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ABSTRACT 

This study explores the green synthesis of copper oxide nanoparticles (CuO NPs) using Dictyota algal extract and 

their incorporation into starch/polyvinyl alcohol (PVA) nanofiber scaffolds for enhanced antidiabetic activity. CuO 

NPs were synthesized via an eco-friendly approach, where algal bioactives acted as reducing and stabilizing agents. 

The nanoparticles were characterized using UV-Vis spectroscopy, FTIR, XRD, SEM, and DLS, confirming 

successful formation and high stability (zeta potential > ±30 mV). The starch/PVA/CuO-NPs nanoscaffolds were 

fabricated via electrospinning, exhibiting uniform fiber morphology (SEM) and improved thermal stability (TGA). 

In vitro antidiabetic evaluation demonstrated significant α-amylase and α-glucosidase inhibition, with 

nanoscaffolds showing the highest efficacy (IC₅₀ = 52.32 µg/mL and 48.75 µg/mL, respectively) compared to 

algal extract and bare CuO NPs. The enhanced inhibitory effects were attributed to the synergistic interaction 

between CuO NPs and the polymeric matrix, facilitating controlled bioactive release. These findings highlight the 

potential of marine algae-mediated nanoscaffolds as a sustainable, biocompatible alternative for diabetes 

management. Further in vivo studies are recommended to assess therapeutic potential and biosafety. 

 

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

Antidiabetic activity. 

 

 

1. INTRODUCTION 

Diabetes mellitus is a multifaceted chronic metabolic disorder characterized primarily by elevated blood glucose 

levels, resulting from impaired insulin secretion, reduced insulin action, or a combination of both [1]. This 

dysregulation leads to persistent hyperglycemia, which is associated with serious complications including 

cardiovascular disease, neuropathy, nephropathy, and retinopathy [2]. Globally, the incidence of diabetes is rising 

at an unprecedented pace, with recent statistics estimating that over 700 million people worldwide will be living 

with the condition by 2045 if current trends continue [3]. Among the different types of diabetes, type 2 diabetes 

mellitus (T2DM) accounts for approximately 90% of cases and is strongly linked to lifestyle factors such as poor 

diet, obesity, and physical inactivity [4]. 

Management of T2DM typically involves a combination of lifestyle modification strategies and pharmacological 

treatments aimed at maintaining glycemic control and preventing complications [5]. One of the therapeutic 

approaches involves inhibiting carbohydrate-digesting enzymes like α-amylase and α-glucosidase, which are 

responsible for breaking down complex carbohydrates into glucose [6]. Drugs such as acarbose and miglitol 

function by inhibiting these enzymes, thus reducing postprandial blood glucose spikes [7]. However, despite their 

effectiveness, these synthetic drugs often cause undesirable side effects including gastrointestinal discomfort, 

diarrhea, and in some cases, hepatotoxicity [8]. Furthermore, the high cost and long-term safety concerns 
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associated with these agents have driven research toward safer, more cost-effective, and sustainable alternatives 

[9]. 

Natural products, particularly those derived from marine ecosystems, have gained significant interest due to their 

vast chemical diversity and potent bioactivities [10]. Marine macroalgae, such as species belonging to the genus 

Dictyota, are known to contain a rich reservoir of bioactive constituents including polyphenols, flavonoids, 

sulfated polysaccharides, and terpenoids [11]. These compounds exhibit multiple biological properties, including 

enzyme inhibitory, antioxidant, anti-inflammatory, and antidiabetic effects, making them attractive candidates for 

therapeutic development [12]. However, the clinical utility of these natural extracts is often hampered by poor 

bioavailability and stability, necessitating novel delivery systems to harness their full therapeutic potential [13]. 

