3+0.3 5.3+0.2
TP (g/dL) 5.7+0.3 5.5+0.4 5.7+0.5 5.6£0.6 6.3£0.1* 5.5+0.4 6.3£0.1 6.3+0.1
GLOB (g/dL) 2.2+0.6 2.2+0.5 2.3+0.5 2.3+0.5 2.9+0.2 2.2+0.5 2.940.1 2.8+0.3
BA (umol/L) 4.0+1.5 3.8+1.3 42+14 4.0+£2.0 4.1£0.1 3.8+0.2 4.0+0.7 3.3+0.1
Chol (mg/dL) 89.8+5.4 89.0+2.5 86.0+6.5 85.0+11.6 | 89.4+5.7 88.2+1.9 132.0+6.7 138.0+16.1

* Data expressed as mean = SD

Statistically significant from the control (p<0.05)

Table 11. Hematological profile of female mice

Pre-treatment period (Day 0) Post-treatment period (Day 28)
Parameters

Control 300 mg/kg i 600 mg/kg i 900 mg/kg Control 300 mg/kg i 600 mg/kg i 900 mg/kg
WBC (10g cell/L) 8.7+2.3 8.7+2.1 8.5+1.81 8.4x1.5 8.6+1.1 8.2+1.1 8.3+1.1 8.5+1.3
LYM (10° cell/L) 5.4+1.3 5.5+1.2 5.3£1.32 5.1+1.4 5.9+0.8 5.8+0.9 5.9+1.4 5.7+1.11
MON (10° cell/L) 0.240.1 0.3£0.1 0.24+0.2 0.2+0.1 0.340.1 0.2+0.1 0.2+0.2 0.2+0.1
NEU (10° cell/L) 1.3+£0.8 1.4+0.8 1.7+1.0 1.4£1.0 1.7+1.02 1.7£0.9 1.7+1.0 1.7£1.0
RBC(10™cell/L) 8.1+0.9 8.1+1.1 8.1+1.1 8.2+0.9 8.5+1.3 8.6+1.2 8.3+1.3 8.5+1.0
HGB (g/L) 14.5+0.5 14.5+1.1 14.1+1.2 14.2+1.1 13.9+1.3 13.9+1.1 13.6+1.3 13.8+1.1
HCT (%) 38.6+3.6 40.1+£2.6 39.5+3.6 37.9+3.9 39.4+3.9 39.9+4.1 38.1+2.8 38.9+3.6
MCV (fl) 48.0+£3.3 47.4+2.7 47.8+1.9 46.8+2.1 48.6+2.9 48.4+2.8 48.8+£3.3 48.242.6
MCH (pg) 12.2+0.7 12.1+0.8 11.8+0.7 11.9+0.8 11.9+0.7 11.8+0.7 11.9+0.2 11.7+0.6
MCHC (g/dL) 28.1+2.1 28.14+2.3 27.542.2 28.0+2.4 28.4+1.1 28.8+0.8 28.242.5 28.0+1.5
RDWCc (%) 18.5+0.8 18.3+0.4 18.5+0.5 18.2+0.7 18.9+0.4 18.7+0.4 18.7+0.6 18.9+0.9
PLT (109 cell/L) 294.6+25.1 : 292.0+33.4 : 282.4+85.4 : 293.2+469.1 | 343.8445.1 | 311.8435.8 @ 358.6+42.0 : 381.8+21.8
PCT (%) 0.1+0.1 0.1+0.1 0.2+0.1 0.1+0.1 0.1+0.1 0.1+0.1 0.1£0.1 0.1+0.0
MPV (fl) 7.4+0.7 7.5+0.9 7.3+0.7 7.2+1.1 7.4+0.5 7.3£1.1 7.3+0.7 7.2+1.1
PDWc (%) 36.6+2.7 34.242.3 34.342.1 34.1£1.5 34.5+0.6 34.9+1.1 34.9+1.0 34.2+1.6

* Data expressed as mean +

Statistically significant from the control (p<0.05)

Table 12. Hematological profile of male mice

Pre-treatment period (Day 0) Post-treatment period (Day 28)
Parameters

Control 300 mg/kg : 600 mg/kg | 900 mg/kg Control 300 mg/kg | 600 mg/kg : 900 mg/kg
WBC (10g cell/L) 8.8+1.5 8.9+0.2 8.6+0.4 8.6£0.5 9.8+1.1 9.9+0.3 9.6+0.3 9.9+0.3
LYM (10° cell/L) 5.4+0.9 5.5+0.6 5.4+0.6 5.94+0.6 6.3+0.8 6.4+0.8 6.5+0.9 6.3+0.92
MON (10° cell/L) 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.3+0.1 0.3+0.1 0.3+0.1 0.3+0.1
NEU (10° cell/L) 1.8+0.6 1.8+0.1 1.8+0.2 1.8+0.5 1.5+£0.5 1.5+0.4 1.5+0.3 1.5+0.3
RBC (10™cell/L) 8.9+0.4 8.8+0.1 8.8+0.1 8.7+0.3 9.4+1.1 9.5+0.9 9.44+0.8 9.4+0.5
HGB (g/L) 13.8+0.2 13.7+0.2 13.7+0.3 13.9+0.4 13.6+1.1 13.4+0.8 13.3+1.1 13.4+0.8
HCT (%) 39.742.3 38.9+1.9 39.3+1.4 39.1+£3.2 40.8+1.5 40.4+1.6 40.8+1.9 40.5+1.5
MCV (fl) 79.2+1.4 49.0+2.5 49.2+5.4 49.0+1.5 48.0+1.3 48.0+2.1 48.0+£2.2 48.2+1.9
MCH (pg) 11.9+0.4 11.6+0.4 11.6£0.4 11.6+0.4 11.7+0.3 11.8+0.4 11.8+0.3 11.7+0.4
MCHC (g/dL) 29.9+1.5 29.6+1.2 29.6+1.0 28.7+2.1 30.5+1.1 30.6+0.8 30.4+1.2 30.7+1.6
RDWc (%) 18.9+1.6 18.5+0.9 18.5+0.9 18.5+0.9 20.6+1.9 20.1£1.5 20.3+1.5 20.1£1.0
PLT (109 cell/L) 287.2+7.3 287.24+6.4 288.2+8.7 288.8+8.5 286.8445.8 : 289.0+7.0 287.0+£9.2 287.8+8.2
PCT (%) 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.2+0.1
MPV (fl) 7.1+0.5 7.2+0.3 7.1+£0.3 7.24+0.5 7.3+1.7 7.842.1 7.9+1.8 7.7+1.6
PDWc (%) 35.4+1.4 35.842.5 35.3+2.9 35.6+2.2 34.94+2.3 35.3+1.8 35.7+2.5 35.4+1.7

* Data expressed as mean +

Statistically significant from the control (p<0.05)
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Figure 5. Histologic effects of Polyherbal formulation
KL21 on liver of female mice. The liver sections of
mice were stained with haematoxylin and eosin (H &
E). Liver section of normal control group (Ax20,
Bx100) and dose groups which were 300 mg/kg (Cx20,
Dx100), 600 mg/kg (Ex20, Fx100) and 900 mg/kg
(Gx20, Hx100) showing normal visible central veins
(cv), sinusoids (sn), hepatocytes (hp), remark cords
(RK), interlobular portal vein (ipv), interlobular hepatic
artery (iha), interlobular bile ducts (isk) and sinusoids
(s). kc: Kupffer cells.

