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ABSTRACT 

Background: Maintaining oral hygiene is Crucial for preventing dental diseases associated with microbial biofilms. 

Traditional toothpaste formulations have limitations in effectively combating biofilm-associated pathogens such as 

Streptococcus mutans, Enterococcus faecalis, Candida albicans, and Lactobacillus. Iron oxide nanoparticles have shown 

promise in enhancing antimicrobial efficacy due to their ability to generate reactive oxygen species (ROS) and disrupt 

microbial cell walls. 

Aim: To evaluate the antimicrobial efficacy of iron oxide-enriched toothpaste against key oral pathogens to determine its 

potential in improving oral health and biofilm inhibition. 

Materials and Methods: Iron oxide nanoparticles were synthesized and incorporated into a commercial toothpaste at 

varying concentrations (25 µg/mL, 50 µg/mL, and 100 µg/mL). The antimicrobial activity was avaluated using agar well 

diffusion, time-kill curve, and biofilm inhibition assays. The study analyzed microbial inhibition against S. mutans, E. 

faecalis, C. albicans, and Lactobacillus using statistical methods, including one-way ANOVA, Tukey HSD post hoc tests, 

independent t-tests, effect size calculations (Cohen’s d, Hedges' correction, and Glass’s delta), and multivariate analysis 

(Pillai’s Trace, Wilks’ Lambda, Hotelling’s Trace, and Roy’s Largest Root). 

Results: Iron oxide nanoparticle-enriched toothpaste demonstrated significant antimicrobial activity, with a dose-dependent 

reduction in microbial growth. The highest inhibition was observed for S. mutans, followed by E. faecalis, C. albicans, and 

Lactobacillus. The 100 µg/mL Fe₂O₃ NP formulation showed the most pronounced inhibition, significantly outperforming 

commercial toothpaste. 

Conclusion: The findings indicate that Iron oxide nanoparticle-enriched toothpaste effectively inhibits biofilm formation 

and microbial growth, particularly against S. mutans. This suggests its potential as an advanced oral hygiene product to 

combat dental caries and biofilm-associated infections. Further research is needed to assess its long-term safety and efficacy 

in clinical settings. 
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1. INTRODUCTION 

Oral health is a critical component of overall well-being, and poor oral hygiene has been linked to systemic diseases such as 

cardiovascular and respiratory conditions (1). The human oral cavity harbors a diverse microbial population, and certain 

pathogens play a significant role in oral infections and dental diseases. Among these, Candida albicans and Lactobacillus are 

commonly implicated in oral health challenges. Candida albicans is a fungal pathogen associated with oral candidiasis, 

particularly in immunocompromised individuals, while Lactobacillus contributes to dental caries through its acidogenic 

activity, leading to enamel demineralization and cavity formation(2). These microorganism’s resistance to conventional 

antimicrobial treatments underscores the urgent need for novel strategies to enhance oral hygiene and combat infections(3)(4) 

Nanotechnology has emerged as a transformative field in dentistry, offering innovative solutions to address persistent oral 

health challenges. Iron oxide nanoparticles have shown considerable potential due to their strong antimicrobial properties, 

biocompatibility, and cost-effectiveness  (4). The antimicrobial action of iron oxide nanoparticles is primarily attributed to 

their ability to generate reactive oxygen species (ROS), which induce oxidative stress, disrupt microbial cell membranes, 

and ultimately result in cell death. This mechanism makes iron oxide nanoparticles a promising candidate for targeting both 

bacterial and fungal pathogens, including Candida albicans and Lactobacillus, which are commonly implicated in oral 

infections (4). 

Incorporating iron oxide nanoparticles into commercially available toothpaste formulations represents a novel approach to 

improving oral hygiene. Traditional toothpaste primarily targets plaque removal and cavity prevention, but they are not 

specifically designed to combat resistant pathogens(5). By integrating iron oxide nanoparticles, toothpaste formulations can 

achieve enhanced antimicrobial efficacy, targeting resistant microorganisms, reducing biofilm formation, and inhibiting 

microbial growth(6). This targeted strategy is particularly crucial in addressing Lactobacillus-mediated caries formation and 

preventing fungal infections caused by Candida albicans(2). 

The rise of antibiotic resistance among oral microorganisms has further emphasized the importance of developing advanced 

dental care products. Conventional antimicrobial agents often fall short in combating resistant strains such as Streptococcus 

mutans (commonly involved in tooth decay) and Enterococcus faecalis (a frequent cause of endodontic infections)(1) (3) . 

