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Objectives: This study evaluated the antimicrobial activity of two probiotic toothpastes,
one xylitol-containing toothpaste, and one fluoride-containing toothpaste against common
oral pathogens, including Streptococcus mutans, Staphylococcus aureus, Enterococcus
faecalis, and Candida albicans.

Materials and Methods: A double-blinded design was employed. Each toothpaste was
coded and anonymized prior to testing. Toothpaste suspensions were evaluated through
agar well diffusion, minimum inhibitory concentration (MIC), minimum bactericidal
concentration (MBC), and inhibition zone tests. Data was examined using SPSS version
28.0 and the Kruskal-Wallis test to assess group differences, where p < 0.05 was considered
statistically significant.

Results: Fluoride toothpaste exhibited the strongest antimicrobial activity across all tested
microorganisms, with consistently low MIC and MBC values and the largest inhibition
zones. Xylitol toothpaste demonstrated moderate activity, particularly against S. mutans
and E. faecalis. Probiotic formulations showed limited overall efficacy, but displayed
measurable inhibition against S. mutans.

Conclusions: Within the limitations of this in vitro study, fluoride toothpaste was the most
effective, followed by xylitol and probiotic formulations. Although probiotics exhibited
minimal direct antimicrobial action, their observed activity against S. mutans suggests
potential adjunctive benefits. Further in vivo and clinical studies are warranted to validate
these findings.

Keywords: Antimicrobial activity, Fluoride toothpaste, Probiotic toothpaste, Xylitol,
Streptococcus mutans.

1. Introduction

that contains cariogenic bacteria, such as Streptococcus

Dental caries is one of the most common infectious mutans, which initiates the carious process in

diseases worldwide, causing progressive damage to
tooth enamel, dentin, and cementum through bacterial
activity (1). This disease develops through the
interaction of cariogenic bacteria, dietary sugars, and
time (2). Dental plaque is a complex bacterial biofilm
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association with other bacteria in the plaque (3,4). Other
microorganisms, including Staphylococcus aureus,
Enterococcus faecalis, and Candida albicans, can also
contribute to oral infections and adhere to tooth surfaces

(5).
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Control of dental plaque and bacterial growth is
essential for the prevention of oral diseases.
Toothbrushing remains the most effective method for
mechanical plaque removal (6). Toothpastes serve as
delivery systems for active and therapeutic agents to the
oral cavity (6). The efficacy of a toothpaste depends
largely on its active ingredients. Fluoride is one of the
most proven additives that strengthen enamel and
inhibits  bacterial activity, thus reducing caries
development (7,8). Xylitol is a natural sugar alcohol that
reduces S. mutans levels in plaque and saliva and
disrupts how bacteria use sugars, helping prevent
cavities (9,10).

Recently, probiotics have been incorporated into oral
care products as an alternative or adjunct to chemical
antimicrobials. Probiotics are defined as live
microorganisms that provide health benefits when
administered in adequate amounts (11). They may
influence the oral microbiota by competing with
pathogenic  bacteria, producing  antimicrobial
substances, and modulating the microbial environment.
Early studies suggested that probiotic toothpastes may
benefit oral health; however, evidence regarding their
direct antimicrobial effects remains limited (12,13).

Given the increasing demand for alternative oral care
formulations, comparative studies are needed to clarify
their relative effectiveness. Therefore, the objective of
this study was to assess and compare the antimicrobial
effectiveness of two probiotic toothpastes, one xylitol-
containing toothpaste, and one fluoride-containing
toothpaste against S. mutans, S. aureus, E. faecalis, and
C. albicans under in vitro conditions.

2. Materials and Methods
2.1 Ethical Authorization

This research was approved by the Institutional
Ethics Committee. All experimental procedures
followed established biosafety and ethical standards
(14).

2.2 Toothpaste Samples
Four commercially available toothpastes were
selected and coded anonymously as A-D to keep
researchers unaware of which product was being tested.
Those toothpastes are:
o Toothpaste A (Fluoride-based): Contained 1450 ppm
(parts per million) sodium fluoride (NaF) as the main
active ingredient.
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Toothpaste B (Xylitol-based): Contained 10% xylitol
as the main active ingredient.

Toothpaste C (Charcoal-probiotic formulation):
Contained heat-killed (inactivated) Lactobacillus
paracasei bacteria (1 x 107 cells per gram) with
tapioca maltodextrin and activated charcoal.
Toothpaste D (Probiotic formulation): Contained
heat-killed (inactivated) Lactobacillus paracasei
bacteria (1 x 107 cells per gram) with tapioca
maltodextrin.