4. Discussion

New trends in drug discovery emphasize on natural
sources with biological effective properties. Many
people prefer to use them because they are safe which
are derived from phenolic and flavonoid compounds
[14]. Advantages of herbal drugs are decreased adverse
effects, short time efficacy, induced immune system and
positive economic outcomes on health expenditure [15].
Therefore, they are associated with conventional drugs
or utilized significantly instead of them. For all these
reasons it is necessary to determine their toxicological
profile and verification for common implementation of
safety data before marketing. The first step of this study
was determined the phenolic and flavonoid contents,
biological properties such as antioxidant and
antimicrobial activities of KL21 extracts

Figure 6. Histologic effects of Polyherbal formulation
KL21 on liver of male mice. The liver sections of mice
were stained with haematoxylin and eosin (H & E).
Liver section of normal control group (Ax20, Bx100)
and dose groups which were 300 mg/kg (Cx20, Dx100),
600 mg/kg (Ex20, Fx100) and 900 mg/kg (Gx20,
Hx100) showing normal visible central veins (vc),
sinusoids (sn), hepatocytes (hp), remark cords (Rk),
interlobular portal vein (ipv), interlobular hepatic artery
(iha), interlobular bile ducts (isk). kc: Kupffer cells.

Quercetin equivalent flavonoid content and gallic acid
equivalent phenolic content of the ethanol extract was
calculated as 11.09 and 258.58 mg/g respectively, while
86.42 mg/g and 3.58 mg/g were calculated in methanol
extract. The results clearly demonstrated that ethanol
extract had a high flavonoid and phenolic compound in
comparison with methanol extract. It is already known
that phenolic and flavonoid compounds are the major
plant component with a high antioxidant capacity [8].
Therefore, considering the important role of
polyphenolic and flavonoid compounds in the
prevention and therapeutically of diseases, it is
important to determine herbal formulations ingredients
before activity studies. Bioactive ingredients are very
important because of efficacy and safety of herbal
formulations depends on phytochemical composition
[16]. According to GC-MS analysis in our study, the
major seconder compound in both extracts was
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carvacrol. These results were in agreement with those
reported in previous published papers that phenolic
compounds. Phenolic compounds especially carvacrol
demonstrate various pharmacological activities such as
anti-inflammatory, anti-angiogenic and anti-cancer
activities [17]. The most commonly used antioxidant
methods are ABTS" and DPPH conducted on both
extracts. The results indicated that both extracts
exhibited higher antioxidant capacity according to two
analyzed methods. The phenolic components show
multi-different biological activities [18]. According to
MIC values of antimicrobial activity test, only methanol
extract exhibited antimicrobial efficacy. Conversely,
ethanol extract did not display antimicrobial activity
against all bacteria included fungi which are tested
microorganisms. This data suggested that the solvent
type used in the extraction had a great impact on MIC
values. There are experiments which emphasized it is
important to consider that both polar and nonpolar
compounds may find in extracts; thus, the microbial
efficacy may be due to presence of components with
variable polarities [19]. In the other hand, higher
amount of linolenic acid in methanol extract was
detected in comparison with ethanol extract [20].

Cytotoxicity of the KL21 extracts was tested on MCF-7,
A549, CaCo-2, HEK-293 and Hela cells. The tested
extracts had no cytotoxic effects on A549 and Caco-2
cell lines. Our data showed that the 48 h ICs, of ethanol
and methanol extracts were 44 and 49 pg/mL on HEK-
293 human kidney cells respectively. Additionally, it
was demonstrated that ethanol extract was significantly
toxic for cancer cell lines which were MCF-7 (92.09
pg/mL) and Caco-2 (95.47 pg/mL). Cytotoxic effects on
cancer cell lines were affected by different solvent types
of the polyherbal formulation including polar and non-
polar constituents. This allows also the different
phytochemical profile and biological activities due to
extraction solvent [21]. Previously there were suggested
that many herbal formulations exhibited cytotoxicity
against various cancer cell lines [22]. Genetic toxicity
testing has moved towards the earlier stages of drug
discovery in order to identify genotoxic liabilities of
new compounds in the pipeline.

Ames test is designed to detect genetic damage such as
gene mutations which may reflect pharmaceuticals,
including herbal preparations. According to test, both
extracts of KL21 had no genotoxic potential in four
Salmonella strains. This data exhibited specific
approach to perform reduced risk assessment of KL21.
However, Gumiganghwal-tang (GGT) is an herbal
prescription made from nine different herbs and its
extract acted as a genotoxic material [23]. Similarly,
Pyungwi-san (PWS) is a mixture of six herbs and PWS
extract exhibits genotoxicity. As a result of this it is
important to determine herbal medicinal products
(HMPs) genotoxicological profile and this may be a pre-
condition for registration or marketing authorization.

The single dose oral toxicity up and down procedure
permits estimation of an LDs, with a confidence interval
and the results allow a substance to be ranked and
classified according to the Globally Harmonised System
for the classification of chemicals which cause acute
toxicity. The concept of the up-and-down animal testing
approach was first step to determination of toxicity of
the test material. According to the oral acute toxicity
test, mice administered KL21 doses up to 2000 mg/kg
did not exhibit mortality in 24 h. This result exerted the
orally administered KL21 could be considered
practically non-toxic. Likewise, Ojeok-san (OJS) is a
widely used herbal formula in traditional Korean
Japanese herbal medicine. The lethal dose of OJS with a
50 % mortality rate was over 2000 mg/kg [24]. Kai-Xin-
San (KXS) is traditional Chinese medicine (TCM)
formula and LDs, of KXS was over 32.59 g/kg for mice
which is relatively safe for oral medication [25]. In the
assessment and evaluation of the toxic characteristics of
the herbal formulation, the determination of oral toxicity
using repeated doses carried out after initial information
on toxicity has been obtained by single dose oral
toxicity test. Herbal formulations may cause various
side effects due to their complex chemical compounds.
Because of this reason it is important to determine their
toxicological background. The subacute toxicity study
allowed identifying KL21 chemical compounds with
toxic potential such as organ toxicity, which may
warrant further in-depth investigation. Therefore, this
study provides information on the possible health
hazards likely to arise from repeated exposure over a
relatively limited period of time. However, after 28
days’ observation period, it was identified that KL21
has no adverse effects in the highest volume used. There
is not any sign of observable toxicity was detected
during the experimental period. During study, there was
no any significant change in body and absolute/relative
weights of organs compared to the normal groups. This
result is important evidence to evaluate the toxicity of
KL21 because of body weight changes such as
decreases or increases are associated with toxic effects
of chemicals, synthetic or herbal drugs. Moreover,
hematological and biochemical analysis of metabolites
was not significantly altered between control and
treatment groups. Previously it has been reported to
there are many acute, subacute and chronic toxicity
studies to exerted safety evaluation of herbal
formulations [26, 27]. The effects of KL21 were
evaluated by histopathological examination of hepatic
tissue sections using H&E staining. The highest dose of
KL21 (900 mg/kg) did not causes any hepatic damage
results in fibrotic changes in the hepatic tissues.

