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Abstract
More than 6 billion bacteria and other microorganisms live in the adult oral cavity. As a result of any deleterious effect on 
this community, some microorganisms will survive better than others, which may trigger pathogenic processes like caries, 
halitosis, gingivitis or periodontitis. Oral dysbiosis is among the most frequent human health hazards globally. Quality of 
life of patients deteriorates notably, while treatments are often unpleasant, expensive and irreversible, e.g. tooth loss. In 
the experiments reported here, we investigated the individual interactions between 8 pathogenic and 8 probiotic strains 
and a commercially available probiotic product. Almost all pathogens, namely Fusobacterium nucleatum, Porphyromonas 
gingivalis, Aggregatibacter actinomycetemcomitans, Streptococcus mutans, Streptococcus oralis, Streptococcus gordonii, 
Enterococcus faecalis and Prevotella buccae are pathogens frequently occurring in the oral cavity. The used probiotic 
strains were Lactobacillus plantarum, Lactobacillus rhamnosus, Lactobacillus casei, Lactobacillus acidophilus, Lactoba-
cillus delbrueckii, Bifidobacterium thermophilum and two Streptococcus dentisani isolates. Using a modified agar diffusion 
method, we investigated capability of the probiotic bacteria to prevent the growth of the pathogenic ones in order to identify 
candidates for future therapeutic treatments. The results indicated successful bacteriocin production, i.e. growth inhibition, 
against every pathogenic bacterium by at least 5 probiotic strains.
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Introduction

Human oral cavity is a moist environment, having relatively 
stable temperature, ranging between 34 and 36 °C, and pH 
that is close to neutral (Marcotte and Lavoie 1998). Thanks 
to these favourable conditions, the microbiome of the mouth 
is very rich and diverse. In general, at least 6 billion bacteria 
live in the oral cavity of every human, consisting of more 
than 700 different species (Metwalli et al. 2013). Moreover, 
other microorganisms, i.e. fungi, mycoplasma, protozoa and 
viruses, also populate the main entrance of our body (How 
et al. 2016). The microorganisms tend to form biofilms to 
prevent microbial washout (Berger et al. 2018).

The primary colonizers of the dental biofilm are Strepto-
coccus species (Dige et al. 2009; Brennan and Garrett 2019). 
The oral streptococci are Gram-positive, facultative anaer-
obes, which initiate the formation of dental plaque (Wang 
and Kuramitsu 2005). Streptococcus mutans, a member of 
the oral streptococci, was described in 1924 as the causative 
agent of the dental caries (Clarke 1924; How et al. 2016). S. 
mutans has multiple cariogenic effects. It can produce large 
amounts of extracellular polysaccharides (EPS) and organic 
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acids and tolerates low pH (Lemos et al. 2019). The EPS-
matrix provides protective environment for the other micro-
organisms. Elevated concentrations of acids demineralize 
the enamel and cause tooth decay (Hata and Mayanagi 2003; 
Lemos and Burne 2008; Forssten et al. 2010; Bowen 2016). 
The other two Streptoccus strains used in the experiments 
were S. oralis and S. gordonii. These bacteria do not cause 
tooth decay directly like S. mutans does. However, they pro-
duce EPS as well and play key role as primary colonization 
(Banas et al. 2007).

After primary colonizers attach to the surface success-
fully, a bridge bacterium, called Fusobacterium nucleatum 
binds to them and provides a link between the early, Gram-
positive and the late, mostly Gram-negative bacteria (Park 
et al. 2016; Brennan and Garrett 2019). F. nucleatum is a 
Gram-negative (Han 2015), obligate anaerobic bacterium 
(How et al. 2016) with a tapered rod shape (Brennan and 
Garrett 2019). This bacterium expresses numerous adhesins, 
and the elongated shape helps to establish connection with 
many microorganisms (Brennan and Garrett 2019). This is 
the reason why F. nucleatum is one of the key players in 
dental plaque formation. Moreover, F. nucleatum was iden-
tified as a volatile sulphur compound (VSC) producer bac-
terium. The VSCs, such as methyl mercaptan and hydrogen 
sulphide, can cause halitosis, which affects 2.4% of the adult 
population in industrialized societies (Krespi et al. 2006).

