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ABSTRACT

People have been using chemical treatments like chlorhexidine to treat
gingivitis for a time. Gingivitis is a disease that causes inflammation in the
gum. Some people are worried about the side effects of these chemical
treatments. They are also concerned that the bacteria in their mouths might
become resistant to the treatments. They do not want to disrupt the natural
balance of bacteria in their mouths. That is why some people are looking for
ways to treat gingivitis. Probiotic mouthwashes are one option. These
mouthwashes use bacteria to help keep the mouth healthy. They can help
reduce inflammation in the gums and lower the number of bacteria in the
mouth. Probiotic mouthwashes are a way to treat gingivitis. They do not
have the effects of traditional chemical treatments. This study looks at how
probiotic mouthwashes work. It checks to see if they are really effective in
treating gingivitis. The study uses randomized controlled trials to assess the
effectiveness of mouthwashes. It also talks about how to make sure the good
bacteria in the mouthwashes stay alive and stable. Some probiotic bacteria,
like Lactobacillus and Streptococcus are very good at reducing
inflammation and preventing plaque buildup. They are just as effective as
chlorhexidine in some cases. Probiotic mouthwashes are a new way to treat
gingivitis and other mouth diseases. They could be a part of oral care, in the
future.

KEYWORDS: Gingivitis, Lactobacillus, Oral microbiota, Periodontal
health, Probiotic mouthwash.

1. INTRODUCTION
1.1 Background and Rationale

Bacterial plaque buildup at the gingival margin causes

supporting periodontal structures and possible tooth loss,
if treatment is not received.®) The dysbiosis of the oral
microbiota is the main cause of gingivitis, and

gingivitis, a reversible inflammatory disease of the
gingival tissues.™ It is the first stage of periodontal
disease and affects between 50 and 90 percent of adults
globally.”) Gingivitis can develop into periodontitis,
which is marked by the irreversible damage of

pathogenic bacteria like Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, and
Fusobacterium nucleatum are important in the disease's
etiology.
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Gingivitis is traditionally treated by mechanical plaque
removal using dental brushing and flossing, along with
antibacterial mouthwashes that contain cetylpyridinium
chloride, essential oils, or chlorhexidine.”! Despite their
effectiveness, these chemical treatments have negative
side effects such as disturbance of the beneficial oral
microbiota, tooth discoloration, changed taste perception,
and irritation of the oral mucosa.l’! Additionally, using
antimicrobial mouthwashes for an extended period of
time may lead to the emergence of bacterial resistance.[’!

1.2 The Probiotic Paradigm in Oral Health
Maintaining a balanced oral microbiota is crucial for
preventing dental and periodontal problems, since new
research shows that the oral cavity contains a complex
microbial ecosystem made up of approximately 700
bacterial species.”’ A paradigm shift from the eradication
of antibiotics to ecological restoration is represented by
probiotic intervention in dental health. Probiotics fight
with harmful bacteria for adhesion sites, generate
antimicrobial metabolites, alter host immune responses,
and restore microbial equilibrium instead than randomly
eliminating microorganisms." This method provides a
safe, natural, and maybe longer-lasting way to treat
gingivitis and preserve periodontal health.

2. Mechanisms of Action of Probiotic Mouthwashes
2.1 Competitive Exclusion and Colonization
Resistance

Probiotic bacteria mainly work by competing with
pathogenic bacteria for attachment sites on tooth enamel
and oral epithelial surfaces, a process known as
competitive  exclusion.®)  Probiotic  strains  like
Lactobacillus crispatus, Ligilactobacillus salivarius, and
Limosilactobacillus fermentum have been shown in
studies to have superior adhesion capabilities to oral
mucosal cells and salivary-coated hydroxyapatite,
successfuIIP/ preventing colonization by periodontal
pathogens.[?! Bacterial surface proteins and host cell
receptors interact in particular ways throughout the
adhesion process. For example, lipoteichoic acid and
surface layer proteins (S-layers) that aid in attaching to
epithelial cells are expressed by Lactobacillus species.'?
After adhering, probiotic bacteria create a protective
biofilm that physically prevents pathogenic species like
Streptococcus mutans and Porphyromonas gingivalis
from attaching.™™®

