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Abstract

Introduction: Titanium oxide (TiOy) nanoparticles (NPs) have significantly proved to be highly useful in

restorative materials, dental adhesives, sealants, cements, and other dental applications to prevent
microbial colonization and reduce the risk of infections. The present study was aimed at developing a dental
material with antibacterial properties by combining titanium oxide NPs using ginger and rosemary extracts.

Materials and methods: The formulation was prepared using rosemary and ginger, mediated by TiO 5 NPs.

The preparation was then introduced into the wells of a microplate consisting of cultured Staphylococcus
aureus and was kept for incubation for four hours. To record the minimum inhibitory concentration, the test
solution was added into Kimble tubes consisting of Muller-Hinton broth. The results obtained were
statistically analyzed using one-way ANOVA.

Result: Increasing concentration led to decreased optical density, indicating bactericidal effects.
Significantly lower optical density values were observed in decreasing order among the test samples (25, 50,
and 100 pL) compared to control and antibiotic groups against Streptococcus, highlighting the potent
antibacterial and antibiofilm properties of the greenly generated combination of titanium oxide NPs with
herbs. This was also confirmed by moderate minimum inhibitory concentration at 100 L.

Conclusion: The present study suggests that there is a bactericidal process at play, leading to a reduction in
the overall bacterial count. It can be concluded that the ginger and rosemary-mediated titanium oxide NPs

serve as potential antibacterial agents against S. aureus. This study can be used as a preliminary study, and

further studies can be conducted to use this formulation in the field of medicine.
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Introduction

Indeed, the development of nanotechnology has led to significant advancements in various fields, including
medicine, electronics, and materials science. Nanoparticles (NPs), defined as objects with at least one
dimension ranging from 1 to 100 nanometers, have unique physicochemical properties compared to larger
particles of the same composition. One of the significant advantages of NPs is their high surface-to-volume
ratio [1]. Metal-based nanomaterials offer numerous advantages in the fields of biology and medicine. They
can be engineered to have specific sizes, shapes, and surface properties, allowing the drugs or therapeutic
agents to be delivered on a targeted level to specific cells or tissues. This targeted drug delivery system
enhances the efficacy of treatments while minimizing side effects [2,3].

The green synthesis of NPs requires the selection of environmentally friendly solvents (such as water or
ethanol), non-toxic reducing agents, and safe stabilizing substances. Traditional chemical routes for NP
synthesis involve toxic and hazardous chemicals, posing environmental risks and high costs. In contrast,
green synthesis offers a safe, biocompatible, and eco-friendly approach to producing NPs for various
applications, including biomedicine [4]. Plant-derived NPs offer a distinct advantage over chemically
synthesized NPs due to their reduced likelihood of inducing harmful side effects. These green NPs exhibit
remarkable biological potential, making them valuable in various fields such as agriculture, food science,
bioengineering, cosmetics, nanomedicine, and safeguarding human health [5].

Titanium oxide (TiOy) or titania can be found as a thin film or as a fine, white powder. TiO,, brookite,

anatase, and rutile are the four naturally occurring crystal forms of TiOy. TiOy NPs are renowned for their
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desirable qualities, which include mechanical, electrical, optical, rheological, thermal, physicochemical, and
biological properties. With their antimicrobial properties, TiO2 NPs effectively combat oral pathogens
associated with dental caries and periodontal diseases. They disrupt bacterial cell walls and membranes,
leading to increased permeability and cell death [4]. The remarkable antimicrobial properties of TiO,

NPs render them exceptionally valuable in restorative materials, dental adhesives, sealants, cements, and
various other dental applications. By incorporating TiOy NPs, dental products can effectively prevent

microbial colonization, thus significantly reducing the risk of infections [6].

In dentistry, the success of restorative materials heavily relies on their biological strength as well as their
mechanical, physical, and chemical properties. TiO, NPs have been widely incorporated into various

endodontic restorative materials displaying remarkably effective antimicrobial activity. Within oral
dentifrices, TiOy NPs are harnessed in prophylactic measures against sensitivity and caries, typically at

concentrations ranging from 1% to 10% by weight. The mean particle sizes of these NPs typically fall
between 100 and 300 nm, which ensures their convenient solubility in enamel, dentin, and cementum. As a
result, the incorporation of TiOy NPs effectively serves as a preventive measure against the development of

caries and tooth sensitivity. Given these advantageous properties, the utilization of these NPs is strongly
recommended in the realm of current adhesive dentistry practices. By embracing such advanced
nanotechnologies, dental care can be enhanced, and the prevalence of oral health issues can be significantly
reduced, paving the way for more promising and effective oral healthcare strategies [7].

