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ABSTRACT

This study investigated the green synthesis of copper oxide nanoparticles (CuO NPs) using Sargassum
wightii extract and their incorporation into starch/polyvinyl alcohol (PVA) electrospun nanoscaffolds for
antimicrobial applications. The algal extract served as a reducing and stabilizing agent, yielding spherical CuO
NPs with high colloidal stability (zeta potential: -120 mV). Characterization via UV-Vis spectroscopy, Fourier-
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and Scanning electron microscopy (SEM)
confirmed the monoclinic crystalline structure of CuO NPs and their uniform dispersion within nanofibrous
scaffolds. Antimicrobial testing at 50 ug/mL demonstrated that the CuO NP-loaded scaffolds exhibited superior
activity against bacterial (Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Citrobacter koserr)
and fungal (Aspergillus niger, Penicillium species) pathogens, with inhibition zones ranging from 19-23 mm,
outperforming standalone CuO NPs (14—-18 mm) and algal extract (10—-15 mm). While less potent than
ciprofloxacin (28-33 mm) and voriconazole (26-28 mm), the scaffolds showed enhanced efficacy due to
synergistic effects. These findings highlight the potential of eco-friendly CuO NP-based nanoscaffolds as
sustainable antimicrobial materials for biomedical applications.

KEYWORDS: Sargassum wightii, Green synthesis, CuO NPs, Starch/PVA-nanoscaffolds, Antimicrobial
activity.

1. INTRODUCTION

The escalating need for antimicrobial solutions in biomedical applications has propelled investigations into
innovative materials capable of countering pathogenic microbes [1]. Metal oxide nanoparticles (NPs) have
emerged as prominent candidates due to their robust antimicrobial efficacy, compatibility with biological systems,
and adaptability for integration into various substrates to facilitate controlled release [2]. Among these, copper
oxide (CuO) NPs are particularly noteworthy, attributed to their distinctive physicochemical attributes such as
elevated surface area, stability, and pronounced bactericidal and fungicidal activities [3]. Extensive studies have
demonstrated the broad-spectrum antimicrobial prowess of CuO NPs against diverse bacterial and fungal
pathogens, positioning them as promising agents in wound care, infection prevention, and drug delivery
frameworks [4]. Nonetheless, conventional synthesis techniques for metal oxide NPs often entail the use of
hazardous chemicals, substantial energy inputs, and stringent conditions, thereby raising concerns regarding their
sustainability and environmental impact [5].

To mitigate these challenges, eco-friendly synthesis approaches leveraging natural resources have gained traction
as viable alternatives for NP production [6]. These green synthesis methods employ plant extracts,
microorganisms, or algae as reducing and stabilizing agents, offering an environmentally benign pathway for NP
fabrication [7]. Marine algae, abundant and renewable, are rich in bioactive constituents, making them particularly
suitable for such applications [8]. Specifically, marine macroalgae like Sargassum wightii are replete with
bioactive compounds including polyphenols, flavonoids, and carotenoids, which can effectively function as
natural reducing agents in the biosynthesis of metal oxide NPs [9].

S. wightii, a brown seaweed prevalent along the Indian coastline, has recently garnered attention for its potential
in green synthesis methodologies [10]. The bioactive constituents inherent in this alga exhibit a spectrum of
beneficial properties, encompassing antioxidant, antimicrobial, and anti-inflammatory effects, rendering it an
ideal candidate for NP synthesis [11]. In the present study, extracts from S. wightii are utilized as green reducing
agents to synthesize CuO NPs, which are subsequently incorporated into electrospun nanoscaffolds composed of
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starch and polyvinyl alcohol (PVA) [12]. These CuO NP-infused nanoscaffolds are subjected to antimicrobial
evaluations, aiming to develop sustainable antimicrobial materials suitable for biomedical applications [13].
Nanofibrous scaffolds have attracted considerable interest in tissue engineering and wound healing domains,
owing to their high surface area, porosity, and structural resemblance to the extracellular matrix (ECM) [14].
Electrospinning stands out as a prevalent technique for fabricating such nanofibrous scaffolds, enabling the
production of fibers with nanometer-scale diameters conducive to cellular interactions and tissue regeneration
[15]. The amalgamation of starch, a biodegradable and biocompatible polysaccharide, with PVA, a synthetic
polymer recognized for its water solubility and mechanical robustness, offers a promising platform for scaffold
fabrication [16]. The integration of CuO NPs into these scaffolds augments their antimicrobial capabilities,
culminating in a dual-functional system that not only fosters tissue regeneration but also impedes bacterial and
fungal infections at the application site [17].

