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Abstract

Probiotics are defined as non-pathogenic live microorganisms which, when administered in appro-
priate amounts, are beneficial to the health of the host. Currently, the group of probiotic microorganisms 
includes bacteria that produce lactic acid of the genera Lactobacillus and Bifidobacterium, belonging 
to the so-called LAB (lactic acid bacteria) groups, and the yeast Saccharomyces boulardii. Probiotics 
have a protective role in Candida spp. oral infection and especially colonization. Lactobacillus limits 
the progression of chronic periodontitis by inhibiting the secretory activity of Th17 lymphocytes, which 
in the pathogenesis of this disease are responsible for an excessive cytokine response causing adverse 
changes in periodontal tissues. A meta-analysis of the results of studies on the clinical evaluation of the 
effectiveness of probiotics in the treatment of gingivitis showed that the use of probiotics improved the 
condition of the gums in the course of the therapeutic process. Regular use of probiotics during ortho-
dontic treatment significantly reduces the number of bacteria from the Streptococcus mutans group in 
the patient’s saliva and significantly inhibits the expression of inflammatory mediators and an excessive 
immune response. The main mechanisms of the action of probiotics, such as elimination and inhibition 
of the growth of pathogenic microorganisms through competition for receptor sites and the secretion of 
metabolites with antibacterial activity, as well as the stimulation of specific and non-specific immune 
responses by activating T lymphocytes, and stimulating the production of cytokines, make it possible to 
also effectively use pro-health bacteria in oral diseases.
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Introduction
Pro-health behaviors related to a healthy lifestyle and 

a well-balanced diet play a special role in regulating the 
composition of the human intestinal microflora. Func-
tional food has an important place in this process [1-4], 
and is defined as all products of natural origin with a high 
pro-health and nutritional value that can be modified or 
enriched, but only with natural substances, positively in-
fluencing human health and development. Research on 
the influence of nutrition on the human body has been 
conducted for many years and is multidirectional [5, 6]. 
Almost all possible food ingredients and their effect on 
metabolism are assessed. This research aims to develop 
such a diet composition that will constitute food as another 
tool in the prevention of many diseases, especially lifestyle 
diseases, and one that perhaps may supplement therapeutic 
management [7-9]. Probiotic food enriched with live cul-
tures of lactic acid bacteria, for which the natural carriers 
are consumed grain and dairy products, as well as fruit 
preserves, fit perfectly into this research stream. Probiotic 

bacteria occupy a unique place in human nutrition, along 
with prebiotics and synbiotics [10]. Their beneficial effect 
on the entire gastrointestinal tract and the general health of 
the human body has been proven many times. 

Probiotics, prebiotics, synbiotics,  
and psychobiotics

Probiotics are defined as non-pathogenic live microor-
ganisms which, when administered in appropriate amounts, 
are beneficial to the health of the host [5, 6]. They have 
the ability to produce antibacterial compounds, counteract 
the adhesion of pathogenic microorganisms, and modulate 
immunological functions. The bacteriostatic and bacteri-
cidal activity of probiotics is based on the production of 
metabolites with an antagonistic effect against pathogens, 
competition in intestinal wall colonization, and stimula-
tion of the immune system to intensify the production of 
antibodies. Lactobacillus shows great ability to colonize 
human mucosa, especially in the digestive tract. The ba-
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sic principle in the use of probiotics is based on the as-
sumption that a probiotic cannot be harmful to the human 
body with a properly functioning immune system, without 
the characteristics of immune disorders. Probiotic strains 
must meet the GRAS (generally recognized as safe) stan-
dard, and the safety of their use must be confirmed by both  
in vitro and in vivo studies [5, 6, 10]. 

Currently, the group of probiotic microorganisms 
includes bacteria that produce lactic acid of the genera 
Lactobacillus (L. acidophilus, L. plantarum, L. reuteri,  
L. rhamnosus, L. casei) and Bifidobacterium (B. anima-
lis, B. bifidum, B. breve), belonging to the so-called LAB 
(lactic acid bacteria) groups, and the yeast Saccharomyces 
boulardii.

