Journal of Multidisciplinary Applied Natural Science Vol. 4 No. 1 (2024) https://doi.org/10.47352/jmans.2774-3047.205

Research Article

M) Check for updates

Chicken Eggshell Powder as Antibacterial Against
Staphylococcus aureus and Escherichia coli Through
In Vitro Studies

Rodhiansyah Djayasinga, Rudy Tahan Mangapul Situmeang*, Fuangfa Unob, Sutopo Hadi, Posman Manurung,
and Sumardi Sumardi

Received : September 5, 2023 Revised : January 24, 2024 Accepted : January 28, 2024 Online : January 31, 2024

Abstract

Identifying the most effective material with antibacterial properties against Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli) is a challenging task considering the rising concerns about drug resistance. Various
experiments through in vitro and in vivo studies to obtain antibacterial agents using abundant and easily available raw
material sources have been conducted. Therefore, this study aimed to acquire semiconducting nanoparticle material
derived from purebred chicken eggshell waste that could effectively function as an antibacterial agent. The waste
treatment was carried out using a top-down method applying the thermal decomposition method with calcination
temperatures of 700 and 800 °C for 30 hours. XRD analysis results showed CaO as a major phase and this was further
supported by Rietveld calculation. The size of the crystalline phases obtained ranged from 10-45 nm, while FTIR
analysis showed the appearance of CaO bond at a wave number of 715.65 cm™. Furthermore, SEM analysis showed a
rough folded particle surface with a pore percentage of 48.20%. Based on the UV-Vis DRS analysis results, chicken
eggshell powder had band gap energy characteristics of 2.07, 2.74, 3.71, and 5.96 eV for sample B, as well as 4.60 and
5.82 eV for sample C. Activation of purebred chicken eggshell powder as antibacterial was performed both
qualitatively and quantitatively using photocatalytic and non-photocatalytic methods. Qualitatively, both samples
showed antibacterial activity, with a minimal inhibitory concentration (MIC) of 1,000 pg/mL.

Keywords: antibacterial, purebred chicken eggshell powder, thermal decomposition, Staphylococcus aureus,
Escherichia coli

1. INTRODUCTION antibiotics should also be improved, and self-
medication needs to be strictly avoided [4][5].

One of the major public health concerns in
various countries worldwide is infectious diseases.

caused by pathogenic

Staphylococcus aureus possesses the ability to
cause infections in humans ranging from mild skin
infections

Controlling infections to more severe diseases, affecting the

microbes, which are resistant to antimicrobial
drugs, is
resistance

complicated. Therefore, antibacterial
is considered one of the ten most
significant global public health threats [1]. Actions
to tackle this problem are becoming increasingly
important due to the limited available solutions. It is
necessary to strengthen efforts aimed at preventing
the spread of infectious diseases and develop new
drugs to overcome antibiotic resistance [2][3].

Correct and appropriate practices in the use of

Publisher’s Note:
Pandawa Institute stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

MO

Copyright:

© 2024 by the author(s).

Licensee Pandawa Institute, Metro, Indonesia. This article is an
open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

heart and lungs [6]. This bacteria may develop
resistance to a wide variety of antibiotics previously
considered to be effective [7]. Furthermore,
coli, belonging to the
Enterobacteriaceaec family, can produce extended-
spectrum b-lactamase (ESBL) mediated by plasmid
resulting in to various
antibiotics. This bacteria tends to acquire resistance
to antimicrobials by evolving through the spread of
antibiotic retention genes (ARG) and cellular

Escherichia

enzymes, resistance

genetic elements (MGE) among the gene pool [8]-
[10].

Several studies have been conducted to find
materials capable of preventing infection due to
antibacterial resistance, including the use of copper
oxide/carbon (CuO/C) nanocomposites synthesized
with Vasica adhatode leaf extract at room
temperature  [11], and  gold-based
nanomaterials, zinc oxide, and magnesium ferrite
[12]-[15]. Other sources include antimicrobials
derived from the hydroethanolic extract of hop

silver
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Figure 1. (a) Calcined result of 600 °C and (b) representation of the calcined result.

plants [16][17], shrimp demineralization extract
[18], non-specific lipid transfer proteins [19],
chicken eggshell [20], and bio-nano composites
[21].  Furthermore,  various  nanomaterials
synthesized through chemical, physical, and
biological methods using several chemicals have
shown antimicrobial properties.