Embedding CuO NPs into nanofibrous scaffolds confers multiple advantages [18]. These NPs can effectively
compromise bacterial cell membranes and suppress the proliferation of pathogenic microorganisms through the
generation of reactive oxygen species (ROS), leading to oxidative damage in microbial cells [19]. Moreover, when
incorporated into a scaffold matrix, the antimicrobial efficacy of CuO NPs is enhanced via sustained release at
the infection locus [17]. This controlled release mechanism is particularly advantageous in wound healing contexts,
where prolonged antimicrobial activity is imperative to avert secondary infections and facilitate tissue repair [20].
This investigation focuses on the green synthesis of CuO NPs employing S. wightii extracts and their subsequent
integration into starch/PVA electrospun nanoscaffolds for antimicrobial applications. The green synthesis
approach is adopted to circumvent the use of toxic chemicals and to promote a sustainable NP production
methodology [5]. The synthesized CuO NPs undergo characterization through various techniques, including UV -
Visible spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), and scanning
electron microscopy (SEM), to ascertain their size, morphology, crystallinity, and dispersion within the
nanofibrous scaffold matrix [21]. The antimicrobial efficacy of the CuO NP-loaded scaffolds is assessed against
a spectrum of bacterial (Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Citrobacter koseri) and
fungal (Aspergillus niger, Penicillium species) pathogens utilizing the agar well diffusion method [22].
Comparative analyses are conducted against the algae extract and standard antimicrobial agents, ciprofloxacin
(for bacterial strains) and voriconazole (for fungal strains), serving as positive controls [23].

The principal aim of this study is to elucidate the potential of S. wightii extract-mediated green synthesized CuO
NPs, incorporated into starch/PVA nanofibrous scaffolds, as eco-friendly and efficacious antimicrobial materials
for biomedical applications [24]. By harnessing a natural and sustainable resource for NP synthesis and integrating
it with electrospun nanofibers, the study endeavors to develop a material that addresses the escalating concerns of
antimicrobial resistance while offering a safe, cost-effective, and environmentally sustainable alternative to
conventional antimicrobial agents [25]. The successful fabrication of CuO NP-infused nanoscaffolds with
enhanced antimicrobial properties could significantly impact the advancement of wound dressings, medical
devices, and other biomaterials designed for infection control and tissue regeneration [26]. Furthermore, this
research underscores the potential of marine macroalgae as renewable resources for the synthesis of functional
nanomaterials, contributing to the progression of green nanotechnology and sustainable biomedical innovations.

2. MATERIALS AND METHODS

2.1. Materials

For this study, the macroalga S. wightii was collected from the coastal region of Rameswaram, Tamil Nadu, India,
for the eco-friendly synthesis of CuO NPs. Copper (II) sulfate pentahydrate (CuSO4-5H20), used as the precursor,
was procured from Sigma-Aldrich. PVA (molecular weight approximately 115,000) served as the primary
polymer for electrospinning, while starch from a local supplier was used to enhance scaffold features. All other
solvents and reagents, such as ethanol and Milli-Q water, were of analytical grade and obtained from Merck and
Sigma-Aldrich. The electrospinning process utilized a HOLMARC HO-NFES-040 unit equipped with a syringe
pump. Characterization instruments included a UV-Vis spectrophotometer (VIS SPEC V-730), FT-IR
spectrometer (Spectrum Two, PerkinElmer), XRD (Bruker D8 Advance), SEM (JSM-IT800 NANO), and zeta
potential and Dynamic light scattering (DLS) analyzer (Malvern Zetasizer Ultra). Thermal analyses were carried
out using a Thermogravimetric analysis (TGA) 8000 (PerkinElmer).

2.2. Marine macroalgae collection

Fresh S. wightii samples were gathered from coastal waters near Rameswaram. The collected S. wightii was
taxonomically identified and authenticated by Dr V. Veeragurunathan, CSIR-CSMCRI-Marine Algal Research
Station, Mandapam Camp 623519, Tamil Nadu, India. A voucher specimen was prepared and deposited at the
Herbarium of the CSIR-CSMCRI-Marine Algal Research Station, under the accession number: SI-2025-RMM-—
017. This authentication ensures botanical accuracy and standardization of the study material. The algae were
initially washed with running tap water to eliminate debris and surface organisms, followed by a rinse with
distilled water for final cleaning. About 100 grams of the cleaned algae were chopped into small pieces and dried
under ambient conditions for around 14 days. The dried material was then pulverized using a mechanical grinder
and preserved in airtight containers for later use.
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2.3. Ultrasonic extraction

