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ORIGINAL RESEARCH

and repeatability of created nanomaterials.6 Algae, actinomycetes, 
sugar, ginger and clove, bacteria, and plants have all been 
successfully used to produce nanoparticles.6,7 Plant-mediated 
synthesis of nanoparticles is cost-effective, can be measured 

In t r o d u c t i o n

Nanotechnology has developed significantly over the past 
10 years, becoming an integral part of medical sciences due 
to its wide variety of applications in several concepts of health 
investigation and treatment.1 Recent studies have demonstrated 
that metal nanoparticles have antibacterial capabilities. On the 
contrary, the functional characteristics of metal nanoparticles 
may be enhanced to complete the green manufacturing 
method.2 Because of its pharmacological treatment and 
biodistribution activities, researchers are currently concentrating 
on nano-based pharmaceuticals, for instance, as a platform for the 
operational delivery of therapeutic molecules.3

Due to the use of noxious chemicals or other environmentally 
hazardous substances, it has been demonstrated that using 
nano-based pharmaceuticals to achieve conservative strategies 
equivalent to their physical and chemical ways is environmentally 
hazardous.4 Researchers are increasingly concentrating on 
biological approaches that combine plants and their components, 
as well as microorganisms akin to fungus, algae, and bacteria, to 
finish the nontoxic, ecologically friendly procedure utilized to 
produce nanoparticles.5

Herbal or traditional derivatives are an ecofriendly alternative 
for carrying out subsequent procedures because of the movability 
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Ab s t r ac t
Aim: To study the mechanism of action of clove and ginger-mediated titanium oxide nanoparticles (TiO2 NPs)-based dental varnish against 
Streptococcus mutans (S. mutans) and Lactobacillus species.
Materials and methods: Plant extract was prepared from ginger and clove, which was purchased locally and processed in a mixer grinder to 
create a fine powder. A total of 100 mL of distilled water was used to dissolve 0.5 gm of each of the powders, followed by cooking on a hotplate 
for 10 minutes at 60°C until it bubbled. The extract was collected, filtered, and stored. Dental varnish is prepared using a titration of 6.26 mm of 
titanium dioxide powder in 60 mL of distilled water was prepared followed by the addition of 40 mL of plant extract into an orbital shaker. Varied 
concentrations of dental varnish (25, 50, 100 μL) were introduced into culture well plates consisting of S. mutans and Lactobacillus followed by 
incubation. Antibacterial properties were analyzed through the recording of zones of inhibition, minimum inhibitory concentration (MIC), and 
minimum bacterial concentration.
Results: The results have demonstrated that when concentration rises, optical density values fall, demonstrating a bactericidal action. The 
results show a great difference between the values of optical density of the test samples at various concentrations in the order of 25, 50, and 
100 μL being the highest when compared with control and antibiotic groups against Streptococcus and Lactobacillus. The results have proved 
that the greenly generated dental varnish has demonstrated good antibacterial and antibiofilm properties.
Conclusion: The results demonstrated that a dental varnish formulation based on TiO2 NPs mediated by clove and ginger has proved to have 
an effective antibacterial action and should be further evaluated through in vivo studies too.
Clinical significance: Due to their effective antibacterial qualities, titanium dioxide nanoparticles have been used to create a dental varnish 
that works well when combined with natural compounds like ginger and clove. This varnish can be improved with further testing using in vivo 
simulations.
Keywords: Antimicrobial activity, Clove, Dental varnish, Ginger, Titanium oxide nanoparticle.
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create a fine powder. In 100 mL of distilled water, 0.5 gm of ginger 
and 0.5 gm of clove powder were added to dissolve. The solution 
was cooked in a hotplate for 10 minutes at 60°C until it bubbled. 
Later the plant extract was collected from the solution in a flask 
through a funnel using a Whatman filter. The extract was then 
overnight chilled in an airtight storage container.

Dental Varnish Preparation
In order to make dental varnish, a titration of 6.26 mm of TiO2 powder 
in 60 mL of distilled water was prepared, followed by the addition 
of 40 mL of plant extract into an orbital shaker. Readings have been 
made to assess the color changes of the solution every 2 hours 
using ultraviolet–visible (UV) spectrophotometer. After 36 hours, 
centrifugation at 7000 rpm for 10 minutes was carried out for 
further analysis. TiO2 NPs pellets enhanced with clove and ginger 
were created after centrifugation and were maintained as a stock 
solution, which will be diluted further as a working solution.

