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The study investigates the synthesis of copper nanoparticles mediated by the red seaweed 

Kappaphycus alvarezii and their antimicrobial efficacy against E.coli. The synthesis process, 

confirmed through UV-Vis spectrophotometry, exhibited a peak at 232.70 nm, indicating the 

formation of Cu NPs. FTIR spectroscopy revealed various functional groups on the nanoparticle 

surface, including alkyne, alkane, alkene, sulfate, vinyl ether, amine, and halo compounds. X-ray 

Diffraction analysis identified an FCC structure with an average crystallite size of 42.6 nm. The 

impact of Cu NPs on E.coli was assessed through membrane permeability, membrane 

depolarization, and lipid peroxidation assays. Results demonstrated a concentration-dependent 

increase in membrane permeability and depolarization, indicating significant disruption of the 

bacterial cell membrane. Lipid peroxidation assays revealed escalating oxidative damage to lipids 

with higher Cu NP concentrations, confirming the potent antimicrobial action of the nanoparticles. 

This study highlights the potential of green synthesis of Cu NPs using Kappaphycus alvarezii as a 

http://www.nano-ntp.com/


                      Kappaphycus Alvarezii -Mediated Cu Nanoparticles… P. Titus Lalith Antony et al. 170  
 

Nanotechnology Perceptions Vol. 20 No. S7 (2024) 

sustainable and effective approach for developing novel antimicrobial agents.  

 

Keywords: Copper Nanoparticles, Green Synthesis, Antimicrobial Efficacy.  

 

 
1. Introduction 

Seaweeds are essential components of marine ecosystems, providing habitat, food, and oxygen 

to a diverse range of marine species (Cotas et al., 2023). They are high in vitamins, minerals, 

and bioactive substances, making them desirable as food components and additives (Penalver 

et al., 2020). Seaweeds are also employed in pharmacology, cosmetics, and agriculture 

because of their distinct features and health benefits (Lomartire et al., 2021). Kappaphycus 

alvarezii, a red seaweed in the Rhodophyta division, is a valuable polysaccharide that is widely 

used in the pharmaceutical, food, & cosmetic industries for its thickening, gelling, & 

stabilizing properties, as well as its economic and ecological significance (Leandro et al., 

2020). The use of Kappaphycus alvarezii in nanoparticle synthesis not only follows to green 

chemistry principles, but also improves the biocompatibility and functionality of the resulting 

nanomaterials, paving the way for novel applications in medicine, environmental remediation, 

and various industrial processes (Ganapathe et al., 2020). The natural compounds in seaweed 

can function as reducing and stabilizing agents in nanoparticle production, providing a 

sustainable and environmentally friendly alternative to conventional chemical methods 

(Bhardwaj et al., 2020). The rise of antibiotic-resistant microorganisms has prompted the quest 

for new antimicrobial medicines. Metal nanoparticles have emerged as effective alternatives 

due to their distinct physicochemical features and different methods of action (Wahab et al., 

2023). This green technique not only decreases environmental effect, but also improves the 

biocompatibility and performance of synthesized materials, creating new opportunities for 

innovation in a variety of scientific and industrial domains (Samuel et al., 2022).  

Nanoparticles are increasingly used as antimicrobial agents, providing alternatives for 

conventional antibiotics. Extensive research has been performed on many materials, 

particularly metals, with a concentrate on synthesis processes, microbial resistance, and 

antibacterial characteristics (Crisan et al., 2022). Green nanoparticles are synthesized from 

natural resources such plant extracts, algae, bacteria, and fungus as stabilizing and reducing 

agents. They are created utilizing sustainable and ecologically friendly processes (Altammar 

et al.,2023). The synthesis of copper nanoparticles  mediated by Kappaphycus alvarezii 

emerges as a highly promising approach due to the unique properties and bioactive compounds 

of this red seaweed (Yadav et al., 2024). Kappaphycus alvarezii contains a variety of natural 

reducing and stabilizing agents that facilitate the efficient formation of Cu NPs (El-Seedi et 

al., 2019). The bioactive compounds in Kappaphycus alvarezii not only reduce copper ions to 

form nanoparticles but also stabilize the nanoparticles, preventing aggregation and ensuring 

uniform size distribution (Jaffar et al.,2024).  