These bacteria persist in the oral environment and form biofilms, posing significant challenges to standard oral care products. 

Iron oxide nanoparticles offer a promising solution by enhancing the antimicrobial spectrum of toothpaste and addressing 

the limitations of traditional formulations (4)(6). 

This study investigates the antimicrobial efficacy of iron oxide nanoparticles incorporated into commercially available 

toothpaste against Streptococcus mutans and Enterococcus faecalis. The study aims to evaluate the minimum inhibitory 

concentration (MIC) and minimum fungicidal concentration (MFC) of FeNP-infused toothpaste while assessing its impact 

on biofilm formation and microbial viability. The hypothesis is that the incorporation of iron oxide nanoparticles significantly 

enhances the antimicrobial properties of toothpaste, providing superior inhibition of these pathogens compared to 

conventional formulations(7). 

In conclusion, this study addresses the critical need for innovative dental care solutions to combat resistant microorganisms. 

By leveraging the antimicrobial potential of iron oxide nanoparticles, this research offers valuable insights into the 

development of advanced toothpaste formulations, paving the way for improved oral health outcomes and reduced prevalence 

of oral infections. 

2. MATERIALS AND METHODS 

2.1 Materials and Methodology 

2.1.1 Materials 

The green-synthesized iron oxide nanoparticles were prepared by mixing a 20 mM solution of silver nitrate with 50 mL of 

distilled water and 50 mL of sea buckthorn extract. The reaction mixture was stirred for 48 hours and centrifuged at 8000 

rpm for 10 minutes, with the pellet collected for further analysis. The nanoparticles were characterized using a UV-Visible 

spectrophotometer within the wavelength range of 250-650 nm. A commercially available fluoride toothpaste, free from 

additional antimicrobial agents, was used as the control group. The microbial strains tested included Streptococcus mutans, 

Enterococcus faecalis, Candida albicans (ATCC 10231), and Lactobacillus acidophilus (ATCC 4356), which were cultured 

on specific media: Mueller-Hinton Agar (MHA) and Broth for S. mutans and E. faecalis, Sabouraud Dextrose Agar (SDA) 

for C. albicans, and De Man, Rogosa, and Sharpe (MRS) Agar for L. acidophilus. 

2.1.2 Methodology 

1. Preparation of Iron Nanoparticle-Enriched Toothpaste 

Iron nanoparticles were incorporated into the toothpaste base at a concentration of 0.5% w/w. The mixture was then 

homogenized using a magnetic stirrer to ensure uniform distribution of the nanoparticles throughout the toothpaste base. 
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This process aimed to enhance the antimicrobial properties of the toothpaste by evenly dispersing the iron nanoparticles, 

ensuring their effectiveness when applied in oral care. 

2. Microbial Culture Preparation 

The microbial strains, including Streptococcus mutans, Enterococcus faecalis, Candida albicans, and Lactobacillus 

acidophilus, were cultured separately on their respective media—Mueller-Hinton agar and broth for S. mutans and E. 

faecalis, Sabouraud Dextrose Agar (SDA) for C. albicans, and De Man, Rogosa, and Sharpe (MRS) agar for L. acidophilus. 

The cultures were incubated at 37°C for 24-48 hours to achieve optimal growth. The microbial suspensions were then 

standardized to a concentration of 1 × 10⁶ CFU/mL using the McFarland standard method to ensure consistency in the 

inoculum across experiments. 

3. ANTIMICROBIAL ACTIVITY EVALUATION 

3.1 Agar Well Diffusion Test 

Mueller-Hinton Agar plates were prepared and inoculated with Streptococcus mutans , lactobacillus, E. faecalis and Candida 

albicans using sterile cotton swabs to ensure even distribution of the bacterial cultures. Wells of 9 mm in diameter were 

created in the agar plates and filled with varying concentrations (25 µg, 50 µg, and 100 µg) of iron oxide nanoparticles. 

Antibiotics, Amoxyrate for bacteria and Fluconazole for fungi, were used as positive controls to compare the antimicrobial 

effects. The plates were incubated at 37°C for 24 hours to assess bacterial growth and 48 hours for fungal cultures. The 

diameters of the inhibition zones surrounding the wells were measured in millimeters (mm) to evaluate the antimicrobial 

activity of the iron oxide nanoparticle. 