Evaluation of MIC 
The classic broth dilution method was used to examine the 
antibacterial effectiveness of silver NPs by measuring how quickly 
microbes grew visibly in the Mueller–Hinton broth. The culture 
plates were sterilized and kept ready for inoculation. The bacteria 
availed from the laboratory was centrifuged at 11000 rpm for 
5 minutes in the broth, followed by removal of supernatant and 
dilution with 20 mL of sterile saline. After overnight incubation, 
the cell density of bacterial culture in Mueller–Hinton broth was 
maintained at 108 colony-forming units per milliliter (CFU/mL) 
following McFarland’s standard at an optical density of 0.10 at 
625 nm. The TiO2 NPs enhanced with clove and ginger were diluted 
with water in concentrations of 25, 50, and 100 µL. The test solution 
(25, 50, 100 µL) was serially added to culture plates containing a 
culture of Lactobacillus and Streptococcus species, followed by 
incubation at 37°C for 4 hours and examined for growth on 1 hourly 
basis (Fig. 1). The sampling method used is a convenience method 
and the number of test samples used is four at each concentration. 
To assess the medium sterility and quality of the test results, the 
samples were grouped into three that is test group, antibiotic or 
standard, and positive control group. The positive control consists 
of bacterial inoculated broth, which is incubated at 37°C, whereas 
the standard group consists of an undiluted dental varnish stock 
solution of TiO2 NPs with bacterial inoculated broth. The values of 
MIC were recorded soon after the introduction of dental varnish 
at varied concentrations at 1 hourly time interval for 5 hours. This 
method is fabricated according to the doubling time of the bacteria 
used, which is approximately 1–1.5 hours for both, respectively. The 
series of dilution culture plates were checked for signs of microbial 
growth after incubation; these signs often included turbidity and/or 
the presence of a microbe pellet at the base of the vessel used for cell 
culture. In the dilution series, the last tube left without any growth 
was considered as MIC endpoint, and values were recorded before 
and after incubation.29 The visible results are again validated under 
spectrophotometer by verifying the optical density of test samples 
at each concentration, positive control, and standard sample.

Minimum Bactericidal Concentration (MBC)
A pure culture of bacterium (S. mutans and Lactobacillus acidophilus) 
was diluted in Muller–Hinton broth to a concentration of 0.5 McFarland 
standards tube to promote growth. To a stock concentration 
that is around 100 times the expected MIC, the antimicrobial test 
substance was diluted. Further, the test microbe solution was diluted 

faster and with less correction, and without any implications 
of hazardous chemicals.8 With a renewed interest in traditional 
medicine, plant-derived drugs are believed to be safer and more 
dependable in comparison with synthetic drugs with adverse side 
effects.9 Syzygium aromaticum (clove) belongs to the Myrtaceae 
family, a native of Indonesian islands with eugenol as the main 
bioactive compound with concentrations ranging from 9381 to 
14650 mg per 100 gm of freshly sourced plant material.10 Studies 
conducted by Mohapatra et  al. have proved clove to have 
bactericidal and fungicidal effects at concentrations of 1–3% 
against Staphylococcus aureus and other strains.10 Zingiber 
officinale (Z. officinale) (ginger) is one of the most commonly 
used ingredients in herbal medicine for the purpose of gastric 
disorders, bleeding disorders, etc. It has also been proven to serve 
as an excellent bactericidal and catalytic agent.11

Among the various inorganic nanoparticles, selenium oxide, 
and TiO2 stand the highest among global production volumes 
as they are the safest to use.10 Physical, biological, chemical, 
and environmental-friendly approaches were used to organize 
TIO2 NPs.12 TIO2 NPs have strong antibacterial properties and can 
be used to combat multidrug-resistant infections. TIO2 NPs are 
particularly useful because of their high specific toxicity against 
bacteria and minimal toxicity toward humans.13

Enamel decalcification is followed by dentin decalcification 
in the chemomicrobial process known as dental caries.14 The 
development of pathogenic plaque is aided by the cariogenic 
Streptococcus species. Large populations of Streptococcus and 
Lactobacilli contribute to dental caries and periodontal diseases.15

Various experiments have been conducted toward the synthesis 
and characterization of different properties of nanoparticles such 
as zinc oxide, zirconium oxide, selenium, halloysite nanotubes, 
silymarin/hydroxyapatite, chitosan nanocomposites, plant-derived 
silver NPs, nanoemulsions, and oleoresins.16–27 Considering the 
abovementioned data, the aim of the current study is focussed 
on evaluating the mechanism of action of a new dental varnish 
formulation prepared by using TiO2 NPs reinforced with ginger 
and clove against oral pathogens like S. mutans and Lactobacilli 
species with a null hypothesis that there is a significant difference 
in antibacterial action due to this new formulation across different 
concentrations by determining MIC.28

Mat e r ia  l s a n d Me t h o d s

Study Setting
The study was carried out in the nanomedicine laboratory, 
Department of Pharmacology, Saveetha Dental College 
and Hospitals, Saveetha Institute of Medical and Technical 
Sciences (deemed to be university), Chennai, Tamil Nadu, India, 
after obtaining approval from the Scientific Review Board 
(IHEC/SDC/UG-1921/21/130)

The bacterium S. mutans and Lactobacillus acidophilus were 
the oral pathogens used to test the antibacterial activity in 
the current study. The microorganisms were acquired from the 
nanobiomedicine laboratory culture lab at Dental College and 
Hospitals, Saveetha Institute of Medical and Technical Sciences 
(deemed to be university), Chennai, Tamil Nadu, India.