Throughout various cultures, the botanical treasure known as ginger (Zingiber officinale) has been esteemed
for its medicinal virtues, with a history of utilization spanning centuries. This esteemed herb has garnered a
reputation for its multifaceted potency, particularly in its role as an antimicrobial agent, among other
remarkable biological activities. These exceptional attributes are attributed to the presence of bioactive
compounds such as gingerol, paradol, shogaols, and zingerone, which collectively contribute to the vast
array of therapeutic benefits found within this botanical gem. The diverse pharmacological potential of
ginger continues to captivate researchers and practitioners alike, offering promising avenues for harnessing
its powerful natural remedies in a plethora of health applications and holistic wellness practices. Notably, a
study highlighted the antimicrobial potential of a 10% ethanolic ginger extract against pathogens [8].
Furthermore, ginger-based NPs have shown synergistic effects when combined with conventional
antibiotics, enhancing their antibacterial efficacy and overcoming bacterial resistance. This suggests their
potential application in combating drug-resistant bacterial strains [9]. Similarly, rosemary (Rosmarinus
officinalis), an aromatic shrub belonging to the Lamiaceae family, has been traditionally used for its
hepatoprotective and antiangiogenic properties and therapeutic effects on Alzheimer's disease. The
antibacterial activity of rosemary is due to the presence of rosmarinic acid, epirosmanol, rosmaridiphenol,
carnosic acid, carnosol, rosmanol, and isorosmanol. These compounds interact with the cell membrane,
causing genetic changes and cellular alterations [10,11].

The primary aim of the present study is to formulate an antibacterial concoction by incorporating extracts
from ginger and rosemary, along with titanium oxide NPs. The study seeks to explore the synergistic
antibacterial potential of these natural extracts and NPs against Staphylococcus aureus. The objectives of
the study are to extract bioactive compounds from ginger and rosemary, synthesize titanium oxide NPs, and
combine them to create an antibacterial mixture. To characterize the concoction's chemical composition,
NP dispersion, and antibacterial activity against S. aureus and to investigate the synergistic effects of
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), and antibacterial
mechanisms contributing to understanding natural extract and NP applications. Through achieving these
objectives, this study aims to provide insights into the feasibility of utilizing ginger and rosemary extracts in
combination with titanium oxide NPs for developing effective antibacterial agents against S. aureus,
potentially leading to novel strategies in combating bacterial infections in the oral cavity.

Materials And Methods
Study setting

The investigation was conducted within the Nanomedicine Laboratory, situated in the Department of
Pharmacology at Saveetha Dental College and Hospitals, which is part of Saveetha Institute of Medical and
Technical Sciences located in Chennai, Tamil Nadu, India. Prior to commencing the study, approval was
obtained from the Scientific Review Board (SIMATS/Ph.D.Regn./A4/2022/406-06). The experiment was
initiated in June 2023 and was conducted within a time period of two weeks from acquiring the raw products,
titanium dioxide NPs, and performing antibacterial tests.

For the current study, the oral pathogen S. aureus was utilized to assess the antibacterial activity and was
sourced from the Nanobiomedicine Laboratory's culture laboratory which is affiliated with Dental College
and Hospitals, Saveetha Institute of Medical and Technical Sciences, Chennai, Tamil Nadu, India.

Preparation of the plant extract

The raw products for the preparation of plant extract were acquired from a local market. One gram of ginger
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(Zingiber officinale) and one gram of rosemary powder (Rosmarinus officinalis L.) were taken and mixed
together with a quantity of 100 mL of distilled water. The solution was boiled at 600 °C for a period of 10-15
minutes. The solution was filtered into a flask using No.1 size Whatman filter paper. The final extract was
cooled to room temperature and was stored in an airtight storage box.

Synthesis of TiO, NPs

For the synthesis of TiO ; NPs, TiO powder of 6.26 mM was taken; 0.5 grams of TiO ; powder was dissolved

in 50 mL of distilled water to be made as a precursor. Fifty milliliters of the prepared rosemary and ginger
extract was added to the prepared mixture. The solution was kept in a magnetic stirrer for 48 hours. The

change in the color of the solution was observed, and readings were taken using a UV spectrometer. After
the synthesis of NPs, it was centrifuged for 10 minutes. The pellets of TiO, NPs enriched with ginger and

rosemary were collected and used for further analysis (Figure 7). The stock solution will be diluted as a
working solution of different concentrations (25, 50, and 100 pL) before antibacterial testing.