Periodontal diseases affect 10–15% of the adult popula-
tion worldwide (Petersen and Ogawa 2012). Although the 
latest models show that periodontal diseases are linked to 
a dysbiotic community rather than to a single bacterium, 
strong correlation was found between the periodontal dis-
eases and Porphyromonas gingivalis (Hajishengallis and 
Lamont 2014; How et al. 2016; Ebbers et al. 2018). P. gin-
givalis is a Gram-negative, anaerobic bacterium (How et al. 
2016), which requires heme or hemin and vitamin K for 
growth (Bostanci and Belibasakis 2012). The main habitat of 
P. gingivalis is the deep subgingival pocket where the level 
of sugars is low; therefore, this bacterium ferments amino 
acids as energy source (Bostanci and Belibasakis 2012). 
The main end-products of the fermentation are propionate, 
n-butyrate and acetate (Holt et al. 1999). The virulence fac-
tors of this bacterium could penetrate the gingival tissue, 
cause inflammation and inhibit the regeneration (Kato et al. 
2014; How et al. 2016).

A special type of periodontitis is the localized aggres-
sive periodontitis (LAP), which appears frequently in juve-
nile people and primarily affects the first molars. The main 
symptom is fast bone destruction (Miller et al. 2018). This 
disease is rare, affects only 1% of the population worldwide, 
whereas the pathogenic agent—namely Aggregatibacter 
actinomycetemcomitans—is present in at least one-third of 
the oral normal population (Zambon 1985). A. actinomycet-
emcomitans is a Gram-negative bacterium (Fine et al. 2015) 

and for a long time it was regarded as a late colonizer, but 
recent experiments showed that this bacterium colonizes 
the cleaned tooth surface in 6 h (Fine et al. 2010). As a 
slow-growing bacterium, A. actinomycetemcomitans has to 
choose an alternative survival method; hence, this bacterium 
uses lactate as carbon source (Brown and Whiteley 2007). 
During infection, A. actinomycetemcomitans first colonizes 
the supragingiva. In the next step, it integrates and survives 
in the biofilm’s environment. Then, it migrates below the 
gum, where the bacterium suppresses the immune system 
of the host (Fine et al. 2019). The virulence factors of A. 
actinomycetemcomitans are able to modulate inflammatory 
response, cause tissue destruction and prevent from healing. 
It induces a quick course (Raja et al. 2014).

Prevotella buccae is a Gram-negative anaerobic bacte-
rium (Cobo et al. 2017). Correlation has been found between 
this bacterium and periodontitis associated with advanced 
caries (Borsanelli et al. 2017; Praveen et al. 2018).

Most of the above-mentioned bacteria are normal mem-
bers of the human oral cavity, dysbiosis occurs when their 
abundances increase in the community (Wilkins et al. 2003; 
Do et al. 2009; Raja et al. 2014; Dadon et al. 2017; Brennan 
and Garrett 2019). Enterococcus faecalis, on the contrary, 
can be found in the oral cavity, but it is not indigenous to 
the normal oral flora (Distel et al. 2002). This Gram-positive 
facultative anaerobic bacterium is well known as a noso-
comial infective agent (Anderson et al. 2016). It is often 
detected in patients who have post-treatment apical or mar-
ginal periodontitis (Et and Mpa 2014), or primary or persis-
tent endodontic infections (Karayasheva and Radeva 2017). 
There are three factors, which help E. faecalis to become a 
successful survivor. The antibiotic resistance level of this 
bacterium is very high (Distel et al. 2002); it has a strong 
biofilm forming potential and powerful capability to attach 
to the host cells (Anderson et al. 2016).

