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Strontium stannate nanorods (SrSnO; NRs) were synthesized in the present study via a green,
sustainable, and cheap method with leaf extract from Juniperus communis L. UV-visible spectroscopy
(UV-Vis), Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and Field emission
scanning electron microscopy (FESEM) with energy-dispersive X-ray analysis (EDAX) were performed
to investigate the SrSnO, NRs. The particle size distribution (PSD) of SrSnO, NRs characterized

by using dynamic light scattering (DLS) analysis. The UV-visible spectra of the synthesized SrSnO,
NRs showed an absorption peak at 279 nm. SEM images confirmed that SrSnO, NRs, which have

an average size of about 29 nm, include a bunch of rod-like structure. In addition, the as-formed
SrSnO, NRs demonstrated excellent antibacterial activity against the bacteria Staphylococcus
aureus, Enterococcus faecalis, and Escherichia coli. The synthesized SrSnO, nanorods also exhibited
a significant amount of antioxidant activity. It is also an attractive biocompatible choice for
pharmacological and medical applications.
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The idiosyncratic characteristics of nanoparticles (NPs) have formed nanoscale an essential field with significant
potential for different uses'. Their optical, magnetic, catalytic, and electrical characteristics are enhanced in these
nanoscale materials as compared with their bulk counterparts®>. Therefore, the advancement of effective and
sustainable nanoparticles methods for synthesis has received more interest. Environmental issues and possible
toxicity can be caused by the use of hazardous chemicals, high temperatures, and energy-intensive methods in
conventional nanoparticle synthesis techniques. As an alternative for these issues, green synthesis has attracted
a lot of interest. Renewable or sustainable synthesis, or “green synthesis,” is a method to produce nanoparticles
with natural resources, biomolecules, or sustainable materials*®. Reduced energy consumption, a decreased
usage of toxic materials, biodegradability and the potential advantage of large-scale manufacturing are a few of
its advantages over conventional processes7.

The application of biosynthesis and green synthesis methods has increased in interest recently as alternatives
of producing NPs. These methods utilize alcoholic or aqueous plant extracts in addition to biological organisms
such yeasts, fungus, bacteria, and marine algae. In addition to standard methods, green synthesis has several of
advantages, like be cheaper, less harmful to the environment, as well as not needing toxic chemical reagents or
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high pressure, energy, or temperature®°. The high surface area-to-volume ratio of NPs, which range in size from
1 to 100 nm, allows them to quickly circulate in human organs'®, and absorb a significant quantity of drugs'!.
Clinical application of these methods to enhance drug delivery can also be performed by improving permeability
and retention effects at infection sites'2. With excellent magnetic, and catalytic characteristics, strontium (Sr) is
a good choice for metallic nanoparticles (NPs). Sr-based NPs have attracted the interest of researchers from a
wide range of areas for a variety of applications, such as storage media, sensors, memory, fluids, composites,
and catalysis'>!. Biological and bacterial responses to the challenge can be induced with the addition of novel
nanoparticles!®>~!. The areas of information and communication (including electrical and optoelectronic fields),
food technology, energy technology, and pharmaceuticals (which includes various medications and drug
delivery systems, diagnostics, and medical technology) are the fields which embrace nanotechnology at the
highest rate!®-20,

SrSnO, nanorods has a broad bandgap, which makes it suitable for usage in light-emitting devices, solar
cells, and sensors?!~23. The rod-like structure enhances electron mobility, which is beneficial for energy
storage applications. In activities involving energy conversion, such as hydrogen evolution, SrSnO, NRs are
efficient as catalysts?*. Stability and efficiency are given via the perovskite structure in lithium-ion batteries
and supercapacitors. In wastewater treatment, SrSnO, NRs are useful for decomposing organic pollutants due
to their excellent photocatalytic activity. The catalytic, optical, and structural properties of SrSnO, nanorods
provide an attractive option for sustainability and biological uses. Developing novel antibacterial agents will be
needed due to the increasing worldwide disease of antibiotic resistance. SrSnO, is one of several metal oxide
nanostructures that exhibit significant antibacterial activity owing to its capacity to generated reactive oxygen
species (ROS), damage membranes of bacteria, and inhibit microbial metabolism. Both Gram-positive and
Gram-negative bacteria are highly inhibited with SrSnO, NRs due to their high surface area, which enhances
their interaction with bacterial cells?*~*®. Most of the studies revealed that the synthesis of SrSnO, was done
by the chemical method. The activity of SrSnO, may be enhanced by adding bio-derived elements, which may
improve the photocatalytic performance?*3?. Green synthesis method with plant extracts have been studied
recently for the sustainable production of SrSnO, NRs, which decreases the demand for toxic chemicals. By
enhancing the performance and biocompatibility of nanomaterials, this method qualifies them for usage in
wound healing, antibacterial coatings, and antioxidant therapy’!.

