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ABSTRACT 

This study presents an eco-friendly strategy for synthesizing copper oxide nanoparticles (CuO NPs) using the 

brown marine algae Dictyota as a biogenic source. The ultrasonic-assisted extraction of algal bioactives facilitated 

efficient nanoparticle formation, which was confirmed by UV–Vis, Fourier-transform infrared spectroscopy 

(FTIR), X-ray diffraction (XRD), Scanning electron microscopy (SEM), Dynamic light scattering (DLS), and zeta 

potential analyses. The synthesized CuO NPs were incorporated into a starch/polyvinyl alcohol (PVA) matrix to 

fabricate electrospun nanofibrous scaffolds with enhanced structural integrity and biological functionality. 

Physicochemical characterization revealed uniform fiber morphology, strong thermal stability, and successful 

nanoparticle integration. The antimicrobial potential of the scaffolds was evaluated against pathogenic bacterial 

and fungal strains, demonstrating significant inhibitory effects. This work highlights the synergistic benefits of 

green synthesis and polymeric nanofiber technology, proposing a sustainable and biocompatible platform for 

antimicrobial applications. Overall, the study contributes to the advancement of marine-derived nanomaterials 

and their potential in biomedical and environmental fields. 

 

KEYWORDS: Dictyota sp., Green synthesis, CuO nanoparticles, Starch/PVA nanoscaffolds, Antimicrobial 

activity. 

 

1. INTRODUCTION 

Marine ecosystems are a rich reservoir of biologically active compounds, offering unique opportunities for the 

development of novel materials with therapeutic, environmental, and industrial applications [1]. Among marine 

flora, brown algae (Phaeophyceae) have received increasing attention due to their diverse phytochemical 

constituents, including terpenoids, polyphenols, sulfated polysaccharides, and proteins [2]. These compounds 

have been reported to exhibit antioxidant, antimicrobial, anti-inflammatory, and anticancer activities, making 

marine algae an attractive source for green synthesis of nanomaterials [3]. In this context, Dictyota, a genus of 

brown macroalgae commonly found along tropical and subtropical coastlines, has emerged as a promising 

candidate for eco-friendly nanomaterial fabrication due to its rich content of secondary metabolites and easy 

accessibility [4]. 

The growing demand for sustainable and biocompatible materials has driven the advancement of green 

nanotechnology [5]. This discipline focuses on the biosynthesis of nanoparticles using biological sources, thus 

avoiding the use of toxic reducing agents and stabilizers typically associated with chemical synthesis [6]. Among 

various nanomaterials, copper oxide nanoparticles (CuO NPs) have attracted considerable interest due to their 

distinctive physicochemical and biological properties, such as high thermal stability, catalytic efficiency, and 

potent antimicrobial activity [7]. CuO NPs have been employed in several biomedical and environmental 

applications, including drug delivery, biosensing, wound healing, and wastewater treatment [8]. However, to 

enhance their practical application, especially in biomedical fields, it is essential to incorporate these nanoparticles 

into biocompatible and biodegradable matrices that can support their stability and targeted delivery [9]. 

Electrospinning is a versatile and cost-effective technique for fabricating nanofibrous scaffolds that closely mimic 

the natural extracellular matrix (ECM) of biological tissues [10]. These nanofibers provide a high surface-to-
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volume ratio, porous structure, and tunable mechanical properties, making them ideal for applications such as 

tissue engineering, wound dressing, and controlled drug release [11]. Biopolymers like starch and polyvinyl 

alcohol (PVA) have been widely explored for scaffold development due to their biodegradability, 

biocompatibility, and excellent film-forming properties [12]. Starch, a natural polysaccharide, offers favorable 

biological interactions, while PVA provides mechanical strength and thermal stability [13]. Blending starch with 

PVA and reinforcing it with functional nanoparticles like CuO creates multifunctional scaffolds with improved 

structural and biological performance [14]. 