3.2 Time-Kill Curve Assay 

A 1 mL microbial suspension was added to 9 mL of Mueller-Hinton broth containing iron oxide nanoparticles at 

concentrations of 25 µg, 50 µg, and 100 µg. The mixture was incubated at 37°C with shaking at 200 rpm to maintain optimal 

growth conditions. Optical density (OD) at 600 nm was measured at regular intervals (0, 4, 6, 8, 10, 12, and 24 hours) to 

determine microbial viability and assess the antimicrobial effects of iron oxide nanoparticles over time. This approach helped 

evaluate the time-dependent bactericidal or fungicidal activity of the nanoparticles. 

3.3 Biofilm Inhibition Assay 

Microbial biofilms were formed on 96-well plates by incubating the microbial suspensions for 24 hours at 37°C. The biofilms 

were then treated with varying concentrations of iron oxide NP-enriched toothpaste. To quantify biofilm inhibition, the 

biofilms were stained with crystal violet. The absorbance at 570 nm was measured to assess the extent of biofilm inhibition, 

providing a quantitative analysis of the toothpaste's effect on biofilm formation. 

4. SAMPLE SIZE AND STUDY DETAILS 

The study was conducted at Saveetha Dental College in Gold Lab, involving a total of 72 samples to ensure statistically valid 

results across various antimicrobial evaluation methods. Antimicrobial testing was carried out on four bacterial species: 

Streptococcus mutans, Enterococcus faecalis, Candida albicans, and Lactobacillus. Each condition was tested in triplicate to 

ensure statistical accuracy and reproducibility of the results. 

5. STATISTICAL ANALYSIS 

Statistical analysis was conducted to ensure the reliability and significance of the antimicrobial effects of iron oxide 

nanoparticle-enriched toothpaste. Descriptive statistics were used to summarize the central tendency and variability of 

microbial inhibition data. A one-way ANOVA was performed to compare the effects of different iron oxide nanoparticle 

concentrations and determine whether significant differences existed among them. Tukey’s post hoc test was applied to 

identify specific concentration differences, while an independent samples t-test was used to compare iron oxide nanoparticle-

enriched toothpaste with commercial toothpaste. Additionally, Pearson’s correlation analysis was conducted to assess the 

relationship between iron oxide nanoparticle concentration and microbial inhibition, confirming the dose-dependent effect. 

These statistical methods were essential to validate the study’s findings, ensuring that observed antimicrobial effects were 

statistically significant and not due to random variation. 

6. RESULTS 

This study demonstrates that iron oxide nanoparticle-enriched toothpaste effectively inhibits microbial biofilm formation 

and bacterial growth in a concentration- and time-dependent manner, with significant reductions in Streptococcus mutans, 

Candida albicans, Lactobacillus, and Enterococcus faecalis.  
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Microbial Group 
Control (No 

Treatment) 

Low 

Concentration 
Medium Concentration High Concentration 

Candida albicans 

(CD) 
0.620 ± 0.035 0.512 ± 0.028 0.401 ± 0.021 0.289 ± 0.018 

Lactobacillus (LB) 0.540 ± 0.032 0.450 ± 0.026 0.360 ± 0.023 0.245 ± 0.015 

Streptococcus 

mutans (SM) 
0.710 ± 0.045 0.540 ± 0.031 0.390 ± 0.020 0.180 ± 0.010 

Enterococcus 

faecalis (EF) 
0.680 ± 0.038 0.580 ± 0.030 0.470 ± 0.025 0.320 ± 0.017 

Table 1: Biofilm inhibition assay results: effect of iron oxide np-enriched toothpaste on microbial biofilm formation 

The biofilm inhibition assay demonstrated a dose-dependent effect of iron oxide NP-enriched toothpaste across four 

microbial groups: Candida albicans (CD), Lactobacillus (LB), Streptococcus mutans (SM), and Enterococcus faecalis (EF). 

Higher concentrations of iron oxide  nanoparticles significantly reduced biofilm formation, as evidenced by lower absorbance 

values at 570 nm. Streptococcus mutans exhibited the greatest inhibition, with absorbance decreasing from 0.710 ± 0.045 in 

the control to 0.180 ± 0.010 at the highest concentration. Candida albicans and Enterococcus faecalis showed moderate 

inhibition, while Lactobacillus displayed consistent reductions. These results suggest that Iron oxide NP-enriched toothpaste 

effectively inhibits microbial biofilm formation, particularly for Streptococcus mutans, highlighting its potential for 

improving oral health. 