The evergreen plant known as common juniper (Juniperus communis L.) is found across Europe, North
America, and Asia. It has a high phytochemicalcomposition with flavonoids, alkaloids, terpenes, tannins,
and essential oils, which has given rise to its traditional usage in herbal medicine®?. Due to the different
pharmacological properties of the bioactive chemicals present in Juniperus communis L. extract, it can be beneficial
in a variety of fields, such as medicine, cosmetics, and nanotechnology??. In addition to its strong antibacterial
activity against a variety of bacterial and fungal strains, the plant extract can be used to treat infections. In
scavenging free radicals, reducing oxidative stress, and limiting cell damage, Juniperus communis’s antioxidant
properties in polyphenols and flavonoids are advantageous. A useful resource for usage in medicine, cosmetics,
nanotechnology, and sustainability, Juniperus communis L. extract demonstrates a variety of biological activities.
Its role in the green synthesis of SrSnO, NRs enhances the sustainability and functionality of nanomaterials,
promoting their use in antibacterial and antioxidant properties®*-¢.

In the present work, for the first time SrSnO, NRs were effectively synthesized by using Juniperus communis
L. leaf extract, and their crystal structure, chemical composition, and dynamics of interaction with the reducing
agent were all described. The morphology of the material was controlled by the green synthesis method. The
as-synthesized nanorods were characterized by UV-Visible, FTIR, XRD, FESEM, and DLS analysis. The agar
diffusion method was used to evaluate the antibacterial activity of SrSnO, NRs against Gram-positive bacteria
(Staphylococcus aureus and Enterococcus faecalis), and Gram-negative bacteria (Escherichia coli). At 250 pg/mL,
a radical scavenging rate of 68.00% was observed in the results of antioxidant activity.

Experimental section

Materials

Fresh leaves of the Juniperus communis L. plant have been collected in Yeungnam University Campus, South
Korea. The following materials have been obtained from Sigma Aldrich: Strontium nitrate hexahydrate
[Sr(NO,),-6H,0], Sodium hydroxide (NaOH), Sodium stannate Na,[Sn(OH) ], and ethanol (CH,CH,OH). All
collected chemicals were used as received.

Preparation of Juniperus communis L. leaf extract

To prepare the leaf extract, 10.0 g of Juniperus communis L. leaves were washed multiple times with tap water and
double-distilled water. After that, 250 mL of double-distilled water was added to a 250 mL beaker with washed
leaves to help in the procedure of extraction. The mixture was further heated to 100 °C for 45 min. The end
product of this procedure was a dark green solution of leaf extract from Juniperus communis L. To obtain a clear
solution, the extract was filtered through Whatman No. 1 filter paper. Clean Juniperus communis L. leaf extract
served to synthesize SrSnO, NRs.

Synthesis of SrSnO, nanorods from Juniperus communis L. leaf extract

The green synthetic process of SrSnO, NRs via a solution of Juniperus communis L. leaf extract was done by co-
precipitation method given in Fig. 1. 0.84 g of Strontium nitrate hexahydrate and 1.06 g of sodium stannate were
dissolved in 20 mL of water separately. After 10 min of stirring, both solutions are mixed and stirred for 10 min.
Then 20 mL of Juniperus communis L. plant extract was added dropwise to the above mixture, and the whole
solution was stirred until the thoroughly mixing of plant extract. A 20 mL of 0.5 M sodium hydroxide solution
was added to the solution, and the suspension was stirred for 2 h. The obtained precipitate was filtered, washed