Prebiotics are a constituent of food that are resistant 
to the action of gastrointestinal enzymes, are not digest-
ible, and are not absorbed by the intestinal mucosa. They 
are referred to as food for the intestines because they have 
an extremely beneficial effect on the host by selectively 
stimulating the growth and/or metabolic activity of one or 
a limited number of bacteria that make up the microflora of 
the gastrointestinal tract, especially in the colon [11]. Un-
like probiotics, they do not contain any microorganisms, 
only stimulating substances. A prebiotic can be a natural 
dietary component, e.g. starch or dietary fiber, as well as 
dietary supplements with a health-promoting effect. Very 
often, prebiotics are added to food to improve the nutri-
tional and health value, e.g. fructo-oligosaccharides, lac-
tulose, galactose derivatives. They are a special medium 
for probiotics, strengthening their metabolism and accel-
erating colony development. The main task of prebiotics 
is to stimulate the growth of lactic acid bacteria and inhibit 
the activity of harmful intestinal microflora. Additionally, 
they significantly reduce the so-called bad low-density li-
poprotein (LDL) cholesterol in the blood, stimulating the 
immune system, reducing the risk of colon cancer and in-
flammatory bowel diseases such as Crohn’s disease and 
ulcerative colitis, and help maintain an appropriate pH 
value in the gut. They also prevent neoplastic reactions 
and support the treatment of dental caries and are useful in 
reducing the effects of lactose intolerance [12-14].

A synbiotic is a combination of a probiotic and a pre-
biotic working together to restore normal gut microflora. 
Such synergistic action contributes to the reduction of the 
concentration of undesirable metabolites in the body, in-
activation of nitrosamines and carcinogenic substances, 
and also prevents putrefactive processes in the intestines 
as well as constipation and diarrhea of various etiologies 
[13]. Synbiotics reduce too high levels of cholesterol and 
lower blood pressure [14]. Moreover, they are used in 
complementary therapy in the treatment of patients with 
gastrointestinal diseases [15], also improving the absorp-
tion of calcium, magnesium, and phosphorus [16]. 

It is also worth mentioning psychobiotics – bacteria 
that affect the gut-brain axis, which has a positive effect 

on human emotional states [17]. They include both Lacto-
bacillus and Bifidobacterium strains. Their main activity 
is the secretion of the GABA neurotransmitter (g-amino-
butyric acid), which acts on the brain through the vagus 
nerve. Psychobiotics have been used in the treatment of 
mental diseases, depression, and irritable bowel syndrome 
as well as in states of chronic fatigue. Research on this 
issue began at the beginning of the 21st century, and the 
published results indicate a significant role of probiotic 
bacteria in improving the mental condition of both ex-
perimental animals and volunteers who took part in the 
experiment [18]. 

The mechanism of action of probiotics  
in the oral cavity

The mechanism of action of probiotic bacteria in the 
oral cavity is analogous to that of the intestine. It consists 
mainly of the production of bacteriocins and stimulation 
of the local immune response. Additionally, probiotics in 
the oral cavity change the composition of the ecological 
niche of microorganisms by competing with pathogenic 
bacteria for mucosal receptors and nutrients and reduce 
the excessive inflammatory response [19-22]. Bacteria 
commensally living in the environment of the human or-
ganism developed the property of modulating the host’s 
immune response. They can influence the production of 
cytokines and antibodies and increase the pool of regu-
latory T lymphocytes [23]. Lactobacillus strains have the 
ability to induce cytokine synthesis by the inflammatory 
cells. They affect the production of both pro-inflammato-
ry cytokines [tumor necrosis factor (TNF) 1, interleukin  
(IL)-12] and cytokines that inhibit inflammatory pro-
cesses (IL-10). Additionally, they induce the synthesis 
of antibodies of the sIgA class – secretory immunoglob-
ulin A. Probiotic microorganisms modify the receptors 
for bacterial toxins, which may indirectly reduce in-
flammation. They obtain permanent colonization by the 
mechanism of adherence to receptors located in the cells 
of the mucosa. The structure of the cell membrane sur-
face of the genus Lactobacillus enables them to adhere 
and create a biofilm on various surfaces [24]. Colonies 
are very persistent and stable because cell membranes 
contain numerous elements such as capsular polysaccha-
rides, lipoteichoic acids, teichoic acids, surface proteins, 
and lipoproteins, which contribute to hydrophobicity 
and the ability to strongly auto-aggregate strains of the 
genus Lactobacillus [25, 26]. In the first stage of adher-
ence, when the distance between bacterial cells and the 
occupied surface area is large, the most important role is 
played by the physical intermolecular interactions related 
to van der Waal’s gravitational forces and hydrophobic 
and thermodynamic mechanisms. This allows the cell to 
come closer to the place that is supposed to be inhabited.  
The next step occurs when the distance between the cell 
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and the surface is less than 1.5 nm. Specific connections 
are made between the inhabited surface with the appropri-
ate receptors and adhesive proteins on the bacterial surface 
[27, 28].