Plant Extract Preparation
Around 20 gm of raw clove and ginger were purchased in the 
local market. The skin of the ginger was disintegrated, followed 
by sun-drying until its ready to be processed in a mixer grinder to 
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the mechanism of action of TiO2 NPs mediated by clove and ginger 
herbal formulation against S. mutans and Lactobacillus acidophilus. 
The amount of light scattering a bacterium in a culture plate is 
defined as optical density. The light scattering increases with the 
number of microorganisms. Figures 2 and 3 display the optical 
density of varied concentrations at each interval over the course 
of 4 hours tested against S. mutans and Lactobacillus acidophilus, 
respectively. It demonstrates that when concentration rises, 
optical density values fall, demonstrating an effective inhibitory 
action toward bacterial growth. The MIC was at 100 μL and was 
confirmed by MBC <1 μg/mL. The results show a great difference 
between the values of optical density of the test samples at various 
concentrations when compared with control and antibiotic groups 
when tested against Streptococcus and Lactobacillus.

Di s c u s s i o n

Dental caries is one of the most common oral problems with 
high incidence and prevalence and, if untreated, may lead to 
irreversible damage. Simply put, a biofilm over the tooth has the 
potential to initiate caries formation on the tooth surface due 
to various factors related to intra and extraoral. In an effort to 
incorporate antimicrobial compounds into the biofilm, a number 
of preventive measures and products have been developed for 
the maintenance of oral hygiene.31

In light of the rising interest in nanomaterials as drug delivery 
systems in contemporary technology, studies have shown that 
TiO2 NPs are effective antibacterial agents against a variety of 
gram-positive and gram-negative pathogens because of their 
distinctive low adherence and significance for developing 
carious lesions. The current study evaluated the antibacterial 
and antibiofilm properties of TiO2 NPs enhanced with natural 
extracts like ginger and clove in relation to bacteria (S. mutans and 
Lactobacillus). This new dental varnish formulation has exhibited 
promising antibacterial and antibiofilm properties.

Apart from TiO2 NPs, various metal oxide NPs like zinc oxide, 
magnesium oxide, copper oxide, silicon dioxide, etc., have also 
proved to exhibit good antibacterial activity. Besides being less 
toxic, heat resistant, and highly effective against resistance microbe 
strains, they may also act as essential mineral supplements to the 
human body.32

Titanium dioxide nanoparticles (TiO2 NPs) have been a friendly 
addition to adhesives and composite dental materials because of 

using 96-well microtiter plates. The wells were inoculated with equal 
amounts of the indicated microbe to move from least concentrated 
to most concentrated. For each test microbe sample, positive and 
negative control was maintained either in a tube or a culture well 
to demonstrate acceptable microbial growth and the presence of 
sterile habitat over the period of the incubation time of 24 hours. 
Positive control under incubation was used to assess the baseline 
microorganism concentration,30 in which the presence of turbidity 
indicates the development of the bacteria. The MIC was recorded as 
least when no noticeable growth/development in the bacteria was 
seen. The MBC was calculated by plating and counting the MIC of 
the dilution. When compared to the MIC dilution, the MBC showed 
the lowest bactericidal concentration indicating a drop in CFU/mL 
(such as 99.9%). The MIC and MBC values are assessed according to 
the bacterial growth as colonies and are interpreted as CFU/mL and 
as percentages when assessed for optical density. The results were 
collected in Microsoft Excel and were statistically plotted in Statistical 
Package for the Social Sciences software (IBM, India), version 22. In 
this study, the MBC result was statistically analyzed by analysis of 
variance (ANOVA) using descriptive statistics with mean and standard 
deviation. Later post hoc Tukey’s analysis was also performed for MBC 
of TiO2 NPs reinforced with ginger and clove against S. mutans and 
Lactobacillus with a predetermined statistical significance at p < 0.05.

