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Abstract:

The present study focuses on the green synthesis of copper sulfate (CuSO+) nanoparticles using
cassava (Manihot esculenta) starch as a natural stabilizing and reducing agent. The aim was to develop an
eco-friendly synthesis route, identify the composition of the synthesized nanoparticles, and study their
antimicrobial activity. Cassava starch offers a sustainable biopolymer matrix for nanoparticle formation
due to its hydroxyl-rich polysaccharide structure. The synthesized nanoparticles were characterized using
UV—Visible spectroscopy, Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), and X-ray diffraction (XRD). The antimicrobial activity of the CuSOs nanoparticles was tested
against Escherichia coli and Staphylococcus aureus using the agar well diffusion method. Results
confirmed the formation of uniform, spherical nanoparticles with an average size range of 40—60 nm. The
CuSO; nanoparticles demonstrated significant antimicrobial properties, suggesting potential applications
in biomedical and agricultural fields.
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Introduction:

Nanotechnology has emerged as a
transformative  field in material science,
particularly in developing environmentally
friendly synthesis techniques. Among various
nanoparticles, copper-based nanoparticles have
gained prominence due to their catalytic, optical,
and antimicrobial properties. Traditional methods
of nanoparticle synthesis involve toxic chemicals
and high energy consumption. Hence, green
synthesis, using biological resources such as
plants, microbes, and biopolymers, provides a
sustainable alternative.

Cassava starch, obtained from the tuber of
Manihot esculenta, is a renewable biopolymer
rich in hydroxyl groups that can act as both
reducing and stabilizing agents. Utilizing cassava

starch for CuSOs nanoparticle synthesis reduces

environmental impact and cost while improving
nanoparticle stability. The synthesized CuSOa
nanoparticles possess unique physicochemical
characteristics that make them wuseful in
antimicrobial coatings, sensors, and
environmental remediation.

This study aimed to synthesize CuSOa
nanoparticles using cassava starch and to analyze
their composition and antimicrobial potential
through various spectroscopic and

microbiological methods.

Materials and Methods:

1. Material cassava starch (locally extracted
and purified), Copper sulfate pentahydrate
(CuSO04-5H:0), Sodium hydroxide (NaOH),
Distilled water, Nutrient agar medium,

Bacterial cultures: E. coli and S. aureus.
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Preparation of Cassava Starch Solution
cassava roots were washed, peeled, and
grated. The starch slurry was filtered,
settled, and dried at 50 °C. A 1% starch
solution was prepared by dissolving 1 g of
starch in 100 mL of distilled water under
constant stirring.

Synthesis of CuSOs Nanoparticles A 0.1 M
CuSOs solution was slowly added dropwise
to the prepared cassava starch solution
under constant stirring. The reaction
mixture was heated to 80 °C for 2 hours

until a color change (blue to pale brown)
indicated nanoparticle formation. The
nanoparticles were separated by
centrifugation and dried at 60 °C.
Characterization =~ Techniques = UV-Vis
Spectroscopy, FTIR, SEM, and XRD were
used to analyze the synthesized
nanoparticles.

Antimicrobial Activity.The antimicrobial
properties of synthesized nanoparticles
were tested using the agar well diffusion

method against E. coli and S. aureus.
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Results and Discussion:
1 UV-Vis Spectroscopy:

Exhibited an absorption peak at 580 nm,
confirming the formation of CuSO, nanoparticles
due to surface plasmon resonance. The absorption
intensity increased with reaction time, indicating
nanoparticle growth.

2 FTIR Analysis:

Revealed major peak corresponding to 0-
H stretching (3350 cm-1), C-0-C(1020cm-1), and
Cu-O vibrations (620 cm-I).The shift in hydroxyl
group peaks confirmed the interaction between
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cassava starch molecules and copper ions during
nanoparticle stabilization.
3 SEM Analysis:

Revealed spherical nanoparticles with
smooth surfaces, showing an average particle size
of 45 nm. Aggregation was minimal,indicating
effective capping by cassava starch molecules.

4 Antimicrobial Activity:

CuSOs nanoparticles exhibited significant
inhibition zones against both Gram-negative and
Gram-positive bacteria.The activity increased

proportionally with concentration.
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Figure 1: UV-Vis absorption spectrum of CuSO, nanoparticles
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Figure 2: FTIR spectrum of cassava starch and CuSO, nanoparticles
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Figure 3: SEM image of synthesized CuSO, nanoparticles
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Figure 4: Comparative antimicrobial activity of CuSO, nanoparticles
Conclusion: References:

Cassava starch successfully served as a
natural reducing and stabilizing agent in
synthesizing ~ CuSOs  nanoparticles.  The
nanoparticles were confirmed by UV—Vis, FTIR,
SEM, and XRD analyses. The antimicrobial
results indicated potent inhibitory effects against
E. coli and S. aureus. The study confirms that
cassava starch is a promising biopolymer for
green nanoparticle synthesis, offering a cost-
effective and environmentally sustainable method

for producing antimicrobial materials.
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