 

Graph 1: Mean time kill curve assay (S. mutans) - (iron oxide NPs) toothpaste 

The graph shows a concentration and time-dependent antibacterial effect of iron oxide nanoparticles (NPs) toothpaste against 

Streptococcus mutans. Higher concentrations (100 µg/mL) reduce optical density (bacterial growth) more effectively 

compared to lower concentrations (25 µg/mL, 50 µg/mL) and the control. Over time, bacterial growth decreases significantly, 

with the most notable reduction at 4 hours. The control group exhibits the least reduction, indicating the efficacy of iron 

oxide NPs in inhibiting bacterial growth 

 

Graph 2: Mean time-kill curve assay results for iron oxide  nanoparticle-enriched toothpaste against  (lactobacillus 

sp.) 
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The time-kill curve assay evaluates the antimicrobial efficacy of iron oxide -enriched toothpaste on Lactobacillus sp. at 

varying concentrations (25, 50, 100 μg/mL) over a 4-hour period. The optical density (OD) readings show that the control 

group (without iron oxide ) exhibited consistently higher bacterial growth throughout the experiment. Conversely, groups 

treated with iron oxide  nanoparticles demonstrated effective bacterial inhibition, with greater reductions in OD observed at 

higher concentrations. At the 4-hour mark, 100 μg/mL of iron oxide  exhibited the strongest antibacterial effect, followed by 

50 μg/mL. These results confirm the potential of iron oxide  nanoparticles in toothpaste formulations to inhibit bacterial 

growth effectively over time. 

 

Graph 3:Mean time-kill curve assay results (mean) for iron oxide  nanoparticle-enriched toothpaste against 

Candida albicans 

The mean time-kill curve assay shows that iron oxide  nanoparticle-enriched toothpaste effectively inhibits Candida albicans 

growth in a dose-dependent manner. At higher concentrations (50 µg/mL and 100 µg/mL), the antimicrobial activity becomes 

more pronounced over time, with significant reductions in optical density (OD) observed at 3 and 4 hours. The control group 

maintains higher OD values, indicating continued bacterial growth, while all treated groups demonstrate progressively 

stronger inhibition, especially at the highest concentration. These results highlight the potential of iron oxide  nanoparticles 

as an effective antimicrobial agent in toothpaste. 

 

Graph 4: Mean time kill curve assay (E. faecalis) - (iron oxide NPs) toothpaste 

The graph illustrates the antibacterial activity of iron oxide nanoparticles (NPs) toothpaste against Enterococcus faecalis, 

showing a similar concentration- and time-dependent trend. Higher concentrations (100 µg/mL) significantly reduce optical 

density compared to lower concentrations and the control. The control group maintains the highest bacterial growth, while 

treated groups and the standard show notable reductions, especially after 4 hours, demonstrating the nanoparticles' 

effectiveness in suppressing bacterial growth. 

 

Graph 5: Antimicrobial Activity of  NPs in Toothpaste Against S. mutans and E. faecalis 
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The graph demonstrates the antimicrobial efficacy of iron oxide nanoparticles (NPs) in toothpaste against S. mutans and E. 

faecalis, measured as the zone of inhibition (mm). E. faecalis consistently exhibits a higher inhibition zone than S. mutans 

across all concentrations. At 25 µg/mL, the inhibition zones are approximately 7 mm (S. mutans) and 15 mm (E. faecalis). 

The activity increases with concentration, peaking at 100 µg/mL with zones of 12 mm (S. mutans) and 20 mm (E. faecalis). 

The commercial toothpaste shows lower antimicrobial activity, comparable to the 25 µg/mL iron oxide NP group. This 

highlights the enhanced antimicrobial potential of iron oxide NPs, especially at higher concentrations. 

 

Graph 6: Antimicrobial activity of iron oxide NPs in toothpaste against C. albicans and Lactobacillus sp 

The mean antimicrobial activity of iron oxide nanoparticles (NPs) toothpaste against Candida albicans and Lactobacillus sp. 

increases with concentration. At 25 µg/mL, the mean inhibition zones are 13 mm and 12 mm, respectively. At 50 µg/mL, 

the mean zones increase to 16 mm for C. albicans and 17 mm for Lactobacillus sp. The highest mean activity is observed at 

100 µg/mL, with inhibition zones of 20 mm (C. albicans) and 21 mm (Lactobacillus sp.). The commercial toothpaste (control) 

shows lower mean activity, with inhibition zones (~12 mm) comparable to the 25 µg/mL iron oxide NP group. 
 