Nanotechnology offers promising solutions to these limitations by enabling the fabrication of nanoscale delivery 

platforms that improve the solubility, stability, and targeted release of bioactive molecules [14]. Among various 

nanomaterials, copper oxide nanoparticles (CuO NPs) have emerged as versatile agents with catalytic, 

antimicrobial, and antidiabetic properties [15]. CuO NPs have shown promising enzyme inhibitory activity, 

making them potential candidates for managing diabetes [15]. Traditional chemical methods for synthesizing CuO 

NPs, however, commonly rely on hazardous chemicals and harsh conditions, which raise concerns about 

environmental impact and biocompatibility [16]. To overcome these challenges, green synthesis approaches that 

utilize biological extracts—such as those from plants or algae—serve as eco-friendly alternatives [17]. These 

biological extracts act both as reducing agents, converting copper ions to nanoparticles, and as stabilizers, 

preventing aggregation [18]. This green synthesis method not only reduces environmental hazards but also 

enhances the biomedical applicability of the nanoparticles [16]. 

Complementing nanoparticle synthesis, electrospun nanofiber scaffolds fabricated from biocompatible polymers 

like starch and polyvinyl alcohol (PVA) represent innovative platforms for sustained drug delivery and tissue 

engineering applications [19]. These nanofibrous matrices possess high surface area-to-volume ratios, porosity, 

and mechanical strength, all of which contribute to their ability to encapsulate and release therapeutic agents in a 

controlled manner [20]. The incorporation of CuO NPs into such polymeric scaffolds is anticipated to 

synergistically enhance the antidiabetic efficacy by combining the bioactivity of the nanoparticles with the 

structural and functional advantages of the nanofibers [21]. Despite these potential benefits, research investigating 

the integrated effects of marine algae-mediated CuO NPs within biopolymer nanoscaffolds for diabetes treatment 

remains scarce. 

The present study seeks to address this gap by (1) utilizing Dictyota extract to green-synthesize CuO NPs, (2) 

developing starch/PVA-based electrospun nanofiber scaffolds embedded with the biosynthesized CuO NPs, and 

(3) evaluating the antidiabetic potential of these composites through in vitro inhibition assays targeting α-amylase 

and α-glucosidase enzymes. Comprehensive physicochemical characterizations including UV-Visible 

spectroscopy, Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron 

microscopy (SEM), dynamic light scattering (DLS), and thermogravimetric analysis (TGA) were employed to 

confirm nanoparticle formation, assess scaffold morphology, and determine thermal stability. The findings aim to 

contribute to the growing field of nanobiotechnology by providing a novel, biocompatible nanotherapeutic 

approach that bridges the advantages of marine natural products with advanced materials engineering, potentially 

offering safer and more effective solutions for diabetes management. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals and reagents 

The brown marine macroalga Dictyota was harvested from the coastal waters near Rameswaram, Tamil Nadu, 

India, and utilized as a natural source for synthesizing CuO NPs through an eco-friendly green synthesis approach. 

Copper (II) sulfate pentahydrate (CuSO₄·5H₂O), of analytical grade, served as the metal precursor for nanoparticle 

formation. PVA with a molecular weight of ~115,000 g/mol and starch were selected as scaffold-forming agents 

due to their excellent biocompatibility. The electrospinning procedure was carried out using the HOLMARC HO-

NFES-040 apparatus. All solvents and reagents, obtained from Merck and Sigma-Aldrich, were of high analytical 

purity to ensure experimental reliability. Characterization of the synthesized materials was conducted using UV–

Visible spectroscopy, FTIR, XRD, SEM, DLS, zeta potential measurements, and TGA. The biological potential, 

specifically the antidiabetic activity, was evaluated following standardized in vitro protocols. 

2.2 Collection and processing of marine algae 

Fresh Dictyota samples were hand-collected from the intertidal zones of the Rameswaram shoreline. After 

collection, the specimens were transported under chilled conditions to maintain bioactivity. The algal biomass was 

initially rinsed thoroughly under running tap water to eliminate adhering sand and epiphytes, followed by 
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successive washes with distilled water to remove any remaining salt and particulate matter. Cleaned samples, 

approximately 100 grams in weight, were chopped into small segments and air-dried at room temperature over a 

two-week period. The dried material was pulverized into a fine powder using a mechanical grinder and stored in 

airtight containers for extraction and nanoparticle synthesis. 