Probiotics and oral candidiasis
The influence of probiotics on inflammation of the oral 

cavity has been thoroughly examined in the course of fun-
gal etiology. Oral candidiasis is a serious and constantly 
growing health problem in modern society, mainly due to 
the aging of the population and the increasing incidence 
of chronic diseases, as well as the constant introduction of 
new drugs, especially antibiotics. Candida is one of the mi-
croorganisms that have the ability to colonize various plac-
es in the human body. Localization concerns the oral cavity 
and the skin, gastrointestinal tract, genitourinary system, 
and respiratory tract. Under certain unfavorable conditions, 
Candida can change from being commensally harmless to 
an unfavorable pathogenic form leading to the develop-
ment of a dangerous infection. The positive characteristics 
of probiotic bacteria and their ability to immunomodulate 
allow for the elimination of the unfavorable growth of fun-
gal colonies in the oral cavity, which has been confirmed in 
many experimental and clinical studies that demonstrated 
both the prophylactic properties of these microorganisms 
and their therapeutic effect. Mundula et al. described the 
results obtained from a meta-analysis and concluded that 
probiotics have a protective role in Candida spp. infection 
and especially colonization. This study systematically re-
viewed the effects of the intake of probiotics on oral can-
didiasis and concluded that this treatment had a beneficial 
effect on reducing oral Candida spp. counts [23].

The antifungal activity of probiotics has been success-
fully applied in the treatment of oral candidiasis in experi-
mental animals with an immunological deficiency. Wagner 
et al. stated that the administration of probiotics could be 
a prophylactic and therapeutic strategy for mucosal candidi-
asis. They demonstrated that the presence of four strains of 
bacteria (L. acidophilus, L. reuteri, L. casei GG, and B. ani-
malis) in the gastro-intestinal tract of immunodeficient mice 
reduced the number of Candida albicans cells, as well as the 
incidence and severity of mucosal and systemic candidiasis, 
prolonging their survival [29]. Of particular interest and im-
portance are the clinical observations concerning patients 
with head and neck cancer undergoing radiotherapy. Pro-
biotic bacteria were administered to these patients in rinse 
form and an effective reduction of Candida spp. strains in 
the mouth was achieved. In addition to reducing the number 
of colonies of the Candida albicans species, after the use 
of probiotics in the rinse, a significant decrease in Candida 
glabrata and Candida tropicalis colonies was observed as 
well as a significant improvement in the clinical condition of 
the oral mucosa compared to the control group [30].

Probiotics and periodontal diseases 
Gum and periodontium diseases are another group of 

