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ABSTRACT

The remaining food left in the human oral cavity may cause bacteria to grow and
develop more efficiently so that it will cause various oral diseases such as periodontitis,
caries, and inflammation of the oral cavity. Bacteria that develop in the human oral cavity
include Staphylococcus aureus, Escherichia coli, and Streptococcus mutans. Concerning the
phenomenon, dolomite contains CaCO3/MgO, of which the compound can be used as an
antibacterial material because of its ability to inhibit bacterial activity. Dolomite preparation
was carried out by heating at a temperature of 700°C for 1 hour. The calcined powder
obtained was characterized by XRD, BET, FTIR, and TEM and used in antibacterial testing.
Characterization results showed that dolomite consists of 47.1% CaCOs and 35.9% MgO,
with a dolomite powder particle size of 49.49 nm. The surface area of dolomite powder was
174.154 m?/g with a pore size of 84.94708 - 264.4389 nm, classified in the macropore
category. Increase absorption at 500 cm™ and 530 cm™ corresponded to the MgO functional
groups, and 1437 cm™ corresponded to functional group of carbonate ions. Antibacterial
activities of dolomite against Staphylococcus aureus and Escherichia coli bacteria were
effective at a concentration of 40 g/liter. For the antibacterial activity against Streptococcus
mutans bacteria, dolomite powder was effective at a concentration of 50 g/liter.
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1. Introduction

In the human oral cavity, there are
identified bacteria with about 700 microbial
species [1, 2]. Microbial populations,
including bacteria and fungi, can develop in
the oral cavity [3]. Every human can hold
50-200 bacterial species [4], where these
bacteria are found in saliva or biofilms on
teeth or mucosa [5], on gingival epithelium
or other inner surfaces in the oral cavity [6].
These pathogenic bacteria such as
Staphylococcus aureus, Escherichia coli,
and Streptococcus mutans quickly grow and
develop in the human oral cavity because of
some leftovers between the teeth [7]. These
three bacteria can cause several oral cavity
diseases including periodontitis, caries, and
oral cavity inflammation. Bacterial growth
can be inhibited by using the antibacterial
substance derived from organic and
inorganic compounds. Inorganic material
has better stability than organic material;
therefore, the study used inorganic materials
such as dolomite [8]. Indonesia has
abundant natural resources such as
dolomite, located in the Bangkalan area of
Madura Island. Dolomite compounds in
Bangkalan area consist of 63.42% CaO,
26.39% MgO, 5.93% NaO, 1.20% SiOs,
0.86% AlLOs3 and 0.74% Fe,Os [9]. MgO is
an excellent antibacterial agent [10]. Heated
dolomite is capable of producing CaO and
MgO. Both compounds can be used as
antibacterial agents because of the ability of
CaCO3/MgO to inhibit bacterial activity.
Preparation of dolomite with heating at
various temperatures of 600°C, 700°C and
800°C for 1 hour, the results showed that the
best CaCO3/MgO composites were formed
at 700°C with an optimal phase percentage
of MgO (periclase) and CaCOs (calcite)
[11]. Dolomite preparations with variations
in holding time up to 0.5 to 2.5 hours at
700°C produced an optimal phase at 1 hour
by producing 47.1% CaCO; and 35, 9 %
MgO [12].

Based on the above reports, the
purpose of this study was to investigate the
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characteristics of calcined dolomite, such as
phase, particle and pore size distribution,
peak absorption, and effectiveness of
dolomite against bacteria. The results of this
study are expected to prepare an
antibacterial agent from dolomite.

2. Materials and Methods
2.1 Materials

The material used in this study was
dolomite powder from Jaddih Bangkalan
hill, Madura, East Java. Dolomite powder
was mashed and sieved using a mortar
pestle, and 200-mesh sieve. Calcination was
carried out using a L5 / 11 / B170 furnace.

2.2 Dolomite calcination

Dolomite powder was crushed to an
average particle size of about 7um using
mortar and pestle [11]. The dolomite
powder was sieved and weighed then
calcined at a temperature of 700°C for 1
hour. Subsequently, this powder was
characterized by X-ray diffraction (XRD),
Brunauer-Emmet-Teller (BET), Fourier
Transform Infrared (FTIR), Transmission
Electron = Microscopy  (TEM), and
antibacterial activity.