2.3 Extraction of bioactives via ultrasonic treatment 

To obtain bioactive compounds, 2 grams of powdered algae were dispersed in 50 mL of Milli-Q water in a 100 

mL borosilicate beaker. The suspension was treated in a LABQUEST ultrasonic cleaner (Borosil; Serial No. 

941032329018) at 60°C for 45 minutes. This ultrasonic-assisted extraction method promoted disruption of cell 

walls and facilitated the release of intracellular metabolites. The extract was filtered through sterile Whatman No. 

1 filter paper to eliminate solid residues. The resulting filtrate was stored at 10°C for further use. A portion of the 

extract was freeze-dried to enhance shelf-life and yield a powder suitable for nanoparticle synthesis [22, 23]. 

2.4 Green synthesis of CuO NPs 

CuO NPs were synthesized by mixing 50 mL of 0.1 M CuSO₄·5H₂O solution with 10 mL of the Dictyota extract 

(10 mg/mL concentration). The mixture was maintained at a 5:1 volume ratio and stirred continuously at 650 rpm 

on a temperature-controlled magnetic stirrer set at 60°C for 2 hours. The transformation from deep blue to a bluish-

green hue indicated nanoparticle formation, likely facilitated by phytochemicals acting as reducing agents. The 

product was washed thrice with double-distilled water to remove unreacted biological components and salts. The 

purified CuO NPs were freeze-dried for 48 hours to obtain a stable powder for further processing and analysis 

[24]. 

2.5 Fabrication of starch/PVA/CuO nanofiber scaffolds 

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

50°C. Once the polymer was fully dissolved, 100 mg of starch and 100 mg of the synthesized CuO NPs were 

added. The solution was stirred for 2.5 hours at 50°C to ensure homogeneity. The resulting mixture was loaded 

into a syringe equipped with a 0.84 mm stainless steel nozzle. Electrospinning was conducted using a HOLMARC 

HO-NFES-040 setup with the following parameters: applied voltage of 11.5 kV, nozzle-to-collector distance of 

12.3 cm, and a feed rate of 0.4 mL/h. The process was continued for 6–8 hours at ambient conditions to form 

continuous nanofibrous mats, which were subsequently stored in a desiccator for characterization and bioanalysis 

[25-27]. 

2.6 Physicochemical characterization 

2.6.1 UV–Vis Spectroscopy 

Optical characterization of the algal extract, CuO NPs, and composite scaffolds was carried out using a VIS SPEC 

V-730 UV–Vis spectrophotometer. Samples were scanned in the 200–800 nm wavelength range with deionized 

water as a reference. Distinct absorption bands around 270–300 nm confirmed surface plasmon resonance (SPR), 

indicative of CuO NP formation and interaction within the scaffold [28]. 

2.6.2 FTIR analysis 

FTIR analysis was performed on the algal extract, CuO NPs, and nanofiber scaffolds using a PerkinElmer 

Spectrum Two spectrometer in ATR mode. Spectra were recorded between 4000–400 cm⁻¹ at 4 cm⁻¹ resolution 

over 64 scans. Key vibrational peaks corresponding to functional groups like hydroxyl, carbonyl, amide, and 

metal–oxygen bonds confirmed successful nanoparticle formation and bioactive conjugation [29]. 

2.6.3 XRD analysis 

Crystallinity and phase structure were analyzed using a Bruker D8 Advance diffractometer with CuKα radiation 

(λ = 1.5406 Å), operated at 40 kV and 40 mA. The scans covered 2θ angles from 5° to 90° with a step size of 

0.029649°. Characteristic peaks of monoclinic CuO validated nanoparticle formation, while broadening of peaks 

in the scaffold confirmed polymer embedding [30]. 

2.6.4 SEM analysis 

SEM imaging was conducted on the nanofiber scaffolds using a JEOL JSM-IT800 NANO microscope after 

sputter-coating with gold. Micrographs revealed detailed fiber architecture, diameter uniformity, and nanoparticle 

distribution, affirming effective electrospinning and CuO incorporation [31]. 