diseases in which attempts are made to use probiotics as 
supplementation in basic treatment. Inadequate oral hy-
giene and the accumulation of bacterial biofilm promote 
the formation of local inflammation, which causes gingi-
vitis and leads to the development of chronic periodonti-
tis – a disease that induces the uncontrolled production of 
pro-inflammatory cytokines and the development of nu-
merous disorders in the local immune response [31-33]. 
The relationship of periodontitis with many systemic and 
chronic diseases has been proven. Thus, periodontitis is 
a local bacterial disease with very large systemic impli-
cations. The basic characteristic of the selected strains of 
probiotic bacteria is the peripheral reduction of other pop-
ulations of microorganisms responsible for the occurrence 
of diseases, in the etiopathogenesis of which the microbio-
logical factor plays a major role. It is believed that the use 
of probiotics in the prevention and treatment of gingivitis 
and periodontitis may be of great importance. Lactobacil-
lus limits the progression of chronic periodontitis by in-
hibiting the secretory activity of Th17 lymphocytes, which 
in the pathogenesis of this disease are responsible for an 
excessive cytokine response causing adverse changes in 
periodontal tissues [34]. A meta-analysis of the results of 
studies on the clinical evaluation of the effectiveness of 
probiotics in the treatment of gingivitis showed that the 
use of probiotics improved the condition of the gums in 
the course of the therapeutic process. The mean percent-
ages of the bleeding on the probing (BOP) index ranged 
from 11.87% to 21.7% in the probiotic supplementation 
group, compared to the placebo control group: from 15% 
to 33%. It is worth noting that in the assessment of other 
parameters of the gingival condition – the plaque index 
(PI) and the gingival index (GI) – the use of the probiotic 
Lactobacillus reuteri in the treatment of gingivitis showed 
no significant differences between the probiotic and place-
bo groups [35]. Highly intriguing results were obtained by 
Soares et al., who assessed the effect of administration of 
probiotics as an adjunct treatment in people with advanced 
periodontitis and concomitant halitosis. Sixty patients with 
severe periodontal disease were randomly divided into two 
groups and underwent intensive single-session periodon-
tal treatment and were consecutively ordered to take the 
preparation with a probiotic or placebo for ninety days. 
The test group received Lactobacillus reuteri, Lactoba-
cillus salivarius, and Lactobacillus acidophilus, while 
the control group received a placebo with xylitol. After  
90 days of observation, it was found that, in the test group, 
the depth of periodontal pockets was shallower and the 
level of connective tissue attachment was reduced, as was 
the BOP index. Significant neutralization of halitosis in 
the probiotic group compared to the placebo group was 
also found [36].
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Albuquerque-Souza et al. assessed the effect of pro-
biotics Lactobacillus and Bifidobacterium on the immune 
response of gingival epithelial cells in the event of an in-
vasion by bacteria of the species Porphyromonas gingi-
valis. In the experiment, fixed human gingival epithelial 
cells (GECs) (OBA-9) were infected with live bacteria of 
the Porphyromonas gingivalis species and simultaneously 
with one of the twelve tested probiotic strains. Porphyro-
monas gingivalis was able to adhere to and invade OBA-9 
cells, with significant loss of cell viability, increase in the 
levels of TNF-α and IL-1β, and upregulation of TLR4. 
Most probiotics maintained OBA-9 viability and reduced 
pathogens adhesion and invasion. Furthermore, probiot-
ics were able to adhere to GECs, which was enhanced for 
most strains in the presence of Porphyromonas gingivalis. 
The synthesis of IL-1β and TNF-α by Porphyromonas 
gingivalis in challenged GECs was reduced in co-culture 
with most of the tested probiotics, whereas the secretion of 
CXCL8 increased, and TLR4 was downregulated. Co-in-
fection with probiotic microorganisms caused a decrease 
in the virulence of pathogenic bacteria and a weakening 
of their adhesive capacity. The applied probiotics changed 
the interaction between epithelial cells and bacteria of the 
species Porphyromonas gingivalis, which clearly indicates 
the immense usefulness of probiotics in the prevention and 
treatment of gingivitis and periodontitis [37]. Caradoso  
et al. examined the effectiveness of systemic administra-
tion of a probiotic, Bifidobacterium animalis, subsp. lac-
tis HN019, to laboratory rats. Systemic administration of 
HN019 resulted in a reduction in bone mass loss, a de-
crease in the number of inflammatory mediators, and an 
increase in the percentage of colonies of physiological mi-
croflora in experimental animals [38].