To isolate bioactive components, 2 g of powdered S. wightii was mixed with 50 mL of Milli-Q water in a 100 mL
beaker. The extraction was performed via ultrasonic-assisted technique using a LABQUEST ultrasonic cleaner
(Borosil; Serial No. 941032329018) at 60°C for 45 minutes. The extract was filtered using sterile Whatman No.
1 filter paper. The clear filtrate was collected and stored at 10°C for immediate use, while for extended storage,
the extract was lyophilized into a dry powder using a laboratory freeze-dryer [27].

2.4. Green synthesis of CuO NPs

Biosynthesis of CuO NPs was performed using the S. wightii extract. Specifically, 50 mL of 0.1 M CuSO4-5H-0
was combined with 10 mL of algal extract (prepared by dissolving 10 mg in 10 mL Milli-Q water) in a 5:1 ratio.
This solution was stirred at 650 rpm and maintained at 60°C for 2 hours. A visible change in color from blue to
bluish-green confirmed NP formation. The synthesized NPs were rinsed three times with double-distilled water
at the same temperature and agitation conditions to remove residual reactants. Final products were freeze-dried
for 48 hours and stored as dry powders for characterization and fabrication [28].

2.5. Preparation of CuO-embedded electrospun PVA/starch scaffolds

A 15% (w/w) aqueous PVA solution was prepared under constant stirring until fully dissolved. To this, 100 mg
of starch and 100 mg of synthesized CuO NPs were added, followed by stirring at 50°C for 2.5 hours for thorough
dispersion. The homogeneous solution was transferred to a syringe equipped with a 0.84 mm internal diameter
needle and electrospun using a HOLMARC HO-NFES-040 system, supported by a HMPSKV30 high-voltage
power supply (0-30 kV, 0.5 mA). Electrospinning was carried out at 11.5 kV, with a needle-to-collector gap of
12.3 cm and flow rate of 0.4 mL/h for 6—8 hours at ambient temperature to produce nanofibrous mats [29, 30].

2.6. Physicochemical evaluation

2.6.1. UV-visible spectroscopy

UV-Vis spectroscopy was applied to verify NP formation and analyze optical characteristics of both S. wightii
extract and the CuO NPs. Spectra were recorded using VIS SPEC V-730 over 200—800 nm, with deionized water
as the reference. Presence of surface plasmon resonance (SPR) peaks indicated successful NP synthesis and
interactions within the scaffold matrix [31].

2.6.2. FTIR spectral analysis

FTIR spectra were acquired using the ATR mode of PerkinElmer Spectrum Two to identify functional groups and
molecular interactions. Spectra were recorded from 4000 to 400 cm™ using 64 scans per sample at a resolution of
4 cm. Peaks corresponding to hydroxyl, carbonyl, amide, and metal-oxygen bonds were analyzed in both the
NPs and composite scaffolds [32].

2.6.3. XRD analysis

Crystallographic studies of CuO NPs and scaffolds were conducted using Bruker D8 Advance with CuKa
radiation (wavelength A = 1.5406 A), operated at 40 kV and 40 mA. Diffraction patterns were recorded over 20 =
5° to 90° at 0.029649° increments. Characteristic peaks were matched to monoclinic CuO, and peak shifts were
used to infer NP-polymer interactions [33].

2.6.4. SEM analysis

SEM was utilized for surface morphology, fiber distribution, and NP dispersion assessment using a JEOL JSM-
IT800 NANO. Samples were sputter-coated with gold to prevent charging. High-resolution images provided
insights into NP embedding and nanofiber alignment [27].

2.6.5. TGA

Thermal properties of CuO-incorporated scaffolds were analyzed with PerkinElmer TGA 8000. Around 5 mg of
sample was heated from room temperature to 550°C at 15°C/min under nitrogen. Weight loss data were used to
evaluate moisture content, decomposition, and thermal resistance of the materials [34].

2.6.6. DLS and zeta potential measurements

NP size and zeta potential were measured with Malvern Zetasizer Ultra using DLS. These parameters reflected
particle stability and surface charge. Higher absolute zeta potential values signified better colloidal stability,
important for biomedical applicability [35].

All experimental and processed characterization data are publicly accessible via the Mendeley Data repository
(DOI: 10.17632/vf8822rd8j.1), supporting transparency and reproducibility.