This study integrates the potential of marine algae-mediated green synthesis with the fabrication of polymeric 

electrospun nanofibers for developing a novel antimicrobial platform [15]. The brown seaweed Dictyota collected 

from the coastal region of Rameswaram, Tamil Nadu, India, was employed as a biogenic source for the synthesis 

of CuO NPs via an ultrasonic-assisted extraction method [16]. Ultrasonication was chosen to enhance the yield 

and quality of bioactive compounds through cell wall disruption and effective mass transfer [17]. The bio-reduced 

CuO NPs were then incorporated into a starch/PVA matrix, and electrospun to produce nanofibrous scaffolds 

using an optimized electrospinning setup [18]. The choice of using a green synthesis approach ensures 

environmental safety, while the electrospun architecture offers enhanced interaction with microbial cells, 

potentially improving the antimicrobial efficacy [19]. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals and reagents 

For this study, the brown seaweed Dictyota was gathered from the shoreline of Rameswaram, Tamil Nadu, India, 

to support the eco-conscious production of CuO NPs. Copper (II) sulfate pentahydrate (CuSO₄·5H₂O), of 

analytical grade, was used as the copper source. PVA (molecular weight ~115,000 g/mol) and starch were utilized 

to fabricate biocompatible scaffolds. Electrospinning was carried out using a HOLMARC HO-NFES-040 unit. 

All chemicals and solvents used, sourced from Merck and Sigma-Aldrich, were of analytical grade to ensure 

reliability. Characterization included UV–Vis spectroscopy, Fourier-transform infrared spectroscopy (FTIR), X-

ray diffraction (XRD), Scanning electron microscopy (SEM), Dynamic light scattering (DLS), zeta potential, and 

Thermogravimetric analysis (TGA).  

 

2.2 Collection and preparation of marine algae 

Dictyota samples were freshly harvested from intertidal regions near Rameswaram's coast. The algae were chilled 

during transportation to maintain integrity. Initial cleaning involved rinsing thoroughly with tap water to eliminate 

sand, epiphytes, and surface debris, followed by several rinses with distilled water to clear remaining salts and 

impurities. A 100 g portion of the cleaned algae was cut into even fragments and air-dried under room conditions 

for two weeks. Once dried, the material was finely ground using a mechanical grinder and stored in sealed 

containers for future extraction and synthesis processes. 

 

2.3 Extraction of bioactive components using ultrasonication 

To extract bioactive phytoconstituents from Dictyota, ultrasonic-assisted extraction (UAE) was utilized. Two 

grams of powdered algae were mixed with 50 mL Milli-Q water in a 100 mL borosilicate container. The mixture 

was treated using a LABQUEST ultrasonic cleaner (Borosil; Serial No. 941032329018) at 60°C for 45 minutes 

to facilitate cell disruption and enhance extraction. The extract was then filtered through sterile Whatman No. 1 

filter paper to eliminate particulates. The filtrate was stored in sterile conditions at 10°C. A portion was freeze-

dried using a lyophilizer to obtain a powdered extract for future nanoparticle synthesis [20, 21]. 

 

2.4 Biosynthesis of CuO NPs 

CuO NPs were synthesized by reacting the Dictyota extract with copper sulfate solution. A 0.1 M CuSO₄·5H₂O 

solution (50 mL) was prepared and combined with 10 mL of the algal extract (10 mg in 10 mL Milli-Q water), 

keeping a 5:1 volume ratio. The reaction mixture was stirred continuously at 650 rpm and heated at 60°C for 2 

hours using a magnetic stirrer with a hot plate. A visible color transition from deep blue to bluish-green indicated 

CuO NP formation, driven by phytochemical reduction of Cu²⁺ ions. The particles were washed thrice with 

distilled water and freeze-dried for 48 hours to yield a powder for analysis and scaffold development [22]. 

