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Abstract: This study presents a green synthesis method for Chitosan-functionalized zinc oxide (ZnO) nanoparticles using
guava (Psidium guajava) leaf extract and Chitosan, a natural polymer derived from chitin. The eco-friendly approach
leverages guava extract as a reducing and stabilizing agent and Chitosan to enhance nanoparticle stability and bioactivity.
Synthesized ZnO nanoparticles exhibited a crystalline structure with sizes ranging from 14-28 nm, confirmed by XRD
analysis, and a characteristic UV-Visible absorption peak at 335 nm. The antimicrobial activity of the nanoparticles was
evaluated against E. coli, S. aureus, and S. enterica using a disc diffusion assay. Significant inhibition zones were observed,
particularly at higher nanoparticle concentrations, indicating strong antibacterial potential. The mechanism involves
oxidative stress induction and bacterial membrane disruption. This green synthesis approach provides an effective and
sustainable alternative to combat antimicrobial resistance, aligning with green chemistry principles to minimize

environmental impact.

Keywords: Green synthesis, Chitosan-functionalized ZnO nanoparticles, Antimicrobial activity, Guava extract

1. Introduction

According to the Merriam-Webster Medical Dictionary,
an antimicrobial is an agent that prevents or stops the
growth of pathogenic microorganisms or even kills them
[Kingston, et al.,2008]. Antimicrobial agents have been
used for at least 2000 years, originating in the time of the
Ancient Egyptians. These agents play a critical role in
treating infectious diseases and are essential in modern
medicine. They can be classified based on their target
organisms, chemical structure, mode of action, or source of
origin. To date, many types of antimicrobials have been
developed, classified based on their target organisms and
mode of action. Examples based on target organisms
include: antibacterial agents (targets bacteria) such as
penicillin, tetracycline, antivirals (target viruses) such as
acyclovir, oseltamivir, antifungals (target fungi) such as
fluconazole, amphotericin B, antiparasitics (target
parasites) such as ivermectin, chloroquine. Examples based
on mode of action include bactericidal agents (kill bacteria)
such as beta-lactams, aminoglycosides, bacteriostatic
agents (inhibit bacterial growth) such as tetracyclines,
sulfonamides. Antimicrobial agents typically work by
inhibiting cell wall synthesis, nucleic acid synthesis, or
metabolic pathways. In recent times, antimicrobial
resistance has become a major global health threat,
primarily caused by the overuse or misuse of antimicrobials.
Ideal antimicrobial agents should target microorganisms

without harming the host, while factors such as absorption,
distribution, metabolism, and excretion influence their
efficacy. A modern approach to combating antimicrobial
resistance would involve finding new targets or using
alternative antimicrobials, either natural or synthetic
compounds [Mantravadi, et al., 2019].

Nanoparticles are a new generation of antimicrobial
agents that are being explored. One of the established
relationships between nanomaterials and antibacterial
activity is as follows: “Nanomaterials as antibacterial
complements to antibiotics are highly promising and
gaining significant interest as they may address the
limitations where antibiotics often fail” [Mohanpuria et
al.,2007]. Additionally, nanomaterials can complement and
support traditional antibiotics “as effective carriers”
[Sunagawa et al., 2004]. This section focuses on the unique
features and complementary advantages of using
nanomaterials in antimicrobial applications.

Green synthesis of Nanoparticles aims to promote
innovative chemical technologies that reduce or eliminate
the use and production of hazardous substances in the
design, manufacture, and application of chemical products.
This approach focuses on minimizing, or ideally,
eliminating, pollution produced during synthesis, avoiding
the consumption and waste of non-renewable raw materials,
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using safer alternatives in product manufacturing, and
reducing synthesis time (Paul Anastas, et al.,2004).

