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ABSTRACT

Streptococcus salivarius is a Gram-positive, non-pathogenic bacterium naturally found in the oral microbiota of
healthy individuals. It is recognized as an effective probiotic due to its antimicrobial properties and ability to
stimulate the immune system, particularly activating natural killer (NK) cells and producing anti-tumor cytokines
such as interferon-gamma and interleukin-12 (IL-12). Strains K12 and M18 of this bacterium are specifically used
to combat harmful oral bacteria and prevent tooth decay. These strains act by producing bacteriocins, especially
against Streptococcus mutans (the main cause of tooth decay).

Probiotics, in general, are live microorganisms that, when consumed in sufficient amounts, have beneficial effects
on the host's health. Streptococcus salivarius, as a probiotic, plays a role not only in oral and dental health but
also in improving overall body health. Studies have shown that this bacterium can help reduce bad breath, improve
gum health, and reduce dental plaque formation. Additionally, the use of products containing this probiotic, such
as toothpaste and mouthwash, can help its effective colonization in the oral cavity.

Compared to conventional methods such as the use of antibiotics, probiotics are safer and reduce the risk of
microbial resistance. However, probiotic consumption may cause mild side effects such as bloating or diarrhea in
some individuals. Overall, Streptococcus salivarius as a promising probiotic plays an important role in
maintaining oral and dental health and improving the quality of life.
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INTRODUCTION

Streptococcus salivarius is a symbiotic bacterium that is naturally found in the oral cavity and can be effective in
improving oral and dental health as a probiotic. Streptococcus salivarius exerts its beneficial effects through
various mechanisms. By producing bacteriocins, this bacterium inhibits the growth of harmful bacteria such as
Streptococcus mutans, which play an important role in causing tooth decay. Also, Streptococcus salivarius can
reduce the production of odorous sulfur compounds, which are the main cause of bad breath. In addition, this
bacterium can prevent the colonization of pathogenic bacteria by forming colonies in the mouth.
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The Importance and Relationship of Oral and Dental Health with General Body
Health

The reason for using the probiatic Streptococcus salivarius is its importance for oral and dental health. Oral and
dental health is very important for overall body health, quality of life, and preserving natural teeth in the elderly
M, Paying attention to oral and dental health from a young age is essential for maintaining healthy teeth in
adulthood @.

Oral health is associated with general health, complications, and mortality in the elderly . Neglecting oral and
dental health can lead to serious problems such as heart disease, diabetes, and respiratory infections . During
pregnancy, hormonal changes can affect periodontal conditions and lead to adverse pregnancy outcomes.

Awareness of these issues among health professionals and women can help prevent or minimize these outcomes
(5)

What is a probiotic?

The history of probiotics dates back to ancient times and is linked to the consumption of fermented foods and the
gradual understanding of the role of microorganisms in human health ©,

The World Health Organization (WHO) defines probiotics as "live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host (", The purpose of consuming probiotics is to improve
health by targeting the microbiota associated with humans and animals. Probiotics utilize live microorganisms,
while prebiotics are non-digestible substrates that act as nutrients for beneficial microorganisms already present
in the host's body @,

Various definitions of probiotics, prebiotics, and synbiotics have been discussed by different researchers. The
concept of probiotics is limited to the effects resulting from live microorganisms, but it is applicable regardless of
the site of action and route of administration. Therefore, it may include locations such as the oral cavity, intestine,
vagina, and skin ©,

Probiotics are defined as beneficial microorganisms that are administered to a host (usually humans) to help
maintain or improve oral health. This definition includes probiotics that do not originate from the gut but are
specifically designed to improve oral health @9 The probiotic Streptococcus salivarius K12 can affect the health
of the human ear and oral cavity and play a role in preventing diseases of the oral cavity and improving human
health %), Streptococcus salivarius K12 can colonize the human oral cavity 2.

The reason for the importance of the probiotic industry in today's lifestyle:

The probiotic industry is of particular importance due to the significant role it plays in improving and promoting
human health in modern lifestyles.