2.3 Preparation antibacterial test
Antibacterial testing preparations
included (1) dolomite powder resulting from
calcination was dissolved with distilled
water to form a suspension. After that, the
powder solution was immersed in distilled
water at 36°C, and pH was measured. (2)
Each Staphylococcus aureus, Escherichia
coli, and Streptococcus mutans were diluted
with NaCl solution in a test tube, then
homogenized wusing a vortex and
standardized turbidity to a concentration of
0.5 Mc Farland. Each of these bacteria is
applied to the media Mueller Hinton Agar
(MHA). (3) A hole in the MHA media was
made and the bacteria was inoculated.
Subsequently, powder solution was added
into each hole in the MHA media and
incubated in an incubator at 37°C for 1 day,
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2 days and 3 days. The diameter of the clear
zone forming around the hole was measured
using calipers. Dolomite mass variations
used in this study were 5 g/liter, 10 g/liter,
15 g/liter, 20 g/liter, 25 g/liter, 30 g/liter, 35
g/liter, 40 g/liter, 45 g/liter and 50 g/liter
with  the tested bacteria including
Staphylococcus  aureus  (Gram-positive
bacteria), Escherichia coli (Gram-negative
bacteria) and Streptococcus mutans (Gram-
positive bacteria).

2.4 Instrumentation

The phase identification of dolomite
samples was conducted with X-ray
diffraction (XRD) using a PHILIPS-binary
diffractometer  equipped with CuKa
radiation. The data were collected for
scattering angles (20) ranging from 10 to
90° with a step size of 0.02°. Identification
of the chemical bonding groups possessed
by the test sample, which underwent heating
in absorbing infrared light at a specific
wavelength, was investigated from Fourier
Transform Infrared (FTIR) results. The
BET characterization tool used the Brunauer
Emmet Teller (BET) Quantrachome
TouchWin 1.2 engine. BET testing aims to
determine the pore size and surface area of a
sample. The tests were carried out with a
heating temperature at 900°C with nitrogen
gas flowing into the sample to generate an
adsorption curve. Transmission Electron
Microscopy (TEM) tests were performed to
determine the sample’s morphology,
diameter and particle size. The TEM tool
used is JEM-1400.

3. Results and Discussion
3.1 Phase identification based on X-Ray
Diffraction (XRD)

The results of XRD characterization
were in the form of diffraction peak position
data, the distance between fields (d) or
commonly referred to as miller index and
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diffraction intensity (I). Analysis of XRD
characterization was carried out using
Match! Software, namely matching the
ICSD database with MgO data (96-101-
1118), Ca(OH). (96-100-8782) and CaO
(96-101-1096) with the XRD
characterization data. The process of
calcination on dolomite powder minimized
the formation of impurities and could form
new phases.

Fig. 1 showed the results of the XRD
characterization on dolomite powder before
and after calcination at 700°C for 1 hour.
The maximum intensity peak in dolomite
samples after calcination was formed at an
angle of 29.42 with the miller index (104),
which was the calcite phase, while the MgO
phase was found at the diffraction peak at an
angle of 42.96 with the miller index (200).
These results were similar to those
previously reported in other studies [11].
The CaCOs; phase was also formed at an
angle of 36.00°, 47.53°, 48.50°, 57.43°,
60.96°, 64.69° with the miller index (110),
(024), (122), (118), (012). Likewise, the
MgO phase was formed at an angle of
62.32°, 74.66°, 78.66° with the miller index
(021), (311), and (222). However, at 28°
34° and 50° angles, the Ca(OH), phase and
an angle of 37° and 54° were the CaO phase.
Both of these phases were impurities with
low intensity. Dolomite powder before
calcination showed some phase contents
including 58.1% MgO, 23.1% Ca(OH), and
10.8% CaO, while after calcination on
dolomite powder, there were four phases
formed, namely 47.1% CaCOs, 35.9%
MgO, 0.9% CaO and 16.6% Ca(OH),. The
appearance of Ca(OH), could be used as an
anti-microbe and anti-fungal agent [13]. The
CaO impurities could be wused as
antimicrobial substances because they
contained the same superoxide, Kkilling
bacteria [14].
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Fig. 1. XRD characterization of dolomite after calcination at 700°C for 1 hour.

