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Calcium Oxide (CaO) is the best replica of logically plentiful earth metal oxides. CaO nanoparticles include

sphere-shaped or faceted elevated surface area and magnetic nanostructured particles. The current study

give the information regarding booming synthesis of calcium oxide nanoparticles using calcium chloride as

precursor and Annona squamosa seed extract as capping agent. The main goal of using a biological

approach to synthesize CaO NPs is to reduce the use of dangerous chemicals in the process, which will

be more economical and environmentally friendly. This is the initial time seeds have been utilised for

green nanoparticle deposition. The synthesized powder was golden yellow colour. The obtained CaO

NPs have been characterized by X-ray diffraction, scanning electron microscope, ultra violet visible

spectroscopy, Fourier transform infra-red, dynamic light scattering studies. The synthesized samples are

applied for phytochemical screening, anti-bacterial, anti-fungal, antioxidant and anti-ulcer applications.
d Science College for Women, Arachalur,

k.arthi.kalai@gmail.com

Mission Vidyalaya College of Arts and

nd Pharmacognosy, College of Pharmacy,

Saudi Arabia

R College of Engineering and Technology,

, Madurai – 625008, Tamil Nadu, India.

, Jazan University, P.O. Box. 114, Jazan

try Division, College of Science, Jazan

gdom of Saudi Arabia

Science, Jazan University, P.O. Box. 114,

for Science and Technology, Mubarak Al-

itkara University Institute of Engineering

ra-140401, Punjab, India

ol of Mining, Metallurgy and Chemical

O. Box 17011, Doornfontein 2028, South

ity Centre for Research & Development,

unjab, India

Engineering, UPES, Bidholi, Dehradun,

stitute of Medical and Technical Sciences,

– 602105, India

chnology, Faculty of Forestry, Istanbul

mail: nadiray@istanbul.edu.tr

14
1. Introduction

Nanotechnology involves the relevance of scientic principles to
operate matter at the molecular level.1 Remarkable advance-
ments in this eld have enabled innovations such as nano-
biotechnology, bio-nanotechnology, quantum dots, and
surface-enhanced Raman scattering (SERS), leading to unique,
straightforward, and practical breakthroughs in materials
science and engineering.2 The main goals of using a green
synthetic technique are to synthesize a range of metals and
metal oxides while minimizing the use of hazardous chemicals,
preventing waste, being efficient, being inexpensive, and
producing products with a relatively high yield. Magnesium
oxide (MgO), titanium oxide (TiO2), copper oxide (CuO), zinc
oxide (ZnO), and calcium oxide (CaO) are the most common
inorganic nano metal oxides. These stable, antimicrobial, and
multifunctional nano metal oxides pose no threat to humans or
other living things.3,4 The utilisation of bio extracts in the
production of nanoparticles has been proven to be a nancially
viable approach that expands the scope of non-toxic nano-
particle synthesis. Oxide of calcium (CaO) applications for
nanoparticles include water ltration, adsorption, catalysis, and
antibacterial agents. Calcium oxide nanoparticles are employed
as feasible drug delivery agents in photothermal and photody-
namic therapy as well as synaptic administration because of
their unique structural and optical characteristics.5 The Annona
squamosa shrub or tree, belonging to the Annonaceae family,
has sugar apple-avored fruits. Around the world, sugar apples
are grown on tropical plains in regions including Africa,
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Australia, Indonesia, North Central America, and South Amer-
ica.6 It's a really nourishing fruit. Among many other nutrients,
it is high in calcium, vitamin C, magnesium, iron, and potas-
sium. This fruit is really good for coding. The insecticidal action
of seed extracts is constituted by their extreme toxicity.7 The
seeds from the Coimbatore village of Othakkalmandapam were
undisturbed and kept in an airtight sample tube for additional
research and analysis. The characterisation techniques used
were DLS, XRD, UV, FTIR, and SEM. Analysis was also done on
the anti-ulcer, anti-bacterial, anti-fungal, antioxidant, and
phytochemical screening.
2. Methods and materials

