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Synthesis and characterization of nano crystallite
plaster of Paris prepared from waste eggshells and
exploration of cytotoxicity, hemolysis and
antimicrobial properties

Md. Sahadat Hossain, a Md. Najem Uddin, b Shirin Akter Jahana and
Samina Ahmed *ab

Plaster of Paris, a well-known biomaterial, was synthesized from waste eggshells, which were chosen as

an available bio-source of calcium. The produced plaster of Paris was characterized by X-ray diffraction

(XRD), Fourier Transform Infrared (FTIR), Raman spectroscopy, UV-Vis spectroscopy, and SEM images

along with a few crystallographic parameters such as crystallite size (Scherrer equation and different

model equations), lattice parameters, crystallinity index, the volume of the unit cell, microstrain,

dislocation density, growth preference, and residual stress from the XRD-sin2C technique. The

biomedical competency of the prepared plaster of Paris was evaluated utilizing the cytotoxicity,

hemolysis, and antimicrobial activity of E. coli and S. aureus. The cytotoxicity assessment has revealed

that the percentages of viable cells were 93–98% and a highly hemocompatible nature (o5%) was

exerted by the sample. The plaster of Paris only revealed antimicrobial properties against Gram-positive

bacteria (S. aureus), and no effect was noticed for Gram-negative bacteria (E. coli).

Introduction

There is a long history of plaster of Paris being used in medical
sectors but its application as a bandage was coined in the 1950s
by two surgeons, namely Antonius Mathijsen and Nikolai
Ivanovich Pirogov.1,2 The ancient Greek, Egyptian, and Roman
civilizations used plaster of Paris nearly 9000 years ago3 and
since then the application sectors have been increasing day by
day, especially in the medical field. The wide applications
include bone regeneration, drug delivery, dental prosthetics,
heritage conservation, and construction.4 As the applications
and demand in the medical sectors for synthesized biomaterials
are increasing day by day, researchers are looking for a sustainable
and available source of biomaterials. Sustainability not only
depends on the advanced properties of biomaterials but also on
the continuous supply of raw materials. Plaster of Paris is a widely
known biomaterial that has inherent biodegradable properties.5

The hydration reaction is another important characteristic of
bassanite where 1.5 moles of H2O are attached to form gypsum,
which shows lower solubility in water (0.24 g in 100 ml).6 It has

been predicted that nearly 5–10% of all orthopedic-relevant
patients with long bone problems face delayed union or lead to
a nonunion.7 In such a case, plaster of Paris is one of the best
choices. A few researchers have found complexity during the
applications of calcium sulfate in biomedical applications
(nearly 10%8). There are various types of complexity associated
with applications of foreign biomaterials in the human body,
either during the presence of the biomaterial inside the body or
in contact with the body.9,10 The concern related to the inter-
action between the applied materials and the immune system
is another major issue in biomaterial applications.11 To mini-
mize such problems, a bio-origin of the biomaterials can be a
good choice for safe application. Calcium sulfate-based com-
pounds are found in nature as gypsum (CaSO4�2H2O) and
anhydrite (CaSO4), which further can be converted to plaster
of Paris. Generally, the top most synthesized inorganic com-
pound, basanite, is produced from the dehydration of gypsum
at the temperature range of 100 to 150 1C.12 To minimize the
dependency on the stored natural sources, relevant research
studies to find alternative sources are ongoing. In tune with
this, calcium-containing eggshells were chosen as the source of
calcium for the alternative production of bassanite. And, the
waste source of raw materials adds extra benefit to utilizing
waste materials for valuable biomaterials. There is a research
gap related to these two advantages of the utilization of
waste materials and bio-origin. Eggshells are a widely known
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bioresource, which are composed of mainly calcite phase of
calcium carbonate, roughly 95%.13 Around the globe, nearly
250 000 tons of eggshells are produced which are going to be a
burden for a sustainable environment. This waste is utilized in
a number of ways as a rich source of calcium carbonate.
Different types of biomaterials are synthesized from the waste
eggshells such as hydroxyapatite,14 Mg and Zr composite
reinforced with eggshells,15 calcium oxide, calcium carbonate,
calcium hydroxide, calcium-deficient hydroxyapatite, trical-
cium phosphate, tetracalcium phosphate,16 etc. To meet the
sustainability requirements of plaster of Paris, waste eggshells
were chosen as a low cost raw source of calcium.