Scientific Reports |

(2025) 15:32166 | https://doi.org/10.1038/s41598-025-14412-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

SrSnO; nanorods

100 °C, 45 minutes

Crushing to
powder

Leaf extract
80 °C, 5 hours

Sr(NO,),.6H,0 Na;H(Sn(OH),

D Calcination Nao|-| \" )

S
— 0 o D
—d 700 °C, 6 hours 2 hours, Stirring

Reaction solution

Fig. 1. Schematic representation of green synthesis of SrSnO, NRs using Juniperus communis L. leaf extract.

with water and ethanol several times and dried at 80 °C for 12 h. The pale white powder obtained was calcined
at 700 °C for 6 h. The resultant SrSnO, powder was used for further studies.

Characterization

A UV-visible spectrophotometer (Cary 5000, Agilent Technologies, CA, USA) was employed to measure the
synthesis of the characteristic peak which is associated to the SrSnO, NRs and to confirm and characterize the
synthetic SrSnO, NRs from the extract of Juniperus communis L. in the 200-800 nm range. In the 4000-400 cm™!
spectral region, attenuated total reflection spectra (ATR)-FTIR were obtained via Fourier transform infrared
spectra (FTIR) (Perkin-Elmer Spectrum Two). X-ray diffraction (Rigaku, PANALYTICAL) was performed with
a scan rate of 0.50 min™' over a scan range of 26=10-80°. The surfaces and microstructure of SrSnO, NRs
have been studied by a SEM (S-4800, Hitachi, Japan). Energy-dispersive X-ray spectroscopy (EDAX) analysis
combined with SEM was employed to perform the elemental analysis. Based on photon correlation spectroscopy,
the produced SrSnO, NRs’ particle size and surface charges were examined using DLS (Malvern Instruments,
Malvern, UK). The average zeta potential was found after a 60-s analysis. Without dilution, the zeta potential of
a nanoparticulate dispersion was calculated. The results were provided with the associated standard deviations
and were gathered by averaging the results of a minimum of three distinct tests. For statistical analysis, t-tests
were used in IBM Corporation’s Statistical Package for the Social Sciences software, version 19.0 (Armonk, NY,
USA). It has been discovered that a P-value of less than 0.05 denotes statistical significance.

Antibacterial and antifungal activity

The antibacterial and antifungal properties of synthesized SrSnO, NRs from Juniperus communis L. extract have
been investigated with the agar well diffusion method. In the present study, three bacterial strains (Staphylococcus
aureus, Enterococcus faecalis, and Escherichia coli), and two fungal strains (Aspergillus niger and Candida albicans)
were used as pathogenic bacteria. 20 mL of Muller Hinton Agar Medium was added to petri plates with bacterial
strains (growth of culture controlled according to McFarland Standard, 0.5%). In Potato Dextrose agar plates,
fungi that grew over night were swabbed off. SrSnO, NRs at different concentrations (250, 500, and 1000 pg/
mL) were added to wells that were bored via a well cutter and had a diameter of within 10 mm. The plates were
then incubated for 48 h at 28 °C for fungi and 24 h at 37 °C for bacteria. The antifungal activity was identified
by calculating the diameter of the inhibiting zone that formed around the well. Streptomycin, clotrimazole were
utilized to serve as positive controls.

Antioxidant activity by DPPH assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) method was used to test the antioxidant activity of SrSnO; NRs.
The method involved mixing 250 pL of DPPH ethanolic solution with 1 mL of various concentrations of green
synthesized SrSnO, NRs (50, 100, 150, 200, and 250 pg/mL). After be slowly shaken, the solution was kept at
25 °C in a dark place for 45 min. The DPPH reduction activity was measured via calculating the absorbance of
each concentration at 517 nm and comparing it to the DPPH ethanol solution (control). As a positive control for
antioxidant activity, ascorbic acid was used, while ethanol solutions had been used as a blank. The percentage of
DPPH disappearance in a sample was used to denote its antiradical activity. Ascorbic acid and plant extract of
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Juniperus communis L. were produced in a similar amount for comparison. With Equation, the DPPH radical
scavenging capacity (%) has been calculated:

DPPH Radicals Scavenged Capacity (%) = Ac/ As/ Ac x 100

Where; A_was the absorbance of the control reaction, and A, was the absorbance in the presence of test.