Test suspensions were prepared by mixing 1 g of
each toothpaste with 1 mL of sterile distilled water,
followed by centrifugation to obtain a homogeneous
supernatant for antimicrobial testing.

2.3 Test Microorganisms

Reference strains of oral pathogens were acquired
from the American Type Culture Collection (ATCC):
Streptococcus mutans (ATCC 25175), Staphylococcus
aureus (ATCC 25923), Enterococcus faecalis (ATCC
29212), and Candida albicans (ATCC 90028). All
microorganisms were cultured and maintained under
standard growth conditions prior to testing (14).

2.4 Standardization of Inoculum

Bacterial and fungal suspensions were standardized
according to the 0.5 McFarland standard (approximately
1.5 x 10® CFU/mL). Turbidity was confirmed visually
against a McFarland reference under controlled lighting
conditions (15).

2.5 Agar Well Diffusion

Antimicrobial activity was assessed using the agar
well diffusion method. Mueller-Hinton agar was used
for bacterial isolates, while Sabouraud dextrose agar
was used for C. albicans. Standardized inocula were
evenly spread on agar plates. Wells of 4 mm diameter
and 3 mm depth were created, and 50 pL of toothpaste
suspensions were introduced into each well. Cefuroxime
(for bacterial isolates) and fluconazole (for C. albicans)
served as positive controls. Plates were incubated at 37
°C for 18-24 hours, and inhibition zones were measured
in millimetres.

2.6 Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)
Determination
MIC and MBC values were determined according to
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the Clinical and Laboratory Standards Institute (CLSI)
guidelines (16). Serial dilutions of toothpaste
suspensions were prepared and incubated at 37 °C for 24
hours. MIC was defined as the lowest concentration
showing no visible microbial growth. MBC was
determined by subculturing aliquots from clear tubes
onto fresh agar plates, with the lowest concentration
showing no colony growth recorded as the MBC.

2.7 Statistical Analysis
All experiments were performed three times. Data
was presented as mean * standard deviation (SD).

Statistical analysis was performed using SPSS, version
28.0 (IBM Corp., Armonk, NY, USA). Intergroup
comparisons were conducted using the Kruskal-Wallis
test, and p < 0.05 was considered statistically significant
@an.

3. Results
3.1 Agar Diffusion Assay (Zones of Inhibition)

The agar well diffusion test demonstrated clear
differences among toothpaste formulations (Figure 1A-
D), with example plates shown in Figure 2A-D.

Figure 1. Well diffusion method showing mean inhibition zones against test microorganisms produced by
toothpastes A, B, C, and D. E. faecalis, S. aureus, and S. mutans versus cefuroxime,
and C. albicans versus fluconazole

Figure 2. Representative agar diffusion assay plates performing multiple tests in sets showing inhibition zones
produced by toothpastes A, B, C, and D against the tested microorganisms

Fluoride toothpaste (A) consistently produced the
largest inhibition zones against all microorganisms

tested, including Candida albicans (21.0 = 1.73 mm),
Staphylococcus aureus (19.67 + 0.33 mm),
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Streptococcus mutans (30.67 + 1.15 mm), and
Enterococcus faecalis (23.33 £ 1.15 mm).

Xylitol formulation (B) produced inhibition zones
against S. mutans (23.33 + 1.15 mm) and E. faecalis
(12.67 £ 1.15 mm), but showed no activity against C.
albicans or S. aureus.

Probiotic toothpaste (D) showed limited activity

against S. mutans (14.67 = 1.52 mm) and E. faecalis (8.0

+ 0.00 mm), while the charcoal-probiotic formulation
(C) showed no detectable activity against any tested
organism.

Positive controls performed as expected: cefuroxime
produced zones of 25-35 mm for bacterial strains, and
fluconazole produced zones of 20-28 mm for C.
albicans. Statistical comparisons are shown in Figure 3.
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Figure 3: Zones of inhibition produced by different toothpastes and control agents against oral pathogens.
Zones of inhibition (mean + SD) formed by toothpastes A-D and control agents against C. albicans, S. aureus, S.
mutans, and E. faecalis. Error bars depict standard deviation. Asterisks (*) denote statistically significant
differences when compared to controls (Kruskal-Wallis test, p < 0 05)

3.2 MIC and MBC Assays
The antimicrobial activity of the four toothpaste
formulations was further evaluated using minimum

inhibitory  concentration (MIC) and minimum
bactericidal concentration (MBC), as summarized in
Table 1 and described in Figure 4.