In this research, waste eggshells were utilized to synthesize
plaster of Paris (calcium sulfate hemihydrate), which was
further assessed for application as a biomaterial. The crystal-
lographic characterization was also explored by engaging the X-
ray diffraction technique.

Materials

Waste eggshells were collected from a nearby market of the
Bangladesh Council of Scientific and Industrial Research (BCSIR),
Dhaka, Bangladesh, and the quantification of the calcium per-
centage was performed utilizing an XRF (X-ray fluorescence)
machine. Analytical Grade Sulfuric acid was purchased from
E-Merck Germany and the DI (deionized water) was prepared in
the Glass Research Division Laboratory of BCSIR.

Plaster of Paris synthesis

Before use, the eggshells were cleaned with DI water at 90 1C for
4 h with subsequent ball milling for preparation of a powder.
From the powdered eggshells, a 1 M suspension was prepared
in 100 ml and the same volume with the same molarity of
sulfuric acid was prepared. The acid was dropwise added from a
burette into the calcium carbonate suspension. The precipitate
of calcium sulfate was kept under stirring for 24 h at normal
room temperature. The following day, after filtering, the
synthesized sample was dried in a vacuum oven at 50 1C for
6 h. The sample was kept in a polyethylene bag until further
testing. To get the desired plaster of Paris, the synthesized
sample was heated at 200 1C for 120 min. The chemical
reactions for the synthesis of the plaster of Paris are revealed
in eqn (1)–(3).

Waste Eggshells + H2O - CaCO3-suspension (1)

CaCO3 (suspension) + 98% H2SO4 - CaSO4�2H2O
(2)

CaSo4 � 2H2O �����������!Heating at 200
�
C; 2 h

CaSo4
� 0:5H2O ðPlaster of ParisÞ (3)

X-ray diffraction analysis

Crystallographic characterization of the synthesized plaster of
Paris was executed with the help of a Rigaku Smart Lab XRD
machine. The data were registered in the 2y range of 5–80 degrees

maintaining steps of 0.01. Before performing the sample analysis,
the machine was calibrated using the standard silicon reference.
The machine was operated at 23 1C temperature fixing the flow
rate of 4.6–4.8 L min�1. Copper was used as the source of X-rays
(CuKa, l = 1.54060 Å), which was made of ceramic and operated at
40 kV and 50 mA. The data collection mode was Bragg–Brentano
parafocusing geometry and the Kb ray of copper was filtered out
using a Ni-filter which was placed before the detector. The
produced pattern was matched with the standard ICDD database
from pdf + 4 2022.

FTIR analysis

An IR-Prestige 21 machine (Shimadzu, Japan) machine was
utilized to identify the functional groups in the synthesized
sample, which was operated by attaching an attenuated total
reflectance (ATR). The machine collected data in the range of
400 to 4000 cm�1 wavenumber on a percentage transmittance
basis. The final accumulated data were obtained from an
average of 30 scans maintaining 4 cm�1 spectral resolution.

Raman spectroscopy

Raman spectroscopic analysis was performed to evaluate the
Raman active groups in the synthesized sample engaging
a high-resolution HORIBA MacroRAMTM spectrometer. The
operating conditions of the machine were a wavelength of
785 nm, 7–450 mW power, focal length of 115 mm, and a
spectrum range of 100–3500 cm�1.

UV-Vis spectrophotometer

The optical bandgap of the synthesized plaster of Paris was
measured by engaging a UV-Vis-spectrophotometer (Shimadzu,
Japan, model: U-2900). The experiment was carried out at the
normal room temperature (25 1C) and relative humidity of more
than 60%.