Results and discussion

UV-visible spectroscopy

The Juniperus communis L. plant is known to have natural compounds with antibacterial, antifungal, and
insecticidal properties. Plant extracts and synthesized SrSnO, NRs are subjected to UV-Vis analysis at wavelength
from 200 to 800 nm. Figure 2a shows the UV-Vis spectrum for the SrSnO, NRs and Juniperus communis L.
plant extracts. Pure Juniperus communis L. extract showed two absorption peaks at 220 nm. These peaks might
be in charge of the Sr?* ion reduction, which interacts with these intermediates resulting in Sr-Sn-O species.
Figure 2a clearly suggests that SrSnO, NRs exhibit distinct broad absorption bands in the 200-400 nm range,
with a sharp absorption start near 279 nm. It can be attributed to the electronic transition from the valence band
to the conduction band, and is consistent with SrSnO,’s band gap edge absorption®”. A strong absorption peak
at 279 nm31;as been observed in the experiment, suggesting that synthetic SrSnO, NRs exhibit excellent optical
properties’°.

FTIR spectroscopy

FTIR analysis was used to detect the chemical groups of SrSnO, NRs and plant extract. To study the reduction in
difference, the FTIR spectra of Juniperus communis L. leaf extract and synthesised SrSnO, NRs were compared
[Fig. 2b]. FTIR spectra of Juniperus communis L. leaf extract displays a sharp peak at 3320 cm™! due to phenolic
OH. The peaks at 2979 cm™}, and 2882 cm™! represent the stretching vibrations of C-H bonds, which may be
produced by residual organic compounds or phytochemicals from the extract of Juniperus communis L. used in
the green synthesis method. The bending vibrations of C-H or the symmetric stretching of carboxylate groups
(-COO") typically responsible for this band 1380 cm™!, while the presence of bioactive chemicals in the plant
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Fig. 2. (a) UV-vis spectra, (b) FTIR spectra, (c) X-ray diffraction pattern of SrSnO, nanorods synthesized
using Juniperus communis L. extract.

Scientific Reports |

(2025) 15:32166 | https://doi.org/10.1038/s41598-025-14412-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

extract could also be the cause. The presence of organic residues on the nanorod surface is further confirmed by
the attribution of this peak, 1047 cm™!, to the C-O stretching vibrations of ether or alcohol groups, while C-O-C
bending vibrations cause the band at 879 cm™'. SrSnO, NRs’ FTIR spectra show distinct peaks at 1445 cm ™",
which are attributed to the symmetrical and asymmetrical stretching vibration of S=0, respectively. These peaks
also demonstrate that the surface of the NRs and leaf extract interact. The stretching of Sn—O-Sn of SrSnO, NRs
is connected to the maximum peaks at 643 cm™!.

XRD analysis
The diffraction peaks of the SrSnO, NRs range from 10 to 80°, according to XRD tests. XRD patterns of SrSnO,
NRs have been obtained with a Rigaku, PANALYTICAL diffractometer and Cu-Ka radiation. Figure 2c, shows
XRD patterns of SrSnO, nanorods. These diffraction peaks are characteristic SrSnO, rod structures, which can
be attributed to the distinctive peaks of the crystal structure of SrSnO, NRs. [20=22.32° (100); 31.57° (200);
45.09° (220); 50.96° (222); 55.94° (312); 65.55° (400); 74.54° (322)]. All the diffraction peaks of SrSnO, NRs
well matched with JCPDS card No. 22-1442. According to these results, SrSnO, nanorods were observed to
crystallize, and nanorods were identified to have an average crystal size of about 29 nm.

The crystallite size was estimated using the Scherrer equation:D = KX\ / Scosf

Where, D is the average crystallite size, K is the shape factor (taken as 0.9), A is the X-ray wavelength (1.5406
A for Cu-Ka), B is the full width at half maximum (FWHM) of the most intense diffraction peak (in radians),
and 0 is the Bragg angle corresponding to that peak.