The purpose of this study is to clarify the particular processes by which Kappaphycus 

alvarezii-mediated Cu NPs exert antibacterial activity. Examining membrane permeability, 

depolarization, and lipid peroxidation in E. coli provides a thorough knowledge of the 

interactions between Cu NPs and bacterial cells. This work also increases our understanding 

of nanoparticle-mediated antimicrobial mechanisms and the possibility for employing marine 
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algae in the creation of new antimicrobial drugs. 

 

2. Materials and Methods: 

Collection and processing of the sample: 

Kappaphycus alvarezii was collected from the Rameshwaram seashore in Tamil Nadu. The 

collected specimen was taken to the laboratory and washed thoroughly using tap water, 

followed by  d.H2O to remove any adhering particles, dust, or salt. The cleaned seaweed 

sample was oven-dried at 37˚C for 48 hours. Following that, 20g of seaweed was mixed with 

100ml of d.H2O in a conical flask. The flask containing the material was then put on an orbital 

shaker for 72 hours. Following this period, the samples were filtered using Whatman No.1 

filter paper (Fig 1). 

 

Fig 1. Sample preparation a) Kappaphycus alvarezii, b)Powdered sample, c) Extraction, 

d)mFiltration 

Biosynthesis of Cu NPs: 

Biosynthesis of Cu NPs, 25ml of aqueous extract was mixed with 75 ml of d.H2O containing 

10 mM CuSO4. The resulting mixture was incubated in a shaker at 37˚c for 24 hours (Fig 2). 

Following incubation, a UV-Vis spec was used to detect the change in color of the solution 

caused by the creation of Cu NPs. 

 

Fig 2. Cu NPs synthesis a) Before synthesis, b) After synthesis 

da cb

a b
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Characterization of biosynthesized Cu NPs: 

The characterization of biosynthesized Cu NPs involved multiple analytical techniques. 

Initially, UV–Vis spectroscopy was employed to identify the synthesized NPs. Infrared 

spectroscopy with the Fourier transform was used to detect the occurrence of putative 

biomolecules and functional groups that worked as reducing agents in the production of Cu 

NP. The crystalline behavior of biosynthesized Cu NPs was studied using X-ray diffraction. 

Membrane permeability: 

The assessment of E.coli membrane permeability using nanoparticles at con. of 250, 500, 750, 

& 1000 µg/ml was conducted following a modified method of Li et al., 2016. Initially, a 

bacterial culture was prepared with a con. of 10-8 CFU/ml. Nitrobenzene beta-d-galactose 

glucoside (ONPG) at 25 mmol/ml was added to the suspension along with the nanoparticles, 

resulting in final con. of 250, 500, 750, and 1000 µg/ml of nanoparticles. A control group using 

physiological saline was also included. The inoculated suspensions were then incubated at 

37°C for 10 minutes. After incubation, the optical density of the sample supernatant was 

measured at 420 nm using a UV-Vis spec. 

Membrane depolarization: 

Bacterial culture of E.coli were incubated overnight in TSB at 37°C with varying 

concentrations of nanoparticle (250, 500, 750, 1000 µg/ml). Then the cells were harvested via 

centrifugation, rinsed multiple times in TSB, and finally resuspended in a buffer (20 mM 

glucose, 5 mM HEPES at pH 7.3). After achieving a stable suspension, fractions of each cell 

suspension was diluted in a cuvette to a specific absorbance of 0.085, along with the addition 

of the dye DiS-C2(5) at a con. of 1 µM in the buffer. The mixture was allowed to equilibrate 

for approximately 60 minutes at 37°C to establish a stable baseline. Then the absorbance of 

the sample  was measured at  600nm using a UV-Vis spec. (Epand et al., 2010). 

Lipid Peroxidation Detection: 

LPO assay of  Cu  Nps were performed according to the protocol with slight modifications 

(Sarker et al., 2019). E.coli bacterial cells were treated with Cu nanoparticles at various con. 

(250, 500, 750, 1000 µg/ml). The treated cells were mixed with 10% trichloroacetic acid 

(TCA) and centrifuged to precipitate the solids. The resulting supernatant was further 

centrifuged to ensure complete removal of Cu NPs, cells, and precipitated proteins. The 

clarified supernatant was then mixed with 0.67% thiobarbituric acid (TBA) solution and 

incubated in a boiling water bath for 10 minutes. After cooling to room temperature, the optical 

density of the samples was measured at 532 nm using a UV-vis spectrophotometer. This 

protocol allows for the assessment of lipid peroxidation in bacterial cells induced by different 

concentrations of Cu NPs.  