FIGURE 1: Pictorial representation of the process of formulation of TiO2
nanoparticle-mediated rosemary and ginger extract. (A) Mixture of
ginger and rosemary powder; (B) rosemary and ginger plant extract; (C)
titanium oxide solution; (D) synthesis of titanium oxide and plant

extract preparation

Antibacterial activity

The antimicrobial activity of the TiO , reinforced with ginger and rosemary extract was tested against S.

aureus strains. The Muller-Hinton Agar was prepared and it was used to identify the zone of inhibition by
the bacteria. After serially diluting the test solution (25, 50, and 100 uL) with 50% water, it was added to well
culture plates that contained a four-hour culture of S. aureus at 370C. The sample grouping was a test group
and a positive control group. The number of test samples used was 4 for each concentration i.e. 25, 50, and
100 WL, respectively. The positive control group antibiotic was Amoxyrite. The culture plate was incubated
and the readings of the zone of inhibition were noted (Figure 2).
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FIGURE 2: The zones of inhibition for Staphylococcus aureus at various
TiO2-NPs clove-ginger concentrations

The collected data were entered in Microsoft Excel (Microsoft Corporation, Redmond, Washington) and then
exported to IBM SPSS Statistics for Windows, Version 25 (Released 2017; IBM Corp., Armonk, New York,
United States) for statistical analysis. The level of significance was <0.005 for one-way ANOVA.

Results

The phenomenon of optical density entails the measurement of light scattering produced by bacteria
present within a culture plate. As the concentration of bacteria increases, the scattering of light also
intensifies proportionally. As the graph (Figure 3) depicts, the first hour shows high optical density that is
found to be on par with control; 25uL shows increased optical density and it gradually decreases on 100uL.
As the time increases, the optical density decreases even with the lowest test solution.
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FIGURE 3: The graph depicts the antibacterial activity of our preparation

The graph depicts the antibacterial activity of titanium oxide nanoparticle-infused rosemary and ginger solution
against S. aureus at 1, 2, 3, and 4 hours of incubation

The concentration with the least optical density indicates less bacterial growth and high bactericidal activity
in comparison with the control (Table 7).

1hr 2hr 3hr 4hr
25pg/mL 0.569 0.543 0.511 0.467
50pg/mL 0.536 0.485 0.421 0.371
100pg/mL 0.489 0.428 0.359 0.288
Std 0.504 0.457 0.398 0.326
Control 0.598 0.634 0.678 0.721

TABLE 1: Recorded optical density reading of the mixture containing titanium oxide nanoparticle-
infused rosemary and ginger against S. aureus at different concentrations (25, 50, 100 pL,
standard, and control)

The experiment aimed to assess the impact of different concentrations of TiO 5 NPs, specifically at 25 pL, 50

ML, and 100 uL dilutions, on the growth inhibition of S. aureus. The zones of inhibition, which indicate the
effectiveness of the test solutions in restraining bacterial growth, were observed and compared. At 25 uL
dilution of TiO4 NPs, the zone of inhibition observed for S. aureus was relatively less evident. This suggests

that at this lower concentration, the TiOy NPs may have a limited inhibitory effect on bacterial growth.
Comparatively when the test solution was prepared with a 50 uL dilution of TiOy NPs, a similar outcome was

observed, with a less evident zone of inhibition for S. aureus implying that even at a slightly higher
concentration, the inhibitory effect of the TiOy NPs remains relatively modest. However, at 100 uL dilution

of TiO, NPs, a more promising result emerged. S. aureus displayed a moderately sized zone of inhibition,

indicating that at this concentration, the TiO2-NPs exhibited a stronger inhibitory effect on bacterial growth
compared to the lower dilutions. Lastly, the control experiment involving Amoxyrite showed a moderately
sized zone of inhibition as well, serving as a reference point for comparison.

In summary, the experiment demonstrated that the effectiveness of TiO 5-NPs in inhibiting S. aureus growth

is concentration-dependent. While lower dilutions exhibited less evident inhibition, a 100 uL dilution of
TiO,-NPs showed a moderately sized zone of inhibition, indicating potential antibacterial properties

comparable to the control.
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Discussion

In recent times, there has been a growing fascination among researchers with diverse plant-derived
compounds in the scientific community. Natural products are attracting significant attention due to their
remarkable tolerance profiles compared to some synthetic alternatives, making them an essential source of
potential drugs. One prominent aspect of these natural compounds is their ability to act as antimicrobial
agents, providing valuable means to control various microorganisms.