3.2 Pore size and pore surface area on
dolomite based on Brunauer-Emmet-
Teller (BET)

BET characterization was carried out
to assign pore size and pore surface area on
the dolomite as a result of calcination. The
pore size was known from the adsorption
curve through BJH (Barret Joyner Hallenda)
data, as shown in Fig. 2. For antibacterial
activities testing, the adsorption of bacteria
by the material used in the oral cavity
requires the proper pore size to inhibit
bacteria’s activity and not damage teeth.

The ability to adsorb bacteria could be
determined through the process of
adsorption-desorption of nitrogen gas,
wherein in this study, adsorption-desorption
data were shown in an isotherm graph.
Based on Fig. 3, the isotherm curve formed
a hysteresis loop in the relative pressure
range (0.95-0.99 P/Po). This isotherm curve
belonged to the type II isotherm and
belonged to the macropore category (d > 50
nm) [15]. The macropore size in this
dolomite could facilitate the accessibility of
bacteria in the adsorption surface [16].
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Fig. 2. Pore size distribution in dolomite powder based on the adsorption.
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Fig. 3. Isotherm curve of sample dolomite powder.

3.3 Functional groups absorption based
on FTIR

The results of FTIR characterization
for dolomite before and after calcination had

the same functional group absorption
patterns with different intensities at wave
numbers of 400 cm™ to 4000 cm™ (Fig. 4).
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Fig. 4. FTIR characterization of dolomite powder before and after calcination.

Tables 1 and 2 show that wavenumbers 503
cm’!, 530 cm! and 876 cm™ indicate the
presence of MgO stretching function
groups. The absorption peaks at these
wavelengths had similarities with the results
of previous studies. It wavenumbers 511

125

cm™! [17], 548 cm™ [18] and 578 cm™ [19],
whereas between 500 cm and 530 cm™! in
wavenumbers there was also an increase in
absorption peaks in dolomite after
calcination. The carbonate ion functional
group could be found at wave number 1105
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cm™'. However, at 1001 cm™ and 1437 cm™,
an increase in absorption peaks indicated the
presence of CaCO; functional groups in
dolomite samples after calcination. The
similarity of absorption peak in the
wavenumber followed the results of several
researchers, namely 1006 cm™, 1080 cm
[24] and 1404 cm™ [18]. However, the wave
number 1450 c¢cm”' was not found in
dolomite samples after calcination, where
the functional group indicated the presence
of OH ions stretching and bending, which
was characterized by the absorption of H,O
on metal surfaces [25]. Likewise, 1650 cm™
and 3432 cm™ experienced a significant
decrease in absorption peaks for dolomite
samples after calcination. At 1633 cm™ and
3432 cm™ are OH stretching and bending
functional groups [26]. In addition, there
was also a decrease in the absorption peak
also at wave number 3640 cm™ for dolomite
samples after calcination, which was a
functional group of Ca(OH), in 3644 cm’
[24]. Thus, dolomite after calcination based
on the results of the FTIR test showed an
increase in absorption for the functional
groups of MgO and CaCOs and a decrease
in the absorption peak of OH and Ca(OH).
ions.

Table 1. The results of FTIR dolomite
powder characterization before calcination.

Table 2. The results of FTIR dolomite
powder characterization after calcined at

700 °C.
Atomic ‘Wave Number Reference Wave
Bond (em™) Numbers (cm™)
MgO 459.07 443.63 [20]
MgO 518.87 548 [21]
578 [19]
MgO 532.37 548 [21]
578 [19]
MgO 875.71 882.18 [20]
Mg(OH)2 875.71 825 [19]
CaCOs 875.71 871.40 [18]
875 [22]
CaCOs 1001.09 1116 [23]
CaCOs 1107.18 1116 [23]
CaCOs 1437.02 1388.46 [18]
MgO 1437.02 1450 [25]
N-H Bending ~ 1562.39 1543 [27]
CaCOs 1653.05 1794.62 [18]
OH 1653.05 1633 [26]
CH Alifatik 2924.18 2920 [27]
MgO 3427.62 3448.78 [20]
CaCOs 3427.62 3430 [23]
OH 3432 3432 [26]
Mg(OH)2 3427.62 3440 [19]
MgO 3639.8 3887.54 [20]
Mg(OH). 3639.8 3700 [19]