Metchnikoff was one of the first who defined dysbiosis 
and probiotics. He thought that there were toxin-producer 
bacteria in the gut, which cause diseases and shorten the 
lifetime, but when we supply our body with useful bacteria, 
then the number of harmful bacteria will decrease, and con-
sequently, life expectancy and quality of life can improve 
(Anukam and Reid 2007; Andrade et al. 2012). Following 
Metchnikoff, we have a substantial amount of information 
on the probiotics in the gut. Pan et al. examined the probi-
otic effect of L. casei on rheumatoid arthritis in rat model 
and they found that probiotics ease the symptoms in sick 
animals (Pan et al. 2019). Kim et al. made a comprehen-
sive research on probiotics affecting neuronal system disor-
ders, like autism, Alzheimer’s disease, Parkinson’s disease, 
depression or stress (Kim et al. 2018). The results have been 
very impressive, but the precise mechanism is not yet dis-
closed. Firstly, probiotic bacteria compete for binding site 
and nutrients with other microorganisms. Secondly, they can 
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degrade toxins and produce antimicrobial substances, like 
short-chain fatty acids, hydrogen peroxide, nitric oxide and 
bacteriocins (Dobson et al. 2012). Finally, they are able to 
induce local or systemic immune modulation (Jakubovics 
and Palmer Jr. 2013). Of course, in most cases, one pro-
biotic strain does not have all three effects; therefore, they 
are mostly combined for efficient treatment (Jakubovics and 
Palmer Jr. 2013).

Bacteriocins are small, bacterially produced, ribosomally 
synthesized peptides which are effective against other bac-
teria. There are numerous broad- and narrow-spectrum 
bacteriocins identified, which affect targeted pathogens 
without hurting the normal microflora. Bacteriocins have 
many benefits like their potency, low toxicity and the avail-
ability of both broad and narrow-spectrum peptides (Cotter 
et al. 2013). Lactic acid bacteria (LAB) such as lactobacilli, 
bifidobacteria, non-pathogenic Escherichia coli and bacilli 
are used to prepare probiotic products (Dobson et al. 2012). 
Several bacteriocins have been characterized from the pro-
biotic strains employed in the present study (Barefoot and 
Klaenhammer 1984; Müller and Radler 1993; Simova et al. 
2008; Martinez et al. 2013; da Silva Sabo et al. 2014; Jeong 
and Moon 2015; Ullah et al. 2017; Zhou and Zhang 2018; 
Gaspar et al. 2018). The main goal of our study was to test 
probiotic bacteria (such as lactobacilli, bifidobacteria and 
particularly Streptococcus dentisani, a recently recognized 
probiotic bacterium) against selected oral pathogenic strains.

Materials and methods

Strains and media

During the experiments, the following pathogenic strains 
were used: Fusobacterium nucleatum, Porphyromonas 
gingivalis, Streptococcus mutans, Streptococcus gordo-
nii, Streptococcus oralis, Aggregatibacter actinomycetem-
comitans, Prevotella buccae, Enterococcus faecalis. The 
applied probiotic strains were: Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillus rhamnosus, Lactobacil-
lus plantarum, Lactobacillus delbrueckii, two Streptococ-
cus dentisani strains (DSMZ 27088, 27089) and the mixed 
probiotic product, Florabalance Plus (Goodwill Pharma 
Ltd.) which is commercially available, including the fol-
lowing strains: Bifidobacterium infantis, Bifidobacterium 
longum, Bifidobacterium bifidum, Lactobacillus rhamno-
sus, Lactobacillus bulgaricus, Lactobacillus plantarum, 
Lactobacillus helveticus and Lactobacillus lactis. Strains 
were provided by University of Szeged, Institute of Clini-
cal Microbiology, except L. delbrueckii and L. casei, 
which were from the microbial strain collection of Univer-
sity of Szeged, Department of Biotechnology. The two S. 

dentisani were purchased from DSMZ. Strains were stored 
at − 80 °C with 50 v/v% glycerine.