2.6.5 TGA 



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

Thermal stability was evaluated using a PerkinElmer TGA 8000 analyzer. Approximately 5 mg of sample was 

heated from room temperature to 550°C at a rate of 15°C/min under nitrogen. The thermograms indicated moisture 

evaporation, polymer degradation, and residual mass due to CuO NPs, suggesting improved thermal stability in 

the composite matrix  [32]. 

2.6.6 Zeta potential and particle size 

Dynamic light scattering and zeta potential measurements were carried out using a Malvern Zetasizer Ultra to 

determine nanoparticle size distribution and surface charge. High absolute zeta potential values (> ±30 mV) 

implied colloidal stability and reduced aggregation, essential for biomedical applications [33]. 

All datasets generated during characterization are publicly available via the Mendeley Data repository (DOI: 

10.17632/xtwhbc25hj.2), ensuring transparency and reproducibility. 

2.7 In vitro evaluation of antidiabetic activity 

2.7.1 α-Amylase inhibition assay 

The potential α-amylase inhibitory activity of the algal extract, CuO NPs, and nanocomposite scaffolds was 

assessed using a modified dinitrosalicylic acid (DNSA) method [34]. Each reaction mixture consisted of 200 µL 

of α-amylase (1 U/mL) and 200 µL of sample at varying concentrations (25–100 µg/mL), pre-incubated at 37°C 

for 10 minutes. Subsequently, 200 µL of 1% starch (in 0.02 M sodium phosphate buffer, pH 6.9) was added and 

incubated for 30 minutes. To halt enzymatic activity, 400 µL of DNSA reagent was introduced, followed by 

heating in a boiling water bath for 5 minutes. Absorbance was measured at 540 nm, and inhibition percentages 

were calculated accordingly [35]. 

2.7.2. α-Glucosidase inhibition assay  

The α-glucosidase inhibitory activity of the samples was determined using a colorimetric assay involving p-

nitrophenyl-α-D-glucopyranoside (pNPG) as a substrate [36]. A mixture containing 50 µL of α-glucosidase 

enzyme (1 U/mL) and 50 µL of each test sample (25–100 µg/mL) was incubated at 37°C for 15 minutes. Test 

samples included the algal extract, CuO NPs, and starch/PVA/CuO-NPs composites. After pre-incubation, 50 µL 

of 5 mM pNPG solution (in phosphate buffer, pH 6.8) was added, followed by a 30-minute incubation at 37°C. 

The reaction was halted by adding 100 µL of 0.1 M Na₂CO₃, producing a yellow color from liberated p-nitrophenol. 

Absorbance was measured at 405 nm. Acarbose served as a positive control. IC₅₀ values were determined via non-

linear regression [28, 37]. 

2.8. Statistical processing  

All data were statistically analyzed using SPSS v25.0 and GraphPad Prism v9.0. Results were presented as mean 

± standard deviation (SD), derived from three independent experimental replicates. One-way analysis of variance 

(ANOVA) was used to identify significant differences among groups, followed by Tukey's or Dunnett’s post hoc 

tests where appropriate. A p-value less than 0.05 was considered statistically significant. The Pearson correlation 

test was used to examine the strength of associations between variables. Data distribution normality was assessed 

using the Shapiro–Wilk test. When data deviated from a normal distribution, they were log-transformed to meet 

the assumptions of parametric tests. This statistical framework ensured accurate interpretation and reliability of 

experimental outcomes [38]. 