2.7. Antimicrobial testing

Antibacterial and antifungal activities of S. wightii extract, CuO NPs, and PV A/starch electrospun scaffolds (50
pg/mL each) were evaluated using agar well diffusion. The test organisms included Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus, Citrobacter koseri, Aspergillus niger, and Penicillium sp. Bacterial cultures
were standardized to 0.5 McFarland (approx. 1.5 x 10® CFU/mL) and seeded on Mueller-Hinton agar, while fungi
were cultured on Sabouraud dextrose agar. Wells (6 mm diameter) were filled with 50 pL of each sample.
Ciprofloxacin and voriconazole were used as bacterial and fungal controls, respectively. After 30 minutes of pre-
diffusion, plates were incubated at 37°C for 24 h (bacteria) and 28°C for 48 h (fungi). Inhibition zones (mm) were
recorded. All tests were conducted in triplicate for accuracy [36, 37].
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2.8. Data analysis

Statistical analysis was carried out using SPSS (Version 25.0) and GraphPad Prism (Version 9.0). Results are
presented as mean + standard deviation (SD) from three independent experiments. One-way ANOVA followed
by Tukey’s and Dunnett’s post hoc tests were used for comparison. Significance was set at p < 0.05. Normality
was verified using the Shapiro-Wilk test, and data were log-transformed if non-normal. Correlations between
variables were evaluated using Pearson’s correlation coefficient. A 95% confidence level was maintained
throughout the analysis [38].

3. RESULTS AND DISCUSSION

3.1. UV-visible spectroscopy

The UV-Visible spectroscopy analysis (Fig. 1) of the aqueous S. wightii extract and the green-synthesized CuO
NPs revealed distinct absorption peaks that confirm NP formation and their optical properties. The extract
exhibited a significant absorption peak at 346 nm, indicative of bioactive compounds such as polyphenols or
flavonoids, which may serve as reducing and stabilizing agents during synthesis. The CuO NPs exhibited a
pronounced absorption peak at 292 nm, corresponding to the surface plasmon resonance (SPR) phenomenon,
confirming the successful formation of CuO NPs. Additionally, a broader absorption band in the visible region
(400-800 nm) was observed, suggesting NP aggregation or interactions within the composite matrix.
Measurements, taken with a VIS SPEC V-730 spectrophotometer (200—800 nm range), using deionized water as
a blank, demonstrated the effective synthesis of CuO NPs through green methods and their stable optical properties.
The absence of impurities or secondary peaks further supports the purity of the synthesized NPs. These results are
consistent with the typical SPR behavior seen in metal oxide NPs, highlighting the potential of S. wightii extract
as a sustainable reducing agent for CuO NP synthesis [39-45].
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Fig. 1. UV—Visible spectral profiles of algal extract and CuO NPs.
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Fig. 2. FTIR spectra of CuO NPs and their incorporation into nanoscaffolds.

3.2. FTIR spectroscopy analysis

FTIR analysis (Fig. 2) of the CuO NPs and starch/PVA electrospun nanoscaffolds was performed using ATR
mode on a PerkinElmer Spectrum Two instrument (range 4000—400 cm™, resolution 4 cm™, and 64 scans). The
CuO NPs spectrum displayed 11 distinct peaks, suggesting the presence of functional groups involved in
stabilization and metal-oxygen bonding. The nanoscaffold spectrum showed notable absorption bands at 3298.42
cm™! (O-H/N-H stretching, indicating hydroxyl or amine groups), 2924.17 cm™ (C-H stretching of aliphatic
chains), 1710.48 cm™ (C=0 stretching of carbonyl groups), 1426.82 cm™ (C—H bending or COO~ symmetric
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stretching), and 1097.57 cm™ (C—O—C or Si—O-Si vibrations). Additional peaks at 1329.64 cm™, 919.55 cm™,
and 843.63 cm™ may be associated with C-N stretching, P-O—C bonds, or metal-oxygen (Cu—O) vibrations,
confirming the incorporation of CuO NPs into the scaffold. The absence of impurities and shifts or broadening of
certain peaks suggest successful interactions between the NPs and scaffold components, likely via hydrogen
bonding or electrostatic forces. These findings underline the scaffold's functional group diversity and the
successful itegration of CuO NPs, which may affect the material's mechanical, biological, and catalytic properties
[46-51].