Two media were used for propagation of the strains—
the ATCC 2722 (2722) and a modified DSMZ 58 (58). 
ATCC 2722 had the following composition: tryptic soy 
broth (see below) 30.00 g, yeast extract 5.00 g L-cysteine 
HCl 0.50 g, hemin stock (5%) (see below) 1.00 ml, vita-
min K1 stock (1 mg/ml) 1.00 ml, in 1000.00 ml distilled 
water. The modified DSMZ 58 had the following com-
position: hemin stock (5%) (see below) 1.00 ml, tryptic 
soy broth 15.00 g, casein peptone (tryptic digest) 1.50 g, 
yeast extract 5.00 g, meat extract 5.00 g, glucose 8.75 g, 
K2HPO4 0.75 g, MgSO4 × 7 H2O 0.20 g, MnSO4 × H2O 
0.05 g, Tween 80 1.00 ml, NaCl 2.5 g, L-cysteine HCl 
0.50 g, salt solution (see below) 40.00 ml, in 960.00 ml 
distilled water. The composition of the hemin stock (5%) 
solution was: hemin 0.25 g, distilled water 50.00 ml. The 
tryptic soy broth had the following components: casein 
peptone 15.00 g, soymeal peptone 3.00 g, glucose 2.50 g, 
NaCl 5.00 g, K2HPO4 2.50 g in 30 g. The salt solution 
used in modified DSMZ 58 had the following composition: 
CaCl2 × 2 H2O 0.25 g, MgSO4 × 7 H2O 0.50 g, K2HPO4 
1.00 g, KH2PO4 1.00 g, NaHCO3 10.00 g, NaCl 2.00 g, in 
1000.00 ml of distilled water.

Media were prepared for solution, agar plate and top 
agar. 20 ml solution was filled in hypovial bottles. Each 
bottle was sealed with butyl rubber stopper and an alu-
minium cap and was flushed with nitrogen gas for 10 min 
to establish anaerobic environment. For making the agar 
plates, 1.5% agar was added to the solution and for the top 
agar 2% agar was added to the solution.

Modified agar diffusion test

The basic agar disc-diffusion method has been developed 
in 1940 (Balouiri et al. 2016). In this, well-known proce-
dure plates are inoculated with a single test microorgan-
ism in a lawn. Then, paper discs, containing the test com-
pounds/microbes, are placed on the agar surface. During 
incubation, the test compound, a potential antimicrobial 
agent, diffuses into the agar plate and inhibits the growth 
of the test microorganism. In the end, the zones of inhibi-
tion are measured (Balouiri et al. 2016). In our case, the 
plates were inoculated with probiotic microbes, and the 
top agar with the pathogenic strain was spread onto it. 
During the incubation, the antimicrobial agent produced 
by the probiotic culture, diffuses into the top agar and in 
optimal case, interferes with the growth of the pathogen, 
which appears as an inhibition zone in the top agar. The 
experimental workflow consisted of 5 steps (Fig. 1): inoc-
ulation, preparation, top agar formation, incubation and 
evaluation.
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Experimental set‑up

Inoculation

Pure single colonies of test bacteria were inoculated into 
20 ml of anaerobic medium (2722 or 58) one day before 
application, except Pr. buccae, which needs two days to 
grow up. The anaerobic, sealed bottles were placed on a 
shaking incubator (37 °C, 160 rpm) overnight.

Preparation

The fresh probiotic cultures (OD600 was between 0.5–0.7 /
cm in case of medium #2722 and between 0.6 and 0.8 /cm 
in case of medium #58) were mixed with gelrite (Sigma-
Aldrich) in the volumetric ratio of 1:1. Gelrite is a trans-
parent biopolymer, which forms a gel in the presence of 
cations at room temperature (Shungu et al. 1983). The gel-
rite solute ion is made from 0.04 g of gelrite powder and 
10.00 ml of triply distilled water and sterilized by passing 
through a 0.2 µm pore size syringe filter. Each drop had 

30 µl volume; one drop contained 15 µl gelrite and 15 µl 
of fresh probiotic culture. Three drops were placed on each 
Petri dish. After the drops solidified on the plates, they 
were placed to 37 °C in an incubator overnight. The initial 
cell concentration (living cell/ml) of the used probiotic 
cultures during preparation was determined with CFU 
(colony forming unit).