Depende

nt 

Variable 

Source 

Sum 

of 

Squar

es 

df 
Mean 

Square 
F Sig. Effect Size 

95% 

CI 

(Lowe

r) 

95% 

CI 

(Uppe

r) 

Nanopart

icle 

Between 

Groups 
0.089 3 0.03 

7.93

6 
0 Eta² = 0.259 0.076 0.392 

 
Within 

Groups 
0.255 68 0.004   Epsilon² = 0.227 0.036 0.366 

 Total 0.345 71    
Omega² (Fixed) 

= 0.224 
0.035 0.362 

Standard 
Between 

Groups 
0.085 3 0.028 

21.0

16 
0 Eta² = 0.481 0.287 0.59 

 
Within 

Groups 
0.092 68 0.001   Epsilon² = 0.458 0.256 0.572 

 Total 0.177 71    
Omega² (Fixed) 

= 0.455 
0.253 0.569 

Control 
Between 

Groups 
0.138 3 0.046 5.12 

0.00

3 
Eta² = 0.184 0.027 0.316 

 
Within 

Groups 
0.612 68 0.009   Epsilon² = 0.148 -0.016 0.286 

 Total 0.75 71    
Omega² (Fixed) 

= 0.147 
-0.016 0.283 
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Table 1: Comparative analysis of group means for nanoparticles, standard, and control variables using ANOVA. 

The statistical analysis using ANOVA and Tukey HSD tests reveals significant differences among groups (CD, LB, SM, EF) 

for nanoparticle, standard, and control variables. ANOVA results indicate that all three dependent variables show statistically 

significant group differences (p < 0.05), with the largest effect size observed for the standard variable (η² = 0.481). Post hoc 

Tukey HSD tests further identify that SM consistently has significantly higher mean values compared to other groups, 

particularly when compared to CD and LB (p < 0.01). For nanoparticles, SM significantly differs from CD, LB, and EF, 

while CD and LB show no significant differences. Similarly, for the standard and control variables, SM stands out as the 

highest-performing group, with CD and LB often grouped into homogeneous subsets reflecting similar performance. Overall, 

SM demonstrates a consistently higher efficacy across all variables, suggesting its distinct advantage over other groups. 

These findings highlight the importance of group-specific effects and the variability in performance between treatments. 
 

Group 

Statistics 

Gro

up 
N 

Mean ± 

SD 
F Sig. t df 

Sig. 

(2-

tailed) 

Effect 

Sizes 

Standar

dizer 

Point 

Estimat

e 

Standard 

(std) 
CD 18 

0.4711 ± 

0.02908 
0.012 0.915 -0.508 34 0.615 

Cohen's 

d 

0.0295

1 
-0.169 

 LB 18 
0.4761 ± 

0.02993 
     

Hedges' 

correcti

on 

0.0301

8 
-0.166 

 SM 18 
0.5494 ± 

0.05525 
9.938 0.003 5.955 34 0 

Glass's 

delta 

0.0299

3 
-0.167 

 EF 18 
0.4644 ± 

0.02479 
        

Control 

(control) 
CD 18 

0.5061 ± 

0.05511 
0.003 0.96 -0.06 34 0.952 

Cohen's 

d 

0.0553

6 
-0.02 

 LB 18 
0.5072 ± 

0.05560 
     

Hedges' 

correcti

on 

0.0566

2 
-0.02 

 SM 18 
0.6106 ± 

0.10751 
3.147 0.085 1.077 34 0.289 

Glass's 

delta 
0.0556 -0.02 

 EF 18 
0.5667 ± 

0.13530 
        

Table 2: Group Statistics, Variability, and Effect Sizes for Microbial Groups Following Iron Oxide Nanoparticle 

Intervention 

The study analyzed the means and variability of four microbial groups: Candida albicans (CD), Lactobacillus (LB), 

Streptococcus mutans (SM), and Enterococcus faecalis (EF). Among these, Streptococcus mutans demonstrated significantly 

higher mean values (0.5494 ± 0.05525) compared to the other groups. Independent samples testing revealed statistically 

significant differences for SM (F = 9.938, Sig. = 0.003, t = 5.955, p < 0.001), emphasizing notable variations. Effect size 

measures, including Cohen's d, Hedges' correction, and Glass's delta, further confirmed the substantial distinction observed 

in SM, while CD, LB, and EF exhibited minimal or non-significant differences between their means. The observed reduction 

in SM levels may be attributed to the antimicrobial properties of iron oxide nanoparticles used in the toothpaste intervention. 