3.3. XRD analysis

XRD analysis (Fig. 3) of the synthesized CuO NPs and starch/PVA electrospun nanoscaffolds was performed
with a Bruker D8 Advance diffractometer using CuKa radiation (A = 1.5406 A, 40 kV, 40 mA) over a 20 range
of 5°-90° (step size: 0.029649°). The CuO NPs exhibited 32 distinct diffraction peaks, with prominent reflections
at 16.386° (5.405 A), 22.406° (3.965 A), 24.107° (3.689 A), 31.894° (2.804 A), 32.745° (2.733 A), 38.307° (2.348
A), and 48.057° (1.892 A), corresponding to the monoclinic tenorite phase of CuO (JCPDS 05-0661). The high-
intensity peaks at 22.406° and 24.107° (relative intensities: 80.2% and 100%, respectively) confirmed the high
crystallinity, while peak broadening indicated nanoscale crystallite dimensions. The nanoscaffolds showed a semi-
crystalline structure with 45.3% crystallinity and 54.7% amorphous content. Key peaks at 29.372° (3.038 A),
38.502° (2.336 A), and 44.687° (2.026 A) suggested CuO NP presence in the scaffold matrix, as evidenced by
peak shifts (e.g., 38.502° vs. 38.307° in pure CuO NPs) and reduced intensities, signifying NP-polymer
interactions. The FWHM values (e.g., 0.130°-0.341° for scaffolds vs. 0.115°-0.580° for CuO NPs) reflected
differences in crystallite size and strain. The absence of impurity peaks confirmed phase purity in both systems,
while the broader peaks in the scaffold suggested reduced crystallinity due to polymer incorporation. These results
indicate successful CuO NP synthesis and incorporation into the scaffold, maintaining structural integrity and
tailored crystallinity for biomedical or catalytic applications [52-58].
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Fig. 3. XRD patterns of synthesized CuO NPs and CuO-loaded scaffolds.
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Fig. 4. SEM analysis of synthesized CuO NPs and CuO-loaded scaffolds.
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3.4. SEM analysis

SEM analysis (Fig. 4) of the CuO NPs and starch/PVA electrospun nanoscaffolds was carried out using a JEOL
JSM-IT800 NANO system, with samples sputter-coated with gold to minimize charging effects. High-resolution
micrographs revealed that the CuO NPs exhibited a uniform spherical morphology with an average size of 130—
160 nm, indicating successful synthesis with minimal aggregation. The starch/PVA electrospun scaffolds
presented a highly porous, interconnected fibrous network, with fiber diameters ranging from 150-200 nm,
indicating optimal electrospinning conditions. The CuO NPs were evenly distributed across the scaffold fibers,
confirming effective integration without clumping, which is essential for maintaining structural integrity and
functionality. The nanofibers exhibited smooth surfaces with occasional bead-free alignment, suggesting
consistent polymer jet stability during electrospinning. The SEM results highlight the scaffold's nanofibrous
structure, which facilitates cell adhesion and nutrient diffusion, while the homogeneous distribution of CuO NPs
within the matrix enhances potential antimicrobial or catalytic properties. These findings underscore the suitability
of the composite scaffold for applications in tissue engineering or drug delivery, where controlled morphology
and NP distribution are crucial [59-64].

3.5. TGA

TGA (Fig. 5) of the starch/PV A electrospun nanoscaffolds was conducted using a PerkinElmer TGA 8000 system
under nitrogen flow, with a 5.518 mg sample heated from room temperature to 550°C at a rate of 15°C/min. The
thermogram exhibited a multi-stage degradation profile, beginning with an initial weight loss below 150°C,
attributed to moisture evaporation. The primary degradation occurred between 220.95°C (onset) and 382.16°C
(end), with a peak at 322.94°C, corresponding to the thermal decomposition of starch and PVA polymer chains,
including breakdown of hydroxyl groups and glycosidic linkages. A total mass loss of 37.126% in this region
indicated significant polymer degradation, while the sharp peak suggested rapid decomposition. No residual mass
data was noted beyond 382.16°C, but the absence of additional peaks implied that the remaining scaffold
components or CuO NPs remained stable at higher temperatures. The results indicate moderate thermal stability
for the scaffold up to ~220°C, making it suitable for applications requiring processing or sterilization below this
threshold. The degradation profile aligns with typical starch/PVA-based materials, and CuO integration likely
enhances thermal resistance, although further analysis is necessary to quantify residual ash or NP effects [65-71].
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Fig. 5. Thermal degradation behavior of CuO-incorporated nanoscaffolds.