5. Conclusion

In conclusion, the results provide important information
regarding the biological activity of KL21, thus, this data
offer information critical for herbal drug development
and emphasize to importance of determining the quality
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criteria of natural product formation stage after
manufacturer process. These findings indicated that
KL21 due to its antioxidant capacities may be useful in
the obviation of aging-related and various inflammatory
diseases for human welfare. It was also undertaken to
evaluate in vitro and in vivo toxicological profile of
KL21 polyherbal formulation as a botanical dietary
supplement. It is important to provide scientific
evidence showing that the formulation is safe and
efficacious in human’s welfare.
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Abstract

Gene delivery systems like cationic nanoemulsions are in general not ready to use for any time. Thus,
delivery systems for genetic materials like nucleic acids have to be prepared freshly before application.
This study is focused on the preparation and characterization of cationic nanoemulsions using
phytosphingosine for plasmid DNA delivery. Repurposing of cationic agents guided us to
phytosphingosine, previously used for enhanced interaction with negatively charged surfaces. It was
reported that phytosphingosine may act anti-apoptotic, but without using it in an appropriate delivery
system like nanoemulsions. This gap attracted our interest in preparing and characterizing long-term
stable cationic nanoemulsions and their cytotoxic effects on MDA-MB-231 and MCF-7 breast cancer
cells using phytosphingosine. The cationic nanoemulsions 1, 2, and 3 were prepared and characterized in
terms of droplet size, polydispersity index, zeta potential, long-term stability after storage at 25 and 40 °C,
complexation with pDNA, release and cytotoxicity on MDA-MB-231 and MCF-7 cells. The CNEs
showed appropriate properties like a small droplet size (<200 nm), a narrow size distribution and a high
zeta potential (>+30 mV). Unfortunately, each cationic nanoemulsion showed some disadvantages.
Cationic nanoemulsion 1 decreased the viability of cancer cells to only 25 %. Phase separation was
observed for cationic nanoemulsion 2 after storage of six months at 40 °C. And cationic hanoemulsion 3
was not able to form a complex with pDNA.

To sum up, cationic nanoemulsion 1 is more appropriate than the other cationic nanoemulsions for
delivering pDNA.

Keywords: cationic nanoemulsion, stability, pDNA, complexation, phytosphingosine, cytotoxicity.

from degradation. Loading anionic nucleic acids

1. Introduction onto cationic delivery systems resulted in an

enhanced binding on the cell surface and enhanced
Large and hydrophilic free nucleic acids are entrance of genetic material into the cell by
negatively charged, which disables their cellular endocytosis [1, 2]. Easy manufacturing, low
uptake. Furthermore, they are biologically not immune response, cost-effectiveness, and safety are
stable and degradation by nucleases in the blood is some of the advantages of non-viral vectors,
occurring. Drug delivery systems like viral or non- representing alternative drug delivery systems to
viral vectors are useful tools for improved delivery viral delivery of nucleic acids [3-7].

of nucleic acids and they can protect nucleic acids
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Cationic nanoemulsions (CNEs) were proposed for
more than three decades as delivery system for
nucleic acids [8-10]. CNEs are dispersed systems
composed of an oil phase and an aqueous phase.
Both phases are normally not miscible, thus the
dispersed system is thermodynamically not stable.
The inner oil phase of oil-in-water (O/W)
emulsions can be stabilized by non-ionic surfactants
(Tween 80, Poloxamer etc.) and additionally a
cationic lipid like didodecyl-dimethylammonium
bromide (DDAB) can be used [11]. A cationic lipid
or agent in the formulation is required due to the
formation of a complex with anionic nucleic acids
through electrostatic interactions. The first cationic
emulsion for the delivery of a plasmid through a
portal vein injection in mice was composed of
castor oil and 3-b[N-(NO,NO-
dimethylaminoethane)-carbamoyl] choles-terol [8].
After its application, higher amounts of the gene
product in the liver were observed, compared to
traditional cationic liposomes. Oral, parenteral, and
intranasal application and dilution with water are
some of the advantages of NEs. Diazepam® Lipuro,
Disoprivan®,  Etomidat® Lipuro, Intralipid®,
Lipofundin®, Propofol 1%/2% Fresenius and
Stesolid® are some examples of NEs available in
the market.

Phytosphingosine (PS) is an important point of this
study and was investigated as a complexation agent
for plasmid desoxyribonucleic acid (pDNA) in
CNEs with appropriate properties. PS is one
representative of sphingoid bases, which are
constituents of ceramides in the stratum corneum.
PS is known to have antibacterial activity against
epidermal and mucosal bacterial infections
[5-Schuh] and antimicrobial and antiinflammatory
activity and efficacy on acne vulgaris [12]. In
addition, PS induced apoptosis-like cell death in
Neurospora crassa, caspase-independent apoptosis
in Aspergillus nidulans and is a potent inducer of
apoptosis [13-16]. Furthermore, PS induced
mitochondria-involved apoptosis and cell-cycle
arrest in Jurkat cells, reduced cytochrome c release
independently of caspase activation[17]. Moreover,
PS dephosphorylated Akt to inhibit pro-growth
signal, protein phosphatase inhibitor attenuated
PS-induced Akt dephosphorylation and
overexpression of mitochondria-localized anti-
apoptotic protein Bcl-2 prevented PS apoptotic
stimuli [17]. It was reported that PS caused a
strong induction of caspase-8 activity and caspase-
independent Bax translocation to the mitochondrial
in Jurkat (human T-cell lymphoma) and NCI-H460
(human non-small cell lung cancer) cells [18].
Besides, PS induced activation of caspase 9 and 3,
cytochrome c¢ release from mitochondria and
mitochondrial translocation of Bax from the cytosol
without changes in the protein levels of Bcl-2,
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Bel-xL, and Bax [19]. These studies have in
common that PS was not investigated in a delivery
system like NE, which is a serious lack.