 

2.5 Electrospinning of starch/PVA scaffolds loaded with CuO NPs 

A 15% (w/w) PVA aqueous solution was prepared by dissolving fully hydrolyzed PVA in Milli-Q water under 

continuous stirring and mild heating at 50°C. After dissolution, 100 mg of starch and 100 mg of CuO NPs were 

added. The mixture was stirred vigorously at 50°C for 2.5 hours to ensure uniform blending. This homogeneous 

solution was then loaded into a syringe fitted with a stainless steel needle (internal diameter 0.84 mm). Using the 

HOLMARC HO-NFES-040 device, electrospinning was performed at 11.5 kV, a 12.3 cm needle-to-collector gap, 

and a 0.4 mL/h feed rate. The process ran for 6–8 hours at ambient temperature, producing nanofibrous mats, 

which were stored in desiccators for later use [23-25]. 
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2.6 Physicochemical characterization 

2.6.1 Ultraviolet–visible spectroscopy analysis 

The UV–Vis spectral profiles of the algal extract, CuO NPs, and CuO-loaded scaffolds were recorded to examine 

optical features and validate nanoparticle synthesis. A VIS SPEC V-730 UV–Vis spectrophotometer was used to 

scan samples from 200–800 nm, with deionized water as a blank. Peaks in the 270–300 nm range confirmed 

surface plasmon resonance (SPR), characteristic of CuO NPs, and supported nanoparticle incorporation into the 

scaffold matrix [26]. 

2.6.2 FTIR spectroscopy analysis 

FTIR spectroscopy identified functional groups and molecular interactions. Spectra of the Dictyota extract, CuO 

NPs, and CuO-loaded scaffolds were obtained using a PerkinElmer Spectrum Two spectrometer in ATR mode. 

Spectra were recorded from 4000 to 400 cm⁻¹ at 4 cm⁻¹ resolution with 64 scans per sample. Key peaks 

corresponding to O–H, C=O, amide groups, and metal–oxygen bonds confirmed the successful integration of 

biomolecules and metal oxides within the polymer [27]. 

2.6.3 XRD analysis 

XRD was carried out using a Bruker D8 Advance instrument with CuKα radiation (λ = 1.5406 Å), operating at 

40 kV and 40 mA. Samples were scanned from 5° to 90° 2θ with a step size of 0.029649°. Distinct diffraction 

peaks indicated monoclinic CuO crystal structure. Shifts or broadening in scaffold patterns verified nanoparticle 

incorporation into the matrix [28]. 

2.6.4 SEM analysis 

The morphology of CuO NPs within the starch/PVA scaffold was visualized using a JEOL JSM-IT800 NANO 

SEM. Samples were coated with a gold layer to minimize charging. Images showed the fiber uniformity, texture, 

and nanoparticle dispersion. Electrospun fibers were continuous with well-distributed CuO particles, validating 

effective electrospinning and embedding [29]. 

2.6.5 TGA 

Thermal stability was analyzed with a PerkinElmer TGA 8000. Approximately 5 mg of each sample was heated 

from room temperature to 550°C at 15°C/min in a nitrogen atmosphere. Thermograms revealed stages of 

decomposition—initial water loss, polymer degradation, and nanoparticle stabilization. CuO NPs enhanced the 

scaffold's thermal resistance, supporting their structural reinforcement role [30]. 

2.6.6 Zeta potential and particle size analysis 

Colloidal stability and size of CuO NPs were assessed using a Malvern Zetasizer Ultra. DLS determined 

hydrodynamic particle size, while zeta potential indicated surface charge. Values exceeding ±30 mV suggested 

high particle stability due to repulsive electrostatic interactions. These parameters are crucial for predicting in 

vivo nanoparticle dispersion and performance [40]. 

All raw and interpreted data were deposited in the Mendeley Data repository (DOI: 10.17632/xtwhbc25hj.1) to 

support reproducibility and data integrity. 