3. RESULTS 

3.1. UV–Visible Spectroscopy 

The UV–Visible spectral analysis (Fig. 1) was conducted using a JASCO V-730 spectrophotometer across 200–

800 nm to characterize the Dictyota extract and synthesized CuO NPs (NPs). The extract showed a broad 

absorption profile, peaking at 337 nm (1.482 absorbance), indicative of phytochemicals like polyphenols that 

likely assisted in nanoparticle formation. The biosynthesized CuO NPs displayed a pronounced peak within 270–

300 nm, confirming surface plasmon resonance (SPR), a hallmark of nanoparticle synthesis. Furthermore, CuO 

NPs showed higher absorbance (2.369 at 800 nm), decreasing steadily toward shorter wavelengths, consistent 

with the optical behavior of metal oxides. The comparative shift and intensity differences between the extract and 

CuO NPs validate successful synthesis and highlight phytochemical involvement in nanoparticle reduction and 

stabilization processes. 



Genetics and Molecular Research 25 (13s): 2026                    5 

 
Fig. 1. UV–Visible spectral profiles of algal extract and CuO nanoparticles. 

 

3.2. FTIR analysis 

FTIR analysis (Fig. 2) was employed to identify functional groups in both CuO NPs and the CuO-integrated 

starch/PVA scaffolds. The CuO NPs showed peaks at 2033.36, 1640.64, and 594.02 cm⁻¹, which correspond to 

Cu–O stretching vibrations, confirming metal oxide formation. Additional signals at 767.66 and 469.77 cm⁻¹ 

further supported the presence of copper–oxygen bonds. In the polymeric scaffold, bands at 3289.72 cm⁻¹ (O–H 

stretching), 1426.07 cm⁻¹ (C–H bending), and 110.59 cm⁻¹ (C–O–C linkages) reflected the structural 

characteristics of starch and PVA. Notably, low-frequency signals around 600–400 cm⁻¹ indicated successful 

incorporation of CuO NPs within the polymer matrix. These interactions confirmed that CuO NPs were effectively 

embedded without disrupting the essential chemical structure of the scaffold. 

3.3. XRD analysis 

XRD patterns (Fig. 3) confirmed the crystalline nature of biosynthesized CuO NPs and their integration within 

starch/PVA scaffolds. CuO NPs displayed sharp peaks at 2θ values including 14.03°, 15.60°, 16.25°, and 24.17°, 

corresponding to the monoclinic CuO phase (JCPDS No. 48-1548). The dominant peak at 24.17° (d-spacing 3.68 

Å) confirmed high crystallinity. In contrast, the scaffold exhibited peaks at 21.35° and 29.30°, assigned to 

starch/PVA structures, with additional minor peaks at 35.78° and 48.52° indicating embedded CuO NPs. 

Broadening of peaks (FWHM 0.1°–0.6°) in the scaffold suggests reduced crystallinity due to nanoparticle 

interaction. Overall, the data validate the successful integration of CuO NPs into the scaffold without altering their 

phase structure, supporting their application in biomedical material design. 

3.4. SEM analysis 

SEM imaging (Fig. 4) revealed morphological details of CuO NPs and their integration into starch/PVA nanofibers. 

The synthesized CuO NPs appeared predominantly spherical with slight aggregation, possibly due to surface 

energy effects. Electrospun nanoscaffolds demonstrated a well-organized fibrous network with uniform fiber 

distribution at the nanoscale. CuO NPs were distinctly visible as bright spots embedded along the fiber surface, 

suggesting efficient incorporation into the matrix. The fibers maintained a smooth yet slightly textured 

morphology, indicating compatibility between the polymer and nanoparticles. Minimal bead formation and 

consistent diameter were observed, reflecting well-optimized electrospinning parameters. These morphological 

features affirm the structural integrity and uniform dispersion of CuO NPs, essential for scaffold functionality in 

biomedical contexts. 
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Fig. 2. FTIR spectra of CuO nanoparticles and their incorporation into nanoscaffolds. 

 

 

 

 
Fig. 3. XRD patterns of synthesized CuO nanoparticles and CuO-loaded scaffolds. 
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Fig. 4. SEM analysis of fabricated starch/PVA/CuO-NPs nanoscaffolds. 

 

3.5. TGA 

Thermal stability (Fig. 5) of the CuO NP-loaded nanoscaffolds was assessed via TGA under nitrogen conditions. 