Top agar layer

For the top agar, 5 ml media (2722 or 58) containing 
2% agar were mixed with 1  ml of pathogenic culture 
(OD600 was between 0.5 and 1.0  /cm, which is about 
1–4 × 108 cell/ml in case of medium #2722 and between 
0.5 and 1.2 /cm, which is about 3–6 × 108 cell/ml in case of 
medium #58) a sterile centrifuge tube and were spread on 
the agar plates having the probiotic spots. Control plates 
were prepared without the probiotic strains, only with top 
agar containing the pathogenic bacteria.

Fig. 1   The workflow of the experiments. The cultures were inocu-
lated a day prior application (except Pr. buccae). First, the test pro-
biotic strain (0.5–1  ml) was inoculated to the medium (20  ml) and 
was placed on a shaking incubator (37 °C, 160 rpm) overnight. Next 
day, the plates were prepared. The probiotic culture was mixed with 
gelrite in the ratio of 1:1, and then, 3 drops of mixture were placed 
on the plate. One drop had 30 µl volume (15 µl probiotic culture and 
15  µl gelrite). Simultaneously with the preparation, CFU from the 
used probiotic culture was made to determine the living cell concen-
tration of the culture (the figure does not show this step). The plates 

were incubated overnight (37  °C). Test pathogen was inoculated on 
the medium and incubated overnight on a shaking incubator (37 °C, 
160  rpm). Next day, the top agar layer was poured on the prepared 
plates (plates with probiotic drops, after the overnight incubation). 
During the top agar preparation, 1  ml pathogenic culture and 5  ml 
2% agar were used; it was stirred in a 15 ml sterile Falcon tube, and 
poured on the prepared plate. Finally, test plates were placed in an 
anaerobic jar and put into an incubator (37  °C) for 3–7  days. After 
incubation, plates were evaluated; the zones of inhibition were meas-
ured and averaged
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Incubation

The plates were placed into anaerobic jars (Thermo Fisher 
Scientific) with an anaerobic atmosphere generation bag 
(Thermo Fisher Scientific), and they were put into an incu-
bator at 37 °C. The incubation lasted from 3 to 7 days.

Evaluation

The zone of inhibition is the area where no growth is visible 
to the unaided eye (Fig. 2). The distance from the edge of 
the probiotic drop to the distant edge of the zone was meas-
ured. Three probiotic drops were placed on each plate; the 
size of zones was measured and averaged. Zones less than 
1 mm were recorded as 0.5 mm; complete inhibition reached 
15-mm-wide zones under these experimental conditions.

Statistical analysis

In the figures, we show the data’s mean values, with their 
standard deviations. Statistical analyses were performed 
with SigmaPlot 14.0 software (Systat Software Inc., Erkeath, 
Germany) using one-way analysis of variance (ANOVA) 
followed by Duncan’s multiple range test (DMRT) at 5% 
significance level.

Results and discussion

Two experimental series were studied on two growth media: 
DSMZ 58 and ATCC 2722. The total number of the indi-
vidual plate tests using medium 58 and 2722 was 63 and 
70, respectively (Table 1). In all cases, we had at least three 
averaged readings.

We can evaluate the results from two aspects, i.e. the 
sensitivity of the pathogens and the effectiveness of the 
probiotics.

The percentages of plates displaying inhibition zone over 
total number of plates indicate the sensitivity of pathogens 
(Table). In this context, a pathogen is considered sensitive 
if > 80% of the tested plates showed inhibition zone. The 
number of effective probiotic strains is proportional to the 
non-specific sensitivity of the pathogenic strain in question 
(Table 2).

According to the data, the most sensitive bacteria were 
Pr. buccae, P. gingivalis and S. oralis, while the most resist-
ant was E. faecalis, since E. faecalis is a multidrug-resistant 
bacterium (Kouidhi et al. 2011). F. nucleatum, A. actinomy-
cetemcomitans, S. oralis and Pr. buccae were inhibited by 
all probiotic strains, while E. faecalis was inhibited only by 

Fig. 2   a Pathogenic growth 
in the top agar layer without 
inhibition zone b Pathogenic 
growth in the top agar layer 
with inhibition zone