 

2.7. Evaluation of antimicrobial properties  

The antimicrobial efficacy of Dictyota extract, CuO NPs, and starch/PVA electrospun nanoscaffolds (each at 50 

µg/mL) was evaluated using the agar well diffusion method. The test organisms included bacterial strains 

(Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Citrobacter koseri) and fungal species 

(Aspergillus niger, Penicillium sp.). Bacterial suspensions were standardized to 0.5 McFarland (~1.5 × 10⁸ 

CFU/mL) and inoculated onto Mueller-Hinton agar, while fungal spores were inoculated onto Sabouraud dextrose 

agar. Wells (6 mm) were created, and 50 µL of each sample was loaded. Ciprofloxacin and voriconazole served 

as positive controls for bacterial and fungal assays, respectively. Plates were pre-diffused for 30 minutes, then 

incubated—bacteria at 37°C for 24 hours, fungi at 28°C for 48 hours. Antimicrobial activity was assessed by 

measuring inhibition zone diameters in millimeters. All tests were performed in triplicate to ensure reproducibility 

and statistical reliability [31, 32]. 

 

2.8. Statistical processing 

All statistical analyses were conducted using SPSS version 25.0 and GraphPad Prism version 9.0. Experimental 

results were presented as mean ± standard deviation (SD), derived from three independent replicates. One-way 

ANOVA was performed to identify significant differences between groups, followed by post hoc Tukey’s or 

Dunnett’s test. A p-value below 0.05 indicated statistical significance. Pearson’s correlation and Shapiro-Wilk 

tests were used to determine associations and normality. Data not conforming to normality were log-transformed 

before analysis [33]. 

 

3. RESULTS 

3.1. UV–visible spectroscopy 

The UV–Visible absorption profiles of the aqueous Dictyota extract and the synthesized CuO NPs (Figure 1) were 

recorded using a JASCO V-730 spectrophotometer across 200–800 nm with 1 nm resolution. The algal extract 

displayed a broad absorption curve with increasing absorbance from 800 nm to 200 nm, peaking at 1.482 at 337 

nm, indicating the presence of polyphenolic or flavonoid compounds contributing to nanoparticle formation and 

stability. Conversely, the CuO NPs exhibited a clear absorption peak around 270–300 nm, signifying the surface 

plasmon resonance (SPR) characteristic of CuO NPs, thereby confirming successful nanoparticle synthesis. This 



Genetics and Molecular Research 25 (13s): 2026                    4 

absorption region is consistent with the reported optical behavior of monoclinic CuO nanoparticles, which display 

strong interband transitions near 270–330 nm due to O²⁻ → Cu²⁺ charge transfer. The absence of additional peaks 

between 450–600 nm—which are typical of Cu₂O—indicates that no mixed-phase Cu₂O/CuO formation occurred. 

This conclusion is further corroborated by XRD results (Section 3.3), confirming the monoclinic CuO phase 

(JCPDS No. 48-1548). The CuO NPs showed a markedly higher absorbance, reaching 2.369 at 800 nm, tapering 

toward shorter wavelengths, consistent with the known optical traits of metal oxide nanoparticles. The algal extract 

lacked sharp peaks, while the CuO spectrum showed a strong SPR band, indicating successful transformation 

through the biosynthetic process. These findings confirm that the Dictyota extract effectively mediated CuO NPs 

formation, supporting further exploration of their application in polymeric scaffolds. 

 
Figure 1. UV–Visible spectral profiles of algal extract and CuO NPs. 

 
Figure 2. FTIR spectra of CuO NPs and their incorporation into nanoscaffolds. 