2.2 Modulation of Host Immune Response

Probiotic bacteria have an impact on both innate and

adaptive immune responses in the oral mucosal immune

system.’® These immunomodulatory actions have a

major role in lowering gingival inflammation.:

1. Regulation of cytokine production: Probiotic
strains like Lactobacillus paracasei GMNL-143 have
been demonstrated to reduce the release of pro-
inflammatory cytokines by immune cells and
gingival epithelial cells, such as TNF-o, interleukin-
1 beta (IL-1p), and interleukin-6 (1L-6).1"! They also
raise the expression of anti-inflammatory cytokines

such transforming growth factor-beta (TGF-B) and
interleukin-10 (I1L-10).1%

2. Enhancement of epithelial barrier function:
Probiotics reduce permeability to bacterial antigens
and stop pathogenic bacteria from moving into
subepithelial tissues by strengthening the tight
junctions between epithelial cells.™

3. Modulation of pattern recognition receptors: By
interacting with Toll-like receptors (TLRs) on
immunological and epithelial cells, probiotic
bacteria regulate inflammatory responses without
causing excessive inflammation.?!!

4. 2.3 Coaggregation with Pathogenic Bacteria

A phenomenon known as coaggregation occurs when
various bacterial species stick to one another, making it
easier to remove them from the oral cavity. Research has
shown that the heat-killed probiotic strains Lactobacillus
rhamnosus GMNL-464 and Lactobacillus paracasei
GMNL-143 have good coaggregation capabilities with
oral pathogens, allowing them to be eliminated during
mouthwash.”?  This technique is especially useful
because it eliminates pathogens without the need for live
bacteria, which simplifies formulation stability issues.

2.4 pH Buffering and Remineralization

Some probiotic bacteria, especially Streptococcus
species, support tooth enamel remineralization and help
maintain an ideal oral pH.®®! These probiotics avoid the
pH drop that promotes demineralization and fosters the
growth of cariogenic and periodontopathic bacteria by
metabolizing dietary carbohydrates without generating a
large amount of acid.

3. Clinical Efficacy: Evidence from Randomized
Controlled Trials

3.1 Comparative Studies with Chlorhexidine

The effectiveness of probiotic mouthwashes in
comparison to chlorhexidine gluconate, the gold standard
antibacterial agent, has been assessed in numerous
randomized controlled trials. A groundbreaking study by
Sharma et al. compared probiotic mouthwash (Sporlac
Plus containing Lactobacillus sporogenes), 0.2%
chlorhexidine mouthwash, and saline control in a
randomized parallel-(r;roup trial with 45 participants over
a 4-week period.™ At baseline and day 28,
measurements were made of the plaque index (Pl),
gingival index (GI), and oral hygiene index-simplified
(OHI-S). Both probiotic and chlorhexidine mouthwashes
significantly decreased PI, GI, and OHI-S when
compared to saline (p < 0.05), according to the results,
with the probiotic formulation exhibiting efficacy on par
with chlorhexidine. Crucially, unlike the chlorhexidine
group, the probiotic group did not experience any
negative side effects, such as tooth discoloration or
altered taste.!"
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A recent double-blinded randomized controlled trial
involving 45 children aged 12-15 years compared
probiotic mouthwash, chlorhexidine mouthwash, and a
control group over a two-week period.®! Both probiotic
and chlorhexidine groups exhibited significant plaque
reduction compared to control. Notably, the probiotic
group demonstrated superior reduction in gingival
inflammation compared to chlorhexidine, suggesting
enhanced anti-inflammatory properties.*!

3.2 Plaque and Gingivitis Reduction: Chen et al.
conducted a systematic review and meta-analysis of 24
clinical studies with 1,612 patients who received either
traditional oral treatments or probiotic supplements.®
According to the research, Streptococcus mutans levels
decreased by 65% in those who received probiotic
supplements (p < 0.05). Additionally, it was discovered
that probiotic products reduced oral infections, gingival
index, and plaque scores just as well as or better than
chlorhexidine.®

Thirty healthy children between the ages of eight and ten
participated in a 30-day, triple-blind, randomized
controlled experiment in Syria that compared probiotic
mouthwash (ProbioClean) with fluoride mouthwash
(Colgate).”! On days 7, 14, and 30, the Turesky Modified
Quigley-Hein (TMQH) plaque index was measured.