SEM analysis

As shown in Fig. 3a, b at different magnifications, the surface morphology has been described from images
obtained using SEM. As can be observed, the SEM images confirmed the rod structure (morphology) of
SrSn0,**-*!. The SEM images show the uniform bunch of nanorod structures with small aggregation. The
SrSnO, nanorods exhibit a rod-like morphology with diameters ranging from approximately 100 to 200 nm, as
observed from the SEM images [Fig. 3a, b]. The well-crystallized particles were found to be in the nanoscale size
range after calcination at 400 °C. The SrSnO, NRs are normal rod crystals, as can be observed. EDAX analysis
has been performed to evaluate the elemental composition of the as-made SrSnO, NRs [Fig. 3c]. The analysis
confirmed that the samples had no noticeable pollutants and that the main elements were carbon (C), oxygen
(O), strontium (Sr), and stannate (Sn) [Fig. 3(d-g)].

Dynamic light scattering analysis

The particle size distribution for the SrSnO, NRs synthesized with Juniperus communis L.leaf extract, as measured
by the DLS method, is illustrated in Fig. 4a. The median size of the particle distribution of the synthesized SrSnO,
NRs was 29 nm, based on the size distribution data. The examination indicated a unimodal size distribution
with a polydispersity index; the suspension was monodispersed with significant colloidal stability. Also, the
zeta-potential of the synthesized SrSnO,; NRs was —5.19 mV [Fig. 4b]. The result shows that, if dispersed in
the medium, the surface of the produced nanorods exhibited a negative charge. Thus, the prepared NRs” good
stabilization in the suspensions was caused by the observed negative value. In addition, since the average size
is a measure of hydrodynamic size, its value shows the existence of solvent molecules attached to the tumbling
particle as well as the availability of nanoparticles. Hence, it is reasonable to expect that a high ZP value raises
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Fig. 3. (a, b) SEM images of SrSnO, nanorods with different magnifications; (c) EDAX analysis; Elemental
mapping analysis of SrSnO, NRs. (d) Carbon, (e) Oxygen, (f) Strontium, and (g) Stannate.
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Fig. 4. (a) Dynamic light scattering (DLS), and (b) Zeta-potential measurement of SrSnO, NRs using
Juniperus communis L. leaf extract.

Concentration of the SrSnO; NRs
samples (in mm)

S.No | Microorganisms 50 ug/mL | 100 pg/mL | 200 pug/mL | Streptomycin (10 mg)
L Staphylococcus aureus | 19.12+0.2 | 20.05+0.1 | 21.53+0.5 | 27.80+0.7
2. Enterococcus faecalis | 17.32+£0.4 | 18.94+0.5 |20.22+0.8 |23.22+1.0
3. Escherichia coli 24.23+0.6 | 25.06+0.1 |26.19+£0.2 |29.01+0.9

Table 1. Antibacterial activity of SrSnO, nanorods using zone of Inhibition method.

the physical stability of SrSnO, NRs and provides a flexible strategy for biomedical applications. As a result, the
synthesized SrSnO, NRs’ zeta-potential value is almost physically stable®.

Antibacterial activity

The increase in antibiotic resistance has caused a lot of attention to the growth of novel antibacterial agents. The
long-term antibacterial activity and the ability to differentiate in bacterial or mammalian cells represent two
advantages of metal-based nanoparticles?>~*. If it involves inhibiting microbial cells and reducing antibiotic
resistance, these NPs have demonstrated good results. The nanoparticles of metals and metal oxides (NPs)
have antibacterial activity against pathogenic microbial cells in several of methods, such the generation of
ROS (reactive oxygen species), DNA damage, disruptions in nutrition, metal ion release, disintegration of
cell membrane, etc. The antibacterial activity of the obtained SrSnO, NRs was tested to check their minimum
inhibition concentrations (MIC) values. Table 1 illustrates the results of the study.