Table 1   Effects of the media

Two types of media were used, ATCC 2722 and DSMZ 58. The 
“plates grown” means the plates where pathogens were grown suc-
cessfully. In regular case 72 types of experiments (8 pathogens and 9 
probiotics mean 72 interactions (8*9)) were prepared on plate #2722 
and on #58 as well. P. gingivalis could not grow in two cases on plate 
#2722, so it means only 70 interactions, P. gingivalis with L. casei 
and P. gingivalis with Florabalance Plus interactions were not inves-
tigated. In medium #58, P. gingivalis could not grow, which means 
9 interactions (P. gingivalis and the 9 probiotics) could not be inves-
tigated. “Successful interaction” indicates plates, where both visible 
growth of the pathogenic strain and an inhibition zone were observed. 
“Average zone” was referred to the average size of all inhibition in 
mm

Medium Plates grown Successful 
interaction

(%) Average zone (mm)

2722 70 33 47.1 1.9 ± 1.6
58 63 53 84.1 8.8 ± 4.8
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L. rhamnosus, L. plantarum, L. acidophilus, L. casei and the 
Florabalance Plus.

During preparation, the initial cell number of the probi-
otic cultures was determined before using them with CFU. 
During the evaluation, we used these CFU data to compare 
the effectiveness of the different probiotic bacteria (not all 
data showed).

In Fig. 3, we present the results of plates #2722 (not all 
data showed). The maximum value was under 6 mm. S. 
dentisani (89) was the most effective. Camelo-Castilo et al. 
isolated two novel strains, which could inhibit the growth 
of S. mutans and named them S. dentisani (Camelo-Cas-
tillo et al. 2014). Similar results were reported in a sepa-
rate study, where S. dentisani inhibited the growth of S. 

mutans and killed F. nucleatum (López-López et al. 2017). 
Others added A. actinomycetemcomitans to the list of oral 
pathogens inhibited by S. dentisani (Conrads et al. 2019). 
Our results corroborate these observations.

In Fig.  4, the results are presented in case of 
1–2.5 × 108 living cell/ml initial concentration of the pro-
biotic cultures on plates #58. Results of L. plantarum can 
be compared on Fig. 3 to Fig. 4. On plate #2722 and #58 
L. plantarum caused inhibition in case of Pr. buccae and 
S. oralis as well and the initial probiotic concentration 
was similar (1.5–5 × 108 cell/ml vs. 1–2.5 × 108 cell/ml). 
But the difference is well marked between the two media 
types. On #2722 L. plantarum caused only 1 mm zones in 

Table 2   Sensitivity of the 
pathogens

F. n.—F. nucleatum, P. g.—P. gingivalis, A. a.—A. actinomycetemcomitans, S. m.—S. mutans, S. o.—S. 
oralis, S. g.—S. gordonii, E. f.—E. faecalis, Pr. b.—Pr. buccae. In regular case, all pathogenic strain had 
18 interactions (interactions with 9 probiotics on the plates #2722, and another 9 on plates #58). “Plates 
grown” means the interactions where the pathogens could grow in the top agar. P. gingivalis could not 
grow in medium #58 and was not able to grow in two cases in medium #2722. “Successful interaction” 
indicates, where both visible growth of the pathogenic strain and an inhibition zone were observed. “Sen-
sitivity” is the percentage of “Plates grown” and “Successful interaction”. Pr. buccae, P. gingivalis and S. 
oralis were the most sensitive, and E. faecalis was the most resistant in this the experimental arrangement. 
Outstanding sensitive strains are italicized, and insensitive is marked with bold in Table 2

F. n P. g A. a S. m S. o S. g E. f Pr. b

Plates grown 18 7 18 18 18 18 18 18
Successful interaction 11 6 14 9 15 10 5 16
Sensitivity (%) 61.1 85.7 77.7 50 83.3 55.5 27.2 88.8

(a) (b) (c) (d) (e) (f) (g)

Fig. 3   Effectiveness of the probiotics on plate #2722 in case of 
1.5–5 × 108  cell/ml initial probiotic concentration. Orange marks 
F. nucleatum a, light green is Pr. buccae b, dark red is P. gingivalis 
c, purple is A. actinomycetemcomitans d, lavender is S. mutans e, 
gold is S. oralis f, and light blue is S. gordonii g. Trellis pattern-
filled column marks inhibition zones caused by S. dentisani (DSMZ 
27088) strain, downward diagonal stripes pattern is S. dentisani 

