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Introduction: There is a growing interest in the production of metal nanoparticles utilizing eco-
friendly techniques. This work investigates the potential of Hibiscus rosa-sinensis leaves for the
green synthesis of copper oxide nanoparticles (CuO NPs). CuO NPs have exhibited substantial
utility owing to their distinctive characteristics. The objective of this study is to investigate the
efficacy of Hibiscus rosa-sinensis in synthesizing CuO NPs and to evaluate their ability to suppress
biofilm formation by Pseudomonas aeruginosa. Methods: CuO NPs were synthesized by a
biological process involving the leaves of Hibiscus rosa-sinensis. The presence of CuO NPs was
confirmed by the observed color change from green to brown, which can be attributed to surface
plasmon resonance. characterization of the sample was conducted using UV-vis spectroscopy,
Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron
microscopy (SEM), high-resolution transmission electron microscopy (HR-TEM), and energy-
dispersive X-ray analysis (EDX). The size of CuO NPs was evaluated, and their effectiveness in
inhibiting biofilm formation was tested against Pseudomonas aeruginosa. Results: The UV-Vis and
color change confirmed the formation of CuO NPs, with sizes ranging from 25 to 40 nm.
Characterization techniques such as FTIR, XRD, SEM, HR-TEM, and EDX validated the structural
and compositional properties of the nanoparticles. CuO NPs showed promising results in inhibiting
biofilm formation by Pseudomonas aeruginosa. Conclusion: The study demonstrates that Hibiscus
rosa-sinensis is an effective green method for synthesizing CuO NPs. The produced nanoparticles
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exhibit significant antimicrobial properties, particularly in preventing biofilm formation by
Pseudomonas aeruginosa, highlighting their potential for biomedical and environmental
applications.

Keywords: Copper oxide nanoparticle, Hibiscus rosa-Sinensis, Characterization, Antibiofilm
activity.

1. Introduction

Nanotechnology has become a prominent and advanced technology in several sectors,
including material science, physics, biomedical science, chemistry, medicine, cosmetics, drug
delivery, environmental health, and gene delivery [1-2]. Moreover, it has been increasingly
used for treating cancer, diabetes, infection, and allergic inflammation. Nanoparticles (NPs)
were synthesized using various techniques, including solid-state reactions, chemical reactions,
coprecipitation, and sol-gel approach. Chemically synthesized NPs include reactive functional
groups with the potential to be harmful to biological systems. Therefore, environmentally
acceptable techniques for producing clean, biocompatible, nontoxic, and eco-friendly
substances are highly commendable. Biological approaches are considered secure,
economical, sustainable, and eco-friendly. Additionally, they are suitable for food and medical
applications[3-5].

In this green chemistry method, the plant extract is used as a reducing and capping agent for
CuO NP synthesis because of the reducing properties of the leaf extract. CuO is a
semiconductor material of the p-type, characterized by a narrow band gap of 1.2eV [6]. CuO
NPs exhibit greater durability, stability, and an extended storage period than organic
antibacterial agents [7-10]. It has widespread application in various fields, including catalysis,
optics, solar energy, gas sensing, high-temperature superconductivity, hydrogen storage, and
medicine [11-17]. The synthesis of CuO NPs can be achieved using several methods, such as
sol-gel, thermal, electrochemical, precipitation, ultrasonic mixing, self-assembly, microwave
irradiation, solution combustion, and hydrothermal approaches in the presence of PEG [18].
These approaches have harmful medical consequences. Therefore, it is difficult to use natural
substances that are fast, gentle, convenient, and non-toxic to synthesize metal and metal oxide
nanoparticles in a water-based setting. Nanoparticles, minuscule particles, can be synthesized
using microorganisms and vegetation. Nevertheless, the process of synthesizing NPs from
plants is highly reliable, allowing for the attainment of NPs of various sizes and forms.

Hibiscus rosa-sinensis is a plant species, is frequently known as chinese hibiscus, rose mallow,
china rose, or shoe flower. It is a member of the Malvaceae family and is indigenous to East
Asia. Infusion of leaves, roots, and fruits is beneficial for treating arthritis, boils, and cough.
Additionally, the fruit can be applied externally to alleviate sprains, wounds, and ulcers.
Hibiscus tea is rich in vitamin C. To the best of our knowledge, researchers have utilized a
biological method including the use of leaf extract from H. rosa-sinensis to serve as both a
stabilizing and surface-reducing agent in the production of CuO NPs. The objective of this
study was to synthesized and analyze Cuo NPs using extracts from H. rosa-sinensis leaves and
assess their effectiveness in preventing biofilm formation.