 

3.2. FTIR spectroscopy analysis 

FTIR analysis (Figure 2) of the synthesized CuO NPs and CuO NP-loaded starch/PVA nanoscaffolds revealed 

significant functional groups and chemical interactions. The CuO NPs displayed peaks at 2033.36 cm⁻¹, 1640.64 

cm⁻¹, and 594.02 cm⁻¹, associated with Cu–O stretching vibrations, verifying CuO formation. Peaks at 767.66 

cm⁻¹ and 469.77 cm⁻¹ further supported the presence of Cu–O bonds. The scaffold spectrum exhibited notable 

bands at 3289.72 cm⁻¹ (O–H stretching of starch/PVA), 1426.07 cm⁻¹ (C–H bending), and 110.59 cm⁻¹ (C–O–C 
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linkages), indicating the structural presence of the polymer. Additional peaks between 600–400 cm⁻¹ confirmed 

CuO NPs incorporation through interactions with hydroxyl and carbonyl moieties. These observations validate 

successful functional integration of CuO NPs into the polymeric matrix, while retaining critical chemical bonds 

essential for biomedical application viability. 

 

 
Figure 3. XRD patterns of synthesized CuO NPs and CuO-loaded scaffolds. 

 

3.3. XRD analysis 

XRD characterization of the synthesized CuO NPs and nanoscaffolds (Figure 3) highlighted distinct 

crystallographic signatures. The CuO NPs presented sharp peaks at 14.030°, 15.601°, 16.255°, 17.237°, 18.807°, 

20.901°, 22.341°, 24.173°, 25.416°, and 32.745° (2θ), aligning with the monoclinic CuO phase (JCPDS No. 48-

1548), with the dominant peak at 24.173° (d = 3.68 Å, 100% intensity). The calculated d-spacings (e.g., 6.31 Å, 

5.68 Å, 4.71 Å, 2.73 Å) confirmed crystalline structure. Nanoscaffolds showed strong peaks at 21.346° (4.16 Å, 

49.5%) and 29.298° (3.05 Å, 100%), corresponding to the starch/PVA matrix, with weaker reflections at 35.778° 

(2.51 Å) and 48.516° (1.87 Å) confirming CuO NP presence. Peak broadening (FWHM = 0.1°–0.6°) in the 

scaffold signified reduced crystallinity due to polymer–NP interactions. These results affirm successful synthesis 

of crystalline CuO NPs and their incorporation into the polymeric framework, preserving structural stability for 

biomedical use. 

 

3.4. SEM analysis 

SEM imaging (Figure 4) of synthesized CuO NPs and CuO-integrated starch/PVA scaffolds revealed 

distinguishable morphologies. The CuO NPs displayed mainly spherical to irregular shapes with visible 

agglomeration, likely caused by their elevated surface energy. The nanoscaffolds showed a consistent, 

interconnected fibrous architecture, with fiber diameters in the nanometric scale, confirming proper 

electrospinning. CuO NPs appeared evenly distributed across the scaffold as bright dots, validating uniform 

embedding without substantial clumping. The fiber surfaces were largely smooth with subtle texture, indicating 

compatibility between nanoparticles and the polymer blend. Low bead frequency and uniform diameter across 

fibers reflected optimized spinning conditions. These findings verify structural fidelity and effective dispersion of 

CuO NPs within the scaffold, crucial for both mechanical robustness and functional efficacy in biomedical 

settings. 
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Figure 4. SEM analysis of synthesized CuO NPs and CuO-loaded scaffolds. 

 

3.5. TGA 

TGA results for CuO NP-loaded scaffolds (Figure 5) showed a distinct multi-phase thermal degradation under a 

nitrogen atmosphere. The 5.502 mg sample initially lost 7.301% weight below 101.7°C, attributed to moisture 

release. Major degradation occurred from 234.95°C to 377.09°C, peaking at 324.79°C, indicating breakdown of 

starch/PVA chains with a 37.368% mass loss. Further weight loss past 400°C suggested char formation and 

stabilization by CuO NPs, which delayed degradation and boosted thermal resistance. Residual mass retention at 

elevated temperatures confirmed CuO NPs’ role as thermal reinforcers. Degradation completed at 548.4°C. These 

observations validate the role of CuO NPs in enhancing the scaffold’s thermal durability, proving their suitability 

for applications demanding thermal stability. 