The results indicated that SrSnO, NRsat various concentrations 0f 50, 100, and 200 pg/mL exhibited inhibition
zones against bacteria, namely Staphylococcus aureus, Enterococcus faecalis, and Escherichia coli. All studied
organisms were shown to be resistant to the SrSnO, NRs in Fig. 5A. Inhibition zone values are presented in
Fig. 5B, and the concentration of SrTiO, NRs used to perform the antibacterial activity influences the inhibition
zone changes. The inhibition of growth has also constantly enhanced by correct diffusion of nanomaterials in the
agar media. The bacteria which are shown to be most sensitive to the SrSnO, NRs were Staphylococcus aureus
(21.53£0.5 mm), Enterococcus faecalis (20.22 0.8 mm), and Escherichia coli (26.19 +0.2 mm). The surface area,
size, and structure of SrTiO; NRs all have an impact on their antibacterial efficiency. In addition, both positively
and negatively charged nanoparticles can electrostatically interact with bacterial cells to enhance the creation of
reactive oxygen species within the cells, which inhibits growth and induces cell death®.

Antifungal activity

Aspergillus niger, and Candida albicans were used in this study to investigate the antifungal activity of SrSnO,
NRs using a well-diffusion method. The SrSnO, samples were produced in three different concentrations (250,
500, and 1000 pg). The results are shown in Fig. 6, and Table 2. For fungi such as A. niger and C. albicans, the
inhibition zone diameter (positive control) of the antibiotic Clotrimazole (100 ug) was 30.11+0.8 mm, and
27.22+1.5 mm, respectively. With a zone diameter of 15.73+0.9 mm, and 19.22 + 1.2 mm respectively, A. niger
exhibited zone of inhibition at 250, 500 ug concentrations. C. albicans had a zone diameter of 12.81 + 1.8 mm, and
17.65+0.7 mm at 250, 500 pg of SrSnO, samples concentration. If 1000 pg of SrSnO, NRs was present, the zone
of inhibition for A. niger and C. albicans was 25.15+ 2.0 mm and 23.04 + 1.0 mm, respectively. SrSnO, NRs have
a significant antifungal effect, albeit far fewer than that of the standard drugs, according to the results. Because
of their decreased size, SrSnO, NRs can have an antifungal effect on the organisms. Since the nanorod comes
into direct contact with the fungal cell membrane, it can penetrate the cell walls and inhibit fungal growth*e.

Scientific Reports |

(2025) 15:32166 | https://doi.org/10.1038/s41598-025-14412-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

35! B EasopgmL  E 1200 pgimL

- [ ]100pg/imL [ Control
E 30 -
E
S 254 1
o
3 g
2 A
= 20 =2 3 r];_ =3
c
5 151
g
o 10 1
N

5 -

0

Staphylococcus Enterococcus Escherichia
aureus faecalis coli

Fig. 5. (A) Antibacterial activity of SrSnO, NRs against (a) Staphylococcus aureus, (b) Enterococcus faecalis,
and (c) Escherichia coli; (B) Antibacterial activity was evaluated for SrSnO, NRs by detecting the inhibition
regions.

1. 250 15.73+0.9 12.81+1.8
2. 500 19.22+1.2 17.65+0.7
3. 1000 25.15£2.0 23.04£1.0
4. Clotrimazole (100 ug) | 30.11+0.8 27.22+1.5

Table 2. Antifungal activity of SrSnO, nanorods.

Antioxidant activity
The obtained SrSnO, NRs exhibited DPPH radical scavenging in a dose-dependent manner, ranging from 37.50
at 50 pg/mL to 68.00 at 250 pg/mL. Ascorbic acid’s IC,, was lower at 15.22 ug/mL, but the SrSnO, NRs showed
radical scavenging activity with an IC, value of 91.20 pg/mL. Interestingly, at a concentration of 250 pg/mL,
the plant extract exhibited a remarkable antioxidant activity of 39.65 ug/mL in comparison with ascorbic acid.
The results of this study are presented in Fig. 7. The measured the antioxidant activity reached its maximum at
250 pg/mL and that increasing it could not provide extra advantages or can lead to challenges (such as toxicity,
aggregation, or solubility issues), this concentration is suggestive of good antioxidant activity among the tested
concentrations. SrSnO, NRs’ antioxidant activities are could be helpful in areas such as materials science, food
preservation, and photocatalytic activity*’.