(DSMZ 27089), zigzag pattern is L. acidophilus, checker board pat-
tern is L. casei, upward diagonal stripes pattern is L. rhamnosus, 
and solid-filled columns marks inhibitions caused by L. plantarum. 
Whiskers on the columns mark the standard deviations. Different 
lower-case letters indicate statistical differences among treatments 
(n = 3, p ≤ 0.05), *means data not shown. F(A) (1, 4) = 40,500; F(B)(2, 
6) = 46,500; F(C)(3, 8) = 16,000; F(D)(1, 4) =  > 1e40; F(F)(1, 4) = 1000
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case of Pr. buccae and S. oralis. On the contrary, on #58 
L. plantarum caused complete inhibition in both cases.

Figure  5 shows the result of plates #58 in case of 
8.7 × 108–3 × 109 cell/ml initial concentration of the used 
probiotic cultures. The effectiveness of few different probi-
otics can be compared, like L. acidophilus, L. casei, L. rham-
nosus and the Florabalance Plus. L. rhamnosus was the most 
effective against F. nucleatum and the pathogenic Strepto-
coccus strains. L. casei was the most effective against A. 
actinomycetemcomitans and E. faecalis. Pr. buccae was the 
most sensitive pathogenic bacterium, which was inhibited 
completely by L. acidophilus, L. casei and L. rhamnosus. S. 
mutans and E. faecalis were the most resistant as can be seen 
in Fig. 5. According to other studies, L. casei and L. rhamno-
sus could inhibit the growth of S. mutans, and L. rhamnosus 
and L. plantarum were effective against A. actinomycet-
emcomitans and P. gingivalis (Badet and Thebaud 2008). 
These findings are in line with our results. Florabalance Plus 
was quite effective against all of the test pathogens. Flora-
balance Plus could be a good basis for an effective probiotic 
mixture against oral pathogens. An improved Florabalance 
Plus could also be developed into a product family targeted 
against oral pathogens predominating specific dysbiotic 
microbiota causing various oral diseases.

We can speculate about the mechanism of the probiotic 
inhibition as follows. Three mechanisms could be consid-
ered: 1. competition for binding site and nutrients, 2. produc-
tion of antimicrobial agents, bacteriocins and 3. alerting the 
response of the host immune system. The experiments were 
done in vitro, which precludes the last possibility. Under the 
employed experimental arrangements, the probiotic bacteria 
were fixed in gelrite and the pathogens were grown in the 
top agar. Consequently, there was no chance for competi-
tion between the two bacteria on the plate. Therefore, the 
most likely option to explain the observed inhibitory effect 
invokes the antimicrobial substances, which could freely dif-
fuse in the agar surrounding the probiotic drop and reach the 
pathogens to inhibit the growth of the pathogens. The size of 
the inhibition zone should be proportional to the amount and 
biological activity of the excreted bacteriocins.

We noted substantial differences between the two 
growth media used to cultivate the bacteria. This points 
at the need for thoroughly defined, standardized experi-
mental conditions to be maintained in such studies in 
order to allow a straightforward comparison of the data. 
In our case, medium #58 gave clearer and larger inhibition 
zones than medium #2722 did. The exceptions were the 
two S. dentisani strains where there was no pronounced 

(a) (b) (c) (d) (e) (f) (g)

Fig. 4   Effectiveness of the probiotics on plate #58 in case of 
1–2.5 × 108  cell/ml initial probiotic concentration. Orange marks F. 
nucleatum a, light green is Pr. buccae b, purple is A. actinomycetem-
comitans c, lavender is S. mutans d, gold is S. oralis e, light blue is 
S. gordonii f, and grey is E. faecalis g. Sphere pattern-filled column 
marks inhibition zone caused by L. delbrueckii and solid-filled col-

umn marks the effect of L. plantarum. Whiskers on the columns mark 
the standard deviations. Different lower-case letters indicate statisti-
cal differences among treatments (n = 3, p ≤ 0.05), *means data not 
shown, n.s. means not significant. F(B)(1, 4) = 1000; F(E)(1, 4) = 1000; 
F(F)(1, 4) = 1,250
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difference in either medium, and apparently S. dentisani 
performed better medium #2722 than on #58.