Guava (Psidium guajava) is a Phyto therapeutic plant
used in folk medicine, believed to contain active
components that help treat and manage various diseases.
Many parts of the plant have been used in traditional
medicine to manage conditions such as malaria,
gastroenteritis, vomiting, diarrhea, dysentery, wounds,
ulcers, toothaches, coughs, sore throat, inflamed gums, and
several other conditions [Jaiarj and Khoohaswan., et al.,
1999]. This plant has also been used to control life-changing
conditions like diabetes, hypertension, and obesity [South-
East Asian et al.,, 2006]. Guava is increasingly being
explored as a natural source for the green synthesis of
nanoparticles (NPs). Extracts from guava leaves, fruits, and
bark contain phytochemicals such as flavonoids, tannins,
and polyphenols, which act as reducing and stabilizing
agents in nanoparticle synthesis.

Chitosan, a natural antimicrobial agent found in the
shells of crustaceans, such as crabs, shrimp, squid pens, and
crawfish (No et al. 2002). Recently, some studies have
suggested the possibility of producing Chitosan from fungi.
In one study, Chitosan was extracted from the cell wall of
filamentous fungus, R. oryzae, (Jeihanipour et al., 2007) and
its antimicrobial properties were studied against E. coli, K.
pneumoniae and S. aureus (Hosseinnejad and Jafari, 2016).
Guava (Psidium guajava) and Chitosan, a natural polymer
derived from chitin (found in crustacean shells), offer
complementary properties that make them ideal candidates
for applications in nanotechnology. Both materials are
biocompatible, biodegradable, and rich in bioactive
compounds, enabling their combined use in the synthesis
and functionalization of nanoparticles (NPs) for
antimicrobial,  pharmaceutical, and environmental
applications

ZnO nanoparticles are believed to be among the three
most produced nanomaterials, alongside titanium dioxide
nanoparticles and silicon dioxide nanoparticles (Zhang,
Yuanyuan, et al., 2015). The most common use of ZnO
nanoparticles is in sunscreen. ZnO nanoparticles have been
shown to exhibit properties such as anti-cancer, antidiabetic,
antibacterial, antifungal, anti-inflammatory activities.

Considering the activities and benefits of guava,
Chitosan, and zinc nanoparticles, this work will explore the
green synthesis of Chitosan-functionalized zinc oxide
nanoparticles as a novel antimicrobial agent.

2. Materials and Methods
Materials

Zinc acetate (0.1983g), Guava plant extract (22g),
NaOH, Chitosan (1g), Acetic acid (10ml) NaoH, 1% Citric
acid, Agar broth, Antibiotic disc, Eppendorf tubes,
Inoculums, Forceps, Metric ruler, Bunsen burner, Cotton
swab, Pipettes, Glass rod.

Methods

Collection of Plants

Fresh leaves of Psidium guajava (guava) were collected
from the open areas of Arran Science Laboratory,
Valasapalli, Chittoor district. The collected leaves were
washed with running tap water, followed by distilled water,
and then dried at room temperature.

Preparation of plant extract

The plant extract was prepared by grinding 22g of leaves
into a paste using an electric mixer. A leaf broth solution
was prepared by adding 220ml of distilled water to the 22g
of plant paste in a 1:10 ratio. The mixture was then filtered
through standard filter paper, with Whatman No. 1 filter
paper. The remaining extract was stored at 4°C for further
experiments.

Figure 1: Guava extract
Preparation of stock solution

To 500 ml of distilled water, 10 ml (0.9183g) of zinc
acetate was added. The mixture was stirred using a
magnetic stirrer to form a stock solution.

Biosynthesis of zinc oxide nanoparticles (ZnO NPs):

To 50 ml of the prepared zinc acetate solution, 10 ml of
the plant extract was added dropwise until the solution
becomes colourless or turned white. NaOH was then added
to bringthe pH to10. The solution was
placed on a hot plate to form powder.

Figure 2: Zinc acetate

Preparation of Chitosan:
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A 1g of chitosan was mixed in 100ml of distilled
water. Since distilled water cannot dissolve Chitosan, acetic
acid was added drop by drop until a clear solution was
obtained.