Only a few nanomaterials have been used as
photocatalytic antimicrobials, including solvent-cast
membranes polyvinylidene fluoride-
hexafluoropropylene (Ag-TiOy/PVDF-HFP) and
electrospun  membranes  Ag-TiO,/PVDF-HFP.
These nanocomposite membranes were tested for
antimicrobial activity against liquid culture
of E. and Staphylococcus
epidermidis. The test was run using visible light
(xenon lamps 600 W/m? at 330 nm) and ultraviolet
(8 W UV Ilamp at 385 nm) with a contact area

distance of 18 cm against the suspension of bacteria

suspensions coli

cells. E. coli showed higher susceptibility to death
after 90 min of exposure to UV irradiation
compared to S. epidermidis, as well as during the

300-min experiment using visible light irradiation
[22].

Several studies also reported the advantages of
antibacterial synthesis from various alternative
materials such as gelatin,
hydroxyapatite which were further converted into

curcumin, and
nanocomposites using electrospinning tools for the
manufacture of hydroxyapatite-gelatin/curcumin
nanocomposites by Sharifi et al [23]. Liu et al. [24]
manufactured nanocomposite materials with Cu,
(OH),CO; composition on the surface of TiO,
nanoparticles. Motellica et al. [25] explored the
synthesis of chitosan/ZnO/Ag
citronella essential

nanoparticles/
oil nanocomposites from
ingredients such as silver nitrate, absolute ethanol,
Zinc acetate dihydrate, chitosan, glycerol, and
acetic acid. However, these methods are associated
with complexities and the use of chemicals. The
antibacterial activity of CaO powder with a size of
200 mesh from Anadara granosa raw material
reported by Rusdaryanti et al. [26] gave results

capable of functioning as antibacterial with an
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Figure 2. Diffractogram XRD chicken eggshell powder uncalcined, crystal phase calcined at 700 and 800
°C (a) Ca0, (b) Ca(OH),, (c) CaTiOs, (d) CuH4O4P,, (e) CaCOs, (f) P,Os, (g) Phosphorus oxynitride
(PON), (h) CuO (tenorite), (i) Mgp 06Cag94CO3 (magnesium calcite), and (j) AlICaHoO15P, (overite).
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Table 1. Quantitative data of each crystalline phase.

Crystal phase Goodness of Particle size Weight Percentage Crystalline Crystalline and Crystalline
uncalcined Fit (GoF) Al ikl LiNwLs B (nm) of Phase area amorphous area percentage
CaCOs 29.42(104) 0.21 277.54 72.29
NOP 26.51(201) 0.32 180.99 12.79
P,0s 2621(201) 0.18 321.55 6.54

2.61 2259.34 8110.15 23.75
Cag.9Mgo.06CO;3 29.33(104) 0.35 166.49 2.54
AlCaHoMgO15P, 23.06 (4 6 0) 0.23 250.15 3.72
CuO 38.82(111) 0.19 314.58 2.10
Crystal phase by Goodness of 20 and hkl FWHM Particle size Weight Percentage Crystalline Crystalline and Crystalline
calcined at 700 °C Fit (GoF) (nm) of Phase area amorphous area percentage
CaO 37.39(002) 0.20 41.97 44.96
Ca(OH), 3411 (011) 0.70 11.88 39.47

2.17 222833 7666.28 29.06
CaTiOs 33.64(011) 0.18 46.15 9.20
CuH404P, 6426 (115) 0.23 40.82 6.37
Crystal phase by Goodness of 20 and hkl FWHM Particle size Weight Percentage Crystalline Crystalline and Crystalline
calcined at 800 °C Fit (GoF) (nm) of Phase area amorphous area percentage
CaO 37.47(002) 0.20 41.98 54.84
Ca(OH), 34.000011) 0.46 18.07 25.67

2.28 2265.31 6107.09 37.09
CaTiOs 33.88(011) 0.70 11.87 11.10
CuH404P>» 642933 4) 0.30 31.30 8.39

inhibitory zone of 2.3 mm and a MIC value of
3.5%.