A major difference between the two media is in the 
Tween-80, which is absent from medium 2722. Tween-80, 
also known as polyoxyethylene (20) sorbitan monooleate, 
is a non-ionic surfactant and emulsifier, which is often 
used in foods, cosmetics and pharmacology as additive. 
Tween-80 has been found to have beneficial effect on lac-
tobacilli growth. Some Lactobacillus species need deter-
gents like Tween-80 or Tween-20 which supports growth 
as fatty acid source (Reitermayer et al. 2018). It is relevant 
to recall that under adequate conditions Tween-80 elevated 
bacteriocin production of L. cremoris by about fourfold 
relative to the control medium (Huot and Petitdemange 
1996). The detergent Tween-80 also promotes bacteriocin 
detachment from the probiotic cell wall (Md Sidek et al. 
2018; Reitermayer et al. 2018).

The other important difference between the two media 
is in their glucose content, which is one fourth in medium 
#2722 compared to #58. The high sugar content could 
result in high acid production. Acids are antimicrobial 
agents themselves, which may supplement the bacteriocin 
effect. According to a new study, acids have other effects 
as well, more recently, a facilitated release of bacteriocins 

from the L. plantarum cells at lower pH (De Giani et al. 
2019).

In the future studies, composite mixtures of probiotics 
should be tested to elicit comprehensive probiotic effect in 
the complex oral microbial community. Specific interactions 
among the various strains may alter the effective biological 
activity of probiotic mixture preparations (Jeong and Moon 
2015; Conrads et al. 2019).

Conclusions for future biology

In the tests of individual probiotic candidates, at least 5 
probiotic strains effectively inhibited the growth of each 
selected pathogenic strains. Successful inhibitions were also 
observed in case of the multidrug-resistant E. faecalis and 
the acid-tolerating S. mutans. It is noteworthy that substan-
tial differences were observed between probiotic-pathogenic 
pairs depending on the composition of the growth medium. 
This emphasized the importance of using standardized con-
ditions in these experiments. The findings corroborate that a 
rational management of oral pathogens by properly selected, 
well-defined, synthetic probiotic communities is feasible. 
In this study, we tested potential probiotic bacterial strains 

(a) (b) (c) (d) (e) (f) (g)

Fig. 5   Effectiveness of the probiotics on plate #58 in case of 
8.7 × 108–3 × 109 cell/ml initial probiotic concentration. Orange marks 
F. nucleatum a, light green is Pr. buccae b, purple is A. actinomyce-
temcomitans c, lavender is S. mutans d, gold is S. oralis e, light blue 
is S. gordonii f, and grey is E. faecalis g. Zigzag pattern-filled column 
marks inhibition caused by L. acidophilus strain checker board pat-
tern is L. casei, upward diagonal stripes pattern is L. rhamnosus and 

vertical stripes pattern column marks the effect of the Florabalance 
Plus. Whiskers on the columns mark the standard deviations. Dif-
ferent lower-case letters indicate statistical differences among treat-
ments (n = 3, p ≤ 0.05), *means data not shown, n.s. means not sig-
nificant. F(A)(2, 6) = 42,000; F(B)(3, 8) = 25,000; F(C)(2, 6) = 3500; 
F(D)(2, 6) = 8,333; F(E)(3, 8) = 127,000; F(F)(3, 8) = 113,333; F(G)(3, 
8) = 32,000
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for their ability of controlling the growth of oral pathogens 
and established an experimental set-up and collected useful 
information for further development of efficient probiotic 
composite microbial communities. However, we need more 
experiments in the future, including clinical experiments. 
Our results indicate that the probiotics can inhibit the growth 
of the studied pathogenic strains, so we could use them for 
future therapeutic treatments in odontology.
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