These botanical wonders have a wide range of benefits, with their antimicrobial properties being particularly
crucial in fields like pharmacology, medicine, and agriculture. Scholars are eager to understand the intricate
mechanisms and therapeutic potentials of these bioactive substances, as they offer promising solutions to
combat microbial challenges. Exploring nature's pharmacy opens up new possibilities for innovative and
sustainable healthcare solutions. Hence, we have embraced the concept of green synthesis in the current
study which enables us to capitalize on the advantages of NPs while concurrently mitigating environmental
impacts and fostering sustainable practices for a greener future [5]. S. aureus despite being a human
pathogen is also regarded as a commensal organism. Although it colonizes other anatomical areas, including
the mouth, S. aureus is primarily isolated from the anterior nares while acting as a commensal [12].

Numerous scholarly works have examined the antimicrobial effectiveness of titanium dioxide NPs against a
range of bacteria, encompassing both Gram-positive and Gram-negative bacteria. Some studies have
reported promising results, demonstrating the ability of TiO2 NPs to inhibit bacterial growth and effectively
kill bacteria. Titanium dioxide NPs have been widely studied for their antibacterial properties [13]. Haghi et
al. conducted a study to assess the antimicrobial effect of TiO5 NPs on a pathogenic strain of

Escherichia coli. Their research revealed that TiO2 NPs induce the formation of tiny pores in the bacterial
cell walls, resulting in heightened permeability and ultimately leading to cell death. This mechanism
contributes to the impressive antimicrobial efficacy of TiO, NPs, making them a promising option for
combating microbial threats in dental settings [6]. This correlates with the positive results of the current
study using titanium oxide NPs as one of the major compositions of the concoction toward an effective
antimicrobial action. The antibacterial efficacy of TiOy NPs is primarily attributed to their photocatalytic
properties. On exposure to ultraviolet (UV) light, TiO, NPs can generate reactive oxygen species (ROS), like

hydroxyl radicals consisting of strong oxidative capabilities. These ROS can cause damage to bacterial cell
membranes and biomolecules, leading to cell death [14].

In addition to this, a study by Khashan et al. also represents the optical density of TiO 5 NPs against various
bacterial strains. As the concentrations of TiOy NPs increased, the optical density exhibited a slight decrease
across all the tested strains. According to Khashan et al., the optimal concentration of TiOy NPs to prevent
bacterial growth was discovered to be at 1000 pg mL ! with an inhibition rate of 42,25, 15,30% 42%, 25.5%,
15.05%, and 30.5% respectively, whereas the inhibition rates of TiOy NPs at 400 pg mL-1 were 21%, 3.5%,

5.3%, and 4.9% against E. coli, S. aureus, Pseudomonas aeruginosa, and P. vulgaris, respectively. According
to these investigations, titanium oxide itself has bactericidal properties against several bacterial strains [15].

Another article of 2023 suggests that TiO 5 NPs augmented with clove and ginger may be employed as an
antibacterial agent against Lactobacillus species. This indicates that the TiO, NPs serve as a potential
candidate as an antibacterial agent against lactobacillus [16]. In the early days of NP synthesis, Senapati et
al. conducted a study on gold and silver NPs and demonstrated their structural properties toward biomedical
applications, which played an important role in considering TiOy NPs to study their antimicrobial

properties. The majority of the studies illustrating the antibacterial activity of the NPs were demonstrated by
suspension of TiO, into the solution and thereby studied bacterial inhibition and its activity [17]. In a study

conducted by Rezaei et al., where they compared the antibacterial efficiency against E. coli between TiO,
NPs and cadmium oxide NPs, the TiO, NPs had a better antibacterial activity than the cadmium oxide NP,
and 0.1% of TiO2 NPs inhibited bacterial growth that was tested on E. coli. This evidence substantiates the

superior benefits of titanium oxide NPs, making them a more favorable choice for exploring metallic oxide
NPs in the creation of novel dental varnishes incorporating both NPs and herbal ingredients [18].

Conducting in vivo studies, involving animal models or human subjects, is essential for a more realistic
understanding of how these NPs behave within biological systems. Understanding the precise interactions
between the NPs and bacterial cells, as well as the specific cellular pathways affected, could provide deeper
insights into potential applications.