This study only used purebred chicken eggshell
waste which could be easily obtained. Chicken
eggshell contains 94% calcium carbonate, 1%
calcium phosphate, 1% magnesium carbonate, and
4% other organic matters [27][28]. XRF analysis
reported that the content (wt%) included CaCO;
(91.99), MgO (6.79), Na,O (0.51), P,Os (0.33),
Al,0; (0.14), Si0, (0.13), K,0 (0.07), Fe,05 (0.04),
MnO (0.003), and TiO, (0.003) [29]. Based on the
literature, the top-down method for preparing CaO
nanoparticles from purebred chicken eggshell
waste, reported in this study, has not been
previously explored. The produced material was
also applied as an antibacterial using the irradiation
of visible light [30]-[33].

2. MATERIALS AND METHODS

2.1. Bacterial Culture Material
Brian heart infusion broth (BHIB, Merck),

nutrient broth (oxoid), muller hinton agar (MHA,
Oxoid), endo agar (Oxoid), mannitol salt agar
(MSA, Oxoid), as well as S. aureus and E. coli were
used in this work.

2.2. Chemical Material

The materials used in this study were purebred
chicken eggshell obtained from fried rice traders in
Bandar Lampung City, Lampung Province,
Indonesia, as well as 10% H,O; solution.

2.3. The Instrumentation

X-ray diffraction (XRD-6000 Schimadzu),
Fourier-transform  infrared (FTIR) (Agilent
Technologies Carry 630), scanning electron
microscope-EDS (Zeiss EVO MA10), transform
electron microscope (Jeo Jem-1400), particle size
analyzer (Bacman Coulter), DRS-UV (Cary 60),
furnace (Thermolyne), biobase biological safety
cabinet (Model BSC-13001IB2-X), germ incubator
(Glotech model GTLI-9082A), porcelain mortar,
micropipette, electric scales (BEL Model MW 333i
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Figure 3. XRD diffractogram of (a) chicken eggshell
700 and (¢)

powder uncalcined and crystal phase calcined at (b)

type MWnn3i-M), and turbidimeters (Lutron, model
TU-2016) were used in this work.

2.4. Manufacture of Eggshell Powder from
Purebred Chicken

Purebred chicken eggshell was obtained from
fried rice merchant waste in Bandar Lampung area.
Samples were ground using mortar until smooth and
then calcined at 600 °C [34]. After 15 h, the

800 °C.
calcining process was stopped until room
temperature  was  reached. Calcining was

subsequently resumed to the desired temperature
(700 and 800 °C) and maintained for 15 h to obtain
uniformity of shape and size [35]-[38].

2.5. Bacterial Inoculation and Identification
Preparation of both bacteria and antibacterial
susceptibility test of purebred chicken eggshell

(@) Sampie noncacination
(b) Sample with caicinaton at 700 “C
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Figure 4. FTIR spectrogram of (a) chicken eggshell powder uncalcined and crystal phase calcined at
(b) 700 and (c) 800 °C.
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A |

El AN Series unn. Cnorm. CAtom. CError (1 Sigma)

[wt.%] [wt.%] [at.%) [wt. %]
Ca 20 K-series 7.86 5495 32.75 0.39
O 8 K-series 6.44 45,05 67.25 1.16

Total: 14.30

100.00 100.00

Figure 5. Results of SEM-EDS analysis magnification 10,000x for sample crystal phase calcined
at 800 °C.

powder referred to previous studies [39][40]. In this
study, S. aureus and E. coli were sourced from
bacteria stocks in the Bacteriology Laboratory at
the Tanjungkarang Health Polytechnic Educational
Institution, Department of Medical Laboratory
Technology, Lampung Province, Indonesia. Both
bacteria were inoculated into a liquid culture of
BHIB, and incubated at 37 °C for 24 h. S. aureus
was inoculated again in a MSA culture, while E.
coli was inoculated in endo agar culture [41]-[43].