The scaffold exhibited an initial weight reduction (7.30%) below 101.7°C, attributed to moisture loss. Major 

degradation occurred between 234.95°C and 377.09°C, with a prominent decomposition peak at 324.79°C, 

corresponding to starch/PVA breakdown and accounting for a 37.37% weight loss. Above 400°C, gradual mass 

decline indicated formation of carbonaceous residue and thermally stable CuO NPs. The residue persisted up to 

548.4°C, suggesting the CuO NPs enhanced the scaffold’s resistance to thermal decomposition. These findings 

confirm the thermal reinforcing effect of CuO NPs, making the composite more stable and suitable for high-

temperature biomedical and industrial applications. 

3.6. Zeta potential and particle size analysis 

Dynamic light scattering (DLS) and zeta potential studies assessed the stability and size distribution of CuO NPs 

in aqueous dispersion. The Z-average particle size was found to be 92.8 nm (Fig. 6) with a polydispersity index 

(PDI) of 0.688, indicating moderate size variation. Zeta potential measurements revealed a mean surface charge 

of −20.08 mV with peaks at −37.52 mV and −16.29 mV (Fig. 7). The higher negative value suggested sufficient 

repulsion to prevent particle aggregation, contributing to colloidal stability. The conductivity value (0.0343 mS/cm) 

and quality factor (6.538) confirmed accurate measurements. These parameters indicate that the nanoparticles 

exhibit acceptable dispersion and electrostatic stability, which are crucial for their application in biocompatible 

systems. 
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Fig. 5. Thermal degradation behavior of CuO-incorporated nanoscaffolds. 

 

 

 

 
Fig.6. DLS particles size analysis of CuO NPs 

 

 

 

 
Fig.7. Zeta-potential analysis of CuO NPs 

 

3.7. Antidiabetic activity evaluation 

The antidiabetic potential of algal extract, CuO NPs, and starch/PVA/CuO-NPs nanoscaffolds (Fig. 8) was 

evaluated through their inhibitory effects on α-amylase and α-glucosidase enzymes, key targets for managing 
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postprandial hyperglycemia. The experiments were conducted at concentrations ranging from 25 to 100 µg/mL, 

with acarbose as the standard reference. 

 
Fig.8. Antidiabetic activity analysis of algal extract, CuNPs and starch/PVA/CuONPs nanoscaffolds 

 

3.7.1. α-Amylase inhibition 

The algal extract demonstrated moderate α-amylase inhibition, with activity increasing dose-dependently. At 25 

µg/mL, the inhibition was 17.12%, rising to 49.32% at 100 µg/mL. CuO NPs exhibited stronger inhibition, ranging 

from 19.12% at 25 µg/mL to 67.32% at 100 µg/mL. The starch/PVA/CuO-NPs nanoscaffolds outperformed both 

the extract and CuO NPs, showing the highest inhibition at all concentrations: 22.12% (25 µg/mL), 38.53% (50 

µg/mL), 55.65% (75 µg/mL), and 77.32% (100 µg/mL). These results suggest that the composite nanoscaffolds 

synergistically enhance the antidiabetic effect, likely due to the combined properties of the polymer matrix and 

CuO NPs. 

3.7.2. α-Glucosidase inhibition 

Similar trends were observed in α-glucosidase inhibition. The algal extract showed inhibitory activity of 17.12% 

at 25 µg/mL, increasing to 52.32% at 100 µg/mL. CuO NPs again displayed higher efficacy, with inhibition rising 

from 19.12% to 67.32% across the same concentration range. The nanoscaffolds exhibited the most potent 

inhibition, reaching 80.32% at 100 µg/mL, significantly surpassing the extract and CuO NPs alone. This highlights 

the nanoscaffolds' potential as a superior antidiabetic agent, possibly due to improved stability and controlled 

release of active components. The IC₅₀ values, derived from non-linear regression, would further clarify the 

potency of these samples. However, the current data clearly indicate that the starch/PVA/CuO-NPs nanoscaffolds 

are the most effective, followed by CuO NPs and the algal extract. The enhanced performance of the nanoscaffolds 

may be attributed to their nanostructured architecture, which maximizes enzyme interaction and inhibition. All 

tested samples exhibited dose-dependent antidiabetic activity, with the composite nanoscaffolds showing the 

highest promise for therapeutic applications. Further studies, including in vivo assays, are warranted to validate 

these findings and explore their clinical potential. 