3.3 Strain-Specific Efficacy

The probiotic strain used has a substantial impact on
clinical efficacy. Over the course of four weeks, a
crossover trial assessing Lactobacillus paracasei GMNL-
143 and Lactobacillus rhamnosus GMNL-464 in
toothpaste formulations showed improvements in plaque
index, gingival index, and oral health impact profile
ratings.) While both strains were equally effective,
GMNL-143 showed extra anti-inflammatory benefits by
modulating cytokines.!

Particular effectiveness in oral health applications has
been shown by Streptococcus salivarius K12. According
to studies, this strain successfully lowers gingival tissue
levels of inflammatory indicators, volatile sulfur
compounds that cause halitosis, and Streptococcus
pyogenes.® In a similar vein, it has been determined that
Lactobacillus crispatus YIT 12319, Lactobacillus
fermentum YIT 12320, Lactobacillus gasseri YIT 12321,
and Streptococcus mitis YIT 12322 are interesting
candidates with proven safety profiles and no cariogenic
potential !

3.4 Duration of Effects

The endurance of positive effects after stopping probiotic
therapy is a crucial factor to take into account. According
to studies, probiotic mouthwashes offer substantial
advantages when used actively, but their effects rapidly
wane when stopped, usually reverting to baseline in two
to four weeks." This suggests that, like mechanical
plaque reduction techniques, ongoing or regular
recurring use is required to maintain therapeutic results.

3.5 Safety Profile

Probiotic mouthwashes have shown outstanding safety
profiles with few reported side effects in multiple clinical
trials." B probiotic formulations do not discolor teeth,
change taste, or desquamate the oral mucosa like
chlorhexidine does. Published clinical trials have not
reported any allergic responses or significant adverse
effects. Though such cases have not been documented in
the literature for oral probiotic applications, theoretical
concerns exist regarding the potential for probiotics to
trigger opportunistic infections in highly
immunocompromised persons.®

4. Formulation Strategies for Probiotic Mouthwashes

4.1 Challenges in Probiotic Formulation

Developing stable and effective probiotic mouthwashes

presents several pharmaceutical challenges:

« Bacterial viability: Maintaining adequate numbers
of viable bacteria (typically 108 to 10° CFU/mL)
throughout the product shelf life

« Environmental sensitivity: Probiotic bacteria are
sensitive to temperature, pH, oxygen exposure, and
moisture

«  Preservative incompatibility: Traditional
antimicrobial preservatives used in mouthwashes
can inhibit or kill probiotic bacteria

« Palatability: Ensuring acceptable taste, odor, and
mouthfeel

» Regulatory compliance: Meeting pharmaceutical or
food supplement regulatory requirements in
different jurisdictions.

4.2 Liquid Formulation Approaches

4.2.1 pH Optimization

Maintaining probiotic viability depends on the
formulation's pH. The pH range of 5.5 to 7.0 is ideal for
the majority of Lactobacillus and Streptococcus
species.' A probiotic mouthwash with Lactobacillus
species, vitamin C, and xylitol at pH 6.0 was found to be
ideal for preserving probiotic culture viability while
guaranteeing safety and comfort for oral usage in a
recent formulation research.*!

4.2.2 Cryoprotectants and Stabilizers

Bacterial cells are protected during freezing,
lyophilization, and storage by the addition of
cryoprotectants such sorbitol, trehalose, and glycerol.*”
These substances keep ice crystals from forming, which
might harm cellular structures, and stabilize cell
membranes.

4.2.3 Preservative-Free Formulations

To avoid inhibition of probiotic bacteria, preservative-

free formulations are preferred. This can be achieved

through:

» Aseptic manufacturing processes

« Use of naturally antimicrobial ingredients that do
not affect probiotic strains (e.g., xylitol)

» Refrigerated storage to prevent contamination
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« Single-use packaging to minimize contamination
risk

However, some studies have successfully incorporated
sodium benzoate at carefully controlled concentrations
that inhibit contaminants while preserving probiotic
viability.'