 
Figure 5. Thermal degradation behavior of CuO-incorporated nanoscaffolds. 
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3.6. Zeta potential and particle size analysis 

DLS and zeta potential analysis of biosynthesized CuO NPs revealed essential colloidal characteristics. Particle 

size distribution (by intensity) yielded a Z-average of 92.8 nm (Figure 6) and a polydispersity index (PDI) of 

0.688, reflecting moderate size dispersion. Zeta potential measurements (Figure 7) showed an average surface 

charge of −20.08 mV, with two peaks at −37.52 mV and −16.29 mV, indicating heterogeneous colloidal 

populations. The dominant −37.52 mV peak implied adequate repulsion to hinder aggregation, while the −16.29 

mV signal hinted at partial instability. Conductivity (0.0343 mS/cm) and quality factor (6.538) verified 

measurement reliability. These findings suggest moderate nanoparticle stability in aqueous systems, with negative 

zeta potential supporting biocompatibility. Particle size variation may reflect a mix of aggregated and discrete 

NPs, emphasizing the need for further formulation refinement to ensure dispersion uniformity. 

 

 
Figure6. DLS particles size analysis of CuO NPs 

 
Figure7. Zeta-potential analysis of CuO NPs 

 

3.7. Evaluation of antimicrobial activity 

The antimicrobial efficacy of Dictyota extract, CuO NPs, and starch/PVA electrospun nanoscaffolds was 

evaluated at 50 µg/mL against a panel of pathogenic microorganisms (Table 1). The Dictyota extract demonstrated 

moderate activity, with inhibition zones of 18±0.18 mm for Escherichia coli, 16±0.32 mm for Klebsiella 

pneumoniae, 14±0.13 mm for Staphylococcus aureus, and 18±0.12 mm for Citrobacter koseri, indicating broad-

spectrum antibacterial potential. Against fungal pathogens, the extract showed zones of 16±0.14 mm 

for Aspergillus niger and 18±0.24 mm for Penicillium species. CuO NPs exhibited weaker but consistent 

antibacterial effects, with inhibition zones ranging from 20±0.19 mm (S. aureus) to 24±0.26 mm (E. coli), while 

antifungal activity was modest (19±0.22 mm for A. niger and 23±0.16 mm for Penicillium spp.). In contrast, the 

nanoscaffolds displayed superior antimicrobial performance, achieving 29±0.17 mm (E. coli), 27±0.26 mm (K. 

pneumoniae), 24±0.14 mm (S. aureus), and 25±0.32 mm (C. koseri), along with 24±0.41 mm (A. niger) and 

26±0.22 mm (Penicillium spp.). While ciprofloxacin (antibacterial) and voriconazole (antifungal) controls showed 
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higher efficacy (26±0.65 mm to 33±0.58 mm), the nanoscaffolds emerged as a promising composite with 

enhanced and sustained antimicrobial activity, likely due to the synergistic effects of CuO NPs and the polymeric 

matrix. 

 

Table 1: Antimicrobial activity of Dictyota extract, CuO NPs, and starch/PVA electrospun nanoscaffolds 

at concentration of 50 µg/mL against various pathogenic organisms. 

S. No Organism 

Zone of inhibition (mm) 

Ciprofloxacin 

(Antibiotic) 

Voriconazole 

(Antifungal) 

Algal 

Extract 

CuO 

NPs 

Nano-

scaffolds 

1.  Escherichia coli 33±0.58 - 18±0.18 24±0.26 29±0.17 

2.  Klebsiella 

pneumoniae 

30±0.14 - 16±0.32 23±0.15 27±0.26 

3.  Staphylococcus 

aureus 

28±0.32 - 14±0.13 20±0.19 24±0.14 

4.  Citrobacter koseri 29±0.47 - 18±0.12 22±0.13 25±0.32 

5.  Aspergillus niger - 26±0.65 16±0.14 19±0.22 24±0.41 

6.  Penicillium species - 28±0.39 18±0.24 23±0.16 26±0.22 

 

4. DISCUSSION 

The comprehensive characterization of CuO NPs synthesized using Dictyota extract and their subsequent 

integration into starch/PVA nanoscaffolds demonstrates their potential for biomedical applications, particularly 

as antimicrobial agents in wound healing and infection control. Each analytical technique employed provided 

critical insight into the physicochemical and functional attributes of the nanocomposite material [19]. 