Analytical grade calcium chloride (CaCl2) with 98% purity,
sodium hydroxide (NaOH), deionized water was of analytical
grade from Sigma Aldrich brand. Annona squamosa seeds are
collected through the local farm in Othakkalmandapam,
Coimbatore, Tamilnadu, India.
Table 1 Initial phytochemical screening of A. squamosa seeds in
various extracts

S. No. Phytochemical compound Result

1 Resins Absent
2 Carboxylic acid Absent
3 Tannins Present
4 Steroids Absent
5 Flavanoids Present
6 Carbohydrates Absent
7 Glycosides Absent
8 Saponication Present
9 Proteins Present
10 Phenol Absent
11 Biuret Present
12 Saponin Present
13 Gum Absent
14 Flavanoglycoside Present
15 Alkaloids Present

Fig. 1 Qualitative phytochemical screening methods.

© 2025 The Author(s). Published by the Royal Society of Chemistry
2.1 Preparation of extract from AS seeds

Aer harvesting fresh, mature 50 grams of Annona squamosa
(AS) seeds from a nearby farm was taken, the outer skins were
peeled off and the stalks disposed of. The seeds were then
properly cleaned with deionized and distilled water to get rid of
any contaminants, dust, and undesired material.8 The AS seeds
were mixed with 50 ml distilled water and boiled for half an
hour. This extract was then used in the production of metal
oxide nanoparticles.9
2.2 Phytochemical screening

Phytochemical screening for crushed Annona squamosa seed
extracts were subjected to different qualitative tests for the
detection of phytochemical constituents with tests for resins,
carboxylic acid, tannins, steroids, avanoids, glycosides (Born-
Trageru's Test, Proteins (Bradford Method), phenol (Ferric
Chloride Test), saponin test, saponication test, gum test, alka-
loids – mayer's test, biuret test, carbohydrates were performed
with specic reagents and results are revealed in Table 1.

Phytochemical screening analysis of the powdered sample of
A. squamosa seeds revealed the presence of all the constituents
and few bioactive compounds. The formation of green colour
precipitate indicates the presence of resins. Colour changes
occur indicates the presence of carboxylic acid. Formation of
red colour indicates the presence of tannins. In the upper layer
formation of red colour and in the lower layer, yellow with green
colour is formation indicates the presence of steroids. The
formation of yellow colour indicates the presence of avonoids.
The formation of pink colour indicates the presence of glyco-
sides. To 500 ml of plant extract, 5 ml of the Bradford reagent
was added incubated at dark for 10 to 15 min. Taken the OD at
575 nm. Presence of proteins is revealed. The formation of dark
green colour indicates the presence of phenol. The formation of
2 cm layer of foam indicates the presence of saponins. The
formation of soap or fat indicates the positive test for saponi-
cation. White colour cloudy precipitate indicates gums &
mucilage's. The formation of pink colour indicates the presence
of avanoglycoside. Appearance of white creamy precipitate
indicates the presence of alkaloids. Formation of the pink
RSC Adv., 2025, 15, 4904–4914 | 4905
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colour indicates the test is positive in biuret test. Colour
changes and precipitate are formed. It indicates the presence of
carbohydrate is pictured in Fig. 1. Chemical examination on
assorted parts of the plant has illustrated in the segregation of
a large amount of novel along with interesting metabolites.13,14
Fig. 3 UV-visible analysis of AS-CaO.
2.3 Synthesis of calcium oxide nano particles using AS seed
extracts

Calcium oxide nanoparticles were synthesized using calcium
chloride and custard apple seed extract as precursors. A 1 M
calcium chloride solution was created by dissolving it in
deionized water. The calcium chloride and custard apple seed
extract were united in a 1 : 1 ratio.10,11 The reaction mixture was
maintained at a temperature below boiling while being stirred
at 800 rpm using a magnetic stirrer. Aer half an hour, NaOH is
added dropwise to attain pH 12. Aer maintaining the pH value,
the mixture turned reddish-brown. This process was conducted
in a dark environment. Following the reaction, the suspension
was centrifuged at 15 000 rpm for 15 minutes, consequential in
a yellow paste (Fig. 2). This paste was then ltered through lter
paper as well as placed in a crucible for heating. The precipitate
was worked up in a muffle furnace at 400 °C for 3 hours to
remove anymoisture. The resulting precipitate, identied as AS-
CaO nanoparticles,12 is illustrated in Fig. 2. The nanoparticles
were kept in a cool, dry, and dark environment for character-
ization and future applications.
Fig. 2 CaO nanoparticle synthesis.