Nanotechnology Perceptions Vol. 20 No. S8 (2024)



651 Sivaranjini A et al. Biosynthesis of Copper Oxide Nano Particles...

2. Materials and methods
2.1. Leaf extract preparation

Leaves of H. rosa-sinensis shrub were collected from Coimbatore Gardens. The leaves were
washed multiple times with distilled water to eliminate contaminants, followed by a 2-day
drying period at room temperature. The desiccated leaves were pulverized into a fine powder.
Cu ions were converted into CuO NPs by mixing 5g of coarsely crushed leaves with 100 mL
of sterilized deionized water. The mixture was filtered using Whatman filter paper. The
samples were stored in a refrigerated place for future research.

2.2. Synthesis of CuO NPs

The synthesis of CuO NPs involved mixing the leaf extract with freshly made 0.01M Cu,SO4
solution at a 1:1 ratio. Subsequently, the concoction was incubated in a dark chamber for 48
h. Subsequently, the mixture was calcinated at 400°C for 2 h. A gray powder was obtained.
The sample was ground into a fine powder using a mortar and pestle to obtain a more uniform
texture, which is necessary for conducting characterization investigations.

2.3. Analysis of CuO NPs

The optical characteristics were analyzed using UV-visible spectroscopy and FTIR (Fourier
Transform Infrared) spectroscopy with a Shimadzu FTIR prestige 21 instrument. The
morphological and chemical contents and structures of CuO nanoparticles were analyzed using
SEM-EDX (Zeiss), HR-TEM, and XRD (PAN analytical: XPERT PRO) instruments.

2.4. Bacterial strain

Pseudomonas aeruginosa was used as the experimental organism isolated from the sputum of
an infected person. An overnight culture containing 10’ CFU/mL was prepared for the study.

2.5. Preparation of experimental suspension

The required quantity of NPs was dissolved in autoclaved deionized water and sonicated to
ensure that the particles did not agglomerate. A serial dilution method was employed to prepare
concentrations of 0.02, 0.12, 0.24, 0.5, 1.0, 1.2, 1.4, 1.6 and 2.2 pg/mL in 100 pL of deionized
water. Different concentrations of CuO NPs were transferred into a microtitre plate for biofilm
assay. 20 pL of the bacterial culture described above were added to each well, and the
suspension was subsequently diluted to a final volume of 200 pL by adding 80 pL of sterile
LB broth.

2.6. Biofilm inhibition assay

Antibiofilm activity was assessed using microtiter plates [19]. A microtiter plate prepared
earlier was incubated at 37 °C for 24 h. After incubation, the liquid medium was removed, and
the wells were rinsed 5 times with sterilized distilled water to eliminate free-floating bacteria.
The plates were allowed to dry in the air for 30-45 minutes. The wells were then treated with
100 pL of a 1% crystal violet solution for 45 min. The wells were washed out 5 times with
sterile distilled water. The liquid that had been re-solubilized was measured at an optical
density of 570 nm after the addition of 95% ethanol. The Experiment was conducted
in triplicate.
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3. Results
3.1. Synthesis of CuO nanoparticles

Following a 2-day incubation period, the color changed from green to brown, indicating the
successful synthesis of CuO NPs using the extract of H. rosa-sinensis leaves.

3.2. Characterization of CuO NPs
3.2.1. UV-Vis- Spectroscopy

The absorption spectra obtained from UV-visible spectroscopy at a wavelength of 300 nm
indicate the presence of CuO NPs. The single sharp band (Figure 1) in the absorption spectra
predicts the spherical nature of the CuO NPs.
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Figure 1: UV-vis-spectroscopy of copper oxide nanoparticles.
3.2.2. FTIR

FTIR spectra were recorded in the solid state using the KBr pellet technique in the range of
2000-400 cm*. Fourier transform infrared (FTIR) spectroscopy analysis of CuO nanoparticles,
which were synthesized using a green method and then subjected to calcination at a
temperature of 400 °C, is presented in Figure 2. The FTIR spectra show peaks at 580, 548, and
530 cm?, which can be attributed to the vibrations of CuO. This result confirms the synthesis
of highly pure CuO NPs.
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Figure 2: FTIR spectroscopy of copper oxide nanoparticles
3.2.3. XRD analysis

The powdered sample was analyzed using a Cu Ko —X-ray diffractometer to determine the
presence of CuO NPs and analyze their structure. Figure 3 displays the XRD diffraction peaks
at 20 angles of 34.20°,37.42°,37.97°,46.28°, 51.77°, 54.99°, 58.50°, 65.22°, and 68.13, which
correspond to the (111), (111), (200), (202), (020), (021), (113), (113), and (312) planes,
respectively. The XRD spectrum revealed that the CuO NPs exhibit a crystalline character and
a spherical structure, which was confirmed by the International Center of Diffraction Data
Card (JCPDS file no: 80-1917). The absence of any other phases indicates high-quality CuO
NPs. The average dimensions of CuO NPs were obtained using the Debye-Scherrer equation
[20]:

