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Abstract Background: The increasing prevalence of fungal infections like Candida albicans in the oral cavity has highlighted

the need for alternative antifungal agents. Titanium oxide nanoparticles (TiO2 NPs), synthesized through green methods using
plant extracts, offer promising antimicrobial properties. This in vitro study investigates the antifungal potential of a dental
varnish formulated with ginger and rosemary-mediated TiO2  nanoparticles against C. albicans. Materials and Methods:
Mueller Hinton agar plates were prepared and inoculated with Candida albicans. Using the agar well diffusion method, wells
(9 mm) were filled with varying concentrations of the prepared dental varnish (25 μg/mL, 50 μg/mL, 100 μg/mL). A commercial
dental varnish and fluconazole served as control groups. Plates were incubated at 37EC for 24-48 hours. Zones of inhibition were
measured in millimetres, and optical density was assessed using a spectrophotometer at various time intervals to evaluate fungal
growth kinetics. Results: The antifungal activity of the nanoparticle-based varnish increased with  concentration. At 25 μg/mL,
50 μg/mL, and 100 μg/mL, the zones of inhibition measured 18 mm, 22 mm, and 30 mm, respectively. The commercial dental
varnish produced a 20 mm zone of inhibition. A notable reduction in optical density was observed with higher concentrations
over 5 hours, confirming effective fungal suppression. Conclusion: The ginger and rosemary-mediated TiO2  NP-based dental
varnish demonstrated significant in vitro antifungal activity against Candida albicans. These findings suggest its potential use
in preventive dental care, especially for patients susceptible to fungal colonization. Further studies involving biofilm models
and clinical trials are recommended to validate its efficacy and safety in real-world conditions.
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INTRODUCTION
Over the past decade, nanotechnology has significantly
advanced and become an integral part of medical and dental
sciences due to its wide-ranging applications in diagnostics,
drug delivery and antimicrobial treatments. Among these,
metal nanoparticles have garnered particular interest for their
potent antibacterial and antifungal properties [1]. In recent
years, there has been a shift toward green synthesis of
nanoparticles to minimize the use of hazardous chemicals and
enhance biocompatibility. This environmentally friendly
approach often involves biological sources such as plants,
fungi, bacteria and algae, which act as reducing and
stabilizing agents in nanoparticle formation [2,3].

Among   inorganic   nanoparticles,   titanium  dioxide
(TiO2)   stands   out   due   to   its   large-scale   production,
high biocompatibility,  low  toxicity  to  human  cells  and
strong antimicrobial effects. TiO2 nanoparticles can be
synthesized via physical, chemical, biological, or green
methods,   with   the   latter   gaining   popularity   for  being
non-toxic  and  eco-friendly [4].  The  use  of  herbal  or
plant-based agents,  such   as   ginger,   clove  and  rosemary,
has   proven   to   be   a   cost-effective,   rapid   and
sustainable  route  to  nanoparticle  synthesis [5,6].  These
plant-mediated    methods    avoid    hazardous    byproducts
and leverage the inherent antimicrobial properties of
phytochemicals.
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There has been growing interest in nanoparticle
applications within dentistry, particularly for the management
of oral biofilm-associated diseases like dental caries and
periodontal infections. Dental caries is initiated by acidogenic
bacteria, notably Streptococcus mutans and is often  worsened
by opportunistic pathogens such as Candida albicans, which
can form mixed biofilms and contribute to enamel and dentin
demineralization [7-9].

Previous research has documented the synthesis and
characterization of various nanoparticles including halloysite
nanotubes, zirconium oxide, selenium, chitosan
nanocomposites,  nanoemulsions  and  plant-derived  silver
NPs [7,10]. TiO2  nanoparticles, in particular, have
demonstrated efficacy against multidrug-resistant microbes,
reinforcing    their    value    in    therapeutic    dental
applications [10,11].

Ginger and rosemary, both widely known for their
antimicrobial, anti-inflammatory and antioxidant properties,
contain active compounds such as gingerol and rosmarinic
acid, which not only assist in reducing metal ions during
nanoparticle synthesis but also enhance the antimicrobial
efficacy of the resulting nanomaterials.

Despite the known potential of green-synthesized TiO2 
NPs, limited studies have explored their integration into
dental varnish formulations for direct antifungal application,
especially targeting Candida albicans. This gap forms the
basis of the current study.

The aim of this study is to evaluate the antifungal activity
of a dental varnish formulated using ginger and rosemary-
mediated   TiO2    nanoparticles   against   C.  albicans   under
in vitro conditions.