Improvement of digestive health:

One of the main reasons for the importance of the probiotic industry is its role in improving digestive health. By
regulating the gut's microbial flora, probiotics help improve food digestion, reduce bloating and gas, and prevent
constipation and diarrhea. In modern lifestyles, which are often associated with improper and processed diets,

probiotics can help maintain the balance of the gut microbiome and improve the function of the digestive system
(13)

Strengthening the Immune System:

Probiotics play an important role in strengthening the body's immune system. By regulating immune responses
and increasing the production of antibodies, probiotics help the body fight infections and diseases. In today's
world, where we face increasing stress and environmental pollution, strengthening the immune system with
probiotics can help maintain overall health 14,

Addressing Diseases Caused by Modern Lifestyle

The probiotic industry is important because of its ability to address diseases associated with modern lifestyles.
Consumption of organic milk containing probiotics can help reduce the risk of cardiovascular diseases, cancer,
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depression, rheumatoid arthritis, and diabetes. These diseases are often caused by poor diet, lack of physical
activity, and the stresses of modern life 9,

Application in Various Products

Probiotics are used as a key component in foods, medicines, and dietary supplements. This diversity in application
has made access to probiotics easier for different people with various needs. From fermented dairy products to
probiotic capsules and powders, there are diverse options available for consumers @9,

Improving Infant and Child Health

Probiatics can help improve the health of infants and children. Probiotic consumption by breastfeeding mothers
or infants can help strengthen the immune system, improve digestion, and reduce the risk of allergies and eczema.
This has made probiotics an important component in infant and child nutrition ®7),

Role in Mental Health

Research has shown that there is a connection between the gut and the brain, and probiotics can help improve
mental health. By regulating the gut microbiota, probiotics can help reduce stress, anxiety, and depression. This
has led to probiotics being considered a natural approach to improving mental health @8

Impact on Longevity and Health of the Elderly

Probiotics play a significant role in increasing longevity and improving the quality of life for the elderly. By
improving digestive function, strengthening the immune system, and reducing inflammation, probiotics can help
maintain the health and independence of older adults. This has led to probiotics becoming an important component
in the diet of the elderly @2,

The Role of Probiotics in Oral Diseases:

Probiotics play an important role in preventing oral diseases and contribute to maintaining oral and dental health
through various mechanisms. These beneficial microorganisms prevent the occurrence of oral diseases by
strengthening the oral microbiota, producing antimicrobial substances, modulating the immune system, and
competing with pathogenic bacteria.

Strengthening the Oral Microbiota

Probiotics help establish and maintain balance in the oral microbiota. This balance is essential to prevent the
overgrowth of pathogenic bacteria and the creation of dysbiosis. By increasing the number of beneficial bacteria
in the mouth, probiotics create a healthier environment for the teeth and gums 120,

Production of Antimicrobial Substances

Some probiotics, such as Streptococcus salivarius, prevent the growth of pathogenic bacteria by producing
bacteriocins and other antimicrobial substances. These substances eliminate harmful bacteria or stop their growth
by inhibiting cell wall synthesis or disrupting the cell membrane of harmful bacteria (%29,

Modulation of the Immune System

Probiotics can modulate the oral immune system and reduce inflammatory responses. This property is particularly
effective in preventing gum diseases such as gingivitis and periodontitis. By reducing inflammation, probiotics
help maintain the health of gum tissues and prevent jaw bone resorption 1220,

Competition with pathogenic bacteria

Probiotics compete with pathogenic bacteria for attachment to the surfaces of teeth and gums. This competition

helps to prevent the formation of dental plaque and harmful biofilms. By reducing the number of pathogenic
bacteria in plaque, probiotics decrease the risk of tooth decay and gum disease %20,
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Clinical Effects

Studies have shown that consuming probiotics can help reduce the number of Streptococcus mutans (the main
bacteria responsible for tooth decay) in the mouth. Additionally, probiotics can help improve gum health
indicators, reduce gum bleeding, and improve bad breath 920,

Applications in Orthodontic Treatments

Probiatics can be used as a promising option to reduce the number of Streptococcus mutans in patients undergoing
fixed orthodontic treatments. However, due to the variety of the studies conducted, a definitive conclusion cannot
be drawn regarding a specific probiotic 1920,

How Can Probiotics Help with Oral and Dental Health?

In general, probiotics can help maintain oral and dental health through various mechanisms such as regulating the
oral microbiota, producing antimicrobial substances, modulating the immune system, and competing with
pathogenic bacteria. Regular use of probiotics can help reduce tooth decay, improve gum disease, reduce bad
breath, and maintain oral and dental health during orthodontic treatments (20-22),

Introduction to Streptococcus salivarius:

Streptococcus salivarius is a species that forms an important part of the oral microbiota of healthy individuals ?3,
Streptococcus salivarius is a Gram-positive, non-pathogenic bacterium found in the oral cavity and upper
respiratory tract. This bacterium has antimicrobial properties and can activate natural killer (NK) cells and induce
anti-tumor cytokines such as interferon-gamma and interleukin-12 (1L-12) @4,