UV–Visible spectroscopy played a pivotal role in establishing the successful synthesis of CuO NPs. The Dictyota 

extract exhibited a broad absorption band without distinct peaks, suggestive of the presence of biomolecules like 

polyphenols and flavonoids. These compounds are known to act as reducing and capping agents during 

nanoparticle biosynthesis. The CuO NPs, in contrast, showed a distinct surface plasmon resonance (SPR) peak 

around 270–300 nm, a hallmark of CuO nanostructures. This sharp peak, absent in the plant extract, confirmed 

the formation of CuO NPs and implied their stability in the colloidal state due to biomolecular capping. The 

increase in absorbance at higher wavelengths further validated the formation of metallic oxide nanoparticles, 

distinguishing them from the bioextract and confirming the transformation induced by the green synthesis method 

[34-37]. 

FTIR spectroscopy provided a detailed understanding of the functional groups involved in the synthesis and 

stabilization of CuO NPs, as well as their incorporation into the polymeric matrix. The FTIR spectrum of CuO 

NPs revealed peaks characteristic of Cu–O stretching vibrations, confirming the formation of copper oxide. 

Additionally, the presence of peaks corresponding to hydroxyl and carboxyl groups from the extract indicated 

successful capping. The starch/PVA scaffold, both with and without CuO NPs, showed strong O–H and C–O–C 

stretching vibrations, signifying the polymer’s structural integrity. Importantly, the absorption bands between  

Genetics and Molecular Research 25 (11s) 2026 

600–400 cm⁻¹ in the nanocomposite spectrum confirmed successful embedding of CuO NPs, suggesting 

interactions between the polymer and metal oxide through hydrogen bonding or electrostatic attraction, which are 

crucial for the stability and functionality of the composite [38, 39]. 

XRD analysis corroborated the crystallographic identity of the CuO NPs and their successful incorporation into 

the nanoscaffold. The distinct peaks observed for the CuO NPs matched well with the standard monoclinic phase 

(JCPDS No. 48-1548), affirming their crystalline nature. The presence of specific peaks in the scaffold spectrum 

related to CuO confirmed their integration without altering the base polymer’s structure. The observed peak 

broadening in the nanoscaffold suggested a slight reduction in crystallinity, likely due to polymer-nanoparticle 

interactions that disrupt orderly polymer alignment. Nonetheless, the retention of key crystalline peaks implied 

that the structural integrity of the nanoparticles was preserved post-integration, which is essential for maintaining 

their functional efficacy [40, 41]. 

SEM images revealed detailed morphological features of both the synthesized CuO NPs and the nanoscaffolds. 

The CuO NPs were predominantly spherical with occasional agglomeration, a common phenomenon due to high 

surface energy. In contrast, the CuO-loaded starch/PVA scaffolds exhibited a well-defined fibrous morphology 

with uniform distribution of nanoparticles. The visible bright spots on the fiber surface corresponded to CuO NPs, 

indicating even dispersion within the matrix. The smooth fiber texture and consistent diameter distribution 

confirmed that electrospinning parameters were optimized. These observations are critical, as uniform distribution 

of nanoparticles within the scaffold ensures consistent functional performance, such as mechanical reinforcement 

and antimicrobial activity [42]. 