Hemolysis test

The application of any material in the human body depends on
a number of characteristics and hemolysis is one of the most
important, which identifies the ability of materials to break-
down human red blood cells (RBCs). The hemolysis assessment
of the synthesized plaster of Paris was performed according to a
well-established methodology where heparin (Country: China,
Pharmaceutical Grade) was chosen as an anti-coagulant agent
during the collection of blood.17,18 Water was taken as a positive
control and physiological saline extract solution (Country: China,
Pharmaceutical Grade) was chosen as a negative control. An exact
0.2 ml blood sample was taken and subsequently diluted and
then incubated for 60 min at 37 1C. Different amounts of sample
such as 50, 100, and 200 mg ml�1 were taken, and kept for 2 h.
After that, the solution was centrifuged for 5 min at 3000 rpm and
then the absorbance, mainly at 545 nm, was taken using a UV-Vis
spectrophotometer. The percentage of hemolysis (Hp) was mea-
sured following eqn (4).19,20
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Hemolysis (%),

Hp ¼
Asample � Anegative control

Apositive control � Anegative control
� 100 (4)

where, Asample, Anegative control, and Apositive control are the mean
absorbance at 545 nm of the sample, negative control and
positive control, respectively.

Cytotoxicity assessment

The Trypan Blue Exclusion method was engaged to estimate the
viable and non-viable cells for the assessment of the synthesized
plaster of Paris as a biomaterial. Vero cells (CLS 605372, Germany)
of the Kidneys from the African Green Monkey were interacted
with the plaster of Paris to assay the cytotoxic effect of the
biomaterial and the test methodology was documented in pub-
lished articles.21 Various doses of sample, such as 50, 100, and
200 mg ml�1 were taken for steam sterilization and then interacted
with the cells. After 72 h the viable and non-viable cells were
counted with the assistance of an automated cell counter (LUNA-
IIt, Analytikjena) following the Trypan Blue Exclusion method.
The percentage of viable cells was computed using eqn (5).21,22

Percentage of viable cells ¼ Number of viable cells

Total number of cells
� 100 (5)

Antimicrobial activity test

The agar well diffusion method was engaged to evaluate the
antimicrobial activity of the synthesized product for a Gram-
positive bacteria Staphylococcus aureus (ATCC-9144) (S. aureus),
and a Gram-negative bacteria Escherichia coli (ATCC-11303)
(E. coli). The details of the method are documented in a number
of literature studis.23,24 Fresh cultures of each bacterium with
0.5 McFarland standard turbidity were spread uniformly on the
surface of nutrient agar media. The well was formed with 6 mm
diameter using a sterile cork borer. To estimate the antimicro-
bial effect, 50 ml of 200 mg ml�1 concentration of sample was
added in each well. DMSO (%5) (E-Merck Germany) was pre-
pared as a negative control and a kanamycin (30 mg) (Country:
China, Pharmaceutical Grade) disk was used as a positive
control. The plate was kept for 3 h at 4 1C to ensure diffusion
before incubation at 37 1C for 24 h. After the incubation period,
the diameter of the inhibition zone was measured.

Statistical analysis

A one-way Analysis of Variance (ANOVA) test was executed to
associate the obtained data of plaster of Paris and the value p o
0.05 was chosen as statistically significant and p 4 0.05 was
taken as statistically non-significant.25 The statistical analysis
was performed engaging Origin Pro software and the procedure
is explained elsewhere.26

Results and discussion
Phase and crystallographic analysis

The crystallographic characterization of the plaster of Paris was
explored by engaging X-ray diffraction and the originated

pattern is revealed here in Fig. 1. The synthesized product
was characterized as plaster of Paris by comparing the XRD
pattern with the standard ICDD database of card no: #00-041-
0224. The originated peaks for the synthesized product were
14.82(200), 25.73(020), 29.80(400), 31.94(204), 33.06(402),
38.50(024), 42.35(422), 49.39(�424), 54.17(604), 63.11(244),
70.00(640), 72.69(428), and 76.71(338). A similar type of diffrac-
tion pattern was reported for the pure bassanite phase.27 A
number of crystallographic parameters including crystallite
size, lattice parameters, crystallinity index, volume of unit cell,
microstrain, and dislocation density were investigated for the
comprehensive understanding of the material properties. The
crystallite size was measured engaging the Scherrer equation as
presented in eqn (6).11 The mentioned parameters for plaster of
Paris of monoclinic crystal and I2(5) space group were com-
puted utilizing eqn (6)–(10) and the details of these equations
are documented in the published articles.28–30

Crystallite size,

Dc ¼
Kl

FWHMcosy
(6)