Limitations

The study's scope is limited as it solely focuses on the antibacterial effectiveness of the synthesized NPs
against S. aureus. While S. aureus is important, a comprehensive evaluation should encompass a broader
spectrum of bacterial strains, including both Gram-positive and Gram-negative types. The study is
conducted entirely in a controlled laboratory environment, which is valuable for initial insights. However, it
lacks the complexity of interactions occurring within living organisms. The study also lacks a thorough
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exploration of the mechanisms driving the observed antibacterial activity.

Conclusions

The investigation establishes the bactericidal efficacy of a combination comprising ginger and rosemary-
infused titanium oxide NPs, resulting in a reduction of bacterial counts when evaluated across varying
concentrations (25, 50, and 100 uL) in relation to S. aureus. The results have proved that as the bacterial
concentration increased, there was a proportional intensification in light scattering indicating that the
optical density was notably high and comparable to the control group which gradually when the
concentration reached 100pL. This was supported by the values of zones of inhibition with moderate
inhibition at the concentration 100uL in comparison with 25 and 50 UL concentrations of the herbal and
nanoparticle mixture. This preliminary research lays the foundation for future medical applications,
warranting subsequent investigations for practical use in the field of medicine.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Green Synthesis of Nanoparticles: Applications and Prospects. Saquib Q, Faisal M, Al-Khedhairy AA, Alatar
AA, (ed): Springer, Singapore; 2020.

2. Verdier T, Coutand M, Bertron A, Roques C: Antibacterial activity of TiO2 photocatalyst alone or in coatings
on E. coli: the influence of methodological aspects. Coatings. 2014, 4:670-86. 10.3390/coatings4030670

3. Xu VW, Nizami MZ, Yin IX, Yu OY, Lung CY, Chu CH: Application of copper nanoparticles in dentistry.
Nanomaterials (Basel). 2022, 12:805. 10.3390/nano12050805

4. Mansoor A, Khan MT, Mehmood M, Khurshid Z, Ali MI, Jamal A: Synthesis and characterization of titanium
oxide nanoparticles with a novel biogenic process for dental application. Nanomaterials (Basel). 2022,
12:1078. 10.3390/nan012071078

5. Neppala G, Maiti S, Rajeshkumar S, Ganapathy D: Antimicrobial efficacy of temporary and permanent
denture soft lining material modified by titanium - dioxide nanoparticles - an In vitro study. Int ] Dentistry
Oral Sci. 2020, 5:21-6.

6. Haghi M, Hekmatafshar M, Janipour MB, Gholizadeh SS, Faraz MK, Sayyadifar F, Ghaedi M: Antibacterial
effect of TiO2 nanoparticles on pathogenic strain of E. coli. Int ] Adv Biotechnol Res. 2012, 3:621-4.

7. Song W, Ge S: Application of antimicrobial nanoparticles in dentistry . Molecules. 2019, 24:1033.
10.3390/molecules24061033

8. Menon S, Devi SK, Agarwal H, Shanmugam VK: Efficacy of biogenic selenium nanoparticles from an extract
of ginger towards evaluation on anti-microbial and anti-oxidant activities. Colloid Interface Sci Commun.
2019, 29:1-8.

9. Haider A, Ijaz M, Ali S, et al.: Green synthesized phytochemically (Zingiber officinale and Allium sativum)
reduced nickel oxide nanoparticles confirmed bactericidal and catalytic potential. Nanoscale Res Lett. 2020,
15:50. 10.1186/s11671-020-3283-5

10. Nieto G, Ros G, Castillo J: Antioxidant and antimicrobial properties of rosemary (Rosmarinus officinalis, L.):
A review. Medicines (Basel). 2018, 5:98. 10.3390/medicines5030098

11.  Bozin B, Mimica-Dukic N, Samojlik I, Jovin E: Antimicrobial and antioxidant properties of rosemary and
sage (Rosmarinus officinalis L. and Salvia officinalis L., Lamiaceae) essential oils. ] Agric Food Chem. 2007,
55:7879-85. 10.1021/jf0715323

12.  Asghar F, Bano A, Waheed F, Ahmed Anjum A, Ejaz H, Javed N: Association of exogenous factors with
molecular epidemiology of Staphylococcus aureus in human oral cavity. Saudi ] Biol Sci. 2023, 30:103613.
10.1016/j.sjbs.2023.103613

13. Du]J, Wang X, Zhang Y, Pu G, Jin B, Qv W, Cao X: Can titanium dioxide nanoparticles modulate the effects
of zinc oxide nanoparticles on aquatic leaf litter decomposition?. Chemosphere. 2023, 337:139313.
10.1016/j.chemosphere.2023.139313

14. Najafi HZ, Azadeh N, Motamedifar M: Evaluation of the preventive effect of composites containing silver
and TiO nanoparticles on demineralization around orthodontic brackets. ] Contemp Dent Pract. 2020,
21:874-9.