4. DISCUSSION 

The present study successfully demonstrated the green synthesis of  CuO NPs using Dictyota extract, followed by 

their incorporation into starch/PVA-based nanoscaffolds. A comprehensive physicochemical characterization and 

bioactivity evaluation underscored the potential of these materials for biomedical applications, particularly for 

antidiabetic therapy. 

UV–Visible spectroscopy served as an initial confirmation of nanoparticle formation. The Dictyota extract 

exhibited a broad absorption band centered at 337 nm, a signature consistent with phytochemicals such as 

polyphenols and flavonoids known for their reducing and capping abilities. The biosynthesized CuO NPs showed 

a distinct absorption peak within 270–300 nm, attributable to surface plasmon resonance (SPR) phenomena 

inherent to metal oxide nanoparticles. This spectral shift, alongside the higher absorbance observed at longer 

wavelengths (~800 nm), suggests successful reduction and stabilization of CuO by bioactive compounds in the 

algal extract. Such optical properties confirm that the extract not only mediated nanoparticle synthesis but also 

influenced their electronic structure and optical behavior, crucial for functional performance in applications like 

sensing and catalysis [39-45]. 
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FTIR analysis provided further evidence for the chemical interactions occurring during synthesis and composite 

fabrication. The characteristic Cu–O stretching vibrations detected between 594 and 2033 cm⁻¹ confirmed the 

formation of copper oxide in its monoclinic phase. Simultaneously, the polymer scaffold spectra revealed 

functional groups typical of starch and PVA, such as hydroxyl (O–H) and ether (C–O–C) linkages. Importantly, 

the appearance of low-frequency bands (400–600 cm⁻¹) in the composite scaffold indicated successful embedding 

of CuO NPs without disturbing the polymeric backbone. This suggests strong interfacial compatibility, likely due 

to hydrogen bonding or electrostatic interactions, which is vital to maintain scaffold integrity while imparting 

nanoparticle-driven functionalities [46-49]. 

XRD patterns substantiated the crystalline nature of the synthesized CuO NPs and their incorporation into the 

starch/PVA matrix. Sharp diffraction peaks at specific 2θ angles confirmed the monoclinic CuO phase, consistent 

with reference standards. The presence of distinct CuO peaks in the composite scaffold, along with typical 

starch/PVA peaks, confirmed that the nanoparticles retained their crystal structure upon integration. However, the 

observed broadening of peaks in the scaffold suggested a slight reduction in crystallinity, possibly caused by 

nanoparticle-polymer interactions disrupting the orderly packing of polymer chains. This phenomenon often 

benefits biomedical scaffolds by enhancing flexibility and facilitating controlled release of active agents [50-55]. 

SEM micrographs revealed that CuO NPs were mostly spherical, albeit slightly aggregated, which could be 

attributed to their surface energy and the absence of strong stabilizing agents beyond phytochemicals. The 

electrospun starch/PVA nanofibers displayed a well-defined, uniform fibrous network with minimal bead 

formation and consistent fiber diameter, indicating optimized electrospinning parameters. CuO NPs appeared as 

bright, dispersed clusters on fiber surfaces, reflecting efficient embedding. This uniform dispersion is critical for 

ensuring consistent biological responses and mechanical properties. Moreover, the smooth yet textured fiber 

morphology suggests good compatibility between the polymer matrix and nanoparticles, a prerequisite for 

mechanical robustness and biocompatibility in tissue engineering or drug delivery applications [56-61]. 