4.2.4 Oxygen-Sensitive Formulations

Many probiotic strains are facultative or obligate
anaerobes sensitive to oxygen exposure. Packaging
strategies include:

« Nitrogen or carbon dioxide headspace in bottles

«  Opaque, oxygen-impermeable containers

« Individual sachets or ampoules

4.3 Solid Formulation Approaches

Solid probiotic mouthwash formulations offer several
advantages over liquid formulations, particularly
regarding stability and preservative requirements.

4.3.1 Solid Powder Mouthwashes

Formulations  containing  probiotics,  prebiotics,

disintegrants, and powdered zinc D-lactate are described

in a unique solid-type probiotic mouthwash patent.*”

Advantages include:

«  Elimination of preservative requirements

«  Enhanced stability during storage

- Rapid disintegration upon contact with water to
form ready-to-use liquid mouthwash

«  Extended shelf life

«  Convenience for transportation

e 0.1-5 parts powder filler, 2—70 parts disintegrant, 1
20 parts probiotics, 1-20 parts prebiotics, and 1-30
parts zinc D-lactate by weight make up the
formulation.™*

4.3.2 Lyophilization (Freeze-Drying)

To provide stable probiotic formulations with longer
shelf lives, lyophilization is frequently used. Water is
eliminated while the bacteria remain viable, resulting in a
dry powder that can be added to solid dosage forms or
reconstituted before to use.'™ The best Iyophilization
procedures consist of:

1. Cryoprotectant addition (e.g., 10-20% trehalose or
sucrose)

Controlled freezing rate

Primary drying at -40°C to -50°C under vacuum
Secondary drying at 20-25°C

Packaging in moisture-proof, oxygen-impermeable
containers with desiccants

abrwm

4.4 Microencapsulation Technologies

By encasing probiotic bacteria in protective matrices,
microencapsulation protects them from unfavorable
environmental circumstances while enabling regulated
release at specific locations.2/1*!

4.4.1 Coating Materials
Common encapsulation materials include:

« Alginate: Natural polysaccharide derived from
brown algae, forms gel beads through ionic
crosslinking with calcium ions

« Chitosan: Cationic polysaccharide with

mucoadhesive properties, enhances retention in oral
cavity

« Gelatin: Protein-based material with excellent film-
forming properties

o Cellulose derivatives: Hydroxypropyl
methylcellulose (HPMC) provides pH-dependent
release

4.4.2 Encapsulation Methods

1. Spray drying: Rapid process suitable for large-scale
production, though high temperatures may reduce
viability

2. Extrusion: Bacteria suspended in polymer solution
are extruded through nozzles into hardening solution

3. Emulsification: Water-in-oil emulsions protect
bacteria during processing and storage

4. Layer-by-layer assembly: Sequential deposition of
oppositely  charged  polyelectrolytes  creates
multilayer protective coatings

4.4.3 Benefits of Microencapsulation for Oral

Applications

«  Protection from saliva enzymes and pH fluctuations

« Controlled release ensuring prolonged contact with
oral tissues

« Enhanced adhesion to tooth surfaces and oral
mucosa

« Improved stability during storage

»  Masking of undesirable taste or odor

Studies show that when stored at 4°C, alginate-chitosan
microencapsulated Lactobacillus bacteria retain viability
above 1077 CFU/mL for 6-12 months.*?

4.5 Synbiotic Formulations

Synbiotic  formulations combine  probiotics  with

prebiotics (non-digestible food ingredients that promote

growth of beneficial bacteria).*®) Common prebiotics in

oral care include:

«  Xylitol: Sugar alcohol that inhibits Streptococcus
mutans while promoting beneficial bacteria

»  Fructooligosaccharides (FOS): Selectively
promote growth of Lactobacillus and
Bifidobacterium species

e Inulin: Prebiotic fiber
colonization

supporting  probiotic

Lactobacillus probiotics were combined with xylitol
(prebiotic and anticariogenic agent) at pH 6.0 and
vitamin C (antioxidant and immunological support) in a
new formulation that showed synergistic advantages.*"
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4.6 Oil-Based Formulations

Research shows that when compared to water-based
formulations, oil-based formulations offer better
bacterial stability.'”) An analysis of several formulation
solvents showed that, in comparison to aqueous
formulations, oil-based vehicles (such as vegetable oils
and medium-chain triglycerides) better maintained
Lactobacillus  viability over a two-week period.
Paradoxically, water in formulations may decrease long-
term stability and slow bacterial growth.!*”