15.  Khashan KS, Sulaiman GM, Abdulameer FA, Albukhaty S, Ibrahem MA, Al-Muhimeed T, AlObaid AA:
Antibacterial activity of TiO2 nanoparticles prepared by one-step laser ablation in liquid . Appl Sci. 2021,
11:4623. 10.3390/app11104623

16. Rieshy V., Chokkattu JJ, Rajeshkumar S, et al.: Mechanism of action of clove and ginger herbal formulation-
mediated TiO2 nanoparticles against Lactobacillus species: an in vitro study. ] Adv Oral Res. 2023, 14:61-6.
10.1177/23202068221142440

17.  Senapati S, Ahmad A, Khan MI, Sastry M, Kumar R: Extracellular biosynthesis of bimetallic Au-Ag alloy
nanoparticles. Small. 2005, 1:517-20. 10.1002/smll.200400053

2023 V T et al. Cureus 15(9): e45892. DOI 10.7759/cureus.45892 70f8


https://link.springer.com/book/10.1007/978-981-15-5179-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/coatings4030670?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/coatings4030670?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nano12050805?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nano12050805?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nano12071078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nano12071078?utm_medium=email&utm_source=transaction
https://www.researchgate.net/profile/Subhabrata-Maiti-2/publication/357570672_Antimicrobial_Efficacy_Of_Temporary_And_Permanent_Denture_Soft_Lining_Material_Modified_by_Titanium_-_Dioxide_Nanoparticles_-_An_In-vitro_Study/links/62120caa4be28e145ca3b452/Antimicrobial-Efficacy-Of-Temporary-And-Permanent-Denture-Soft-Lining-Material-Modified-by-Titanium-Dioxide-Nanoparticles-An-In-vitro-Study.pdf?utm_medium=email&utm_source=transaction
https://www.semanticscholar.org/paper/ANTIBACTERIAL-EFFECT-OF-TiO2-NANOPARTICLES-ON-OF-E.-Haghi-Hekmatafshar/512850090202a526559723c9141b2235f57a4ebb?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules24061033?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules24061033?utm_medium=email&utm_source=transaction
https://www.sciencedirect.com/science/article/abs/pii/S2215038218301626?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s11671-020-3283-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s11671-020-3283-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicines5030098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicines5030098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/jf0715323?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/jf0715323?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sjbs.2023.103613?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sjbs.2023.103613?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.chemosphere.2023.139313?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.chemosphere.2023.139313?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pubmed/33568608?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/app11104623?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/app11104623?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/23202068221142440?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/23202068221142440?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/smll.200400053?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/smll.200400053?utm_medium=email&utm_source=transaction

Cureus

18. Rezaei ZS, Javed A, Ghani MJ, Soufian S: Comparative study of antimicrobial activities of TiO2 and CdO
nanoparticles against the pathogenic strain of Escherichia coli. Iranian ] Pathol. 2010, 5:83-9.

2023 V T et al. Cureus 15(9): e45892. DOI 10.7759/cureus.45892 8 of 8


https://www.researchgate.net/publication/260814858_Comparative_Study_of_Antimicrobial_Activities_of_TiO2_and_CdO_Nanoparticles_against_the_Pathogenic_Strain_of_Escherichia_coli?utm_medium=email&utm_source=transaction

	Green Synthesis of Titanium Oxide Nanoparticles With Rosemary and Ginger and Their Bactericidal Action Against Staphylococcus aureus
	Abstract
	Introduction
	Materials And Methods
	Study setting
	Preparation of the plant extract
	Synthesis of TiO2 NPs
	FIGURE 1: Pictorial representation of the process of formulation of TiO2 nanoparticle-mediated rosemary and ginger extract. (A) Mixture of ginger and rosemary powder; (B) rosemary and ginger plant extract; (C) titanium oxide solution; (D) synthesis of titanium oxide and plant extract preparation

	Antibacterial activity
	FIGURE 2: The zones of inhibition for Staphylococcus aureus at various TiO2-NPs clove-ginger concentrations


	Results
	FIGURE 3: The graph depicts the antibacterial activity of our preparation
	TABLE 1: Recorded optical density reading of the mixture containing titanium oxide nanoparticle-infused rosemary and ginger against S. aureus at different concentrations (25, 50, 100 μL, standard, and control)

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