For manufacturing CNEs, the cationic compound is
crucial for the positive charge and gene delivery
systems using cationic agents are expected to be
non-toxic, but potent to deliver the cargo to the
target to a high extent. Within the last decades,
several cationic agents have been studied for the
complexation and delivery of nucleic acids. This
study aims to point out PS and PS-Hydrochloride
(PSHCI), which has a higher aqueous solubility
than PS, as cationic agents in cationic
nanoemulsions (CNEs) for delivery of pDNA. In
that context, the effects of PS and PSHCI on
particle properties, complexation and cytotoxicity
among others were investigated.

The challenge of using PS is to find an appropriate
solvent. The low aqueous solubility of PS is
disabling its use in simple aqueous formulations.
Due to this PS was used in previous studies in NEs
for dermal [20, 21] and oral [22] application. This
is the first study about using PS as a cationic agent
in CNEs with appropriate properties for delivering
pDNA. A previous study about the preparation a
CNE using PS and Peceol was not appropriate due
to phase separation after storage of 1 month at
40 °C [23].

This study is focused on the preparation and
characterization of three CNEs as non-viral vectors
for plasmid DNA delivery and one blank NE
(OD-NE) as a control for the cytotoxicity studies.
For that purpose, the CNEs were prepared by
microfluidization and characterized in terms of
particle properties like droplet size (DS), size
distribution  (polydispersity index, PDI), zeta
potential (ZP) and cytotoxicity using human
embryonic kidney (HEK 293) and the two breast
cancer cell lines, MDA-MB-231 and MCF-7.
Formation of complexes with pDNA and SDS
release studies were only performed with the CNEs.

2. Material and Methods
2.1 Materials

Phytosphingosine (PS; 2S-amino-1, 3S, 4R-
octadecanetriol) and PS-Hydrochloride (PSHCI)
were gifts from Evonik (Essen, Germany).
Polysorbate 80 (Tween 80, Merck, Germany) and
lecithin from soybean 90% (Applichem, Darmstadt,
Germany) were chosen as  surfactants.
Octyldodecanol (OD; Eutanol® G, Caesar and
Lorenz GmbH, Hilden, Germany) as an oil
compound was purchased.
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The plasmid pEGFP-C1 from Invitrogen,
California, USA was used as a model. The pDNA
was amplified in Escherichia coli DH5a strain.
Maxiprep plasmid DNA purification kit from
Invitrogen (USA) was performed to purify plasmid.
After obtaining pDNA, restriction enzyme digestion
and visualized by agarose gel electrophoresis was
performed to check plasmid unity. Moreover, the
purity and the concentration of the plasmid were
mesured at 260/280 nm wavelengths by UV/Vis
spectrophotometer. The concentration of pDNA
was adjusted to 100 pg/mL and stored at -20°C
until use.

2.2 Methods
2.2.1 Preparation of Cationic Nanoemulsions

The CNEs were prepared with microfluidization
method by using Microfluidizer ML100L.

The CNEs were prepared using 0.5% PS (CNE 1
and 3) and PSHCI (CNE 2), respectively, 20% OD
(CNE 1 and 2) and 5% OD (CNE 3), 2% lecithin
and Tween 80, at 25 °C, by investigating the
microfluidization duration of 1, 2, 3, 4, 5, 6, 8 and
10 minutes. An intermediate pressure between
500 and 700 bar, namely 600 bar, was chosen for
the preparation of the CNEs, due to the fact that the
CNEs will be blank, without a drug, and thus less
pressure input into the NE system could be
sufficient for obtaining CNEs with appropriate
long-term properties.

The composition of the CNEs is given in Table 1.
The CNEs were prepared by microfluidization as
described in the literature [22, 24].

Table 1: Composition of the cationic
nanoemulsions.

Compound CNE1 CNE2 CNE3
oil phase % % %
(w/w) (w/w) (w/iw)
octyldodecanol 20 20 5
PS 0.5 - 0.5
lecithin 2 2 2
aqueous phase
PS-HCI - 0.5 -
Tween 80 2 2 2
bidistilled water ad 100 ad 100 ad 100

Briefly, for CNE1 and 3 the oil phase was prepared
by adding the cationic agent PS to OD at
approximately 100 °C and stirred with a magnetic
stirrer until complete solvation was obtained. After
that, the surfactant lecithin was added and stirred
until  complete solvation was achieved at
approximately 50 °C. The aqueous phase was
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obtained by solving the surfactant Tween 80 and in
bidistilled water at 25 °C.

For CNEZ2, the oil phase was prepared by solving
the surfactant lecithin at 50 °C. The aqueous phase
was obtained by solving PSHCI and Tween 80 in
bidistilled water at 25 °C.

Afterwards, the oil phase was added to the aqueous
phase and a pre-emulsion was obtained by using the
high-speed stirrer Silverson L5M with 10000 rpm
for 5 min and subjected afterwards to the
Microfluidizer ML100L. The CNEs were prepared
at 25 °C with 600 bar and different
microfluidization durations (1, 2, 3, 4, 5, 6, 8 and
10 min) by microfluidization to obtain CNEs
(Figure 1).

Figure 1: Photograph of the prepared cationic
nanoemulsions.

2.2.2 Droplet Size and Zeta Potential
Measurements of Particle
Characterization of Cationic
Nanoemulsions

The DS, PDI and ZP of the CNEs were measured
directly after the preparation (d0). The mean DS
and PDI were determined by Zetasizer Nano ZS
(Malvern Instruments, Malvern, UK) per photon
correlation spectroscopy with dynamic light
scattering (DLS) and the ZP, representing the
surface charge of particles, was determined by
measuring the electrophoretic mobility. 20 pl of the
sample was added to 20 ml bidistilled water and
measured. The Helmholtze Smoluchowski equation
was applied for the calculation of the ZP [25]. The
CNE with appropriate properties like a small DS of
less than 300 nm, a narrow size distribution (PDI
<0.3) and especially a high ZP of >+30 mV was
investigated according to the aimed formation of a
complex with pEGFP-C1 (pDNA).

2.2.3 Complexation Studies of Cationic
Nanoemulsion-pDNA

After freshly preparing the CNEs, their complex
formation ability with pDNA was evaluated by the
use of different relations of CNEs and pDNA,
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shown with gel retardation assay. The augmenting
amount of CNEs (0.5 - 5 pl, 1:10 diluted) was
added into the constant amount of pDNA solution
(1 pl of 100 ng/ml plasmid stock solution) and
shaken on a bench-top shaker for 30 min to
complete the binding of pDNA onto the CNEs via
electrostatic interaction.