Lattice parameter equation (monoclinic),

1

d2
¼ 1

sin2b
h2

a2
þ k2sin2b

b2
þ l2

c2
� 2hlcosb

ac

� �
(7)

Dislocation density,

d ¼ 1

ðDcÞ2
(8)

Microstrain,

e ¼ b
4tany

(9)

Crystallinity index,

CI ¼ H200 þH020 þH400

H400
(10)

In the overhead equation, FWHM = full width at half
maxima in radian; the constant of the Scherrer’s equation,
K = 0.94; l = wavelength of X-ray source = 0.15406 nm;

Fig. 1 X-ray diffraction pattern of bassanite synthesized from eggshell.
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y = diffraction angle; a, b, c, and h, k, l = lattice parameters of
the crystals; Hhkl = peak height of the respective plane for the
three strongest peaks.

Eqn (6), the Scherrer’s equation expresses the crystallite of
materials and the calculated crystallite size of the synthesized
plaster of Paris was 46 nm. The computed lattice parameters
from eqn (5) were a = 11.94 Å, b = 6.92 Å, c = 12.65 Å, which were
very close to the standard values of ICDD Card no: #00-041-
0224: a = 12.02 Å, b = 6.932 Å, c = 12.691 Å. The dislocation
density, microstrain and crystallinity index were measured
engaging eqn (7)–(10) and the values were 0.47 line per m2,
0.33, and 2.33, respectively.

As the plaster of Paris was synthesized from waste eggshells,
the growth preference of the crystals depends on the reaction
parameters. The direction of growth is expressed by the plane
preference of the crystal, which can be estimated from the
relative intensities of the sample by comparing the intensities
of the standard. The relative intensity (RI) of a specific plane,
here (200), can be calculated from eqn (11).31

Relative intensity,

RIplaster ¼
Ið200Þ

Ið020Þ þ Ið204Þ þ Ið400Þ
(11)

The measured relative intensities from eqn (8) of the (200)
plane for the synthesized plaster of Paris and standard were
0.39 and 0.33, respectively. The growth preference of the (200)
plane was measured using the relative intensities of the sample
and standard following eqn (12).28

Growth preference,

P ¼ RIplaster �RIstandard

RIstandard
(12)

The computed growth preference for the plaster of Paris was
0.182 and following the same procedure the growth preference
of the characteristic peaks can be estimated. The positive value
of the growth preference of the (200) plane indicated the
thermodynamically stable plane in the reaction conditions.

The calculated crystallite size from the Scherrer equation
and the density (r) of the standard sample (ICDD database)
were taken into consideration for the measurement of the
specific surface area following eqn (13). A detailed explanation
of the equation can be found in the literature.32,33 The calcu-
lated specific surface area of the plaster of Paris was 48 m2 g�1.

Specific surface area,

S ¼ 6� 103

r�Dc
(13)

Calculation of crystallite size using
various models
Sahadat–Scherrer model

To estimate the crystallite size properly a number of model
equations were utilized and for more precise data the Sahadat–
Scherrer model was utilized, which can be mathematically
expressed as eqn (14).34 This model was based on the Scherrer

equation and modified to generate a straight line passing
through the origin. To construct a straight line, cos y was taken

on the y-axis and
1

FWHM
was placed on the x-axis and then

another line was built which passed through the origin utilizing
Microsoft excel. The built equation y = 0.0028x was compared
with eqn (14) and the crystallite size was calculated from the
slope. The pictorial view of the Sahadat–Scherrer model is
revealed here in Fig. 2 with an inscribed crystallite size of 49 nm.

Sahadat–Scherrer model,

cosy ¼ Kl
DS�S

� 1

b
(14)

Linear straight-line method of Scherrer’s equation

The linear straight-line method of Scherrer’s equation is
another widely used model for the prediction of the crystallite
size of any crystalline material from powder diffraction data.
The model can be expressed as eqn (15) and the explanation is
documented in a number of literature reports.35 Fig. 3 presents
the corresponding graph with a crystallite size of 462 nm, but this
model cannot be applicable for the synthesized plaster of Paris.