Green synthesis is growing importance as an environmentally friendly, affordable, and sustainable solution to
these challenges. Green synthesis employs biological materials as stabilizing and reducing agents, such bacteria,
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Fig. 7. Scavenging property by DPPH. The outcomes were presented as mean + SD.

fungi, algae, and plant extracts, to produce nanoparticles in mild conditions. With regard to the ease of usage,
scalability, and the abundance of phytochemicals used in the development of nanoparticles, plant-mediated
synthesis is distinctive among these. For the sustainable production of SrSnO3 NRs, plant extracts have been
studied; each plant provides distinct characteristics to the resultant nanoparticles. Table 3 exhibits the biological
properties, and synthesis of SrSnO3 NRs using Juniperus communis L. plant extracts.

Conclusion

Green synthesis is cost-effective and biocompatible as it utilises renewable resources and avoids harmful chemicals.
The benefits of green synthesis include a reduction of the need for hazardous chemicals, adaptability for large-
scale fabrication, and the capacity to produce distinct sizes. In this study, SrSnO, nanorods were successfully
synthesized via a green co-precipitation method using Juniperus communis L. leaf extract as a reducing and
stabilizing agent. The synthetic method was both cost-effective, and eco-friendly to the environment. The
synthesis of SrSnO, NRs was confirmed by the UV-vis absorption peak at 279 nm. SEM images confirmed that
SrSnO, had formed a rod-like shape structure. According to SEM the measurements, the nanorod’s average
size was found to be 29 nm. The structure and surface functional group of the as-synthesised SrSnO, NRs have
been revealed via the FTIR analysis. The results of the antibacterial tests indicated that SrSnO, NRs effectively
inhibited the growth of both gram-positive and gram-negative bacteria. Further, DPPH assay indicated SrSnO,
NRs has antioxidant activity with IC,; value of 91.20 pg/mL. The synthesized SrSnO, NRs exhibited well-
defined structural features along with significant antibacterial, antifungal, and antioxidant activities. These
results highlight the potential of plant-mediated synthesis for eco-friendly nanomaterial production. In future
research will focus on studying the SrSnO, NRs’ photocatalytic and anticancer activities as well as enhancing the
synthesis conditions for common application in the biological, and environmental fields.
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Fig. 6. Antifungal activity of SrSnO, nanorods against, (a) Aspergillus niger, and (b) Candida albicans.

S. No | Plant extract Nanomaterials | Antibacterial activity (mm) Antifungal activity (mm) | Antioxidant activity | References

P. aeruginosa - 21.3
AgNPs S. aureus - 13.5 - - 48
E. coli-18.1

P. mirabilis - 13
2. Juniperus excelsa AgNPs S. aureus STA6-11 - - o
S. aureus STA7* - 13

M. luteus - 28 +1.1
B. subtilis - 28 +1.2 A. fumigatus - (45.05%)
3. Juniperus procera AgNPs P. mirabilis - 29 +1.3 E chlamydosporum — - 5051
K. pneumoniae - 18 +0.9 (33.46%)
C. albicans - 24 £0.12

Juniperus communis
L.

Effective against S. aureus; B. subtilis; E.
TiO, NPs coli; K. pneumoniae; S. cerevisiae; A. Niger; | - Good 52
P. Digitatum.

B. subtilis - 6.8

S. aureus - 5.6 C. albicans - 4.9

E. coli - 6.9 A. niger - 4.6

P. aeruginosa - 7.2
. E. coli - 22 54

6. Elodea canadensis SrONPs B. subtilis — 20 - -

S. aureus - (21.53+0.5)

Sr$nO, E. faecalis - (20.22+£0.8)

E. coli - (26.19+0.2)

Juniperus phoenicea

5. D. mucronata SnO, NPs Good 53

Juniperus communis
L.

A. niger - (25.15+2.0)

C. albicans - (23.04+1.0) Excellent This work

Table 3. Comparison of green synthesis of nanomaterials with Juniperus communis L. plant extracts.
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