The resultant CNE:pDNA complexes were
characterized by gel retardation assay [26]. The
agarose gel electrophoresis (1% agarose/1XTAE,
w/v) was carried out for 60 min under the voltage
of 80 V and imaged via a gel documentation system
(Vilber Lourmat, France). The CNE:pDNA
complexes were freshly prepared before each use
for further studies.

2.2.4 SDS Release Studies of pDNA from
Cationic Nanoemulsion-pDNA Complex

SDS release studies of pDNA by agarose gel
electrophoresis are necessary to provide that the
cargo is released to reach the target. After forming
the CNE-pDNA complex, SDS was immediately
added and incubated for 10 min at 25 °C. Following
the addition of glycerine, the samples were loaded
on 1 % agarose gel electrophoresis.

SDS was added immediately after complex
formation. Following 10 minutes incubation at
25°C, samples were loaded on 1% agarose gel for
electrophoresis. Six CNE:pDNA ratios were tested
—0.5:1, 1:1, 2:1, 3:1, 4:1 and 5:1 (v/v).

The resultant CNE:pDNA complexes were
characterized by gel retardation assay [26]. The
agarose gel electrophoresis (1% agarose/1XTAE,
wi/v) was carried out for 60 min under the voltage
of 80 V and imaged via a gel documentation system
(Vilber Lourmat, France). The CNE:pDNA
complexes were freshly prepared before each use
for further studies.

2.2.5 Cytotoxicity Studies

The cytotoxicity studies of the freshly prepared
CNEs were performed using non-cancerous HEK
293 (human embryonic kidney cells) cells and the
two breast cancer cells MDA-MB-231 (human
breast adenocarcinoma) and MCF-7 (human breast
adenocarcinoma). Cells are cultured in DMEM/F12
(1:1) medium which supplemented with 10% fetal
bovine serum (FBS) and 0.1% Pen-Strep (10.000
Units/mL  penicillin ~ and  10.000 pg/mL
Streptomycin) at 37°C and 5% CO, with
humidified conditions. Cells were inoculated into
96-well plates (1x10° cells per mL) and then
incubated for 24 h at 37°C, 5% CO, and humidified
conditions. Then, the medium was removed, the
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cells were washed and treated with 3 different
concentrations of CNE 1, CNE1:pDNA complex,
CNE 2, CNE2:pDNA complex and CNE 3. In
addition, OD-NE, PS, PSHCI and Doxorubicin
(DOXO) were used as a control. After 48 h
incubation, 20 pl of MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) solution is
added and the plates are incubated for 4 h [27].
More after, media was discarded from wells and
150 wl dimethyl sulfoxide was added on each well.
For determining the optical density (OD), plates are
placed in a spectrophotometer at 570 nm
wavelength. Experiments were carried out at least
in triplicate.

After OD was determined, cells viability (%) was
calculated with the formula below:

%Viable cells: [(absorbance of treated cells)-
(absorbance of blank)] / [(absorbance of control)-
(absorbance of blank)] X 100 [28].

In the end, ICs, values calculating by fitting
viability (%) data to sigmoidal curve on Graphpad
Prism 9 software.

2.2.6 Statistical Analysis

GraphPad Prism v6.01 software was used for
statistical analysis of all data. P < 0.05 was
considered to be statistically significant. Results are
expressed as means = SD. For analysis between
groups, a two-way ANOVA was performed
followed by multiple comparison to compare
differences between groups. Measurements and
experiments were carried out at least in triplicate.

3. Results and Discussion
3.1 Preparation, Droplet Size and Zeta Potential
Measurements of Cationic Nanoemulsions

In previous studies, it was shown that the

formulation parameter like the type and
concentration of the used compounds were more
effective than the process parameters like

preparation temperature, pressure and duration
during the development of NEs were investigated
[20-22].

Based on these findings, the CNEs were composed
of 0.5% PS (CNE 1 and 3) or PSHCI (CNE 2), 5 %
(CNE 3) and 20% OD (CNE 1) and 2% lecithin and
2% Tween 80, respectively [23, 29].

Previously, Peceol was used to solve PS and
prepare CNEs. Unfortunately, phase separation
occurred after storage of 1 month at 40 °C.
Additionally, the ZP significantly decreased from
+48.7 mV at the beginning to +12.8 mV after
storage of 6 months at 25 °C, showing that this
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formulation was not appropriate to form a complex
with pDNA in the long term. An appropriate
delivery system for nucleic acids should have a
long-term ZP >+30 mV enabling its use in due
time. Otherwise, the formulation must be prepared
every time freshly, which could be interpreted as
waste. Providing a DS <300 nm and PDI <0.3, they
come second, so the ZP, caused by the cationic
agents PS and PSHCI, is more crucial for
complexation and delivering plasmid DNA. The
effects of the used compounds and of the
microfluidization duration from 1-10 minutes on
DS, PDI and ZP were studied to optimize the
preparation of the CNEs.

150 018
auo 1 -
- .
§ 120 | 2
-;JO:J | O,.CE
) -
® 0 =
2 g
“
= &0 +
8‘ oS 5
& 40
. g

20 ¢

04 v + 0,00
1 ] ) - s o ' 10

micr

[min]

S dropiet ste (nm]  Wpalydiasersity indes

reta potential (mv] O~

With increasing the microfluidization duration from
1 to 10 minutes, the DS of CNE 1 (Figure 2a)
decreased, from 159 nm (1 min) to 114 nm
(10 min), just like the PDI slightly decreased from
0.09 (1 min) to 0.08 (10 min) (Figure 2a), and the
ZP decreased from +43.2 mV (1 min) to +36.6 mV
(10 min)  (Figure 2b). Increasing the
microfluidization duration resulted in a decrease of
DS, PDI and ZP, but not all of these effects are
desired. Due to the fact that the ZP is more crucial
than DS and PDI, a microfluidization duration of
1 minute is appropriate. Similar results were
observed by Isar et al. 2020 [23].
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Figure 2 The droplet size, polydispersity index, and zeta potential results of CNE 1 with increasing

microfluidization duration.

The DS of CNE 2 decreased from 113 nm (1 min)
to 87 nm (10 min) (Figure 3a), the PDI decreased
from 0.12 (1 min) to 0.08 (10 min) (Figure 3a), and
the ZP first increased from from +42.8 mV (1 min)
to +50.1 mV (2 and 3 min), then decreased to +43.6
mV (10 min) (Figure 3b). Due to the fact that the
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highest ZP was obtained after a microfluidization
duration of 2 minutes (+50.1 mV), with a DS of 102
nm and a PDI of 0.09, this is an appropriate
microfluidization duration for CNE 2.
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Figure 3: The droplet size, polydispersity index, and zeta potential results of CNE 2 with increasing

microfluidization duration.