The presented research results indicate the beneficial 
effects of probiotics both in the prevention and treatment 
of gingivitis and periodontitis. During follow-up examina-
tions, clinical improvement in the diagnosis of gingival 
bleeding during probing was demonstrated as well as re-
duction of depth of the gingival pockets and in the level of 
connective tissue attachment. In addition, probiotics, by 
producing hydrogen peroxide, can be antagonistic in perio-
pathogenic microorganisms, which significantly reduces 
the progression of gingivitis and chronic periodontitis. 

Probiotics and orthodontic treatment
During orthodontic treatment, in some patients, it is 

very common to observe a gradual deterioration of oral 
hygiene. This is mainly due to the inability to thoroughly 
and properly clean the tooth surface, especially after the 
insertion of a fixed appliance. In the patient’s oral cavity, 
the accumulation of dental bacterial biofilm and the growth 
of colonies of pathogenic microorganisms primarily oc-
cur. As a consequence, gingivitis is characterized by red-
dening of the marginal gingiva, swelling and enlargement 

of the interdental papillae, and bleeding from the gums. 
In the process of the first phase of treatment, during the 
correct alignment of the teeth, the conditions for maintain-
ing proper hygiene on the surfaces and interdental spaces 
are significantly improved, which reduces the number of 
pathogenic bacteria. It is believed that one of the reasons 
for the reduction in the number of pathogenic microbe col-
onies during treatment with metal braces may be corrosion, 
during which metal ions that are toxic to microorganisms 
are released [39]. The occurrence of gingivitis in ortho-
dontically treated patients may lead to the development 
of periodontitis and, consequently, the loss of connective 
tissue attachment and bone loss of the alveolar ridge, re-
sulting in increased tooth mobility, which is usually the 
cause of poor prognosis and treatment failure. In addition 
to stringent recommendations to maintain a strict oral hy-
giene regime, usually in such cases chlorhexidine rinses 
are recommended as an adjunct. However, due to the oc-
currence of side-effects, it is not recommended for chronic 
use for longer than 14 days. Due to the long process of 
orthodontic treatment, probiotics may be a better solution. 
Probiotic bacteria, such as Lactobacillus strains contained 
in food supplements, can restore disturbed microbiological 
balance and eliminate dysbiosis, which is unfavorable for 
the organism. Regular use of probiotics during orthodon-
tic treatment significantly reduces the number of bacteria 
from the Streptococcus mutans group in the patient’s saliva 
and significantly inhibits the expression of inflammatory 
mediators and an excessive immune response. Studies have 
shown that better results are obtained with preparations for 
topical use than with systemic preparations [40-42]. 

Probiotics, prebiotics, and synbiotics are used with 
great success in many diseases of the gastrointestinal tract 
and disorders related to dyspeptic conditions [4, 9, 11]. 
Additionally, they are used in allergies and autoimmune 
diseases as well as in the treatment of overweight and obe-
sity, and in eating disorders such as anorexia and bulimia. 
There are also attempts to use probiotics in the prevention 
of recurrent infections and cancer [1-3, 43]. Recently, the 
possibility of using probiotics in the prevention and treat-
ment of oral diseases including tooth caries, oral candidi-
asis, halitosis as well as in gingivitis and periodontitis has 
also been investigated [19, 23, 29, 30, 36, 44, 45]. The 
main mechanisms of the action of probiotics, such as the 
elimination and inhibition of the growth of pathogenic mi-
croorganisms through competition for receptor sites and 
the secretion of metabolites with antibacterial activity, as 
well as the stimulation of specific and non-specific im-
mune responses by activating T lymphocytes, and stim-
ulating the production of cytokines, make it possible to 
also effectively use pro-health bacteria in oral and dental 
diseases [19-21]. Reduction of Candida and Streptococcus 
mutans strains in the oral cavity, reducing the number of 
periopathogenic bacteria colonies and inhibiting the secre-
tion of inflammatory mediators, as well as improving the 
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condition of the oral mucosa and the condition of the peri-
odontium, have a significant impact on the general health 
of the human body. Therefore, the need to conduct exper-
imental and clinical studies on the possibilities of using 
microorganisms present in food products and those that are 
part of the natural human microbiome, with particular em-
phasis on the environment of the digestive tract and micro-
organisms living in the oral cavity, is extremely important. 

The authors declare no conflict of interest. 
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