Re s u lts

Visual Observation for S. mutans and Lactobacillus
After the incubation at 37°C under anaerobic conditions, it was 
noticed that the culture plates with 100 μL dilution of test solution 
showed minimal turbidity exhibiting bacterial growth inhibition to 
be dominant at that concentration. This was confirmed when the 
suspension from the 100 μL culture plate was added to a new culture 
plate with the broth and kept under incubation for 24 hours for MBC 
evaluation, demonstrating barely any bacterial growth. The average 
MBC values for the concentrations 25, 50, and 100 μL were 8, 4, and 
<1 μg/mL, respectively. The statistical analysis conducted for MBC of 
all test samples of all concentrations against S. mutans and Lactobacilli 
using ANOVA and post hoc Tukey’s test showed significant inhibition 
of growth at 100 μL when compared to 25 and 50 μL.

Observations under Spectrophotometer
The optical density was evaluated in terms of absorbance at each 
concentration and at each time interval and is used to investigate 

Fig. 1: Antimicrobial activity of clove and ginger-mediated TiO2 NPs-based dental varnish
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using ginger and clove as one the natural resources for antibacterial 
properties, which was supported strongly by the results.

Due to their distinctive property of low adherence and 
relevance toward the progression of carious lesions, studies have 
demonstrated the antibacterial activity of TiO2 NPs against a 
variety of gram-positive and gram-negative pathogens.34 The best 
bacteria to examine the formulation’s antibacterial effectiveness 
are Lactobacilli followed by Streptococcus, due to which the current 
study is conducted against the abovementioned bacterium.

Limi   tat i o n s

The study was conducted under in vitro environment with minimal 
test samples. Hence the results of the antibacterial efficacy alone 
may not be effective in proving its clinical efficacy.

Scope of future research—further ex vivo-based research and 
clinical trials are needed to determine the exact mechanism of 
action of these NPs against other pathogens.

Co n c lu s i o n

Antimicrobial activity and mechanism of action against S. mutans 
and Lactobacillus species with the clove and ginger-mediated 
TiO2 NPs-based dental varnish was studied. These extracts could 
be employed as a dental varnish with high efficacy if features such 
as tissue tolerance can be explored.
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their photocatalytic action, antibactericidal, and UV-absorbing 
qualities, which correlates with the results of the current study. 
On the contrary, due to their smaller nanometer scale and potent 
oxidizing capacity generating reactive oxygen species (ROS), 
TiO2 NPs have been a superior choice while formulating materials 
in need of antibacterial properties. According to Sun et al., dental 
resins could incorporate acid-functionalized TiO2 NPs, which could 
then be employed as dental adhesives on human teeth.33 These 
NPs produce ROS when exposed to visible light, which may be used 
to accelerate the conversion rate of the vinyl component in the 
composite resins and produce adhesives with more powerful shear 
bindings with the natural teeth. Research on the toxic/damaging 
nature of NPs on the deoxyribonucleic acid and their possible 
release from dental composites revealed a minimal probability of 
carcinogenic consequences.

When the mechanical properties of the composites were 
evaluated, the use of TiO2 as a reinforcement agent enhanced the 
polymer. The morphological findings showed that TiO2 adhered 
strongly to the polymer matrices and that it was distributed 
uniformly inside them. TiO2’s mechanical properties were improved 
by the polymer matrix’s adequate compatibility with TiO2. Due to 
its photoactivity, the inorganic substance TiO2 has recently received 
a lot of interest. In aqueous solutions, TiO2 reacts with UV light to 
produce a number of ROS. Because photodynamic treatment has 
the ability to create ROS and hence cause cell death, it has been used 
to treat various clinical conditions ranging from psoriasis to cancer.

Numerous techniques to develop TiO2 NPs reinforced with 
natural extracts have been researched to increase the effectiveness 
of anticancer and antibacterial medications. Ficus benghalensis, 
Syzygium aromaticum, Z. officinale, and Azadirachta indica twig 
extracts were used to create a new formulation along with 
TiO2 NPs. Strong ketones like gingerol, which are frequently used 
in research, give ginger its distinctive flavor. It possesses a variety 
of biological qualities, like antibacterial, antioxidant, and anticancer, 
as well as those that boost the immune system. Another natural 
ingredient like clove consists of eugenol, which is the most bioactive 
component showing great antibacterial properties against bacterial 
and fungal stains.34 Considering the abovementioned evidence, the 
current study designed a dental varnish with a new formulation 

Fig. 3: Antimicrobial activity of clove and ginger-mediated TiO2 NPs-based 
dental varnish against Lactobacillus species tested at various 
concentrations from 25, 50, 100μL, and the percentage of inhibition. 
The X-axis shows the concentration of the NPs and the Y-axis shows 
the optical density

Fig. 2: Antimicrobial activity of clove and ginger-mediated TiO2 NPs-based 
dental varnish against S. mutans tested at various concentrations 
from 25, 50, 100μL, and the percentage of inhibition. The X-axis shows 
the concentration of the Nps and the Y-axis shows the optical density
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