Linear straight-line model,

cos y ¼ Kl
Dc
� 1

FWHM
¼ Kl

DL
� 1

FWHM
(15)

Fig. 2 Crystallite size of plaster of Paris engaging the Sahadat–Scherrer model.

Fig. 3 Crystallite size of plaster of Paris using the linear straight-line
method of Scherrer’s equation.
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Monshi–Scherrer model

A modified Scherrer model is also applicable to measure the crystal-
lite size precisely, which is also based on the Scherrer model and
mathematically this model can be presented as eqn (16) if the
crystallite size is denoted as DM�S.36,37 When a straight line was
built as presented in Fig. 4, the calculated crystallite size was 46 nm.

Monshi–Scherrer model,

lnb ¼ ln
1

cos y
þ ln

Kl
DM�S

(16)

Williamson–Hall plot

A Williamson–Hall plot, also known as a strain-induced model, was
constructed by considering the instrumental broadening, intrinsic
strain broadening and size broadening. The Williamson–Hall model
can be represented as eqn (17)36 where DW�H and e are the crystallite
size and intrinsic strain, respectively. A straight line was formed as
presented in Fig. 5 and the measured crystallite size was 60 nm.

Williamson–Hall plot,

btotal cos y ¼
KBl
DW�H

þ 4e sin y (17)

The XRD-sin2 W technique for residual stress calculation

To measure the residual stress inside the crystalline materials
the XRD-sin2 C technique, which is widely used in the case of
polycrystalline materials, was operated for the synthesized
plaster of Paris. The crystal defects such as dislocation, micro-
strain, impurities, point defects, etc. are the influencing factors
for the origination of intrinsic stress which deviated the lattice
parameters from the standard. Eqn (18)–(21) were engaged to
compute the residual stress and the details can be found in the
literature.35,38

dfC � d0

d0
¼ 1þ v

E
� sf � sin2 C�

v

E
s1 þ s2ð Þ (18)

dfC � d0

d0
¼ 1þ v

E
� s � sin2 C� v

E
sþ sð Þ (19)

Or,

dfC � d0

d0
¼ 1þ v

E
� s � sin2 C� 2v

E
s (20)

Or,

dfC ¼
1þ v

E
� sin2 C� 2v

E

� �
s � d0 þ d0 (21)

Here, d0 is the stress-free d-spacing, dfC is the d-spacing
containing intrinsic stress, sf is the stress in plane, s1 and s2

are the stress components, and C is the tilt angle. The values of
Young’s modulus (E) and Poisson’s ratio (v) were documented
in the literature.39–41 The formed graph is revealed here in
Fig. 6 and the estimated residual stress was �371 GPa.

Functional groups analysis

The functional groups of the synthesized plaster of Paris were
marked out with the aid of an FTIR machine and the sample
inherited only two activating groups, namely sulphate and
hydroxyl. The FTIR spectra of the synthesized plaster of Paris
are revealed here in Fig. 7. At 594, 650, and 1089 cm�1

wavenumber, three strong peaks were visualized for the exis-
tence of sulphate groups. The presence of water molecules in
the sample produced a strong peak at 3650 cm�1 wavenumber
along with 1625 cm�1 wavenumber, which are characteristic

Fig. 4 Crystallite size of plaster of Paris calculated from the Monshi–
Scherrer model.

Fig. 5 Crystallite size and intrinsic strain of plaster of Paris utilizing the
Williamson–Hall model. Fig. 6 Residual stress of plaster of Paris from the XRD-sin2C technique.
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peaks for the hydroxyl group. Similar peaks for water were
reported elsewhere.42 Three associated peaks were noticed at
1090, 1115, and 1140 cm�1 wavenumber, all of which appeared
due to the bending vibration of the v3 mode, with a shoulder at
990 cm�1 wavenumber and all of them were responsible for the
presence of sulphate groups, which were compared with the
literature.43–45

Raman spectroscopy

To characterize the synthesize sample, Raman spectroscopy
was performed to identify the functional groups, and the
originated spectrum is presented in Fig. 8. A very strong Raman
active peak was noticed at the frequency of 1019 cm�1 which
was attributed to the presence of sulphate groups. There were
peaks in the region of 423, 485, and 615 cm�1 which were also
responsible for the presence of sulphate groups, but these
peaks were not strongly Raman active. There were water mole-
cules present in the plaster of Paris molecule, which exerted
liberation modes in the region of 400–600 cm�1 which coupled
with the brand of sulphate in this region resulting in an
overlap. A similar type of overlap was reported with a similar
Raman spectrum.46