 

3. Results and Discussion: 

CHARACTRIZATION OF ZINC NANOPARTICLES: 

UV-Vis Spectrophotometer: 

The biosynthesis of Cu NPs was observed through color changes in the reaction mixture. 
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Initially, the CuSO4 solution appeared light blue. Upon addition of Kappaphycus alvarezii 

extract, the solutions color changes from light blue to green, eventually forming a dark 

greenish-brown due to Cu NP formation, attributed to the surface plasmon resonance 

phenomenon. The extract of Kappaphycus alvarezii served as both a reducing and stabilizing 

agent, converting copper sulfate to copper sulfide. UV-Vis spectrophotometry confirmed the 

synthesis, with spectral measurements taken from 0 to 24 hours, showing the highest 

absorption peak for Cu NPs at 232.70 nm (Fig 3). 

 

Fig 3. UV analysis of Biosynthesized Cu NPs 

Formation of CuO NPs was initially identified by Sathiyavimal et al. (2021) through the 

detection of a distinct absorption peak at 265 nm in their UV-Vis spectra, indicative of surface 

plasmon resonance typical of CuO NPs, crucial for nanoparticle characterization and stability. 

Subsequently, studies by B et al. (2023) on Cu nanoparticles derived from seaweed highlighted 

a significant peak absorbance of 1.2 at 580 nm, underscoring the unique optical properties 

influenced by the synthesis method. Keabadile et al. (2020) further characterized 

biosynthesized copper nanoparticles, observing absorption peaks ranging from 290 to 293 nm, 

which vary in response to synthesis conditions and nanoparticle morphology. Additionally, 

Ali et al. (2021) utilized UV-Vis spectroscopy to confirm the biosynthesis of CuO-NPs, 

distinguishing distinct peaks at 245 nm for Cu2O and 360 nm for CuO, emphasizing the 

spectroscopic sensitivity in identifying different oxidation states of copper nanoparticles. 

FTIR Characterization:  

FTIR spectroscopy is a vital analytical technique used to determine the molecular composition 

and functional groups in a sample. In this analysis, FTIR was employed to investigate the 

surface chemistry of copper nanoparticles (Cu NPs). The FTIR spectrum revealed several 
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distinct absorption bands, indicating the presence of various functional groups (Fig 4). A 

strong and sharp absorption band at 3276.26 cm⁻¹ was identified as C-H stretching vibrations 

in alkyne groups, suggesting that the surface of the Cu NPs contains alkyne functionalities. 

Sharma et al. (2021), who similarly identified alkyne groups in metal nanoparticles using FTIR 

spectroscopy. This observation underscores the presence of alkyne functionalities on the Cu 

NP surface, indicative of specific chemical bonding configurations. Another medium intensity 

peak at 2923.26 cm⁻¹ corresponded to C-H stretching vibrations in alkane groups, indicating 

the presence of saturated hydrocarbons. Li et al. (2020) detected alkane groups in metal 

nanoparticles and highlighting the presence of saturated hydrocarbons within the nanoparticle 

matrix. The medium intensity peak at 1629.75 cm⁻¹ was attributed to C=C stretching vibrations 

in alkene groups, revealing the presence of unsaturated hydrocarbons. This peak indicates the 

presence of unsaturated hydrocarbons, influencing the reactivity and surface properties of Cu 

NPs (Kumar et al. 2019). A strong absorption peak at 1400.70 cm⁻¹ was associated with S=O 

stretching vibrations in sulfate groups. The presence of sulfate ions adsorbed on Cu NP 

surfaces or residual stabilizers from the synthesis process, affecting the nanoparticle reported 

by (Wang et al., 2022). Additionally, a strong peak  at 1219.26 cm⁻¹ indicated C-O stretching 

vibrations in vinyl ether groups, suggesting the presence of ether functionalities. Chen et al. 