"Streptococcus salivarius strains K12 and M18 are recognized as oral probiotics aimed at combating 'bad’ bacteria
and diseases in the oral cavity, which is fundamental for maintaining good health" %),

"Streptococcus salivarius M18, through the production of bacteriocins, specifically targets Streptococcus species
that contribute to the development of dental caries" 9. The use of probiotic microorganisms specifically isolated
from the oral cavity can be effective in maintaining oral health" @7,

Evaluation of Streptococcus salivarius as a Probiotic Bacterium

Preliminary studies have shown that treatment with the probiotic Streptococcus salivarius K12 after antimicrobial
therapy may reduce some forms of halitosis @®. The research also focuses on the effect of oral probiotics
containing Streptococcus salivarius K12 on salivary secretory immunoglobulin A levels, salivary flow rate, and
oral biofilm @9,

Safety assessments have shown that specific strains of Streptococcus salivarius, such as M18, are safe as
probiotics for oral health. The focus is on the development of probiotic Streptococcus salivarius strains due to the
importance of this species in the oral microbiota of healthy individuals @3,

The role of Streptococcus salivarius as a probiotic

Streptococcus salivarius is a commensal bacterium found in the oral cavity that has been shown to secrete
antimicrobial peptides and can be used as a probiotic ©%. Streptococcus salivarius K12 strain is recognized as a
pioneering probiotic strain derived from the human oral microbiota and is known for its unique ability to enhance
oral and upper respiratory tract health %, Streptococcus salivarius M18 has also been evaluated for its probiotic
capabilities targeted towards dental and oral health applications @3,

Mechanism of Action of Probiotic Bacterium Streptococcus salivarius for Oral
Health:

Production of Antimicrobial Substances (Bacteriocins)
Streptococcus salivarius exhibits significant antimicrobial effects by producing salivaricins, which are a type of

lantipeptide. Lantipeptides are bacteriocins containing lanthionine, produced by lactic acid bacteria ¢ 32, These
compounds can Kill other bacteria by inhibiting cell wall synthesis or disrupting the membrane potential of
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susceptible cells. Salivaricins specifically target pathogenic bacteria such as Streptococcus mutans, thereby
preventing dental plague formation @334,

Competition for Adhesion and Colonization

As an early colonizer of oral and nasopharyngeal epithelia, Streptococcus salivarius competes with pathogenic
bacteria for attachment to surfaces. This competition helps prevent the formation of harmful biofilms and
maintains a balanced microbiota in the mouth. Streptococcus salivarius 119 has been shown to inhibit artificial
plaque formation by producing water-soluble glucan. The glucan produced by this bacterium contains alpha-1,6
linkages and supports oral health by interfering with plagque formation by Streptococcus mutans ¢ .

The effects of Streptococcus salivarius probiotic on oral and dental health:

A three-month supplementation with a probiotic (Streptococcus salivarius strain M18) leads to a reduction in gum
bleeding and plaque accumulation. The results of a clinical trial showed that S M18 in a 7-day regimen can lead
to the inhibition of the number of S. mutans in the oral cavity, favorably impacting salivary pH and buffering
capacity ©9),

The use of probiotics BLIS K12TM and BLIS M18TM for three months results in a significant decrease in the
risk of caries 7). A study indicated that a new toothpaste containing Streptococcus salivarius M18 increases the

level of this bacterium in saliva, effectively delivering the probiotic to the oral cavity and promoting colonization
(38)

Some species of oral bacteria can convert dietary nitrate to nitrite, which can later be converted to nitric oxide via
the nitrate-nitrite-nitric oxide pathway ©9.

In what products can the probiotic bacterium Streptococcus salivarius be used
for oral and dental health?

Various products contain Streptococcus salivarius and help improve oral health in different ways. Some of these
products include:

Toothpaste: Toothpaste containing Streptococcus salivarius helps increase the level of this beneficial bacteria in
the mouth and aids in its colonization.

Mouthwashes: Mouthwashes containing this probiotic can help reduce harmful bacteria, improve bad breath, and
maintain the microbial balance of the mouth.

Lozenges and Pastilles: Lozenges and pastilles containing Streptococcus salivarius slowly release probiotics in
the mouth, allowing them to colonize effectively.

Chewing Gum: Chewing gums containing Streptococcus salivarius can help stimulate saliva production and aid
in the distribution of probiotics throughout the mouth ©%-42),

Employing the probiotic bacterium Streptococcus salivarius for maintaining
oral health compared to other conventional methods:

Streptococcus salivarius, as a probiotic, can help maintain oral and dental health by balancing the microorganisms
in the mouth 1°38), This bacterium prevents the growth of harmful bacteria by producing antimicrobial substances,
thereby helping to prevent oral and dental diseases. Compared to conventional methods such as the use of
antibiotics, probiotics are a safer alternative because they reduce the risk of microbial resistance “.