Then, 30ml of Chitosan solution was mixed with 30ml
of plant extract with zinc acetate. The solution was stirred
for 24 hours with a magnetic stirrer. After that, it was
autoclaved for 15 minutes at 121°C. Once cooled, the
solution was stored in the refrigerator for 24 hours. To allow
the solution to form a powder, it was transferred into a Petri
dish and placed on the hot plate at 70°C until the liquid
evaporated.

Figure 4: Chitosan Powder

Preparation of Guava-Chitosan stabilized zinc
nanoparticle solution for antimicrobial activity:

A 1% citric acid solution (20 mL) was added to 30 mL
of the prepared Guava-Chitosan stabilized zinc nanoparticle
solution. Serial dilutions were then prepared by taking 25
pL, 50 pL, 75 pL, and 100 pL of the nanoparticle solution,
respectively, and diluting them accordingly.

Figure 5: Guava- Chitosan stabilized Zinc nanoparticles
with citric acid solution

Table 1: Chitosan dilution concentrations

S.No Chitosan Water
Solution
1 100pl -
2 75ul 25ul
3 50pl 50pl
4 25ul 75ul

Disc diffusion assay:

The working area was sterilised with disinfectant, and
sterile cotton was soaked in the inoculum. The excess
medium was removed, and the inoculum was aspirated by
pressing the swab against the wall of the tube. Afterward,
the plate was dried for 5 minutes to allow proper inoculation
detection. Forceps were sterilized with alcohol before
handling the antibiotic discs. The antibiotic discs were
placed in the centre of the plate. Holes were made on the
four sides of the plate using the tips. Then prepared solution
was added slowly, drop by drop, and the plates were
incubated upside down for 24 hours at 37°C. After 24 hours
of incubation, the zone of inhibition was measured with a
scale and the diameter was recorded.

3. Results and Discussion

The synthesis of Chitosan stabilized zinc nanoparticles
was observed through a colour change from a colourless
solution to a white colour coloured solution as shown in the
Fig 6. The green synthesised Chitosan/ZnO nanoparticles
transitioned from colourless to a milky solution, as shown
in Figure 7. The first attempt at synthesizing ZnO
nanoparticles involved reducing zinc nitrate with sodium
hydroxide (NaOH) without using a stabilizing agent,
leading to agglomeration and a non-homogeneous solution.
This can be explained by the addition of zinc nitrate to the
NaOH solution, produces a milky precursor solution. This
is the initial stage of the zinc nitrate reduction reaction,
where zinc nitrate dissociates into Zn** and NOs~ ions. After
stirring for several minutes, suspensions formed in the
solution due to the agglomeration process. Without a
stabilizing agent to coat the nanoparticle surfaces,
agglomeration began to occur. If the reduction process
precedes the interaction with the stabilizing agent,
nanoparticle growth cannot be effectively controlled,
leading to clusters.
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XRD analysis of Zinc with Chitosan:

The XRD pattern of Chitosan-stabilised ZnO showed
intense peaks at 20 values of 28.4304, 29.1562, 30.9185,
41.5382. The particle size of ZnO with Chitosan is
28.4304nm.
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Fig:10: XRD pattern of zinc with Chitosan

XRD analysis of Zinc NPS with Psidium guajava:

The XRD pattern of ZnO NPs synthesized using
Psidium guajava extract showed intense peaks at 26 values
of 14.2576, 28.4202 and 31.2820 The particle size of ZnO
I NPs synthesized by Psidium guajava is 14.2576nm.