4906 | RSC Adv., 2025, 15, 4904–4914
3. Result and discussion
3.1 UV-vis absorption spectroscopy examination

Fig. 3 illustrates the absorption spectra of AS-CaO nano-
particles, highlighting a peak around 323 nm. Additionally,
a peak corresponding to the AS seed extracts is observed at
310 nm, likely due to the presence of bioactive polyphenolic
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 DLS analysis of AS-CaO NPs.
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compounds that facilitate the fall of calcium ions to CaO
nanoparticles. The solid-state AS-CaO nanoparticles display
exciton absorption at 310 nm in their UV-vis spectra, with
a notable excitation binding energy at 25 °C. The UV-vis anal-
ysis of CaO nanoparticles clearly indicates to facilitate the
nanomaterial has high absorption ability in the visible
spectrum.15,16
3.2 DLS analysis

One practical method for modifying the size and shape of
nanorods in a uid media is the dynamic light scattering
Fig. 5 Fourier transform infra-red analysis of AS-CaO.

© 2025 The Author(s). Published by the Royal Society of Chemistry
approach. The diameter of nanoparticles disseminated in uid
is terminated by the DLS. Furthermore, it establishes the
distribution and size of particles in physiological uids.13,17 The
dynamic light scattering (DLS) examination of the AS CaO NPs
size distribution histogram reveals a hydrodynamic diameter of
600 nm and 700 nm, with abrupt peak in the intensity. As seen
in Fig. 4, it is practical for each polymeric surfactant solution to
have a single peak.18

Using DLS analysis, the phytosynthesized AS-CaO nano-
particles were shown to have a greater mean size of 600–700 nm
and a very narrow scatter (standard deviation: 2.5%). This
RSC Adv., 2025, 15, 4904–4914 | 4907
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behavior can be attributed to the two times the amount of seed
extract that is available for reducing CaCl2, which causes the
nanoparticles to expand and nucleate more abruptly while
occasionally forming tiny agglomerates.15,19
3.3 Fourier transform infra-red analysis

The AS-CaO nanoparticles were analyzed using infrared (IR)
measurements at room temperature, employing the KBr
method over a wavenumber range of 400 to 4000 cm−1. A low-
energy peak observed at 529 cm−1 indicates the bending
vibration of the CaO bond.16 In the 400–600 cm−1 range, Ca–
oxygen interactions are predominant. The prominent peak at
3600–3450 cm−1 in the higher energy region corresponds to the
stretching vibration of the –OH group.20

The –CH stretching vibration band, indicative of alkane
groups, rst appears around 2923 cm−1. Peaks between 1620
and 1655 cm−1 correspond to the amide I and amide III
regions found in proteins and enzymes. Notable bands in the
Table 2 Average crystalline size

Sample name 2q (degree) D spacing FHWM hkl valu

CaO 29.52 0.9734 0.4428 011
32.22 1.9685 0.5904 111
37.35 2.4056 0.492 002
42.81 2.7060 0.492 012
53.83 3.7016 0.2952 022
64.09 3.9542 0.594 113
67.34 4.125 0.7872 222

Fig. 6 X-ray diffraction pattern analysis.

4908 | RSC Adv., 2025, 15, 4904–4914
range of 1120 to 1065 cm−1, linked to C–O stretching vibra-
tions,17,21 suggest the presence of carboxylic acid and alcohol
functional groups. The FT-IR spectra reveal absorption bands
at 3440, 2923, and 1644 cm−1,22 which correspond to the
structure of Annona squamosa (AS) seeds. These peaks are
inuenced by high levels of phytochemical constituents, as
illustrated in Fig. 5.