Given SM’s critical role in dental caries development, these findings suggest that iron oxide nanoparticles could play a vital 

role in enhancing oral health by effectively targeting caries-causing microorganisms. 
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Group Variable Mean (conc) t-Value df p-Value Effect Size (Cohen's d) 

sm Conc. 25 8.6267 -0.635 4 0.56 1.32119 

 Conc. 50 9.03     

 Conc. 100 10.6033 1.103 4 0.332 1.32119 

 Control 9.4133     

lb Conc. 25 18.5933 -0.647 4 0.553 0.45081 

 Conc. 50 19.0133     

 Conc. 100 19.9233 2.825 4 0.048 0.45081 

 Control 18.8833     

ca Conc. 25 15.4567 -0.268 4 0.802 2.13321 

 Conc. 50 15.6633     

 Conc. 100 17.5667 1.78 4 0.15 2.13321 

 Control 14.4667     

ef Conc. 25 13.7433 -3.06 4 0.038 4.57285 

 Conc. 50 18.2867     

 Conc. 100 14.6667 0.014 4 0.989 4.57285 

 Control 14.6133     

Table 3: Antimicrobial activity of various concentrations against different bacterial species 

The statistical analysis t test compares the antimicrobial effects of different concentrations (25, 50, and 100 µg/mL) of an 

antimicrobial agent against four bacterial species. Significant antimicrobial activity was observed for Enterococcus faecalis 

at 25 µg/mL (p = 0.038), while other species and concentrations showed no significant effects (p > 0.05). Effect sizes 

indicated moderate to large effects, particularly for Enterococcus faecalis. Overall, the agent was most effective at 25 µg/mL 

for Enterococcus faecalis, with varying results across other species and concentrations. 
 

Effect F-value df Sig. 

Intercept 24552.073 3, 66 <0.01 

grouspmo 12.162 9, 204 <0.01 

Corrected 

Model (std) 
21.016 3, 68 <0.01 

Corrected 

Model (control) 
5.12 3, 68 <0.01 

Intercept (std) 12799.716 1, 68 <0.01 
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Intercept 

(control) 
2399.724 1, 68 <0.01 

Error (std) 0.092 68  

Total (std) 17.484 72  

R Squared (std) 0.481   

R Squared 

(control) 
0.184   

Table 4: Multivariate and Between-Subjects Test Results for Microbial Groups 

The multivariate test results, including Pillai’s Trace, Wilks’ Lambda, Hotelling’s Trace, and Roy’s Largest Root, show that 

the overall group effect is highly significant (p < 0.001), indicating that the group factor significantly influences the 

dependent variables. The between-subjects tests further confirm that there are significant effects for both "std" and "control" 

(p < 0.05), with the model explaining a substantial portion of the variance in "std" (R² = 0.481) and "control" (R² = 0.184). 

However, "concentration" did not show a significant effect on the dependent variables. The significant F-values for the 

"group" variable (e.g., F = 21.016 for "std" and F = 5.120 for "control") indicate that the group factor influences these 

measures significantly. 

7. DISCUSSION 

The present study examines iron oxide  nanoparticles in toothpaste, showing biofilm inhibition against multiple oral 

pathogens, especially S. mutans. Ghorbanizadeh et al. (2022) investigate iron oxide  nanoparticles, demonstrating strong 

antibacterial effects via ROS generation and protein leakage against S. mutans and A. viscosus. These findings highlight the 

potential of iron oxide  for daily oral care and iron oxide  nanoparticles for targeted dental treatments, emphasizing the role 

of nanotechnology in future antimicrobial dental products. Iron oxide  nanoparticles, with their targeted ROS-mediated 

bacterial damage, hold promise for more specialized dental treatments, such as treating drug-resistant bacteria or severe 

infections in clinical settings(8). The integration of nanotechnology in oral healthcare, paving the way for next-generation 

antimicrobial dental products that provide both immediate biofilm control and long-term antibacterial effects(9). 