While conventional methods such as the use of chlorhexidine mouthwashes and antibiotics can temporarily
eliminate harmful bacteria, their long-term use can lead to unwanted side effects such as tooth discoloration and
antibiotic resistance “344. Probiotics, including Streptococcus salivarius, naturally combat oral and dental
diseases by creating a healthy environment in the mouth and strengthening the immune system. A study showed
that the use of chlorhexidine followed by probiotics can more effectively reduce bad breath in children @9,
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Sources of probiotic bacteria, such as the probiotic bacterium Streptococcus
salivarius:

Probiotic bacteria can be obtained through various sources:
Fermented foods: Yogurt, kefir, sauerkraut, kimchi, and other fermented foods contain probiotic bacteria.

Probiatic supplements: Probiotic supplements are available in capsules, tablet, powder, and liquid form and can
be used as a concentrated source of probiotic bacteria.

Probiotic-enriched foods: Some foods, such as juices, breakfast cereals, and beverages, are enriched with probiotic
bacteria “).

Besides Streptococcus salivarius, what other bacteria can be used to produce
probiotic products?

Various bacteria are used as probiotics, most of which belong to the two groups Lactobacillus and
Bifidobacterium, and Streptococcus. These bacteria are widely used in dietary supplements and fermented food
products due to their beneficial health properties and their ability to survive in the digestive tract ¢6),

Table 1: Common probiotic bacteria and their health benefits

Probiotic bacteria Benefits
Lactobacillus Improving lactose digestion, and reducing diarrhea caused by antibiotics “”
acidophilus

Lactobacillus rhamnosus =~ Reduce diarrhea, improve eczema symptoms ¢“8)
Bifidobacterium lactis Improves digestion and reduces attachment ¢ 50
Lactobacillus plantarum | Help to reduce fat and improve metabolism in obese people ©9

Streptococcus salivarius = Producing anti-microbial compounds and regulating the oral microbial ecosystem, helps to
maintain balance and oral health. Research has shown that the use of this probiotic can help
reduce oral problems 852,

Table 1 includes only some of the common probiotic bacteria and their benefits. Many other species and strains
exist that have their specific benefits. Also, it is important to note that the effects of probiotics can vary depending
on the individual, the dosage, and the bacterial strain ©3-56),

How to Extract Probiotic Bacteria:

There are various methods for extracting probiotic bacteria, each with its advantages and disadvantages. The
choice of the appropriate method depends on the type of bacteria, the purpose of the extraction, and the available
facilities 7,

Using Commercial Kits

In one study, genomic DNA was extracted using the Wizard® Genomic DNA Purification Kit, which showed the
highest yield, quality, and performance. Notably, the sensitivity of Real-time PCR was higher than conventional
PCR, and its quantification potential is very accurate for detecting and quantifying Lactobacillus ©859),

Physical and Chemical Methods

In chemical methods, NaOH solution and acetic acid were used to extract chitin and chitosan. In microbial
extraction, organic acids (lactic acid) produced by probiotic bacteria were used to demineralize shrimp shells. The
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results showed that the use of lactic acid bacteria, especially the addition of Fe(NO3)3 as an additional nitrogen
source, was more effective for demineralizing shrimp shells than the chemical method ©.

Other Extraction Methods

A polyethylene glycol (PEG)--based method has been presented for extracting extracellular vesicles (EVs) from
Lactobacillus casei as a vaccine carrier. In this method, EVs were extracted using PEG solution from Lactobacillus
casei cultured in De Man, Rogosa, and Sharpe medium. Electron microscopy revealed round vesicles with an
average diameter of 300 nm ©),

Consumption of probiotic products can also have side effects

The consumption of probiotics is generally considered safe, but in some cases, it may be associated with side
effects or risks. Most of these side effects are mild and temporary, but in individuals with specific conditions, they
can be more serious ¢,

Digestive problems: Some individuals may experience bloating, gas, or diarrhea at the beginning of probiotic
consumption. These symptoms usually resolve after a few days or weeks as the boy adjusts to changes in the gut
microbiome ©9),

Allergic reactions: In rare cases, the consumption of probiotics can cause allergic reactions, especially if the
individual is sensitive to the ingredients of the probiotic supplement ©2),

Infection: People with weakened immune systems, such as those undergoing chemotherapy or living with
HIV/AIDS, are at a higher risk of developing infections caused by probiotics 6264,

Important Tips for Consuming Probiotic Bacteria

Choosing the Right Product: When selecting a probiotic supplement, pay attention to the number of bacteria (CFU)
and the bacterial strains present in the product.