For CNE 3, the DS decreased from 188 nm (1 min)
to 151 nm (10 min) (Figure 4a), but the PDI
increased from 0.19 (1 min) to 0.23 (10 min)
(Figure 4a), just like the ZP increased from +31.7
mV (1 min) to +35.4 mV (10 min) (Figure 4b).
Here, a  microfluidization  duration  of
1 minute is not sufficient to obtain a formulation
with  a maximum  ZP. Increasing the
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microfluidization duration to 2 minutes resulted in a
ZP of +34.1 mV.

A higher ZP was obtained after a microfluidization
duration of 2 minutes (+34.1 mV) with a DS of
184 nm and a PDI of 0.19, this is the optimal
duration. Further increase of the microfluidization
duration did not result in ZPs with significant
differences, so a microfluidization duration of
2 minutes is appropriate.
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Figure 4: The droplet size, polydispersity index, and zeta potential results of CNE 3 with increasing

microfluidization duration.

Comparing the formulation properties of the CNEs
showed that for CNE 1 the complexation agent PS
was dissolved in the inner oil phase, additionally
containing OD and lecithin, whereas for CNE 2, the
complexation agent PSHCI was used in the outer
aqueous phase, containing Tween 80. The
difference between CNE 1 and CNE is based on the
concentration of the inner oil phase. CNE 1
contained 20 % OD and 5% OD was used for CNE
3, leading to a formulation with a smaller DS (159
nm) and PDI (0.09) but higher ZP
(+43.2 mV) when 20% OD was used, compared to
CNE 3, with a DS of 184 nm, a PDI of 0.19 and a
ZP of +34.1 mV.

The smallest DS of 102 nm, lowest PDI of 0.09 and
highest ZP of +50.1 mV were observed for CNE 2,
where PSHCI was used as complexation agent in
the outer aqueous phase. Since the particle
properties of CNE 1 and CNE 2 seem to be more
beneficial compared to CNE 3, it can be supposed
that CNE 3 is probably not suitable for our purpose
of complexation pDNA.

CNE 1 showed after storage of up to 12 months at
25 and 40 °C no significant changes of DS and PDI
(Table 2). The DS of 159 nm at the day of
preparation increased to 176 nm and 180 nm after
storage of 12 months at 25 and 40 °C, respectively.

Table 2: The droplet size, polydispersity index, and zeta potential results of cationic nanoemulsion 1 after

storage of 12 months at 25 and 40 °C.

storage time and temperature DS [nm=+SD] PDI[+SD] ZP [mV=SD]

do 159+1.3 0.09 +0.01 432+13
d7,25°C 160 +2.1 0.12+0.05 39.6+1.2
d7,40°C 159+ 1.7 0.13+£0.03 382+1.7
di4,25°C 168+2.5 0.08 £ 0.02 36.0£1.9
di4,40°C 165+ 0.6 0.09 +0.01 329+ 0.3
d28, 25 °C 164 +1.2 0.10+£0.01 399+1.3
d28, 40 °C 161 +0.3 0.10+0.01 19.6 £ 04
m3, 25 °C 169 £3.2 0.09+0.02 339+0.9
m3, 40 °C 182 +5.3 0.06 +0.02 20.1+0.2
mo6, 25 °C 176 £3.1 0.09+0.01 324+0.7
m6, 40 °C 185+3.5 0.04 +£0.01 194+04
m9, 25 °C 171 £2.8 0.12+0.01 354+0.8
m9, 40 °C 180+ 1.7 0.07£0.03 199+04
ml2, 25 °C 176 £2.7 0.09 +0.05 33.8+0.8
ml2, 40 °C 180+ 1.7 0.07£0.03 19.9+04

The ZP decreased from 43.2 mV to 33.8 mV after
storage of 12 months at 25 °C, still more than the
aimed 30 mV, and to 19.9 mV after storage of
12 months at 40 °C (Table 2). Thus, even after
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storage at 25 °C, CNE 1 is a ready to use
formulation for further studies, without the need
for fresh preparation.
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The DS of CNE 2 showed no significant changes
over 28  days, however  storage  at
40 °C caused an increase from 102 nm to 160 nm
(Table 3). Finally, DSs of 179 nm and 203 hm were
observed after storage of six and nine months at
25 °C, respectively. After storage of six months at
40 °C phase separation was observed. The PDI was
very constant over nine months, at 25 °C. Just like

the DS, the ZP was stable after storage of 28 days at
25 °C with values of 50.1 mV at the beginning and
48.3 mV after 28 days. Unfortunately, the ZP
decreased after storage of 28 days at 40 °C to 39
mV, but remained between 38.3 and 41.8 mV, even
after storage of three months at 25 and 40 °C, six
and nine months at 25 °C (Table 3). The stability
studies for storage of 12 months are ongoing.

Table 3: The droplet size, polydispersity index, and zeta potential results of cationic nanoemulsion 2 after
storage of nine months at 25 °C and three months at 40 °C.

storage time and temperature DS [nm + SD] PDI [+ SD] ZP [mV= SD]

do 102+0.4 0.09+0.01 50.1+0.4
d7,25°C 124+1.1 0.09+0.03 52.6+23
d7,40 °C 123 £0.7 0.07£0.01 50.1+1.3
d14,25°C 122 +1.8 0.09 +£0.03 50.3+1.8
d14, 40 °C 125+ 0.6 0.07+0.01 477+ 0.2
d28,25°C 131 +£1.9 0.10+0.01 483 +0.5
d28, 40 °C 160 £2.6 0.05+0.02 39.0+0.5
m3, 25 °C 155 +4.1 0.08 £ 0.02 38.6+0.8
m3, 40 °C 155+2.0 0.07+£0.03 41.8+03
m6, 25 °C 179 +2.7 0.08 £ 0.02 40.0+1.2
m9, 25 °C 203+5.1 0.09 +0.02 38.3+0.3

Storage of CNE 3 at 25 and 40 °C over a period of
three months had no negative effect on DS, which
was 184 nm at the beginning and 164 nm and
171 nm after three months (Table 4). A decrease of
the PDI from 0.19 to 0.07 and 0.06, respectively,
after storage three months at 25 and 40 °C was
observed. The reason for that decrease is probably
based on a more compact structure and size
distribution with increasing storage time.

A slight decrease of DS is an indicator for this, too.
The ZP revealed stable values of 34.1 mV at the
beginning and 34.4 mV after storage of three
months at 25 °C. Unfortunately, storage at 40 °C
had non-beneficial effects on ZP, resulting in a
decrease from 34.1 mV to 12.4 mV (Table 4),
which is not appropriate. The stability studies for
storage of 6 months and further are ongoing.