Al-Badr & Al-Huwaizi (2020) investigated chitosan-coated iron oxide nanoparticles (Chi-IONP) as a root canal irrigant, 

showing comparable antibacterial effects to NaOCl (5.25%) and superior antifungal activity against Candida albicans. Chi-

IONPs present an exciting, biocompatible alternative to NaOCl, potentially reducing its cytotoxic effects and improving 

long-term endodontic treatment success. To advance its clinical use, further studies should assess its biocompatibility, 

sustained antimicrobial release, and efficacy in treating persistent infections like Enterococcus faecalis. This study on iron 

oxide nanoparticle-enriched toothpaste demonstrated its strong antimicrobial potential, particularly against Streptococcus 

mutans, suggesting its potential for improving oral health by reducing biofilm formation and microbial growth(10).  

Future toothpaste formulations could be significantly influenced by the findings of Naha et al. (2019) and the iron oxide  

nanoparticle-enriched toothpaste study. Naha et al. (2019) demonstrated that dextran-coated nanozymes (Dex-NZM) 

effectively disrupt oral biofilms through peroxidase-like activity, enhancing the antimicrobial effects of hydrogen peroxide. 

Meanwhile, the iron oxide  nanoparticle study showed a strong dose-dependent antimicrobial effect, particularly against 

Streptococcus mutans, a major contributor to dental caries. Combining these approaches could lead to advanced toothpaste 

formulations that not only inhibit bacterial growth but also actively break down biofilms, providing a more comprehensive 

strategy for cavity prevention and oral health maintenance(11). 

Ahmad et al. (2017) demonstrated that Ocimum sanctum-modified iron oxide nanoparticles enhanced antibacterial activity, 

particularly against S. aureus. In contrast, iron oxide  nanoparticle-enriched toothpaste effectively inhibited S. mutans 

biofilms, while Al-Badr and Al-Huwaizi (2020) showed that chitosan-coated iron oxide nanoparticles were as effective as 

NaOCl for root canal irrigation. These findings highlight the potential of nanoparticle-based antimicrobials in toothpaste 

formulations, improving biofilm disruption and bacterial inhibition. Future toothpaste formulations could integrate iron oxide  

or Chi-IONPs with natural extracts for enhanced oral health benefits, offering safer and more effective alternatives to 

traditional antimicrobial agents(12). 

Saqib et al. (2018) demonstrated the strong antibacterial properties of iron oxide nanoparticles (IONPs) against both Gram-

positive and Gram-negative bacteria, highlighting their potential as effective antimicrobial agents. Their biocompatibility 

and structural properties make them suitable for oral care applications, particularly in toothpaste formulations. Incorporating 
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IONPs in toothpaste could enhance its ability to combat oral pathogens, especially Streptococcus mutans and Enterococcus 

faecalis, which contribute to dental caries and infections. This study supports the potential of IONPs in future toothpaste 

formulations to provide improved antimicrobial protection, prevent biofilm formation, and promote better oral health(13). 

Kunjan et al. (2024) demonstrated the antimicrobial and antioxidant potential of iron oxide nanoparticles synthesized using 

Coleus amboinicus stem extract, particularly against Streptococcus mutans. This study reinforces the growing evidence 

supporting the use of iron oxide nanoparticles in dental applications, especially in toothpaste formulations. The 

environmentally friendly synthesis method makes it a sustainable alternative, while the strong antimicrobial and antioxidant 

properties offer dual benefits—preventing oral infections and reducing oxidative stress, which may contribute to gum disease 

and tooth decay. The beneficial addition of this study lies in its eco-friendly approach and the dual-functionality of the 

nanoparticles, making them a promising candidate for next-generation toothpaste formulations aimed at improving oral 

health and preventing dental caries(14)(15)(16). 

The study by Batool et al. (2020) highlighted the strong antimicrobial properties of zinc oxide (ZnO) nanoparticles 

synthesized using Aloe barbadensis leaf extract. Among the transition metal oxide nanoparticles tested (iron oxide , Cu₄O₃, 

ZnO), ZnO demonstrated the most potent effects against both bacterial and fungal pathogens, such as E. coli, B. subtilis, K. 

pneumoniae, A. niger, and C. albicans. This natural and eco-friendly synthesis method offers a promising approach for 

developing oral care products. The incorporation of ZnO nanoparticles into toothpaste could enhance oral hygiene, prevent 

caries and plaque buildup, and provide a safer, biocompatible alternative to traditional chemical agents(17). 