2.6. Antibacterial Qualitative and Quantitative Test
Against Bacteria

Qualitative tests were conducted by inoculating
S. aureus and E. coli in MHA bacterial cultures.
Crystal phase calcined at 700 and 800 °C were then
placed on the MHA surface, and both MHA
cultures were irradiated by sunlight for 5 min as a
photocatalysis technique, and then incubated at 37
°C for 24 h [39]. As a comparison, bacterial
inoculation was also carried out in MHA cultures
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Figure 6. Porosity percentage analysis of SEM micrographs of sample crystal phase calcined at 800 °C.
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Figure 7. Distribution of particle diameter of sample crystal phase calcined at 800 °C.

against both bacteria, but there was no sun
irradiation treatment.

The quantitative test was carried out by first
diluting crystal phase calcined at 700 and 800 °C in
a liquid culture of nutrient broth; 1000, 500, 250,
125, 62.5, 31.25, and 15.625 uL [44]. In each tube,
a bacterial suspension of 1 pL was added and
followed by irradiation of sunlight for 5 min, and
incubation at 37 °C for 24 h. In comparison, a
similar procedure was performed on seven other
tubes, but without irradiation of sunlight [45].

3. RESULTS AND DISCUSSIONS

Figure 1a shows the results of calcination at 600
°C for 15 h. Crystal phase calcined at 700 and 800
°C appeared white signifying the degradation of
carbon into gases as shown in Figure 1b.

3.1. XRD Analysis

The peak results of XRD analysis for chicken
eggshell powder uncalcined, crystal phase calcined
at 700 and 800 °C were identified qualitatively
using the Match! software as shown in Figure 2.
Crystal Impact version 3.1.5 build 247 [46][47] and
the National Institute of Standards and Technology
Inorganic Crystal Structure Database (NIST ICSD)
web application [34][48] were used. Based on the
result, sample A showed a dominant crystalline
phase, namely CaCOj; with peaks at 20 (°) of 23.22,
29.48, and 39.61, similar as reported before [49].
Similarly, crystal phase calcined at 700 and 800 °C
showed multiple crystalline phases, including CaO
crystal identified at 20 (°) of 32.21, 37.37, and
53.89, consistent with a previous study [50]. Crystal

phase calcined at 800 °C also showed critical phase
information of CaO at 20 (°) of 32.31, 37.37, and
53.89, as reported in previous studies [50]. As
shown in Figure 2, other crystal phases were
identified, although in relatively smaller peaks. The
presence of these crystalline phases was attributed
to the reactions of several compounds contained in
purebred chicken eggshell [27]-[29].

The analysis proceeded to the quantitative stage
using the Rietica software version 4.2 Rietveld
method [51], with the results presented in Table 1
and Figure 3 for chicken eggshell powder
uncalcined, crystal phase calcined at 700 and 800
°C. Reference data from Crystallography Open
Database (COD-96-900-9669) CIF-9009668 were
used for comparison to quantitatively analyze the
crystal phase of CaCO; from chicken eggshell
powder uncalcined.

The information presented in Table 1, shows the
Goodness of Fit (GoF) value of the analysis of
uncalcined chicken eggshell powder of 2.61, and
the Full Width Half Maximum (FWHM) value of
the CaCOs crystal phase of 0.21 with a dominant
peak of 20 at 29.42°. where these two data are used
to calculate the phase size of the crystal using the
Debye Scherrer equation (1):

D kA
"~ B cosB

(1)

where, D = crystal phase size (nm), k = shape
constant valued at 0.9-1.0, A = X-ray wavelength
used = 1.542 nm, [ = Measurement result of half
the maximum peak width height [52]. By using this
calculation formula, the phase size of CaCO;
crystals contained in uncalcinated eggshell powder
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was obtained by 277.54 nm. In addition to these
data, the weight percentage of phase CaCO; data of
72.29 was also obtained.

Quantitative analysis of calcined eggshells at 700
°C (Table 1) informed the formation of the CaO
crystalline phase. The comparison reference data
used to analyze comes from COD-96-100-0045 CIF
-000044 data. GoF value of 2.17 and FWHM of
0.20 with a dominant peak of 20 at 37.99°. Using
equation (1), the phase size of the CaO crystal is
41.97 nm. In addition, the weight percentage of
phase CaO data was also obtained at 44.96%.