Optical bandgap estimation

The photophysical and photochemical nature of the synthesized
plaster of Paris were determined by exploration of the optical
bandgap energy, the energy required to move electrons from the
valence band to the conduction band. The optical bandgap of the
sample was measured from the Tauc plot following eqn (22).47,48

The optical bandgap energy can be estimated from the reflectance
spectra by transforming absorbance spectra utilizing P. Kubelka
and F. Munk theory, which is presented here in eqn (23).49,50

phW = A(hW � Eg)n (22)

F R1ð Þ ¼ K

S
¼ ð1� R1Þ2

2R1
(23)

Here, h = Planck constant, n = photon’s frequency, Eg = band
gap energy, A = constant, K = absorption coefficient, S =
scattering coefficient, and RN = reflectance at infinity.

Thus, the optical bandgap energy (3.58 eV) was computed
from eqn (24) and the respective graph is presented in Fig. 9.

F(RN)hW = A(hW � Eg)n (24)

Scanning electronic microscopic analysis

To explore the surface morphology of the synthesized plaster of
Paris, it was was examine under scanning electronic micro-
scopy. The image revealed that there was no uniformity among
the particles under consideration but most of the particle shapes
were rod shape with a few needle-like shapes. Previously, needle
shape plaster of Paris was reported in a published article.45,51

The electronic image carried good evidence that the particles of
the plaster of Paris remained in aggregation form. Fig. 10 dis-
plays the electronic image of the synthesized plaster of Paris
from waste eggshells.

Hemolysis assessment

Estimation of the hemolytic property is one of the most
common tests of any biomaterial candidate for biomedical
applications.52 There are a number of test methods available

Fig. 7 FTIR of bassanite synthesized form waste eggshells.

Fig. 8 Raman spectroscopy of the synthesized plaster of Paris.

Fig. 9 Optical bandgap of the synthesized plaster of Paris.
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for the estimation of the percentage of hemolysis, which is based
on plasma free hemoglobin and its derivative measurement52,53

which was followed for the case of plaster of Paris (shown in
Fig. 11). The maximum percentage (4.7%) of hemolysis was
noticed for the 200 mg ml�1 sample and the minimum (1.4%)
was for the 50 mg ml�1 dose. These figures indicated that with
the increment of the sample dose, the hemolysis percentage was
increased but remained within the highly hemocompatible
region. According to the ASTM data, biomaterials are characterized
based on the hemolysis properties such as highly hemocompatible
(o5%), hemocompatible (o10%), and non-hemocompatible
(420%).54 The RBCs are the most abundant blood cell in the
human body and responsible for various important physiological
tasks. Thus, the interaction of biomaterials with RBCs is inevitable
and a large fraction of biomaterials are exposed to RBCs, which
determines the safe application in medical fields. The natural
shape of RBCs is bio-concave type and the erythrocyte membrane
is sensitive to the external environment. And the membrane is
easily affected/influenced by the presence of external substances
like biomaterials.55 When the amount of the sample increased, the
adsorption of the biomaterial on the RBC surface was augmented
which ultimately distorted more the erythrocyte membrane and

resulted in higher percentage of hemolysis. The hemolysis data
presented good correlation (R2 = 0.99, p o 0.04785).