4.7 Quality Control and Standardization

Ensuring consistent quality of probiotic mouthwashes

requires:

1. Bacterial enumeration: Regular testing to verify
viable cell counts meet label claims throughout shelf
life.

5. Probiotic Strains for Oral Health Applications
5.1 Lactobacillus Species

2. Strain identification: Molecular methods (16S
rRNA sequencing, MALDI-TOF) to confirm strain
identity.

3. Purity testing:
microorganisms.

4. Functional testing: In vitro assays demonstrating

Absence of contaminating

adhesion, antimicrobial activity, and anti-
inflammatory properties.
5. Stability studies: Accelerated and long-term

stability testing under ICH guidelines.

Lactobacillus (recently reclassified into multiple genera) species are the most extensively studied probiotics for oral

health applications:

Table 1: Key Lactobacillus strains for oral health applications.

Species/Strain Mechanisms

Clinical Evidence

Lactobacillus crispatus

Antibacterial metabolites,

Effective against periodontal

YIT 12319

epithelial adhesion

pathogens, no cariogenic

potential™

Limosilactobacillus

High mucosal adhesion,

Reduces plague and

fermentum YIT 12320

coaggregation with pathogens

gingival inflammation™

Lactobacillus gasseri

Strong antibacterial activity,

Inhibits P. gingivalis,

YIT 12321

H, 0, production

A. actinomycetemcomitans?

Lacticaseibacillus paracasei

Cytokine modulation,

65% reduction in

GMNL-143

anti-inflammatory effects

plague scores ]

Lactobacillus rhamnosus

Coaggregation, immune

Comparable efficacy to

GMNL-464

modulation

chlorhexidine™

Lactobacillus sporogenes

Spore-forming, stable,

Significant Pl and GI

(Sporlac Plus)

antimicrobial production

reductiont™!

5.2 Streptococcus Species

Recent research highlights Streptococcus species as particularly promising for oral health due to their natural

colonization of oral surfaces:

Table 2: Key Streptococcus strains for oral health applications.

Species/Strain

Mechanisms

Applications

Streptococcus salivarius K12

Bacteriocin production,

Halitosis reduction,

competitive exclusion

anti-inflammatory effects®

Streptococcus mitis YIT 12322

Hydroxyapatite adhesion,

No infective endocarditis

pathogen inhibition

risk, anticariogenicl™!

Streptococcus dentisani

pH maintenance,

Prevents caries and

nitric oxide production

gingivitis®!

The best evidence for oral health advantages, including
as lowering oral pathogens, caries incidence, halitosis-
causing bacteria levels, boosting oral pH, and even
aiding in teeth whitening, has come from streptococcus
species.!

5.3 Other Probiotic Genera

While less common, other bacterial genera show

promise:

- Bifidobacterium: Primarily studied for
gastrointestinal health, some strains show oral
adhesion and antimicrobial properties.

« Weissella cibaria: Produces bacteriocins effective
against oral pathogens.
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« Bacillus coagulans: Spore-forming probiotic with
excellent stability

5.4 Strain-Specific vs. Generic Effects

It is important to note that the advantages of probiotics
are quite strain-specific.’®! Instead of using strains with
proven effectiveness in oral health, several commercially
available products use strains based on a history of safe
usage in gastrointestinal applications. The best strategy is
to choose strains with proven:

1. Ability to adhere to oral surfaces (teeth, mucosa)

2. Antimicrobial activity against periodontal pathogens

Anti-inflammatory properties

4. Safety profile with no cariogenic or pathogenic
potential

5. Stability in oral care formulations

w

6. Comparative Analysis: Probiotics vs. Conventional Antimicrobials
Table 3: Comparative analysis of probiotic mouthwash versus chlorhexidine.