(2021) reported that  the presence of ether functionalities, which can influence the solubility 

and chemical reactivity of Cu NPs in various applications. The medium intensity peak at 

1026.77 cm⁻¹ was attributed to C-N stretching vibrations in amine groups, indicating the 

presence of amines, possibly from capping agents used during synthesis. Zhang et al. (2020) 

studied the presence of amines, potentially derived from capping agents used during Cu NP 

synthesis, influencing surface properties and applications. Lastly, a strong absorption peak at 

576.96 cm⁻¹ corresponded to C-Cl stretching vibrations in halo compounds, suggesting the 

incorporation of chlorine-containing groups during the nanoparticle synthesis process. Park et 

al. (2023) also identified the incorporation of chlorine-containing groups during Cu NP 

synthesis, which can impact stability and chemical reactivity in various environments. 

 

Fig 4. FT-IR analysis of Cu NPs 
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X-ray Diffraction : 

X-ray Diffraction analysis was used to determine the crystalline phases present in a sample 

and estimate the relative percentages of amorphous and crystalline phases. The XRD pattern 

exhibited a broad peak around 25 degrees indicative of an amorphous phase, alongside sharper 

peaks around 42 and 65 degrees, suggesting the presence of a crystalline component. The 

crystalline phase was identified as having a face-centered cubic crystal structure, likely of 

copper. The crystalline phase constituted 16.9% of the sample, while the amorphous phase 

constituted 83.1%. The Scherrer equation applied to determine the average crystallite size from 

the peak broadening. For Cu NPs, the average size was 42.6 nm (Fig 5).  

 

Fig 5: X-ray Diffraction analysis of Cu NPs 

Rajeshkumar et al. (2021) reported a nanoparticle size of 68 nm, which highlights the effective 

control over nanoparticle dimensions achieved through their synthesis process. Ismail (2020) 

reported X-ray diffraction data revealing a much smaller average crystallite size of 18 nm. 

This significant size difference underscores the potential variability in nanoparticle synthesis 

and the precision of XRD in determining crystallite dimensions. Mobarak et al. (2022) 

estimated a crystallite size of 87 nm for Cu NPs, further illustrating the range of sizes that can 

be achieved. The observed differences in crystallite sizes among studies can be attributed to 

variations in the synthesis protocols, stabilizing agents, and conditions used during 

nanoparticle production. Furthermore, the XRD pattern analysis consistently shows that Cu 

NPs exhibit a highly crystalline nature and predominantly adopt a cubic crystal system, as 

noted by Dehnoee et al. (2023). 
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Membrane permeability: 

The assessment of E.coli membrane permeability using nanoparticles demonstrated a clear 

concentration-dependent increase in permeability, as showed by the absorbance measurements 

at 420 nm. At the lowest con. of 250 µg/ml, the absorbance was 11.37%, indicating a modest 

increase in membrane permeability. When the con. was increased to 500 µg/ml, the absorbance 

doubled to 22.00%, suggesting a more significant impact on the bacterial membrane. Further 

increases in nanoparticle concentration led to even greater permeability, with absorbance 

values reaching 37.14% at 750 µg/ml and 48.11% at 1000 µg/ml (Graph 1). These results 

indicate a substantial disruption of the bacterial membrane at higher nanoparticle 

concentrations. Overall, the results indicate that the nanoparticles significantly and 

concentration-dependently damage the integrity of the E.coli membrane, with greater impacts 

demonstrated at higher concentrations. 

 

Graph 1: Membrane Permeability Assay 

Metryka et al. (2023) reported that exposure to Cu NPs leads to increased cytoplasmic leakage, 

reduced ATP levels, and altered fatty acid profiles in E.coli cells. These effects highlight the 

nanoparticles ability to disrupt bacterial cell integrity and metabolic processes, which are 

crucial for their antimicrobial efficacy. Lai et al. (2022) demonstrated that smaller Cu NPs and 

lower concentrations were more effective in inhibiting bacterial growth. the integration of 

poly(hexamethylenebiguanide) coated copper oxide nanoparticles into poly(ether imide) 

membranes has been shown to enhance their permeability, antifouling, and antibacterial 

properties, particularly against E.coli (Saraswathi et al., 2020). Sharma et al. (2022) further 

confirmed that E.coli exposed to Cu NPs exhibited increased membrane permeability, faster 

growth inhibition, and higher levels of cytoplasmic leakage. 