Atomic Wave Number Reference Wave
Bond (ecm™) Numbers (cm™)
MgO 445.57 443.63 [20]
MgO 503.44 548 [21]
578 [19]
MgO 524.66 548 [21]
578 [21]
MgO 875.71 882.18 [20]
CaCOs 875.71 871.40 [18]
875 [22]
MgO 914.29 882.18 [20]
CaCOs 1105.25 1116 [23]
CaCOs 1450.52 1388.46 [18]
CaCOs 1649 1784.62 [18]
MgO 3433.41 3448.78 [20]
CaCOs 3433.41 3430 [23]
Mg(OH)2 3433.41 3440 [19]
MgO 3643.65 3887.54 [20]
Mg(OH)2 3643.65 3700 [19]
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3.4 Morphology and grain size of the
nanometer dolomite powder

TEM characterization was performed
on dolomite powder with the best
percentage of CaCO; and MgO dominant
phases at 1 hour holding time, where the
TEM characterization on magnification
60.000 results showed the morphology and
grain size of the nanometer dolomite
powder. The two phases formed could be
distinguished from their morphologies. The
MgO phase was dark in color and circular
shape, while the CaCO; phase was light-
colored and box shape (Fig. 5). Using
ImagelJ software, the grain size in Fig. 5 for
the CaCOs phase was in the range of 36 nm
to 123 nm, while the grain size of the MgO
phase ranged from 36 nm to 54 nm. The
grain size of MgO proves that MgO was a
nano-sized particle with a <100 nm, while
CaCO; showed a size larger than MgO.
According to Tang and Fang (2014), MgO

nanoparticles could be formed by
controlling the calcination temperature,
which  shows different grain sizes.

Calcination temperature can affect the
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morphology and size of MgO nanoparticles
[10]. The grain size of these particles affects
the antibacterial effectiveness, in which

size has
of

small particle
inhibition

significant
bacterial.

a

Fig. 5. Dolomite powder grain size at 1 hour holding time.

3.5 Antibacterial activity of dolomite
Antibacterial activity testing was
carried out on dolomite powder to determine
the inhibition zone of bacteria on the
antibacterial material. Inhibitory zones
formed around the wells indicated
antibacterial effectiveness. The
measurement of the inhibition zone
diameter at 7.5 mm showed that the
antibacterial activity against Staphylococcus
aureus was most effective at two days with
the dolomite concentration of 40 g/liter,
while the antibacterial activity against
Escherichia coli was most effective at one
day and two days with the diameter of
inhibitory zone of 5.5 mm at a concentration
of 40 g/liter. Meanwhile, the diameter of the
inhibition zone against Streptococcus
mutans showed that the antibacterial activity
was most effective at two days with a
dolomite concentration of 50 g/liter at 6.75
mm (Table 3). Generally, the diameter of
the inhibition zone tends to increase in
proportion to the increase in the
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concentration of the antibacterial solution.
However, Table 3 shows that the inhibition
zone against Staphylococcus aureus bacteria
decreased at the dolomite concentration
from 45-50 g/liter on days 1 and 2. For
Escherichia coli bacteria, the inhibition
zone decreased at a concentration of 45-50
g/liter on day 1. In the inhibition zone,
Streptococcus  mutans  bacteria  also
decreased for observation on day 1 at a
concentration of 40-50 g/liter. The decrease
in the inhibitory power of these bacteria was
due to the lack of rate diffusion of
antibacterial compounds (dolomite) into the
agar medium [28]. The dilution factor
influences the diffusion process. According
to Valgas et al (2007), the deposition of
antibacterial compounds causes a limited
diffusion rate [29]. The higher the
concentration of dolomite, the lower the
solubility, so it can slow down the diffusion
rate of dolomite into the media and
consequently reduce the ability of dolomite
with high concentrations to inhibit the
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growth of bacteria such as Escherichia coli, compounds begins to decrease so that the
Staphylococcus aureus, and Streptococcus ability to inhibit bacteria decreases. In
mutans. Setha et al (2014) stated that when addition, the antibacterial activity is only
the concentration of  antibacterial bacteriostatic. The bacteria began to adapt
compounds is too high, the penetration of to the dolomite solution so that on the 3rd
secondary metabolites into the bacterial cell day, the solution did not affect bacteria.
wall can be disrupted, thereby reducing the Bacteria began to be resistant to the
effectiveness of antibacterial compounds in dolomite solution so that bacterial growth
inhibiting bacteria [30]. The antibacterial occurred around the well. Thus, in this
effect can be time-dependent or study, the optimum and efficient dolomite
concentration-dependent [31]. solution was used as a candidate for

