
For the past 20 years the oral cavity has
been considered as an attractive target for
probiotic applications. Among commonly
studied probiotics, Lactobacillus rhamno-
sus GG has shown favorable results in the
reduction of Streptococcus mutans counts
in the oral cavity after 7-month consump-
tion of probiotic milk (16) and short-

term cheese intake (1). Similar decrease in
counts of most common caries pathogens
has been observed with the administration
of Bifidobacterium DN-173 000 and
Lactobacillus reuteri ATCC 55730 given
in various vehicles (3–5). Probiotic
intervention has also been reported to
reduce the risk of high yeast counts and

hyposalivation in the elderly (11). The
number of probiotic species tends to
increase and new sources of benefi-
cial microbes are being investigated.
Yet the specific mechanisms whereby
probiotic species affect the microbial
balance in the oral ecosystem remain
evasive.
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Aim: The aim of the study was to evaluate the adhesion of Lactobacillus delbrueckii
subsp. bulgaricus and Lactobacillus rhamnosus strain GG to saliva-coated surfaces
in vitro.
Methods: Fifteen radiolabeled dairy L. delbrueckii subsp. bulgaricus strains and
L. rhamnosus GG were tested for their ability to adhere to saliva-coated hydroxyapatite
beads and polystyrene microtiter plates and the radioactivity was measured by liquid
scintillation counter. The effects of lysozyme on the adhesion of lactobacilli and of
pretreatment with lactobacilli on the adhesion of Streptococcus sanguinis were also
assessed.
Results: All strains tested adhered to saliva-coated surfaces but with significantly
different binding frequencies. The adhesion of the L. delbrueckii subsp. bulgaricus strains
remained lower in comparison to L. rhamnosus strain GG. One L. delbrueckii subsp.
bulgaricus strain showed binding frequency comparable to S. sanguinis. Lysozyme
pretreatment of the samples significantly increased lactobacillus adhesion to saliva-coated
surfaces.
Conclusion: The present results showed significant variations in the adhesion capacity of
the Lactobacillus strains studied. Adhesion to oral surfaces is of primary importance for
bacterial colonization in the mouth. Only one of the L. delbrueckii subsp. bulgaricus
dairy starter culture strains investigated had a high adhesion percentage. This strain might
then be considered for further investigations in the oral environment.
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Recently, the role of Lactobacillus del-
brueckii subsp. bulgaricus with respect to
oral health has been addressed (30). This
bacterium is the obligatory starter culture
in yoghurt production. A strong strain-
specific inhibitory activity against different
oral streptococci and Aggregatibacter ac-
tinomycetemcomitans strains has been
detected in vitro (29).
In preliminary studies evaluating probi-

otic properties adhesion is of paramount
importance. Bacterial attachment is an
essential step for colonization in environ-
ments that contain surfaces exposed to a
fluid flow. The mouth contains several
types of surfaces including keratinized and
non-keratinized epithelium, and the teeth,
all bathed in saliva. Adhesion is required
to prevent the organisms from being
washed away by oral fluids, and hence to
facilitate the expression of their probiotic
properties.
A remarkable tropism for colonization

of oral surfaces has been observed within
the microbial community. Among the
commonly used in vitro methods studying
adhesion of oral species are the adhesion
of microorganisms to saliva-coated
hydroxyapatite (sHA) or polystyrene sur-
faces, and attachment to epithelial cells
(18, 23, 27).
The aim of the present study was

to assess the ability of several dairy
L. delbrueckii subsp. bulgaricus strains to
adhere to saliva-coated surfaces and to
evaluate whether this species might affect
the adhesion of oral streptococci in vitro.
We hypothesized that differences exist
between the dairy strains and commer-
cially available probiotic species in their
ability to adhere to saliva-coated surfaces.
We also assumed that L. delbrueckii subsp.

bulgaricus, regularly taken with fermented
milks, is able to establish itself in oral
biofilms, so modifying the microbial com-
position of the biofilm.

Materials and methods

Bacterial strains and growth conditions

Fifteen L. delbrueckii subsp. bulgaricus
strains kindly provided by LB Lactis
(Applied and Environmental Laboratory
for Probiotics, Plovdiv, Bulgaria) and a
commercial probiotic strain, L. rhamnosus
GG (Valio Ltd., Helsinki, Finland), were
used. Two strains of Streptococcus san-
guinis and S. mutans ATCC 25175 were
used as positive controls. Table 1 shows
the type and origin of strains used in the
study. Stock cultures were stored in 20%
skimmed milk at )70�C. In all experi-
ments lactobacilli were grown in De Man,
Rogosa and Sharpe (i.e. MRS) broth (Lab
M, Ltd., Bury, Lancashire, UK) for 18–
20 h at 37�C in 5% CO2. Streptococci
were grown in brain–heart infusion broth
(Difco Laboratories, Detroit, MI) at 37�C
in 5% CO2 overnight. For adhesion studies
the bacteria were radiolabeled by growing
the cells in appropriate broth supplemented
with 10 ll/ml of [methyl-1,2-3H]thymi-
dine, 122 Ci/mmol (GE Healthcare, Chal-
font St Giles, Buckinghamshire, UK) as
previously described (7). After incubation
the bacteria were harvested by centrifuga-
tion (2000 g, 7 min), washed thrice and
suspended in buffered KCl (0.05 m KCl
containing 1 mm KH2PO4, 1 mm CaCl2
and 0.1 mm MgCl2 at pH 6.5). The
absorbance at 492 nm was adjusted to
0.25 ± 0.05 to standardize the number of
bacteria (approximately 107 colony-form-
ing units/ml). Preliminary studies indicated

that this was the best working density with
these bacteria (data not shown).