Membrane depolarization: 

The membrane depolarization study of E.coli cells treated with varying concentrations of 

nanoparticles (250, 500, 750, 1000 µg/ml) demonstrated a clear concentration dependent 

increase in membrane depolarization. The absorbance measurements at 600 nm revealed that 
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at the lowest con. of 250 µg/ml, the absorbance percentage was 18.56%. As the concentration 

increased to 500 µg/ml, the absorbance percentage rose to 33.36%. Further increasing the 

concentration to 750 µg/ml resulted in an absorbance percentage of 42.11%, while the highest 

concentration of 1000 µg/ml showed an absorbance percentage of 49.44%. These results 

suggest that higher concentrations of nanoparticles lead to greater membrane depolarization 

in E.coli cells, as evidenced by the increasing absorbance percentages (Graph 2). 

 

Graph 2: Membrane Depolarization Assay 

 

Graph 3: Lipid peroxidation Assay 

Ali et al. (2021) investigated the effectiveness of these biogenically synthesized CuO NPs and 

found promising results in their application as antibacterial agents. Bastos et al. (2020) suggest 

that the direct antibacterial impact of Cu NPs may be negligible, proposing that the toxicity to 

bacteria is primarily driven by soluble copper ions released from the nanoparticles rather than 

the nanoparticles themselves. Guan et al. (2021) further supports the antibacterial properties 
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of Cu NPs, demonstrating their ability to disrupt bacterial cell structure and induce DNA 

damage. 

Lipid peroxidation: 

The lipid peroxidation assay was conducted to measure oxidative damage in lipids at various 

concentrations. The results indicated that at the lowest concentration of 250 μg/ml, the 

absorbance was 97.31%, indicating minimal lipid peroxidation and suggesting that the lipids 

were largely intact with minimal oxidative damage. As the concentration increased to 500 

μg/ml, the absorbance decreased to 90.23%, demonstrating a moderate increase in lipid 

peroxidation compared to the 250 μg/ml concentration. This trend continued at 750 μg/ml, 

where the absorbance further decreased to 79.16%, indicating a more substantial increase in 

lipid peroxidation and greater oxidative damage to the lipids. Finally, at the highest 

concentration of 1000 μg/ml, the absorbance was the lowest at 70.31%, showing the most 

significant level of lipid peroxidation among the tested concentrations. This substantial 

decrease in absorbance highlights pronounced oxidative damage to the lipids, confirming that 

lipid peroxidation increases with higher concentrations. 

The antibacterial efficacy of copper oxide nanoparticles can be significantly enhanced through 

surface modification by media organics, as demonstrated by Chakraborty and Basu (2019).  

Winans and Gallagher (2020) highlighted that Cu NPs could alter membrane composition and 

induce the production of ROS, leading to significant oxidative damage. This interaction 

underscores the multifaceted mechanisms through which Cu NPs exert their toxic effects on 

bacterial cells, contributing to membrane disruption and metabolic interference. Additionally, 

the dissolution and uptake of Cu and CuO nanoparticles result in varying degrees of toxicity 

in aquatic organisms, as noted by Wu et al. (2020). This is consistent with findings in the 

literature, where low concentrations of oxidative agents typically result in negligible lipid 

peroxidation (Musakhanian et al., 2022). Studies have shown that as the concentration of 

oxidative agents increases, there is a proportional increase in lipid peroxidation (Jomova et al., 

2024). 

 

4. Conclusion: 

The study successfully demonstrated the synthesis of copper nanoparticles using the red 

seaweed Kappaphycus alvarezii, revealing their significant potential as antimicrobial agents 

against Escherichia coli. The green synthesis method, characterized by UV-Vis spectroscopy, 

FTIR, XRD, confirmed the formation of Cu NPs with an FCC crystalline structure and the 

presence of functional groups that aid in nanoparticle stabilization. The antimicrobial assays 

showed a clear concentration-dependent increase in membrane permeability, membrane 

depolarization, and lipid peroxidation in E.coli, indicating that Cu NPs effectively disrupt 

bacterial cell integrity. The bioactive compounds in Kappaphycus alvarezii not only facilitated 

the reduction of copper ions but also stabilized the nanoparticles, enhancing their antimicrobial 

properties. These findings highlight the promise of Cu NPs synthesized from Kappaphycus 

alvarezii as eco-friendly antimicrobial agents, paving the way for innovative applications in 

medicine, environmental remediation, and various industrial processes. 
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