TGA provided insights into the thermal stability of the nanocomposite. The CuO-loaded scaffold showed a multi-

step degradation pattern, with initial weight loss due to moisture evaporation, followed by major degradation 

attributed to polymer decomposition. Notably, the presence of CuO NPs delayed the onset of thermal degradation, 

indicating their role as thermal stabilizers. The final residue at high temperatures further confirmed the presence 

of inorganic content, i.e., CuO, providing evidence of their reinforcing capability. This enhanced thermal stability 
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is desirable for biomedical applications, particularly in scenarios involving sterilization or exposure to elevated 

temperatures [43-45]. 

Zeta potential and particle size analysis through DLS furnished vital data regarding the colloidal behavior and 

stability of the biosynthesized CuO NPs. The average particle size of approximately 92.8 nm with a moderate 

polydispersity index (PDI = 0.688) suggested a heterogeneous size distribution, likely due to partial aggregation. 

The zeta potential value of −20.08 mV, with peaks at −37.52 mV and −16.29 mV, indicated moderate colloidal 

stability. The dominant negative surface charge facilitated electrostatic repulsion among particles, helping to 

prevent severe aggregation, although the presence of a lower zeta potential population suggested some instability. 

Nonetheless, the negative charge is favorable for biocompatibility, as it reduces nonspecific interactions with cells 

and proteins [46-49]. 

Finally, the antimicrobial assessment illustrated the superior efficacy of the CuO-loaded starch/PVA scaffolds 

compared to individual components. While the Dictyota extract showed moderate activity and CuO NPs exhibited 

enhanced effects, their combination within the scaffold led to significantly improved inhibition zones across all 

tested bacterial and fungal strains. The nanoscaffold’s efficacy, approaching that of standard antibiotics like 

ciprofloxacin and antifungals like voriconazole, can be attributed to the synergistic action between the polymer 

matrix and CuO NPs. The sustained release and high surface area of the nanoscaffold likely facilitate prolonged 

interaction with microbial cells, enhancing antimicrobial performance. These findings position the nanocomposite 

as a promising material for biomedical applications, particularly in antimicrobial wound dressings and infection-

resistant implants [50, 51]. The results confirm that CuO NPs synthesized via a green route using Dictyota extract 

can be successfully integrated into starch/PVA nanofibrous scaffolds. The resultant composite demonstrates 

favorable physicochemical properties, structural stability, thermal resistance, and significant antimicrobial 

activity, highlighting its potential in biomedical and therapeutic domains. 

 

5. CONCLUSION 

This study successfully demonstrated the green synthesis of CuO NPs using Dictyota spp. extract and their 

effective incorporation into starch/PVA-based electrospun nanoscaffolds. UV–Vis spectroscopy confirmed 

nanoparticle formation via surface plasmon resonance, while FTIR and XRD analyses validated the presence of 

Cu–O bonds and crystalline structure, respectively. SEM imaging revealed uniform nanoparticle distribution 

within the nanofibrous matrix, and TGA showed enhanced thermal stability due to CuO reinforcement. DLS and 

zeta potential analysis indicated moderate stability with nanoscale particle size. Importantly, the CuO-integrated 

scaffolds exhibited superior antimicrobial activity against a range of bacterial and fungal pathogens compared to 

the individual extract and nanoparticles. These results collectively highlight the potential of Dictyota-mediated 

CuO nanocomposites as bioactive, thermally stable, and structurally robust materials for biomedical applications, 

particularly in wound healing and antimicrobial therapies. Future research should explore in vivo efficacy and 

long-term biocompatibility for clinical translation. 

 

Data Availability Statement: The full dataset of physiochemical characterization associated with this work is 

published in Mendeley Data [Dataset] Multidisciplinary evaluation of biofabricated starch nanoscaffolds 

incorporating phyto-synthesized CuO nanoparticles from Dictyota extract (DOI: 10.17632/xtwhbc25hj.1).  

 

Disclosure: The material characterization data and figures (e.g., UV, SEM, FTIR, XRD, TGA, Zeta Potential and 
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