Thus, the bioreduction process is inuenced by components
that are water-soluble avonoids and phenolic acids. AS-CaO
nanoparticles can be generated through the interaction of
calcium ions with reducing phenolic acids, including ascorbic
acid, cardiac glycosides, and gallic acid.23 One potential mech-
anism is the decrease of calcium nitrate ions, which results in
create intermediate complexes with the phenolic –OH groups
found in hydrolyzable tannins, resulting in their oxidation to
quinone forms. This mechanism may explain how ascorbic
acids from Annona squamosa seeds stabilize the green synthesis
of CaO nanoparticles.17,24 Further research is needed, as the
exact process is not yet fully understood.
e Lattice constant Unit cell V = abc Avg. crystalline size

a = 4.3758 82.94 3.722505

b = 4.397

c = 4.3112

© 2025 The Author(s). Published by the Royal Society of Chemistry
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3.4 X-ray diffraction analysis

CaO NPs are visible at 29.59°, 32.22°, 37.35°, 42.81°, 53.83°,
64.09°, and 67.34° in the XRD patterns. These align with the
(011), (111), (002), (012), (022), (113), and (222) planes of the
cubic system for CaO nanoparticles,19 as exposed in Table 2.

The cubic crystal structure and lattice parameters (Å) of CaO
(JCPDS card no. 00-078-0649) align with the observed values in
the XRD patterns. The recorded peak intensities conrm the
cubic structure, with Fig. 6 illustrating the notably high strength
of the (002) peak, suggesting anisotropic expansion and
a favoureddirection of the crystallites. The sharp and narrow
diffraction peaks suggest excellent crystalline quality.19,25 No
other crystalline imperfections are evident, and the diffraction
peaks remain unchanged. Calculation of d-spacing between
Fig. 7 FESEM images of CaO nanoparticles.

© 2025 The Author(s). Published by the Royal Society of Chemistry
calcium oxide nanoparticles. It can be calculated by using
Bragg's equation

nl = 2d sin q (1)

Scherrer equation

D ¼ Kl

b cos q
(2)

Lattice parameters

1

d2
¼ h2

a2
þ k2

b2
þ l2

c2
(3)
RSC Adv., 2025, 15, 4904–4914 | 4909
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Unit cell volume (V) = abc (Å)3 (4)

where, l-X-ray wavelength in Å, n – diffraction order, d-distance
between neighboring CaO layers. q-diffraction angle in degree.
D – mean crystallite size in Å, K (constant) shape-dependent
constant for crystallites (0.9 factor), a, c – lattice parameters.
By using the above equations, the lattice parameters of the
prepared CaO NPs is a = 4.3758, b = 4.397, c = 4.3112, unit cell
volume is 83.94 and mean or average particle size is 3.72 nm.

3.5 FESEM analysis

The FESEM micrograph depicts the morphology of the CaO
nanoparticles, showing that they consist of spherical masses
that are agglomerated and clustered together, as seen in Fig. 7.
The spherical shaped CaO nanoparticles present due to inu-
enced of the plant extract of Annona squamosa seed extracts. It is
clearly shows in the FESEM image. Moreover, the this spherical
shaped particles suggests that the standard size of the nano-
particles is under 100 nm.

Such an agglomerated and clumped structure could be
explained by the Annona squamosa (AS) seeds' supersaturated
nature.21,26,27 Likewise, the observation that these particles
are formed during the precipitation process through the
fusion of smaller particles is supported by the spherical
morphology and limited agglomeration of the CaO nano-
particles.28 This discovery has demonstrated that, despite the
calcium particles' varied production processes, they all share
a similar form.

3.6 Antibacterial activity

Bacterial strains (P. aeruginosa and P. acnes) were cultured for 24
hours on Petri dishes including 20 milliliters of nutrient agar
medium. Aer wells were produced in the agar, varying
concentrations of Ca nanoparticles (500 mg ml−1, 250 mg ml−1,
100 mg ml−1, and 50 mg ml−1) were added. The plates were
incubated for 24 hours at 37 °C. The antibacterial activity was
evaluated by measuring the diameter of the inhibition zone
Fig. 8 Effect of sample Ca Nps against P. aeruginosa.