Information on the results of quantitative
analysis of chicken shells calcined at 800 °C
informs weight percentage of phase CaO data of
54.94%. This analysis used comparative reference
data from COD-96-101-1096 CIF-000044. GoF
value of 2.28 and FWHM of 0.20 with a dominant
peak of 20 at 37.47°. Using equation (1), the phase
size of the CaO crystal is 41.98 nm.

The diffraction pattern shown in Figure 3a-3c
shows that the diffractogram smoothing for each
sample has been effectively carried out, as
evidenced by the attainment of the GoF value < 4.
This value was based on the difference between the
observation data and the calculation results. In this
case, this value was relatively small [53] reaching
2.61, 2.17, and 2.28 for chicken eggshell powder

uncalcined, crystal phase calcined at 700 and 800 °
C, respectively.

3.2. FTIR Analysis

Figure 4 shows the results of FTIR analysis for
chicken eggshell powder uncalcined, crystal phase
calcined at 700 and 800 °C. The characteristics of
chicken eggshell powder
confirmed by the C-O functional groups with
stretching observed at 1402 cm™, and a vibrating
band at 880 cm™. Furthermore, a symmetric
vibration band indicating Ca—O was found at a
wavenumber of 715.65 cm™ as previously reported
by [54]. A sharp stretching band at wavenumber
3638 cm™ showed the characteristics of the O-H
group in Ca(OH),. During the calcination process,

uncalcined were

carbonates in chicken eggshell powder uncalcined
in the stretching band 1402 cm™ migrated to higher
energies indicating CaO, as evidenced in
wavenumbers of 1446, 1059, 880, and 872 cm’,
consistent with the characteristics of samples B and
C [55][56].

3.3. SEM-EDS

The results of SEM-EDS analysis in Figure 5
confirm the presence of Ca, C, and O elements
which show the formation of crystalline CaO in
crystal phase calcined at 700 and 800 °C. SEM
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Figure 8. (a) UV light absorbance and (b) bandgap crystal phase calcined at 800 °C. (c¢) UV light
absorbance and (d) bandgap crystal phase calcined at 700 °C.
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Figure 9. (a) Bacterial colonies growing on MSA cultures, (b) Gram-positive painting results from MSA
cultures, (¢) S. aureus observed in SEM magnification of 20,000x, (d) bacterial colonies growing on endo

agar cultures, (¢) Gram-negative painting results from endo agar culture, and (f) E. coli observed in SEM
magnification of 20,000x.

integrated with EDS was considered useful for
providing insights into the composition of the
sample. X-ray was used to provide information
regarding qualitative and quantitative analysis of
elements present in samples. The focused electron
beam interacted with the atoms in samples,
providing various signals as information about the
topography and composition. The energy plot (keV)
of the emitted X-Ray photons (x-axis) in relation to
the intensity (y-axis) of EDS spectrum showed the
elemental amounts of 19.66% calcium, 28.29%
carbon, and 52.05% oxygen [57].

As shown in Figure 6, SEM micrograph analysis
showed that the pure chicken eggshell powder
sample had a percentage porosity of 48.20% and a
particle layer thickness represented by red, yellow,
green, light-blue, and dark-blue colors.

Figure 6 also showed that the sample surface
appeared lumpy, grainy, and irregular due to
exposure to high temperatures during calcination.
The formation of agglomeration showed that the
crystal phase in both crystal phase calcined at 700
and 800 °C was porous due to the release of CO,
gas during the decomposition of CaCO; in the
calcination process. The particle size distribution
was less than 20 nm (Figure 7) with a frequency of
56 as shown in the result of SEM micrograph
analysis [58].

3.4. DRS-UV Analysis

The absorption spectrum of UV light for crystal
phase calcined at 700 and 800 °C was scanned at
wavelengths of 200-800 nm. Absorption peaks
were identified at 233.017, 315.997, 516.009, and
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Figure 10. Test results of antibacterial activity for crystal phase calcined at 700 and 800 °C qualitatively
(a, b) non-photocatalytic and (c) photocatalytic before incubation and (d, e, and f) after incubation.