3.6. Zeta potential and particle size analysis

DLS and zeta potential analysis of the CuO NPs were conducted using a Malvern Zetasizer Ultra to assess their
colloidal stability and size distribution in aqueous suspension. The DLS results revealed a monodisperse
distribution with an average hydrodynamic diameter of 146.1 nm (Fig. 6), indicating the formation of well-
dispersed NPs. Zeta potential measurements revealed a highly negative surface charge of -120 mV (Fig. 7),
suggesting strong electrostatic repulsion between particles, preventing aggregation and ensuring excellent
colloidal stability. The high absolute zeta potential value (> £30 mV) confirms that the CuO NPs possess long-
term stability in suspension, which is essential for biomedical and catalytic applications requiring uniform
dispersion. The narrow size distribution and strong negative charge further indicate successful synthesis and
surface modification, likely due to capping agents or functional groups introduced during the green synthesis
process. These results demonstrate that the CuO NPs possess optimal physicochemical properties for stable
dispersion in aqueous environments [72-76].
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Fig.7. Zeta-potential analysis of CuO NPs

3.7. Antimicrobial activity

The antimicrobial activity of S. wightii extract, CuO NPs, and starch/PVA electrospun nanoscaffolds was
evaluated at 50 ug/mL against pathogenic bacteria (Escherichia coli, Klebsiella pneumoniae, Staphylococcus
aureus, Citrobacter koseri) and fungi (Aspergillus niger, Penicillium species) (Table 1). The algal extract
demonstrated moderate inhibition, with zones ranging from 10+£0.14 mm (S. aureus) to 15+0.26 mm
(Penicillium species). CuO NPs exhibited slightly enhanced antibacterial activity (14+£0.31 mm to 17+0.18 mm)
and antifungal effects (17+0.11 mm to 184+0.16 mm). Notably, the starch/PV A nanoscaffolds embedded with CuO
NPs showed superior antimicrobial performance, with inhibition zones of 22+0.16 mm (E. coli), 21+0.36 mm (K.
pneumoniae), 19+0.13 mm (S. aureus), 21£0.24 mm (C. koseri), 23+0.14 mm (4. niger), and 23+0.16 mm
(Penicillium species). While the nanoscaffolds outperformed both the extract and standalone CuO NPs, their
efficacy remained below the positive controls ciprofloxacin (28—33 mm) and voriconazole (26—28 mm). These
results highlight the synergistic antimicrobial potential of CuO NP-loaded nanoscaffolds, suggesting their promise
as biocompatible alternatives for combating microbial pathogens [77, 78].

Table 1: Antimicrobial activity of S. wightii extract, CuO NPs, and starch/PVA electrospun nanoscaffolds
at concentration of 50 pg/mL against various pathogenic organisms.

Ciprofloxacin Voriconazole Algal CuO NPs | Nano-
(Antibiotic) (Antifungal) Extract scaffolds
Escherichia coli 33+0.58 - 13+0.15 17+0.18 22+0.16
Klebsiella 30+0.14 - 11+£0.27 15+0.15 21+0.36
pneumoniae
Staphylococcus 28+0.32 - 10+0.14 14+0.31 194+0.13
aureus
Citrobacter koseri | 29+0.47 - 11£0.42 15+0.12 21+0.24
Aspergillus niger - 26+0.65 13+0.11 1740.11 23+0.14
Penicillium species - 28+0.39 15+0.26 18+0.16 23+0.16
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5. CONCLUSION

This study successfully demonstrated the green synthesis of CuO NPs using S. wightii extract and their
incorporation into starch/PVA electrospun nanoscaffolds for antimicrobial applications. The phytochemical-rich
algal extract served as an effective reducing and capping agent, producing spherical CuO NPs (130-160 nm) with
high colloidal stability (zeta potential: -120 mV). Comprehensive characterization confirmed the monoclinic
crystalline structure of CuO NPs and their uniform dispersion within nanofibrous scaffolds (150-200 nm
diameter). Antimicrobial evaluation revealed that the CuO NP-loaded scaffolds exhibited superior activity against
bacterial (Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Citrobacter koseri) and fungal
(Aspergillus niger, Penicillium species) pathogens, with inhibition zones of 19-23 mm, outperforming standalone
CuO NPs (14-18 mm) and algal extract (10—15 mm). While less potent than conventional antibiotics, the scaffolds
demonstrated enhanced efficacy due to synergistic effects between CuO NPs and the polymer matrix. These
findings highlight the potential of eco-friendly CuO NP-based nanoscaffolds as sustainable antimicrobial
materials for biomedical applications, offering a promising alternative to combat microbial resistance. Future
research could explore their use in wound dressings or tissue engineering scaffolds.
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