Table 1: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of toothpaste

formulations against test microorganisms

Microorganism  Parameter Toothpaste A Toothpaste Toothpaste C o Tooth_pa?%te D
(Fluoride) B (Xylitol) (Charcoal-Probiotic) (Probiotic)
C. albicans MIC (mg/mL) 0.125 NA NA NA
MBC (mg/mL) 0.25 NA NA NA
S. aureus MIC (mg/mL) 0.063 NA NA NA
MBC (mg/mL) 0.13 NA NA NA
S. mutans MIC (mg/mL) 0.031 0.25 NA 0.5
MBC (mg/mL)  0.063 0.5 NA 1.0
E. faecalis MIC (mg/mL) 0.063 0.5 NA 1.0
MBC (mg/mL) 0.13 1.0 NA >1.0
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Heatmap of minimum inhibitory concentration (MIC) and minimum bactericidal concentration

(MBC) values for toothpastes A-D across three experimental sets. Color scale: 0 (light yellow) to 1.0 (dark
red), representing MIC/MBC values (mg/mL), as shown in the figure legend. Columns represent Paste A
(Set 1-3), Paste B (Set 1-3), Paste C (Set 1-3), and Paste D (Set 1-3). Rows correspond to C. albicans, S.
aureus, S. mutans, and E. faecalis. Data represents three independent experimental sets. Lighter shades
correspond to lower MIC/MBC values (stronger antimicrobial activity), whereas darker shades indicate

higher concentration requirements and weaker antimicrobial effects

4. Discussion

This study evaluated the antimicrobial effectiveness
of four toothpaste formulations against selected oral
bacteria and fungi. It was found that fluoride toothpaste
showed the highest activity, xylitol toothpaste showed
moderate activity, and probiotic toothpastes showed
minimal effect.

Fluoride toothpaste (1450 ppm sodium fluoride)
created the largest inhibition zones against all tested
microorganisms, ranging from 19.67 mm against S.
aureus to 30.67 mm against S. mutans. Several other
studies have reported similar results. Verkaik et al. (18)
reported zones of 18-32 mm against S. mutans, and
Guven et al. (15) showed that fluoride was significantly
more effective than herbal toothpastes (22-28 mm vs.
12-16 mm, p < 0.001). Fluoride acts by inhibiting
bacterial enzymes involved in acid production, which
contributes to caries development. It also enhances
enamel resistance by forming fluorapatite, which is
more resistant to acid than hydroxyapatite (19). The
MIC values (0.031- 0.13 mg/mL) were consistent with
those reported by Fernandez et al. (20), who found
similar values in biofilm studies. However, Moran et al.
(21) reported that fluoride toothpaste had only modest
immediate antibacterial effects in vivo, despite its well-
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established clinical efficacy in caries prevention. This
difference may be explained by the fact that the present
study evaluated antimicrobial activity under controlled
conditions with continuous exposure, whereas in vivo
conditions involve salivary clearance of fluoride (21).

Xylitol toothpaste showed moderate antimicrobial
activity against S. mutans (23.33 mm) and E. faecalis
(12.67 mm), but showed no activity against C. albicans
or S. aureus. These results are partially consistent with
previous research. Nayak et al. (22) reported similar
MIC values (0.2-0.3 mg/mL) against S. mutans.
Soderling et al. (10) showed that xylitol reduced S.
mutans in clinical studies, mainly by interfering with
bacterial metabolism rather than exerting direct
bactericidal effects. Xylitol enters bacterial cells, but
cannot be metabolized, resulting in futile metabolic
cycles that deplete cellular energy (22).

However, Kontiokari et al. (23) found that xylitol
could inhibit Candida at concentrations above 5%. This
differs from the present findings, because 10% xylitol
toothpaste was tested, while they used pure xylitol
solutions at 15% or higher. In addition, Mé&kinen et al.
(9) showed that xylitol mainly acts by altering oral
microbiota over prolonged use rather than through an
immediate bactericidal effect, which a short-term in
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vitro assay cannot measure, as in the present study.
Xylitol showed activity only against specific bacteria (S.
mutans and E. faecalis), because these bacteria have
specific transport systems for xylitol uptake (22).