4910 | RSC Adv., 2025, 15, 4904–4914
approximately the wells. Gentamicin served as a positive
control. Data investigation was conducted using GraphPad
Prism 6.0 soware from the USA.29–32 The zone of inhibition was
measured in triplicate, and the results are reported as mean ±

standard deviation. Error bars in the gures represent the
standard deviation of three independent experiments.

P. acnes 15.5 ± 0.7, had the maximum zone of growth inhi-
bition, followed by P. aeruginosa 12.5 ± 0.7 for 500 mg ml−1. P.
acnes 8 ± 0.7, had the maximum zone of growth inhibition,
followed by P. aeruginosa 7.5 ± 0.7 for 250 mg ml−1. P. acnes 6.5
± 0.7, had the maximum zone of growth inhibition, followed by
P. aeruginosa 6.5 ± 0.7 for 100 mg ml−1. No zone of inhibition
was identied for 50 mg ml−1.33 Additionally, as compared to the
control chemical Gentamicin antibiotic, produced AS CaO NPs
exhibit reduced antibacterial activity, and this result was
conrmed by the ndings in Fig. 8, 9 and tabulated in Table 3.50

3.7 Anti-fungal activity

A 72 hour culture of Aspergillusavus and Aspergillusfumigatus
was inoculated into Petri plates including 20 ml of potato
dextrose agar medium. Wells were then created, and a range of
concentrations of Ca nanoparticles (500, 250, 100, and 50 mg
ml−1) were introduced. The plates were incubated for 48–72
hours at 37 °C. The diameter of the inhibition zone around the
wells was measured to evaluate the antifungal activity.
Amphotericin B at 100 units served as a positive control.34–36

Data investigation was conducted using GraphPad Prism 6.0
soware from the USA. The zone of inhibition was measured in
triplicate, and the results are reported as mean ± standard
deviation. Error bars in the gures represent the standard
deviation of three independent experiments.

Aspergillusavus 6 ± 0.7, had the maximum zone of growth
inhibition, followed by Aspergillusfumigatus 5.5 ± 0.7 for 500 mg
ml−1. P. acnes 8 ± 0.7, had the maximum zone of growth inhi-
bition, followed by P. aeruginosa 7.5 ± 0.7 for 250 mg ml−1. P.
acnes 6.5 ± 0.7, had the maximum zone of growth inhibition,
followed by P. aeruginosa 6.5 ± 0.7 for 100 mg ml−1. No Zone of
inhibition was identied for 250 100 and 50 mg ml−1.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 Effect of sample Ca Nps against P. acnes.

Table 3 SD ± means of zone of inhibition obtained by sample – Ca NPs against (P. aeruginosa and P. acnes)

S. No. Name of the organism Name of the test sample

Zone of inhibition (Mm) SD � mean

PC 500 mg ml−1 250 mg ml−1 100 mg ml−1 50 mg ml−1

1 P. aeruginosa Sample – CaNps 16.5 � 0.7 12.5 � 0.7 7.5 � 0.7 6.5 � 0.7 0
2 P. acnes 16.5 � 0.7 15.5 � 0.7 8 � 0.7 6.5 � 0.7 0
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Additionally, as compared to the control chemical amphotericin
B (100 units), produced AS CaO NPs exhibit reduced antibac-
terial activity,37,38 and this result was conrmed by the ndings
through Fig. 10, 11 and datas are tabulated in Table 4.
3.8. Anti-ulcer activity

3.8.1. Acid neutralizing capacity. The acid-neutralizing
ability of Ca nanoparticle extracts at various concentrations
(500, 250, 100, 50, and 10 mg ml−1) was compared to a standard
Fig. 10 Effect of sample Ca NPs against Aspergillusflavus.