Parameter

Probiotic Mouthwash

Chlorhexidine

Antimicrobial spectrum

Selective, targets pathogens

Broad-spectrum,

while preserving beneficial

non-selective

microbiota

Anti-inflammatory

Moderate to strong through

Minimal direct

effects

immunomodulation

anti-inflammatory action

Adverse effects

Minimal to none

Tooth staining, taste

alteration, mucosal

irritation
Microbiota disruption Promotes beneficial Disrupts entire oral
microbiota balance microbiota
Resistance development Minimal risk Potential for bacterial
resistance
Long-term use safety Safe for extended use Not recommended beyond
2-4 weeks

Stability challenges

Higher (requires careful

Lower (stable in

formulation)

various formulations)

Patient acceptance

Good (no staining)

Moderate (due to

staining concerns)

Cost Variable

Generally lower

7. Regulatory and Commercial Considerations

7.1 Regulatory Classification

Probiotic mouthwashes occupy an ambiguous regulatory

space globally, classified differently across jurisdictions:

« European Union: Often classified as food
supplements or cosmetics, depending on claims
made

« United States: Typically fall under dietary
supplements or cosmetics unless therapeutic claims
trigger drug classification

« India: Classified as nutraceuticals or food
supplements under FSSAI regulations

« Japan: May be registered as Foods for Specified
Health Uses (FOSHU)

7.2 Market Trends and Growth

The market for probiotics for dental health is expanding
significantly. The Indian market is expected to expand at
a compound annual growth rate (CAGR) of 8.1%
between 2025 and 2035 due to growing consumer
demand for natural goods and increased awareness of the
significance of oral health.*® The market for oral and
dental probiotics was estimated to be worth USD
2,873.44 million in 2023 and is expected to increase at a

compound annual growth rate (CAGR) of 7.79% to reach
USD 5,644.28 million by 2032.1*°!

Key market drivers include:

1. Increasing consumer preference for natural and
chemical-free oral care products

2. Growing awareness of microbiome importance in
health

3. Rising prevalence of periodontal diseases

4. Dental professional endorsements

5. Integration of probiotics into mainstream oral
hygiene routines

6. Product innovations in formulations and delivery
formats

7.3 Commercial Products

Several probiotic oral care products have been launched:

« ProBioraPlus (Oragenics, Inc.): Mint-flavored
tablet with patented blend of three probiotic strains
supporting gum and tooth health, breath freshening,
and teeth whitening.™®)

» ProbioClean: Probiotic mouthwash evaluated in
clinical trials.®
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e Sporlac Plus: Contains Lactobacillus sporogenes,
demonstrated efficacy comparable to
chlorhexidine.™

- Various probiotic toothpastes containing GMNL-
143 and GMNL-464 strains. ™

7.4 Intellectual Property Landscape

The probiotic oral care field has seen increasing patent

activity, particularly in:

« Novel probiotic strain identification and
characterization

« Formulation technologies (solid mouthwashes,
microencapsulation)

«  Synbiotic combinations

«  Delivery systems and packaging innovations

8. Challenges and Limitations

8.1 Scientific Challenges

1. Heterogeneity in clinical studies: Variations in
probiotic strains, formulations, dosages, treatment
durations, and outcome measures make cross-study
comparisons difficult

2. Lack of standardization: No consensus on optimal
bacterial counts, treatment duration, or frequency of
application

3. Limited long-term studies: Most trials are 2-8
weeks; effects of prolonged use and sustainability of
benefits remain unclear

4. Mechanism elucidation: While several mechanisms
have been proposed, detailed molecular pathways
require further investigation

5. Individual variability: Patient-specific factors
(genetics, baseline microbiota composition, diet, oral
hygiene habits) influence treatment response

8.2 Formulation and Manufacturing Challenges

1. Viability maintenance: Ensuring adequate viable
cell counts throughout manufacturing, distribution,
and product shelf life

2. Scalability: Transitioning from laboratory-scale to
industrial-scale production while maintaining quality

3. Cold chain requirements: Many formulations
require refrigeration, complicating distribution

4. Cost of production: Probiotic cultivation,
Iyophilization, and quality control increase
manufacturing costs

8.3 Regulatory and Clinical Implementation

Challenges

1. Regulatory pathway ambiguity:  Unclear
classification hampers product approval and
marketing

2. Clinical adoption barriers: Dental professionals
may be unfamiliar with probiotic concepts or
skeptical without more extensive evidence