The decrease in the inhibition zone on antibacterial material during the incubation
day 3 for Staphylococcus aureus and period of 2 days. Following Yamamoto et al
Escherichia coli bacteria at a concentration (2010) research, this result showed that the
of 40 g/liter, and Streptococcus mutans at a incubation of bacteria for two days
concentration of 50 g/liter, were because, on decreased the number of bacterial colonies

day three, the content of antibacterial [32].

Table 3. Antibacterial activity of dolomite.

Concentration Bacterial inhibitory zone diameter (mm)
dolomite (g/liter) S. aureus E. coli S. mutans
Day
1 2 3 1 2 3 1 2 3

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 1.00 1.25 2.25 1.50 1.75 1.25 1.50 1.25 1.25

15 2.00 0.75 1.50 2.50 1.50 1.00 1.50 1.25 1.25

20 1.50 0.00 0.00 2.25 2.00 2.25 3.00 0.00 0.00

25 3.50 3.50 3.25 2.02 2.50 2.50 3.50 1.75 1.75

30 3.52 3.50 2.25 3.52 5.00 3.00 3.00 3.00 2.25

35 3.50 425 275 3.75 2.50 1.75 4.50 4.75 3.25

40 6.75 7.50 375 5.50 5.50 2.25 425 5.00 3.00

45 3.75 3.25 3.00 4.00 4.00 0.75 3.75 425 3.00

50 4.50 5.50 4.50 4.50 5.50 4.25 2.50 6.75 5.25
Inhibition zones were formed on the media types of Gram-positive and Gram-negative
agar with each concentration of dolomite, bacteria. The presence of CaO and Ca(OH);
indicating no bacterial growth in the area. in calcined dolomite contributes to
The higher the concentration of a solution, antimicrobial activity. Ca(OH), is an
the lower the growth of bacteria. The effective bactericide against pathogenic
antibacterial material in this study belonged bacteria [36].
to the bacteriostatic group [33], where the Similarly, CaO has antifungal and
antibacterial material inhibited the growth antibacterial activity against pathogenic

of bacteria but did not kill bacteria. bacteria [37]. Factors that may affect the
Dolomite contain CaCO3/MgO was an alkali inhibition of bacterial growth included the
metal oxide group, where the metal element ability of adsorption by CaCO3/MgO, where

can increase the pH of bacteria and the adsorption was observed from the pore
superoxide (O27) can exert pressure on the surface area and pore size of the material.
bacterial cell wall and bind to the cell The particle size possessed by antibacterial
membrane causing bacterial metabolism to material was also a significant affecting the
be blocked [32], [34-35]. It can be seen that inhibition of bacteria. Antibacterial material
the antibacterial material from dolomite is said to have good antibacterial activity if
nanoparticles tends to be reactive to the it has nanoparticles [9].
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4. Conclusion

The phase formed by the heating of
dolomite at a temperature of 700°C holding
time 1 hour was 47.1% CaCO; and 35.9%
MgO. The particle size in dolomite powder
was 49.49 nm with grain size for the CaCO;
phase, ranging from 36 nm to 123 nm,
whereas the grain size of the MgO phase
ranged from 36 nm to 54 nm. Dolomite
powder has a surface area of 174.154 m%/g
with a pore size of 84.94708 - 264.4389 nm,
which was included in the macropore
category. The antibacterial activity against
Staphylococcus aureus is effective at two
days after inoculation with the inhibition
zone diameter of 7.5 mm at a concentration
of 40 g/liter dolomite. The antibacterial
activity against Escherichia coli was most
effective in one day and two days after

inoculation with the inhibition zone
diameter of 55 mm at 40 g/liter
concentration. The antibacterial activity

against Streptococcus mutans bacteria was
most effective at two days with a
concentration of 50 g/liter at 6.75 mm.
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