Adhering to the Dosage: The dosage of probiotics varies depending on the type of product and individual
circumstances.

Consulting a Doctor: Before consuming probiotics, especially if you have a specific medical condition or are
taking medication, consult with your doctor 9.

What is the best way to use probiotic bacteria, such as Streptococcus
salivarius?

The best way to use probiotic bacteria depends on various factors, including the type of probiotic, the purpose of
consumption, and the individual's health status ©%. However, here are some general tips for optimal use of
probiotics:

Determine the Goal: Before starting to consume probiotics, define your goal. Are you looking to improve
digestion, boost the immune system, or reduce the symptoms of a specific disease? Choosing the right probiotic
based on the desired goal increases its effectiveness ©7).

Understanding Strains and Consulting with a Specialist: Different strains of probiotics have different effects. For
example, some strains are more suitable for improving digestion, while others are more useful for strengthening
the immune system ©7:69),

RESULTS AND DISCUSSION

In 2025, a study was conducted that focused on the development and evaluation of a new toothpaste
containing Streptococcus salivarius M18. The results showed that the toothpaste effectively delivered the
probiotic to the oral cavity and induced colonization ©8. Also, in a 2024 study, a clinical trial examined the effects
of probiotic tablets on oral plague indices. The findings showed that the average plaque index in the group
consuming probiotic tablets significantly increased compared to the control group ©9. Earlier in 2022, researchers
in the field of antimicrobial effects of probiotic milk and probiotic powder conducted research aimed at the effects
of short-term consumption of probiotic milk and powder on salivary Streptococcus mutans levels and plague score
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in children. This study showed that consumption of probiotic milk and powder significantly reduced the number
of salivary Streptococcus mutans 7. You can also check out an old study in this area from 2013, in which
researchers investigated the effect of Streptococcus salivarius M18 on dental health indicators in children. Double-
blind, placebo-controlled, M18 treatment was performed for 3 months and participants were assessed for changes
in plaque score, gingival and soft tissue surface, salivary health S. tanari and S. tanarius. Lactobacilli, beta-
hemolytic streptococci, and Candida species. At the end of treatment, plaque scores for children in the M18-
treated group were significantly lower than those in the control group. It is interesting to note that this finding
could be said to be somewhat coincidental. There was less attention @9,

Challenges and Future of Probiotics

There are still challenges in the correct identification of probiotic strains, regulatory pathways, and how to select
specific strains for recommendation to patients. However, research in this area continues, and probiotics have
gained attention as a supportive therapeutic approach in specific clinical conditions, especially infectious diseases.

CONCLUSION

In this article, Streptococcus salivarius is studied as a leading probiotic in the field of oral
health, focusing on two strains K12 and M18. This bacterium can inhibit the growth of oral pathogens,
reduce the production of volatile sulfur compounds, and modulate the immune response. A comparative
study of the antipathogenic mechanisms of the two strains K12 and M18 in the oral environment showed
that the M18 strain, by producing high levels of salivaricins (specific bacteriocins), significantly inhibits
the growth of Streptococcus mutans (the main cause of dental caries), while the K12 strain, by
modulating the immune response and increasing the secretion of salivary immunoglobulin A, plays a
key role in reducing gingivitis and improving halitosis (bad breath). These strain differences pave the
way for the development of personalized probiotic products based on specific clinical needs. Probiotic
toothpaste containing S. salivarius M18 was also introduced as a novel delivery system that, for the first
time, enabled the stable colonization of this probiotic in oral biofilms. Unlike traditional methods such
as oral supplements that have low bioavailability in the acidic environment of the mouth, the chitosan-
based hydrogel formulation in the designed toothpaste significantly increased the stability of the M18
strain and significantly enhanced its effectiveness in reducing dental plaque and improving salivary pH.
This achievement not only overcomes the challenges associated with delivering probiotics to the oral
environment but also represents a safer alternative to chlorhexidine mouthwashes (with side effects
such as tooth discoloration). These findings have significant clinical potential in the management of
oral diseases, especially in patients undergoing fixed orthodontic treatment or people with diabetes. In
addition, the combination of S. salivarius with prebiotics in oral hygiene products could provide
additional benefits. Developing products based on these innovations will not only reduce treatment costs
but will also play a key role in the fight against antimicrobial resistance by preventing the overuse of
antibiotics.
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