The formula D=K A/ B cos 0 represents the relationship between the mean crystalline size (D),
X-ray wavelength (1), fullwidth at half maximum of the XRD line (B), and half diffraction
angle (0). Scherrer's constant (K) was 0.94, and the X-ray wavelength was 0.1546 nm. The
CuO nanoparticles had an average size of 25-40 nanometers, indicating their nanocrystalline
structure.
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Figure 3: X-ray diffraction pattern of copper oxide nanoparticles
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3.2.4. SEM and TEM analysis

The morphologies of the CuO NPs were analyzed by scanning electron microscopy (SEM).
The SEM images in Figure 4 depict CuO NPs, which exhibit various shapes, including
spherical, cubic, and irregular. The presence of copper (Cu) and oxide (O) peaks was
confirmed by EDX analysis. The atomic percentage of copper (Cu) was determined to be
79.73%, whereas the atomic percentage of oxygen (O) was determined to be 11.40%. The
HRTEM image confirmed that the CuO nanoparticle has a spherical shape (Figure 5).

[,

Figure 5: HR-TEM image of copper oxide nanoparticles
3.3. Antibiofilm activity of CuO NPs

The inhibition of biofilm formation by CuO NPs was observed at the lowest concentration of
0.02 pg/mL, which was approximately 93.48% (Figure 6a, 6b). Biofilm inhibition was noticed
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to increase with the increase in the concentration of CuO NPs. CuO NPs at concentrations
above 0.5 pg/mL evaluated distinct biofilm inhibition of Pseudomonas aeruginosa. The
antibiofilm activity of CuO NPs was analyzed using SEM to confirm the biofilm inhibition by
CuO at the lowest and highest concentrations (Figure 7).
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Figure 6: (a) Graph showing biofilm quantity in control and at different concentrations of
copper oxide nanoparticles, and (b)Biofilm inhibition of Pseudomonas aeruginosa in the
presence of copper oxide nanoparticles

Figure 7: Fe-SEM image of antibiofilm effect of copper oxide nanoparticles (a) biofilm
untreated,(b) biofilm treated with 0.02 pg/ml, and(c) biofilm treated with 2.2 pg/ml
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4, Discussion

The biological synthesis of metal NPsis becoming increasingly important in health,
biotechnology, chemistry, and environmental research fields. The physical and chemical
methods of metal nanoparticle production were noticed for a long time; however, it was
investigated that metal NPs are produced very recently. The leaf extract of H. rosa-sinensis
allows for the rapid and eco-friendly synthesis of CuO NPs, providing an efficient approach
for their synthesis.The use of plant extracts avoids the use of hazardous and damaging
stabilizing and reducing chemicals. CuO NPs generated in this study were 25-40 nm in size.

The antibiofilm activity of CuO NPs strongly influenced the reduction of biofilm formation in
Pseudomonas aeruginosa. The results showed that the inhibition of biofilm formation was
enhanced by increasing the CuO NP concentration. This result indicates a clear correlation
between the concentration of CuO NPs and their inhibitory effect on biofilm formation,
demonstrating a dose-dependent action. It seems that the first target site of copper damage is
the cell wall of bacteria. It has been suggested that in some microorganisms, copper oxidative
damage might occur through the Fenton mechanism [21]. However, this effect was possible
only with the treatment of high concentrations of CuO NPs. CuO NPs have high adsorption
capacity, absorption capacity, and penetration, making them an efficient antibiofilm agent.

Copper is the most essential cofactor of many enzymes, but high levels of copper are toxic.
Bacteria must find an appropriate balance to prevent toxicity [22]. The results showed that a
concentration of 0.02 pug/mL inhibited biofilm formation by 93.48%. Biofilm formation of
Pseudomonas aeruginosa was completely suppressed at the highest CuO NP dose (2.2 pg/mL),
resulting in a 97.68% inhibition rate.

5. Conclusion

In this study, we demonstrate the sustainable synthesis of CuO NPs using the leaf extract of
Hibiscus rosa-sinensis. The successful formation of CuO NPs was confirmed by a color change
from green to brown resulting from surface-plasmon resonance. Comprehensive
characterization using UV-vis spectroscopy, FTIR, XRD, SEM, HR-TEM, and EDX analysis
revealed the spherical and crystalline nature of the CuO NPs, ranging in size from 25 to 40
nm. CuO NPs synthesized biologically exhibited significant antibiofilm activity against
Pseudomonas aeruginosa. Notably, they effectively inhibited the growth of bacteria at a
minimal concentration of 0.02 pg/mL. The antibiofilm efficacy increased at higher
concentrations, demonstrating over 93% inhibition at the lowest tested concentration and
further enhanced inhibition above 0.5 pg/mL. The use of H. rosa-sinensis leaf extract as a
reducing and stabilizing agent offers a sustainable and nontoxic approach to nanoparticle
synthesis, aligning with the principles of green chemistry. The results of this study underscore
the potential of plant-based methods to produce biocompatible nanoparticles for various
biomedical applications, especially in combating biofilm-associated infections. These
promising results encourage further exploration of plant extracts in nanoparticle synthesis for
diverse applications in medicine and environmental health.
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