3. Reimbursement issues: Insurance typically does
not cover probiotic products, limiting accessibility

4. Consumer education: Many consumers lack
understanding of probiotics in oral health context

9. Future Perspectives and Research Directions

9.1 Personalized Probiotic Therapy

Advances in oral microbiome profiling through next-

generation sequencing enable personalized approaches:

e Individual microbiome assessment to identify
dysbiosis patterns

« Selection of probiotic strains tailored to patient's
specific microbial profile

«  Monitoring treatment response through microbiome
analysis

«  Optimization of dosing and treatment duration based
on individual factors

9.2 Next-Generation Probiotic Delivery Systems
Emerging technologies promise improved efficacy and
patient compliance:

1. Nanotechnology-based delivery:  Nanoparticle
encapsulation providing enhanced stability and
targeted release.l®

2. pH-responsive systems: Smart materials releasing
probiotics in response to local pH changes indicative
of inflammation.™*®

3. Enzyme-responsive systems: Release triggered by
proteases elevated in diseased periodontal tissues.™®!

4. Mucoadhesive patches: Prolonged retention in oral
cavity ensuring extended probiotic contact with
tissues

5. Pressure-triggered release: Mechanical stimulation
during mastication releases probiotics.*®!

9.3 Combination Therapies

9.4 Heat-Killed and Postbiotic Approaches

Recognition that heat-killed bacteria and bacterial

metabolites (postbiotics) may provide benefits without

viability concerns:

»  Simplified formulation and stability

«  Elimination of cold chain requirements

» Maintained immunomodulatory and coaggregation
properties.!

»  Reduced regulatory barriers

9.5 Expanded Clinical Applications

Beyond gingivitis, probiotic mouthwashes show promise

for:

»  Periodontitis management and prevention

«  Peri-implantitis prevention in dental implant patients
Combining probiotics with traditional therapies
could improve results: * For periodontitis, probiotics
in conjunction with scaling and root planning.!”

« Sequential therapy: probiotic restoration after an
antibacterial phase Synbiotic mixtures containing
particular prebiotics

« In combination with natural anti-inflammatory
substances like resveratrol and curcumin According
to recent research, topical probiotic administration
combined with mechanical debridement improves
the efficacy of traditional non-surgical periodontitis
treatment.!’’

« Oral mucositis prevention in cancer patients
undergoing chemotherapy/radiotherapy

© 2026 Author(s) | Published by IJCPI | Open Access under CC BY 4.0 License | 15




www.ijcpi.com

Volume 1 | Issue

« Halitosis treatment
«  Support for orthodontic patients at high caries risk
«  Management of oral candidiasis

9.6 Standardization and Evidence Strengthening

Critical priorities for the field include:

1. Development of international consensus guidelines
on probiotic selection, dosing, and treatment
protocols

2. Large-scale, multicenter randomized controlled

trials with extended follow-up

Harmonized outcome measures for clinical trials

Mechanistic studies elucidating molecular pathways

Post-market surveillance for safety monitoring

Health economic evaluations demonstrating cost-

effectiveness

o kAW

9.7 Artificial Intelligence and Machine Learning

Computational approaches may accelerate probiotic

discovery and optimization:

« Predictive models identifying probiotic candidates
from microbiome datasets

«  Machine learning algorithms optimizing formulation
parameters

« Al-driven analysis of clinical trial data for
personalized recommendations

10. SUMMARY

Probiotic mouthwashes are safe, natural substitutes for
chlorhexidine in the treatment of gingivitis. Through
competitive exclusion, antimicrobials,
immunomodulation, and microbiota balance, important
strains (Lactobacillus crispatus, Lactobacillus gasseri,
Limosilactobacillus fermentum, Ligilactobacillus
salivarius, Lactobacillus paracasei, and Streptococcus
salivarius).

Comparable plaque/gingival index reductions without
discolouration, taste alterations, or resistance are
confirmed by clinical investigations, making them
perfect for long-term use. Probiotic viability and longer
shelf life are guaranteed by formulation innovations
(microencapsulation,  synbiotics, solid  powders)
Standardization, long-term studies, regulation, and prices
continue to be obstacles. Prospects for the future include
broader periodontal applications, nanotechnology
delivery, modified strains, Al optimization, and
customized microbiome therapy. Probiotics are
revolutionizing dental health worldwide by aligning with
natural oral care trends.
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