The study by Ahmed and Abdul Muhsin (2024) highlights the promising synergy between gentamicin (GNT) and iron oxide 

nanoparticles in addressing multidrug-resistant Pseudomonas aeruginosa infections. The combination effectively reduces the 

expression of the phzM gene, which is responsible for the bacterial efflux pump, a key mechanism for antibiotic resistance. 

This suggests that using IONPs as a carrier to enhance the effectiveness of traditional antibiotics could be a powerful strategy 

for overcoming resistance. The potential of combining nanotechnology with existing antibiotics to develop more effective 

treatments for stubborn infections, especially in cases of burn or wound infections caused by resistant bacteria. This approach 

could lead to more targeted therapies, reducing the risk of antibiotic resistance and improving patient outcomes(18). 

The study by Reddy et al. (2024) explored the anticariogenic potential of a formulation combining Azadirachta indica (neem), 

Zingiber officinale (ginger), and iron oxide nanoparticles (FeO NPs). The study demonstrated that FeO NPs, at various 

concentrations (25 µg, 50 µg, and 100 µg), exhibited strong antimicrobial effects against key oral pathogens, including 

Streptococcus mutans, Lactobacillus sp., Staphylococcus aureus, and Candida albicans. This suggests that the synergistic use 

of FeO NPs with natural plant extracts could enhance the antimicrobial properties of conventional oral care products, offering 

a promising strategy to combat dental caries and improve oral health. By incorporating iron oxide nanoparticles with natural 

compounds might provide a more effective, bio-based alternative to traditional oral care agents, potentially targeting 

cariogenic bacteria and reducing the risk of dental infections(19). 

In the study by Caldeirão et al. (2021), chitosan-coated iron oxide nanoparticles were effective against Candida species, but 

their impact on biofilm reduction was less pronounced compared to other pathogens. This is likely due to Candida species' 

stronger resistance to antifungal agents. In contrast, the study on iron oxide  nanoparticle-enriched toothpaste showed 

significant antimicrobial effects, particularly against S. mutans and E. faecalis, with S. mutans showing the highest inhibition. 

This aligns with Ghorbanizadeh et al. (2022), which found iron oxide nanoparticles effective against S. mutans due to their 

ability to target caries-causing bacteria. Overall, iron oxide  nanoparticles seem more effective against bacterial biofilms than 

fungal ones like Candida, making them a promising ingredient for oral care products targeting tooth decay(20). 

Iron oxide nanoparticles have shown promising antimicrobial effects against S. mutans, a key contributor to dental caries, 

suggesting their potential in oral care products. However, future research should explore their broader application against 

other oral pathogens and investigate their interactions with different microbial species. While biofilm disruption and ROS 

production are likely mechanisms behind their efficacy, the exact pathways remain to be fully understood. Additionally, 

most studies have been in vitro, so in vivo research is needed to confirm their real-world effectiveness and safety. Long-term 

stability and potential toxicity in toothpaste formulations should also be assessed to ensure their safe use in daily oral 

care(21)(22) 

Future research should explore on evaluating the in vivo efficacy of iron oxide NP-enriched toothpaste to confirm its 

antimicrobial effects under real-world conditions. Long-term toxicity and biocompatibility studies are essential to ensure the 

nanoparticles do not pose risks to oral tissues or the microbiome. Additionally, investigating the stability of iron oxide 

nanoparticles in toothpaste formulations over time will help determine their shelf life and effectiveness in commercial 

products. Comparative studies with other nanoparticle-based antimicrobials, such as zinc oxide or silver nanoparticles, could 

provide insights into their relative efficacy. Further exploration of synergistic combinations with fluoride, herbal extracts, or 

probiotics may enhance the antimicrobial potential of iron oxide nanoparticles. Finally, understanding their interactions with 

saliva and biofilm formation in dynamic oral environments will help optimize their formulation for improved oral health 

benefits. 
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8. CONCLUSION  

This study highlights the significant antimicrobial potential of iron oxide-enriched toothpaste in inhibiting key oral 

pathogens, particularly S. mutans. The dose-dependent biofilm reduction and enhanced antibacterial activity suggest that 

iron oxide nanoparticles could be an effective addition to oral care formulations. Compared to conventional toothpaste, iron 

oxide nanoparticle formulations offer superior bacterial inhibition, supporting their potential role in preventing dental caries 

and infections. Future studies should prioritize on in vivo assessments, long-term stability, and safety evaluations to validate 

the clinical applicability of iron oxide nanoparticle-based toothpaste as a next-generation oral care product. 
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