Probiotic  toothpastes showed very limited
antimicrobial activity. The regular probiotic toothpaste
(D) created small inhibition zones only against S.
mutans (14.67 mm) and E. faecalis (8.0 mm). The
charcoal-probiotic toothpaste (C) showed no detectable
activity. These results are consistent with studies
indicating that probiotics enhance oral health by
modulating the microbial community rather than
exerting direct antimicrobial effects (12,13). However,
current results differ from those reported by Caglar et al.
(24), who found that probiotic bacteria created 18-24
mm zones against S. mutans and reduced oral microbial
levels in patients.

This difference may be explained by the fact that the
toothpastes used in the present study contained heat-
killed probiotic bacteria (1 x 107 cells/g), whereas
Caglar et al. used viable probiotics at higher
concentrations (108-10° cells/g). Living probiotics exert
antimicrobial effects through the production of lactic
acid, hydrogen peroxide, and antimicrobial peptides
(bacteriocins) (25). Non-viable bacteria are unable to
produce these substances, although they may still
influence the immune response (26). Keller et al.
demonstrated that viable probiotics produce reuterin, a
strong antimicrobial compound that disappears when
bacteria are heat-killed (27). Cildir et al. also showed
that probiotic effects are observed primarily at higher
concentrations (>108 cells/mL), which is greater than the
concentration used in the present study (28). These
findings may explain the minimal antimicrobial activity
observed with probiotic toothpastes.

Statistical analysis showed that fluoride toothpaste
was significantly more effective than all other
formulations (p < 0.001), with xylitol ranking second.
Walsh et al. (29) reviewed 79 studies and found the same
pattern; fluoride prevented 24% of caries, xylitol
prevented 13%, and probiotics lacked sufficient
evidence.

These findings may assist dentists and patients in
selecting toothpastes appropriately, especially given the
increasing popularity of alternative products. Current
results demonstrate that fluoride-based toothpastes are
the most effective option for caries prevention,
particularly for high-risk patients (8). Xylitol
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toothpastes may provide additional benefits for
individuals  seeking  adjunctive  protection or
alternatives, but should not replace fluoride as the
primary active ingredient. The weak effects of non-
viable probiotic toothpastes suggest that current
commercial products may not exert direct antimicrobial
activity, although they may provide benefits through
other mechanisms. For dentists, these findings support
recommending fluoride toothpastes as the first-line
option while maintaining realistic expectations
regarding alternative formulations.

However, this lab study has important limitations.
The current study tested bacteria floating freely in
liquid, which differs from the real dental plaque
environment, where bacteria form the major component
of biofilms. Biofilm bacteria are 10-100 times harder to
kill than floating bacteria (26). Also, the experimental
conditions could not accurately simulate real oral cavity
conditions such as saliva flow, pH changes, and immune
responses that may affect the efficacy of toothpastes
(30). Additionally, only four types of microorganisms
were tested, whereas real dental plaque contains
hundreds of bacterial species. The use of non-viable
probiotics further limits the generalization of the
findings to formulations containing viable probiotic
bacteria. Future studies should test bacteria in biofilms,
conduct patient trials, compare toothpastes with living
probiotics at higher doses (10%-10° cells/g), and
investigate the combination of fluoride, xylitol, and
probiotics.

5. Conclusions

Under the constraints of this in vitro research,
toothpaste with fluoride exhibited the most significant
antimicrobial effectiveness against Streptococcus
mutans, Staphylococcus aureus, Enterococcus faecalis,
and Candida albicans, affirming its position as the
standard in preventive oral care. Xylitol-containing
toothpaste showed moderate activity, particularly
against S. mutans and E. faecalis, indicating potential
value as an adjunctive agent.

Probiotic formulations exhibited limited direct
antimicrobial effects, with measurable inhibition only
against S. mutans, suggesting that their benefits may
arise more from modulation of the oral microbiome
rather than direct pathogen suppression. These findings
highlight fluoride as the most reliable active ingredient
for caries prevention, while supporting xylitol and
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probiotics as possible adjuncts.

Overall, fluoride toothpastes demonstrated greater
antimicrobial activity than xylitol or non-viable
probiotic toothpastes under in vitro conditions. Fluoride
remains the most reliable ingredient for preventing
caries, while xylitol can serve as an additional agent.
Non-viable probiotic toothpastes may require
reformulation with viable bacteria at higher
concentrations to achieve meaningful antimicrobial
effects. As demand for alternative toothpastes grows,
studies comparing different products become essential
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