741.007 nm for crystal phase calcined at 700 °C
while for crystal phase calcined at 800 °C, the
peaks were observed at 250.018, 332.006, and
499.908 nm. The bandgap energy was obtained
with the Touc Plot method (ahv = A(hv-Eg)"?), and
the values obtained for crystal phase calcined at 700
°C were 2.07, 2.74, 3.71, and 5.96 eV. On the other
hand, crystal phase calcined at 800 °C showed
bandgap energies of 4.60 and 5.82 eV (Figure 8),
These results agreed with previous studies [59]. The
values of the energy bands for both samples
affected the photoelectric effect. When irradiated by
sunlight, electrons in the valence band (Vg) were
excited and moved toward the conduction band
(Cg). The displacement of electrons (e”) caused the
occurrence of holes denoted h', while the
conduction band was negatively charged because it
had been occupied by e from the Vg [60].

3.5. Morphology of Test Bacteria

Figures 9a and 9c show that S. aureus colonies
grown on MSA culture are visible, round, convex,
small, and smooth. A visible change occurred in the
culture color to yellow, showing the ability of the
bacteria to ferment mannitol. The bacteria showed
Gram-positive  staining, cocci-shaped,
clustered, and yielded positive catalase test results.

Wwere

On the other hand, E. coli colonies inoculated in
endo agar as presented in Figures 9d-9f were round,
convex, small, pink, and rod-shaped, as well as

showed Gram-negative staining [61].

3.6. Bacteria Cell Death

Figure 10 shows the qualitative analysis results
of MHA culture with bacteria cell death indicated
by the formation of an inhibitory zone. This implies
that crystal phase calcined at 700 and 800 °C can
function as antibacterials. The antibacterial activity
of the crystalline phase Ca(OH), occurred due to
the release of hydroxyl ions in water contained in
MHA cultures used for antibacterial activity assays.
Hydroxy ions (OH) formed the free radical species
(*OH) that acted as reactive oxidizers against
various biomolecular compounds in the cell. The
high reactivity of free radicals (*OH) increases the

Figure 11. The results of quantitative antibacterial
activity tests, (a) bacteria can grow marked by
turbidity in nutrient broth cultures and (b) bacteria
are unable to grow characterized by cultures that
remain clear.

202

[§) PANDAWA



J. Multidiscip. Appl. Nat. Sci.

(b)

(d)

Figure 12. Results of SEM-EDS observations on S. aureus (a, b) and E. coli cell death on antibacterial
activity tests (c, d).

range of diffuse areas. The impact on bacteria cell
damage was attributed to several processes, namely
(1) intracellular metabolic failure, (2) protein
denaturation, and (3) damage to the cytoplasmic
membrane [62]-[64].

As shown in Figure 11, the minimal inhibitory
concentration (MIC) of purebred chicken eggshell
powder containing the crystal phase was measured
at 1000 pL (Fig 11b) with a marked absence of
turbidity in the nutrient broth bacterial culture and
also confirmed by the absence of growth after re-
inoculation.

The bacterial cell death was due to the action of
the CaO crystalline phase, which decomposed into
Ca’" ions (Figure 12). These ions interact with
organic compounds on the cell wall, disrupting its
permeability by interfering with bacteria cell DNA
condensation [65]-[67].

3.7. Ethical Clearance
This  study from the

Tanjungkarang Poltekes Ethics Commission with
test certificate number: 005/KEPK-TJK/X/2022.

received approval

4. CONCLUSIONS

In conclusion, this study showed the feasibility

of chicken eggshell powder as a semiconductor
material through thermal decomposition. This
material showed in vitro antibacterial activity
against S. aureus and E. coli when exposed to
sunlight irradiation for 5 min to achieve a
photocatalyst effect. This study had certain
limitations including failure to explain the
mechanism of cell death. Further studies are needed
to determine the effects stemming from several
treatments of chicken eggshell powder. In addition,
optimization of the mass, contact time, and
photocatalyst energy sources other than sunlight
must be further developed.
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