Thermogravimetric analysis demonstrated that the CuO NP-loaded scaffolds exhibited enhanced thermal stability 

compared to neat polymers. Initial weight loss below 102°C corresponded to moisture evaporation, typical for 

hydrophilic biopolymers like starch and PVA. Major decomposition occurred between ~235°C and 377°C, 

reflecting polymer backbone breakdown. Notably, the presence of CuO NPs resulted in a thermally stable residue 

persisting up to ~548°C, signifying their role as heat-resistant fillers. This thermal reinforcement implies that CuO 

NPs not only provide functional properties but also improve scaffold durability under physiological and 

processing conditions, broadening their applicability [62-66]. 

Dynamic light scattering data indicated that the CuO NPs possessed an average hydrodynamic size of 

approximately 93 nm, within the expected nanometric range favorable for biomedical interactions. A 

polydispersity index near 0.7 reflected moderate size distribution, which is acceptable for most applications. The 

zeta potential values ranged widely but centered around −20 mV, indicative of moderate surface charge sufficient 

to confer electrostatic repulsion and colloidal stability. Such stability is critical to prevent aggregation in 

physiological media, thus ensuring consistent biological activity and effective delivery when incorporated into 

scaffolds [67-69]. 

The most compelling biological results emerged from evaluating the inhibition of α-amylase and α-glucosidase 

enzymes, key regulators of carbohydrate metabolism and targets for antidiabetic therapy. The Dictyota extract 

exhibited moderate inhibitory effects that increased with concentration, consistent with previous reports on marine 

algal bioactives. Notably, CuO NPs displayed enhanced inhibition, likely due to their high surface area and 

potential to interact with enzyme active sites or alter substrate binding. Strikingly, the starch/PVA/CuO-NPs 

nanoscaffolds showed superior inhibition across all tested concentrations, surpassing both the extract and 

nanoparticles alone [70-73]. 

This enhanced bioactivity may arise from several factors: first, the scaffold’s nanofibrous architecture provides a 

large surface area for enzyme interaction; second, the controlled release and stabilization of active CuO NPs within 

the polymer matrix may prolong their enzymatic effects; and third, potential synergistic effects between polymer 

components and nanoparticles may amplify inhibition. The dose-dependent responses underscore the therapeutic 

promise of these composite scaffolds for managing postprandial hyperglycemia, a critical factor in diabetes control. 

Collectively, the results affirm that Dictyota extract-mediated CuO NPs can be effectively synthesized, 

characterized, and embedded into starch/PVA scaffolds, yielding composites with favorable physicochemical 

properties and significant antidiabetic activity. The scaffold’s structural integrity, thermal stability, and enzyme 

inhibitory potential position it as a promising candidate for biomedical applications aimed at diabetes management. 

Further investigations, including detailed kinetic studies, IC₅₀ determinations, cytotoxicity assays, and in vivo 

evaluations, will be essential to fully elucidate the therapeutic potential and safety profile of these nanocomposites. 

Additionally, exploring other biological activities and optimizing scaffold formulations could expand their 

applicability in regenerative medicine and drug delivery. 
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5. CONCLUSION 

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

incorporation into starch/PVA nanofiber scaffolds via electrospinning. The synthesized CuO NPs exhibited 

characteristic surface plasmon resonance and crystallinity, as confirmed by UV-Vis and XRD analysis, while FTIR 

revealed the presence of bioactive phytochemicals responsible for nanoparticle stabilization. The nanoscaffolds 

displayed uniform fiber morphology and enhanced thermal stability, making them suitable for biomedical 

applications. In vitro antidiabetic assays revealed that the starch/PVA/CuO-NPs nanoscaffolds exhibited superior 

α-amylase and α-glucosidase inhibition compared to the algal extract and bare CuO NPs, suggesting a synergistic 

effect between the polymeric matrix and nanoparticles. The dose-dependent enzyme inhibition and low IC₅₀ values 

highlight their potential as an effective alternative to conventional antidiabetic drugs. These findings underscore 

the promise of marine algae-mediated nanotechnology in developing biocompatible, eco-friendly therapeutics for 

diabetes management. Future research should focus on in vivo studies to validate efficacy, biosafety, and long-

term stability for clinical translation. 
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