Table 4: The droplet size, polydispersity index, and zeta potential results of cationic nanoemulsion 3 after

storage of three months at 25 and 40 °C.

storage time and temperature DS [nm + SD] PDI [+ SD] ZP [mV= SD]

do 187 +3.3 0.19+0.02 34.1+0.7
d7,25°C 179 £4.0 0.20+0.04 32.7+1.5
d7, 40 °C 173 +4.5 0.17+0.01 272+1.8
d14,25°C 179 £3.1 0.19 +£0.03 34.8+0.3
d14, 40 °C 17104 0.21+0.01 240+2.4
d28, 25 °C 178 £2.3 0.19+0.02 32.8+0.2
d28, 40 °C 164+ 1.6 0.21+0.01 26.8+0.4
m3, 25 °C 164 +1.7 0.07 +£0.03 344+04
m3, 40 °C 171 £2.6 0.06+0.02 12.4+0.5

CNE 1 and 3 showed appropriate DSs, PDIs, and
ZPs after storage of 12 months for CNE 1 and three
months for CNE 3 at 25 °C. Storage at 40 °C had
disadvantageous effects on ZP, which significantly
decreased to <30 mV. On the contrary to these
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CNEs, the DS of CNE 2 increased, but is still
<300 nm, the PDI is constant and the ZP only
slightly decreased from 50.1 mV to 38.3 mV after
storage of nine months at 25 °C. The fact that phase
separation was observed for CNE 2 is a
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disadvantage in terms of usability for further
studies. On the other hand, the ZPs of CNE 1 and 3
are significantly decreasing but still <30 mV, which
is also a drawback. It can be pointed out that the
CNEs showed stable DS, PDI and ZPs after storage
at 25 °C, except for CNE 2 with increasing DS.
Here, it can be stated that using PSHCI for the outer
aqueous phase has no beneficial effects on particle
properties compared to PS used in the inner oil

3.2 Gel Retardation Assay of Cationic
Nanoemulsion-pDNA Complexes

Our supposition that CNE 3 is not suitable for
complexation pDNA was right, and a CNE3-pDNA
complex was not obtained probably due to the ZP.
According to the CNEs-pDNA complexation
results, the complex of 1 pl plasmid and 5 pl
CNE 1 (Figure 5a) and 1 pl plasmid and 0.5 pl

a 12 34567809

phase. If intended to use a freshly prepared
formulation, CNE 2 seemed to be more appropriate
due to the highest ZP of the CNEs. However, this
was revised after the stability studies due to
decreased ZP and increased DS results.

Further studies about complexation with pDNA,
SDS release and cytotoxicity will help to find out
the best possible formulation for delivering pDNA.

CNE 2 (Figure 5b), respectively, (1:10 diluted)
were appropriate for further studies. For CNE 3 it
was not possible to form a suitable complex with
pDNA, so this CNE was rated as not appropriate for
our purposes to form an appropriate complex with
pDNA.

Figure 5: Gel electrophoresis image of the complexation assay between the constant amount of pEGFP-C1 with
the increasing amount of CNE 1 (a) or CNE 2 (b). (1:1Kb plus DNA ladder, 2: Naked DNA as positive control,
3,4,5,6,7,8: pDNA:CNE complexes for the ratio of 1:0.5, 1:1, 1:2, 1:3, 1:4, 1:5 (v/v), respectively, and 9:CNE;

CNEs were used as 1:10, diluted).

3.3 Particle Characterization of Cationic
Nanoemulsion-pDNA Complex
Formulations

For CNE 1, the DS only slightly decreased from
192 nm to 181 nm after complexation with pDNA,
the PDI slightly decreased from 0.13 to 0.15, but
the ZP decreased from +46.6 mV to +29.5 mV, still
around the required value of 30 mV for stable
nanoparticles (Figure 6). The formation of a
CNE 2-pDNA complex resulted in a significant
increase of the DS from 144 nm to 288 nm, an
increase of the PDI from 0.14 to 0.21, and a
significant decrease of the ZP from +47.9 mV to
+5.1 mV. Comparing both CNE-pDNA complex
formulations revealed that the DS of CNE 1-pDNA
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is smaller (181 nm) than of CNE 2-pDNA
(288 nm), the size distribution of CNE 1-pDNA is
more narrow (PDI of 0.15) compared to
CNE 2-pDNA (PDI of 0.21) and the ZPs of
approximately +30 mV (CNE 1-pDNA) vs
+5.1 mV (CNE 1-pDNA). These results can be
explained with the different CNE:pDNA ratios. The
ratio CNE 1:pDNA was 5:1, while for
CNE 2:pDNA (0.5:1) the amount of CNE was
lower, resulting in a significant increase of DS and
decrease of ZP. Based on these particle
characterization results, it could be stated that both
CNEs are appropriate for the formation of a
complex with pDNA. However, the cytotoxicity
study results using HEK293 cells will give more
insights.
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Figure 6: The droplet size, polydispersity
index, and zeta potential results of the

cationic nanoemulsions 1 and 2 before and
after complexation with pDNA.
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3.4 SDS Release Studies of pDNA from
Cationic Nanoemulsion-pDNA Complexes

To investigate the SDS induced pDNA release
studies from CNE-pDNA complexes, these were
prepared in six different CNE:pDNA ratios from
0.5:1 to 5:1 (v/v). It could be shown that 1% SDS
was appropriate for the release of pDNA,
independent from the CNE-pDNA ratio (Figure 7).

b.123 45 6789

Figure 7. SDS release of pDNA from CNE 1-pDNA (a) and CNE 2-pDNA (b) complexes at six different ratios;
lane 1: MW, lane 2: pDNA as control; 3-8: CNE-pDNA ratios from 0.5:1 - 5:1; lane 9: blank CNE.

3.5 Cytotoxicity

The cytotoxicity study results of the CNEs, CNE-
pDNA complexes, OD-NE, PS, PSHCI and DOXO
using HEK 293 revealed that with increasing the
applied dose from 0.25 pg/ml to 25 pug/mL, the
viability of the HEK 293 cells decreased from 78%
to 14% for CNE 1, from 73% to 12% for CNE 2,
from 71% to 16% for CNE 3 (Figure 8a). This

a HEK 293

decreasing effect of the viability of CNE 1 and
CNE 2 is not desired on non-cancerous cells. For
the CNE-pDNA complexes, the viability decreased
from 99% to 77 % for CNE 1-pDNA and from 96%
to 79% for CNE 2-pDNA (Figure 8a). There are no
significant differences in the viabilities between the
CNE-pDNA complexes. Thus, complexation with
PDNA resulted in increased viability.

b HEK 293

B

Figure 8: Cytotoxicity study results of CNEs, CNE-pDNA complexes, OD-NE, PS, PSHCL and DOXO on HEK
293 cells.
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The viability of OD-NE decreased from 81% to
14% with increasing applied doses (Figure 8b).
Thus, a distinctive effect of OD as the oil
component on the viability of HEK 293 cells was
observed.

