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Abstract

This study aims to explore the key properties of carbon nanoparticles
(CNPs) and Chitosan@CNPs derived from the peels of red
watermelon, onion, and orange. The nanoparticles were analyzed using
standard techniques such as UV-Vis, FT-IR, XRD, and SEM/EDX,
and their activities were evaluated for antioxidant properties, anti-
hemolytic activity, cytotoxicity tests, and their ability to inhibit the
growth of white blood cells using acridine orange staining.
Additionally, molecular simulations were conducted using quantum
theories such as DFT for the CQD-Chitosan complex via the Materials

Studio dynamic simulation program.
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The results of UV-Vis spectral analysis revealed distinct absorption
peaks at 260, 283, and 278 nanometers, respectively, for CNPs
extracted from watermelon, onion, and orange peels, with band gap
energies calculated at 3.94, 3.90, and 3.81 electron volts, respectively.
Upon combining chitosan with carbon nanoparticles, Chitosan@CNPs
exhibited absorption peaks at 290, 243, and 282 nanometers, with band
gap energies of 3.42, 4.40, and 3.81 electron volts, respectively. The
antioxidant activity was assessed using the DPPH assay, where 1C50
values for CNPs were 0.773 mg/mL (orange), 0.383 mg/mL (onion),
and 0.638 mg/mL (watermelon), while Chitosan@CNPs showed
improved antioxidant properties with IC50 values of 0.617 mg/mL
(orange), 0.3145 mg/mL (onion), and 0.37905 mg/mL (watermelon).
The anti-hemolytic activity of CNPs and Chitosan@CNPs was tested,
with CNPs from orange showing 70.1% anti-hemolytic activity at the
highest concentration (20 mg/mL), while those from onion showed
69.5%. This trend remained consistent across all concentrations.
Cytotoxicity tests were conducted on Saccharomyces cerevisiae and
Candida albicans cells using various concentrations of CNPs and
Chitosan@CNPs, showing minimal impact on cell viability or growth
at the tested concentrations (up to 20 mg/mL), indicating that the
nanoparticles lack antifungal activity against Candida albicans at these

concentrations.

Molecular simulation results revealed a low band gap energy (1.75
electron volts) with distinctive electronic properties. UV-Vis analysis
showed a primary absorption peak between 350-400 nanometers with a

red shift up to 550 nanometers. FT-IR analysis confirmed the presence
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of C-O and C=0O bonds in the range of 1000-1700 cm™, while DOS

)

analysis highlighted high state density between -2 and -1 electron volts.
ESP analysis indicated a distribution of high negative charges around
chitosan and positive charges around CQDs, with a sharp gradient in
charge distribution supporting electron transter. These findings align
with experimental results, such as a reduced band gap (3.42-4.40
electron volts) and FT-IR spectra at 1050-1650 cm™, enhancing their

potential in medical and environmental applications.

This study highlights the biological and environmental potential of
carbon nanoparticles, particularly in valorizing agricultural waste from
fruit and vegetable peels, opening avenues for future applications in

pollution treatment and sustainable development.

Keywords:

Carbon nanoparticles, Orange peel, Chitosan, Antioxidant activity, Waste

valorization, Anti-hemolytic activity, Cytotoxicity, Molecular simulation.