MATERIALS AND METHODS
Study Setting
This in vitro experimental study was conducted in the
Nanomedicine Laboratory, Department of Pharmacology,
Saveetha Dental College and Hospitals, Saveetha Institute of
Medical and Technical Sciences (SIMATS), Chennai, Tamil
Nadu, India. The oral pathogen Candida  albicans was
selected for antifungal testing. The microbial strain was
sourced from the microbiological culture collection of the
same institution.

Antifungal Activity Assessment
The antifungal activity of the ginger and rosemary-mediated
titanium dioxide nanoparticles (TiO2  NPs) was evaluated
using the agar well diffusion method. Mueller Hinton Agar
(MHA) plates were prepared and sterilized in an autoclave at
121EC for 15-20 minutes. The sterilized medium was poured
into sterile Petri dishes and allowed to solidify at room
temperature.

A standardized suspension of Candida albicans was
prepared and 100 μL of the culture was evenly spread across

the surface of each agar plate using sterile cotton swabs.
Wells of 9 mm diameter were created in the agar using a
sterile polystyrene tip. These wells were then loaded with
three different concentrations of TiO2  NPs-based dental
varnish: 25 μg/mL, 50 μg/mL and 100 μg/mL. Each test was
performed in triplicate to ensure reproducibility.

Fluconazole (standard antifungal agent) was used as a
positive control. The plates were incubated at 37EC for 24
and 48 hours. After incubation, the zone of inhibition
surrounding each well was measured in millimetres (mm)
using a transparent ruler. The average diameter from three
measurements per well was recorded and the antifungal
activity was expressed as the mean zone of inhibition.

Preparation of Plant-Mediated TiO2  Nanoparticles for
Dental Varnish
To formulate the nanoparticle-based dental varnish, 6.26 g of
TiO2  powder was dissolved in 60 mL of distilled water and
mixed with 40 mL of ginger and rosemary plant extract in an
orbital shaker. The mixture was monitored for colour change
at 2-hour intervals using ultraviolet-visible (UV-Vis)
spectroscopy, indicating nanoparticle synthesis.

After 36 hours of continuous shaking, the solution
underwent centrifugation at 7,000 rpm for 10 minutes to
isolate the TiO2  nanoparticles. The resulting pellet, consisting
of ginger and rosemary-mediated TiO2  NPs, was collected
and stored as a stock solution. This stock was subsequently
diluted to prepare working concentrations for use in the
antifungal assay.

RESULTS
The antifungal efficacy of the ginger and rosemary-mediated
TiO2  nanoparticle-based dental varnish was found to be
concentration-dependent. As the concentration of the
nanoparticles increased from 25 μg/mL to 100 μg/mL, a
corresponding increase in the zone of inhibition against
Candida albicans was observed (Figure 1, Table 1). The mean
zones of inhibition were recorded as follows:

C 25 μg/mL: 18 mm
C 50 μg/mL: 22 mm
C 100 μg/mL: 30 mm

By comparison, the commercial dental varnish
demonstrated a 20 mm zone of inhibition and fluconazole
(used as the positive control) produced a zone of 32 mm
(Figure 2).

Additionally, optical density (OD) values measured at
regular time intervals (1 to 5 hours) showed a progressive
decline in fungal growth with increasing TiO2  NP
concentrations. At 100 μg/mL, the most significant reduction
in OD was observed by the 5th hour, indicating strong
antifungal kinetics (Figure 3).
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Figure 1: The above figure represents the culture plate of C. albicans in which dental varnish was used to find out the zone of
inhibition

Figure 2: The figure shows the zone of inhibition of the commercial dental varnish prepared against Candida albicans, The X-
axis represents the concentration of the sample, Y-axis represents the zone of inhibition in mm

Figure 3: The figure shows the time kill curve assay of C. albicans. It shows the antifungal activity of rosemary and ginger-
mediated TO, NPs-based dental varnish against S. aureus  species tested at various concentrations from 25, 50, 100 ML, at
various time intervals from 1 hr, 2 hr, 3 hr, 4 hr, 5 hr and the percentage of inhibition, the X-axis shows the time interval of the
NPs and the Y-axis shows the optical density
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Table 1: The above table represents the value of zone of inhibition of the
prepared dental varnish against C. albicans

Commercial dental
Organism 25 :g/mL 50 μg/mL 100 μg/mL varnish
C. albicans 18 22 30 20

The experimental varnish also exhibited notable
antimicrobial activity against Streptococcus mutans and
Enterococcus faecalis when tested under similar conditions,
although the primary focus of this study remained on
antifungal effects against C. albicans.