Cytotoxicity assessment

Cell viability and non-viability are crucial for biomaterial appli-
cations in the human body, and describe the response of cells
in contact with the external biomaterials. Biomaterials are
allowed on the body based on the survival, death and metabolic
function of cells.56 Fig. 12 represents the viable and non-viable
cells of the control and plaster of Paris at various concentra-
tions, which were found from an automated cell counter
(LUNA-IIt, Analytikjena). The control presented nearly 99%
viable cells while the sample exerting 93–97% cell viability.
With augmentation of the sample dose from 50 to 200 mg ml�1,
the percentage of cell death was enhanced. The average cell size
was 8–10 mm and a variation in shape and morphology among
the dead cells was visualized in the captured images. Cytoske-
letal disruption may be one of the reasons for the breakdown of
the cells and thus the more sample presented in the medium, the
more dead cells were counted. A high residual stress (�371 GPa)
in the crystals may also work as an influential factor to change the
morphology of the cytoskeleton. There might be another reason
for the breakdown/death of cells like mitochondrial dysfunction
in toxicology by producing reactive oxygen species along with
oxidative stress.57 In the previous section, the optical bandgap was
found to be 3.58 eV (B8.6 � 1015 Hz), which indicates that an
electronic shift may have occurred in the visible range of light.
This electron can cause the reduction of oxygen to form water
molecules through the respiratory system. Sometimes, electrons
are accepted by the oxygen molecule to form superoxide radicals
or hydroxyl radicals and further peroxide, which influences the
killing of cells. The more electron producing species, the more
radical formation, which results in more non-viable cells. A
similar type of effect was explained in a published document.56

So, with the increment of the sample dose the percentage of non-
viable cells was enhanced.

Fig. 10 SEM image of plaster of Paris.

Fig. 11 Percentage haemolysis for plaster of Paris at various doses.

Fig. 12 Pictorial view of viable and non-viable cells after interacting
with plaster of Paris: (A) control, (B) 50 mg ml�1, (C) 100 mg ml�1, and
(D) 200 mg ml�1.
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Antimicrobial activity of the synthesized bassanite from eggshell

The antimicrobial performance of the synthesized plaster of Paris
is presented here in Fig. 13 where plaster, DM and Std stand for
plaster of Paris, DMSO, and standard, respectively. There was no
antimicrobial effect on Gram-negative E. coli of the sample and
thus no inhibition zone was observed. But in the case of Gram-
positive S. aureus a larger inhibition zone was noticed, which was
higher than the standard. The reason behind this variation
between the Gram-negative and Gram-positive resulted from the
structural difference of the cells. The cell walls of Gram-negative
and Gram-positive bacteria are 20–80 nm and o10 nm, respec-
tively, but the structural components are different.58 The Gram-
negative bacteria consists of a two membrane bilayer, widely
known as the inner and outer membrane, and the space between
is called the periplasm.59 On the other hand, the cell wall
compositions of Gram-positive bacteria are teichoic acids or
relevant glycopolymers, polysaccharides, and proteins.60 The tei-
choic acids are composed of lipoteichoic acids and wall teichoic
acids which are responsible for the overall negative charge on the
cell wall that contributes to the immune response, adhesion, and
cell wall maintenance.60,61 The cell wall structure of the Gram-
negative bacteria is more complex and difficult for the penetration
of materials, even in nano-size. Due to the presence of an outer
membrane, providing extra defense, the Gram-negative bacteria
are more resistant than the Gram-positive bacteria.62 In contrast,
the Gram-positive bacteria contain polysaccharides in their cell
wall, which facilitate the ion transfer from outside to the inside of
the cell where electrostatic force works as a driving force.62 By
entering the ions/particles inside the cell of Gram-positive bac-
teria, a lower molecular zone is produced which inhibits the
regular mechanism of the cell and thus kills the bacteria. In this
case a similar type of effect was noticed for E. coli and S. aureus as
the representative Gram-negative and Gram-positive bacteria,
respectively. The diameters of the inhibition zone of the standard
and the plaster of Paris were 20 and 30 mm, respectively, for
S. aureus bacteria.

Conclusion

Waste eggshells can be fruitfully utilized for the production of
plaster of Paris, which was confirmed from the analysis of XRD,

FTIR, Raman, UV-Vis-NIR, and SEM. The crystallite size calcu-
lated from the Scherrer equation and from various models
revealed that the crystallite size of the product was within the
nano-range. The favorable cytotoxicity, hemolysis and anti-
microbial properties revealed that the synthesized product
can be used in biomedical sectors. The synthesized product
can also be a candidate for the inhibition of Gram-positive
bacteria, which will minimize the post-surgical infection rele-
vant problem. The explored crystallographic parameters will
assist researchers in understanding the structure of materials,
facilitating the final application. From this research it is
suggested to consider waste eggshells for the synthesis of
plaster of Paris where biocompatible properties are desired.
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