Another factor influencing the cytotoxicity of the
CNEs is the ZP. Applicating a concentration of
2.5 pg/mL resulted in viabilities of 15% for CNE 1,
17% for CNE 2 and 63% for CNE 3, respectively.
Comparing the ZPs of the CNEs showed results of
46.6 mV for CNE 1, 47.9 mV for CNE 2 and 34.1
mV for CNE 3. Thus, the higher the ZP, the more
decreased viabilities were observed. A compromise
of a ZP of approximately about 30 mV is indicated
as appropriate for delivering nucleic acids like
pDNA.

The viabilities decreased from 77% to 15 % for PS,
from 72% to 14 % for PSHCI and from 88% to
22 % for DOXO as positive control (Figure 8b).
The viability results can be summarized in three
groups: The first group with similar viabilities of
CNE 1, CNE 2 and OD-NE. The second group with
CNE 3, PS and PSHCI. And the third group with
the CNE-pDNA complexes.

a MDA-MB-231

Regarding the cytotoxicity study results on HEK
293 it can be stated that all three CNE-pDNA
complexes showed suitable viabilities. However,
from the CNEs, CNE 3 seems to be more
appropriate than CNE 1 and 2.

The cytotoxicity study results of the CNEs,
CNE-pDNA complexes, OD-NE, PS, PSHCI and
DOXO using MDA-MB-231 cells showed that
with increasing the applied dose from 0.25 pg/ml to
25 pg/mL, the viability of the MDA-MB-231 cells
decreased from 97% to 25% for CNE 1, from 95%
to 10% for CNE 2, from 102% to 40% for CNE 3
(Figure 9a). The highest decrease in the viability to
10% was observed for CNE 2, containing PSHCI in
the outer aqueous phase. The difference between
CNE 1 and CNE 2 is the use of the cationic agents
PS in the inner oil phase and PSHCI in the outer
aqueous phase. Complexation of the CNEs with
pDNA resulted in increased viabilities for all CNE-
pDNA complexes, as expected (Figure 9a). The
viability decreased from 98% to 26 % for OD-EA.
For PS, the viability decreased from 95% to 13%,
from 103% to 12% for PSHCI and from 98% to 30
% for DOXO as positive control (Figure 9b).

MDA-MB-231

I

E

{
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|
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Figure 9: Cytotoxicity study results of CNEs, CNE-pDNA complexes, OD-NE, PS, PSHCL and DOXO on

MDA-MB-231 cells.

Interestingly, the decrease of the viabilities on
breast cancer cells is more distinctive for PS (13 %)
and PSHCI (12 %), compared to DOXO (30 %).
Comparing CNE 1 and CNE 3 revealed that the
concentration of the oil compound has a distinctive
effect on cytotoxicity. The higher the oil
concentration, the higher decrease in the viability
was observed.

Regarding these results showed that CNE 2,
showing the highest decrease in viability, is
superior to CNE 1 and 3. These results can be
explained with the DS and ZP results of the CNEs.
The smallest DS and highest ZP were obtained for
CNE 2 (144 nm and 47.9 mV). Thus, CNE 2 seems
to be more appropriate.
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With increasing the applied dose of CNEs, CNE-
pDNA complexes, OD-NE, PS, PSHCI and DOXO
from 0.25 pg/ml to 25 pg/mL, the viability of the
MCEF-7 cells decreased from 77% to 48 % for CNE
1, from 85% to 13% for CNE 2 and from 107% to
54% for CNE 3 (Figure 10a). The highest decrease
in the viability to 13% was observed for CNE 2,
containing PSHCI in the outer aqueous phase with
the highest ZP of 47.9 mV. Complexation of the
CNE 1 and 2 with pDNA resulted in increased
viability of 76 % for
CNE 1-pDNA and 86 % for CNE 2-pDNA,
compared to CNE 1 and 2 with viabilities of 48 %
and 13 %, respectively, with an applied
concentration of 25 ug/mL. For the OD-NE, the
viability decreased from 92% to 50 % (Figure 10b).
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Figure 10: Cytotoxicity study results of CNEs, CNE-pDNA complexes, OD-NE, PS, PSHCL and DOXO on

MCEF-7 cells

The viability of MCF-7 cells decreased from 83 % to 12
% for PS, from 84 % to 11 % for PSHCI and from 101
% to 34 % for DOXO as positive control (Figure 10b).
Again, the decrease of the viability is more distinctive
for PS and PHCI, compared to DOXO, with viabilitiesof
12 % (PS), 11 % (PSHCI) vs. 34% (DOXO).
Interestingly, incorporation of PSHCI into the CNE 2
has no effect on the viability, reflected as viability of 11
% for PSHCI compared to CNE 2 with a viability of 13
%. In addition, there is not a significant difference in the
viabilities of CNE 1 (48 %) and CNE 3 (54 %) and OD-
NE (50 %). Thus, the cytotoxic effect of CNE 1 and 3 is
probably not based on PS, but on the CNE itself.

Evaluation of zeta potential in gene delivery systems is
crucial in terms of electrostatic interaction with genetic
materials and interaction with the negatively charged
cell membrane, but also in terms of cytotoxicity. The
substance that provides the cationic charge in these
systems is also the main source of the cytotoxicity
[30,31]. Therefore, the evaluation of zeta potential also
reflects the evaluation of the cationic content in the
formulation as a whole.

Based on these results it can be stated that CNE 2 seems
to be superior compared to CNE 1 and 3.

4, Conclusion

Three CNEs were prepared by microfluidization and
characterized in terms of DS, PDI, ZP, long-term
stability after storage at 25 and 40 °C, complexation
with pDNA, SDS induced release and particle
characterization of CNE-pDNA complexes and
cytotoxicity on breast cancer cells MDA-MB-231 and
MCF-7. The prepared CNEs showed appropriate
properties like a small DS of <200 nm, a narrow size
distribution, expressed as PDI <0.3, and a high zeta
potential of >+30 mV. Long-term stability studies after
storage at 25 and 40 °C have shown that after storage of
six months at 40 °C phase separation was observed for
CNE 2. Thus, CNE 2 seems to be not appropriate in
terms of stability. Unfortunately, only CNE 1 and 2
were able to form complexes with pDNA. CNE 1-
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pDNA had the smallest DS, a PDI of 0.15 and a ZP of
still 29.5 mV, and released pDNA. On the other hand,
the DS of CNE 2 increased twofold, the PDI increased
significantly and the ZP decreased significantly. The
highest decrease in the viabilities of MDA-MB-231 and
MCF-7 cells to 10 % and 13 %, respectively, was
observed for CNE 2.

Although the CNEs are not ideal and each showed some
disadvantages, CNE 1 seems to be more appropriate
than CNE 2 and CNE 3.
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