These results collectively demonstrate that the green-
synthesized TiO2  NP dental varnish possesses potent
antifungal activity, particularly at higher concentrations and
could be a promising candidate for preventive oral healthcare
applications.

DISCUSSION
Dental caries remains one of the most prevalent oral health
conditions globally, with a high incidence and significant
potential to cause irreversible damage if left untreated. Caries
development begins with the formation of a biofilm on the
tooth  surface,  triggered  by  various  intra- and  extraoral
stimuli. In response, numerous preventive strategies have
emerged, including the integration of antimicrobial agents
into dental materials to inhibit biofilm formation and
progression.

Previous studies, demonstrated that calcium silica
nanoparticles effectively prevented enamel erosion,
underlining the potential of nanotechnology in preventive
dentistry [12,13]. Similarly, sudy evaluated a dental varnish
incorporating TiO2  nanoparticles (NPs) synthesized using
ginger and clove, showing substantial antibacterial activity
against caries-causing microbes [14,15]. These findings are
consistent with the present study, which used ginger and
rosemary-mediated TiO2  NPs and demonstrated significant
antifungal activity against Candida albicans.

The incorporation of plant-derived TiO2  NPs into dental
materials is gaining traction due to their broad-spectrum
antimicrobial properties and eco-friendly synthesis routes.
Recent investigations have shown that TiO2  NPs exhibit
antibacterial and antibiofilm activity against both gram-
positive and gram-negative pathogens, particularly
Streptococcus mutans and Lactobacillus species, which play
a critical role in the initiation and progression of carious
lesions [16]. The current formulation builds on these findings
by also targeting fungal pathogens, specifically C. albicans,
a frequent contributor to oral infections and denture-related
stomatitis.

The photocatalytic activity, UV absorption capability and
ROS-generating properties of TiO2  NPs make them a
versatile component in dental composites and adhesives.
These nanoparticles function by producing reactive oxygen
species (ROS) under light exposure, leading to microbial
membrane disruption and cell death [17]. This aligns with  the

present study's findings, which showed a concentration-
dependent reduction in C. albicans growth, likely mediated by
such oxidative mechanisms.

Further, acid-functionalized TiO2  NPs, as discussed by
Alofi et al., have demonstrated potential for integration into
dental resins, enhancing not only antimicrobial effects but
also mechanical properties and adhesion to tooth surfaces
[18]. In our study, the green-synthesized nanoparticles also
exhibited uniform dispersion, a critical factor in achieving
consistent antimicrobial coverage in dental varnish
formulations.

In addition to antimicrobial efficacy, the morphological
compatibility of TiO2  NPs with polymer matrices improves
the mechanical stability and durability of the composite.
Studies have shown that the inclusion of TiO2  as a
reinforcing agent leads to improved interfacial adhesion and
dispersion, which in turn enhances the varnish's structural
performance. This suggests that TiO2  NPs are not only
biologically active but also mechanically synergistic with
resin materials [19].

Finally, the present study underscores the antifungal
capabilities of the synthesized dental varnish, which may
extend the application of nanoparticle-based formulations
beyond bacterial control to address fungal infections in high-
risk dental populations. The targeting of Candida albicans is
particularly significant, given its role in denture stomatitis and
oral candidiasis in immunocompromised individuals.

Overall, these findings contribute to the expanding body
of evidence supporting the therapeutic versatility of green-
synthesized TiO2  nanoparticles, especially when reinforced
with herbal extracts. The integration of ginger and rosemary,
both known for their bioactive phytochemicals, enhances the
antifungal potential while maintaining biocompatibility and
sustainability.

CONCLUSION
This in vitro study demonstrated that a dental varnish
formulated with ginger and rosemary-mediated titanium
dioxide nanoparticles (TiO2  NPs) exhibited significant
antifungal activity against Candida albicans. The results
support the potential application of this green-synthesized
formulation as a biocompatible and eco-friendly antifungal
agent in preventive dental care. With further validation,
including studies on tissue compatibility, toxicity and long-
term stability, this novel dental varnish may serve as a viable
adjunct in managing oral fungal infections, especially in high-
risk populations.

Limitations
This investigation was limited to an In Vitro experimental
setting using a small number of test samples. As such, while
the antifungal effects were promising, these findings may not
fully reflect real-world therapeutic outcomes. The absence of
biofilm  models,  cytotoxicity  assessments   and   mechanical
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stability tests limits the ability to generalize these results to
clinical settings. Future research should include ex vivo
studies, biofilm inhibition assays and clinical trials to
determine the mechanism of action, long-term efficacy and
safety profile of the TiO2  NP-based dental varnish in oral
healthcare applications.
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