Fig 7: Guava plant extract
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Fig 11: XRD pattern of zinc NPs by Psidium guajava
XRD analysis of Stabilized ZnO with Psidium guajava:

The XRD pattern of ZnO NPs synthesized using
Psidium guajava extract showed intense peaks at 26 values
of 14.3469, 18.6823, 19.8046, 24.9359, 26.7010, 29.1592,
30.9674. The particle size of stabilized ZnO NPs by Psidium
guajava is 14.3469nm.
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Fig 9:Chitosan stabili
XRD analysis:
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Fig 12: XRD pattern of stabilized ZnO NPs by Psidium
guajava

The analysis aimed to determine the size of various
crystalline forms of nanoparticles. The XRD patterns
confirmed that the Chitosan/ZnO nanoparticles exhibited a
well-defined crystalline structure. Comparison of the XRD
spectra with the standard peaks from the JCPDS files
showed excellent matching for all samples. No impurities
were observed in the characteristic peaks, indicating the
purity of the synthesized nanoparticles. The choice of
Chitosan as the stabilizing polymer was validated, as it
effectively prevented aggregation and sedimentation. The
average crystallite size of the Chitosan/ZnO nanoparticles
calculated using the Debye Scherrer formula.

UV-Visible spectroscopy:

The UV-Visible spectrum analysis of Chitosan-
stabilized ZnO nanoparticles showed distinct absorption
peaks, indicative of their unique optical properties. A
prominent absorption peak was observed at 335 nm,
characteristic of ZnO nanoparticles. This peak indicates the
presence of ZnO in its nanoparticulate form and
corresponds to the band gap transition. The position and
intensity of the absorption peak suggest that the size and
optical behaviour of the nanoparticles are influenced by the
stabilizing effect of Chitosan.
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Figure 13: UV-visible Spectra of synthesized nanoparticles

Anti-microbial activity:

The anti-microbial activity of Chitosan-stabilized ZnO
nanoparticles was evaluated against three bacterial strains:
E. coli, S. aureus, and S. enterica as shown in table 2. The
zones of inhibition were observed to increase with higher
concentrations of nanoparticles, showing a dose-dependent
response. At the highest concentration (100 pL), the largest
zones of inhibition were recorded for S. aureus (21 mm) and
S. enterica (23 mm), indicating strong antibacterial effects.
E. coli also showed a significant inhibition zone of 21 mm
at the same concentration. These results confirmed that
Chitosan-stabilized ZnO nanoparticles were effective
against both Gram-positive and Gram-negative bacteria. In
comparison, the control group with a standard antibiotic
showed consistent inhibition zones of 20 mm across all
bacterial strains, suggesting similar antimicrobial activity
between the nanoparticles and the antibiotic. At lower
nanoparticle concentrations, S. aureus displayed the
smallest zones of inhibition, while S. enterica showed a
more prominent increase in inhibition as the nanoparticle
concentration rose. Overall, the findings support the
potential of Chitosan-stabilized ZnO nanoparticles as
effective antibacterial agents, with higher concentrations
providing stronger antimicrobial effects.

Table 2: Antimicrobial activity of different
concentrations of green synthesised Chitosan-stabilized
ZnO nanoparticles against three bacterial strains: E. coli, S.
aureus, and S. enterica.

S.No | Concentration Zone of Zone of Zone of
(un inhibitic_)n inhibition inhibition
1 25 17 5 14
2 50 18 13 17
3 75 20 17 19
4 100 21 21 23
5 Control 20 20 20

Fig 14: Antimicrobial activity of silver nanoparticles
against E. coli, S. aureus and S. enterica

4. Conclusion

Zinc oxide (ZnO) nanoparticles were synthesized
through a green synthesis method, using zinc acetate
dihydrate and an extract from guava leaves. The resulting
nanoparticles had an average crystallite size of 14.13 nm.
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The antibacterial activity of the Chitosan-stabilized ZnO
nanoparticles was tested in vitro, showing notable
effectiveness against both Gram-positive and Gram-
negative bacterial strains. The observed antibacterial action
is likely due to the nanoparticles ability to generate reactive
oxygen species (ROS), induce oxidative stress, and
physically damage bacterial cell membranes, ultimately
leading to bacterial inhibition or cell death.
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