© 2025 The Author(s). Published by the Royal Society of Chemistry
antacid composed of magnesium hydroxide and aluminum
hydroxide (50 mg ml−1). Once the mixture reached the 5 ml
mark, water was added to get the total volume to 70 ml.39,40 The
combination was then stirred for one minute. Subsequently, 30
milliliters of 1.0 N HCl was added to both the standard and test
mixtures, which were mixed for 15 minutes. Aerward, drops of
phenolphthalein solution were introduced and diverse in. The
overload HCl was titrated with 0.5 N sodium hydroxide solution,
drop by drop, until a pink color was achieved. The outcomes are
tabulated in Table 5.37,41
RSC Adv., 2025, 15, 4904–4914 | 4911

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra00375j


Fig. 11 Effect of sample Ca NPs against Aspergillusfumigatus

Table 4 SD ± means of zone of inhibition obtained by sample Ca NPs against Aspergillusflavus and Aspergillusfumigatus

S.$No. Name of the organism Name of the test sample

Zone of inhibition (mm) SD � mean

PC 500 mg ml−1 250 mg ml−1 100 mg ml−1 50 mg ml−1

1 A. avus Ca NPs 5.5 � 0.7 6 � 0.7 0 0 0
2 A. umigatus 5 � 0 5.5 � 0.7 0 0 0

Table 5 Moles of acid neutralized

S. No. Name of the sample Reading a burette in cm Moles of acid neutralized Acid neutralizing capacity (ANC)/antacid (g)

1 Control 2.5 1.75 35
2 500 mg ml−1 1.5 2.5 45
3 250 mg ml−1 1.8 2.1 42
4 100 mg ml−1 2 2 40
5 50 mg ml−1 2.3 1.85 37
6 10 mg ml−1 2.5 1.75 35
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The number of moles of acid neutralized is calculated by:

Moles of acid neutralized = (vol. of HCl × normality of HCl)

− (vol. of NaOH × normality of NaOH)
Fig. 12 Moles of acid neutralized.

4912 | RSC Adv., 2025, 15, 4904–4914
Acid neutralizing capacity per gram of antacid ðANCÞ

¼ moles of HCl neutralized

grams of antacid=extract
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 6 Percentage of inhibition

S. No.
Concentration of the tested sample
(mg ml−1)

Inhibition percentage
(in triplicates)

Average value
(%)

1 Asco4rbic acid 78.42 78.27 78.27 78.34
2 500 mg ml−1 77.29 74.43 72.48 74.88
3 250 mg ml−1 70.07 69.32 69.32 69.69
4 100 mg ml−1 66.91 67.21 67.21 67.06
5 50 mg ml−1 57.14 63.23 63.23 60.18
6 10 mg ml−1 57.59 49.24 49.24 53.42
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3.9. Anti-oxidant activity

At lower concentrations, the bio-mediated calcium oxide
nanoparticles were less successful at scavenging free radicals;
nevertheless, at higher concentrations, they demonstrated
remarkable efficacy, on par with normal ascorbic acid. The
results of the experiment revealed that free essential scavenging
is a concentration-dependent process that is also impacted by
the prepared samples' dimensions.42–45 The phytoconstituents
in the specic extracts may be responsible for the enhanced
capacity of metal nanoparticles to scavenge free radicals.46–49

Fig. 12 shows the percentage of inhibition, while Table 6
records the values.
4. Conclusion

The current study examined the antibacterial, antioxidant, and
antiulcer properties of CaO nanoparticles produced by a green
manufacturing method. Nanoparticles with regulated sizes and
morphologies are produced by synthesis using plant extract.
Studies using XRD and FESEM veried the creation of
spherically-shaped nano CaO with 37 nm crystallite size. When
tested against the indicated bacterial pathogens, antibacterial
activities showed good activity. We conclude that the environ-
mentally friendly manufacture of calcium oxide nanoparticles is
a simple as well as rational procedure capable of yielding
extremely stable metallic nanoparticles. Greenly manufactured
nanoparticles have very little cytotoxicity and are not harmful to
erythrocytes. These nanoparticles have strong antioxidant and
antibacterial properties. The production of avonoids and
phenolics increased stability, allowing CaO NPs to be used in
vivo. Further stabilization techniques along with a variety of
manufacturing methods for calcium oxide nanoparticles can
overlay the road for their potential medical uses.
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