Saliva collection and in vitro adhesion

assays

Saliva collection

Unstimulated whole saliva was collected
from five healthy individuals who were
instructed not to eat, drink, smoke, or use
chewing gum for an hour before the saliva
collection. Informed consent was obtained
before the collection began.
The saliva was collected into chilled

tubes on ice and clarified by centrifugation
(14,000 g for 20 min at 4�C). The pooled
samples were divided into aliquots and
frozen at )20�C before the adhesion
assays.

Adhesion to sHA beads

Aliquots of 50 mg spheroid HA beads
(Macro-Prep Ceramic Hydroxyapatite
TYPE II 80 lm, Bio-Rad Laboratories,
Hercules, CA) were washed three times in
10 ml buffered KCl (0.05 m KCl contain-
ing 1 mm KH2PO4, 1 mm CaCl2 and
0.1 mm MgCl2 at pH 6.5), in glass test
tubes and equilibrated for 2 h in the same
buffer. A 200-ll aliquot of this suspension
was added to each well of V-bottom-
shaped 96-well plates (2 lg HA/well)
(Thermo Scientific, Loughborough, UK)
and allowed to settle for 30–60 s. The
supernatant was removed by aspiration,
and 100 ll saliva was added per well and
the mixture was incubated for 1 h at 37�C.
After three washings with buffered KCl
(200 ll/well) 100 ll radioactive bacterial
suspension was added to each well and
incubated with shaking (50 r.p.m.) for 1 h.
To remove non-adherent bacteria the wells
were washed three times with 200 ll KCl
and the HA beads were suspended in
200 ml KCl were transferred into scintil-
lation liquid (High Safe 3, Perkin Elmer,
Groningen, the Netherlands). The radioac-
tivity was measured by liquid scintillation
counter (Winspectral 1414, Wallac, Turku,
Finland). Three parallel wells were used
for each strain in three independent exper-
iments. The adhesion ratio (%) of bacteria
was calculated by comparing the radioac-
tivity of the adhered bacteria to the
radioactivity of the added bacteria.

Adhesion to saliva-coated microtiter plates

Adhesion to human saliva was assessed
according to the method studying adhesion
to intestinal mucus as described earlier by
Ouwehand et al. (22). In brief, saliva was

Table 1. Source and origin of Lactobacillus strains used in the study

Strain Source/origin

L. rhamnosus GG (ATCC 53103) Valio Ltd., Helsinki, Finland
L. delbrueckii subsp. bulgaricus LBL-23 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-12 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-3 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-22 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-9 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-11 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-6 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-20 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-39 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-42 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-43 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-10 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-81 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-13 Laboratory collection, LB Lactis, Bulgaria
L. delbrueckii subsp. bulgaricus LBL-83 Laboratory collection, LB Lactis, Bulgaria
S. sanguinis ATCC 10556 American Type Culture Collection (ATCC)
S. sanguinis, serotype I 972 Clinical isolate
S. mutans ATCC 25175 ATCC
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immobilized passively overnight at 4�C in
96-well polystyrene microtiter plates
(Maxisorp, Nunc, Roskilde, Denmark;
100 ll/well), followed by two washes with
200 ll/well HEPES–Hanks’ buffer
(10 mmol/l HEPES; pH 7.4). Bacterial
suspensions were added (100 ll/well)
and bacteria were allowed to adhere at
37�C for 1 h. Wells were washed thrice
with 200 ll HEPES–Hanks’ buffer to
remove non-adherent bacteria. Bacteria
bound to saliva were released and lysed
with 1% sodium dodecyl sulfate–0.1 m

NaOH by incubation at 60�C for 1 h. The
radioactivity was measured as described
above. To assess the effect of lysozyme
(Chicken Egg White, Sigma Chemicals
Co., St Louis, MO) on adhesion of lacto-
bacilli, the radiolabeled bacteria were
pretreated with the enzyme [0.05 mg/ml
in phosphate-buffered saline (PBS), pH
6.2] for 1 h at 37�C and washed three
times with PBS, pH 7.2 (21). Bacterial
suspensions incubated with PBS were used
as controls. Adhesion of lysozyme-pre-
treated samples to saliva-coated plates was
performed as described above. The effect
of the treatment was calculated by com-
paring the adhesion of the treated plates to
the respective buffer control.

Adhesion to solvents

Microbial adhesion to n-hexadecane was
measured according to the method of
Rosenberg et al. (25). Briefly, bacteria were
harvested after 20 h of incubation by cen-
trifugation at 5000 g for 20 min at room
temperature, washed twice with PUM
buffer (pH 7.1, 22.2 g K2HPO4.3H2O;
7.26 g KH2PO4; 1.8 g urea; 0.2 g
MgSO4.7H2O; and distilled water to
1000 ml) and resuspended in the same
buffer. The optical density at 492 nm was
adjusted to 0.5 (A0); 600 ll n-hexadecane
(Sigma Aldrich Chemie GmbH, Buchs,
Germany) was added to 1.2 ml bacterial
suspension and left for 10 min at 22�C.
Each test tube was stirred vigorously for
1 min to allow the two phases to mix.
Samples were incubated for 20 min at 22�C
and the optical density of the aqueous phase
was measured (A1) (Multiscan Plus, Lab-
systems, Helsinki, Finland). Adhesion was
calculated according to the formula: Adhe-
sion % = (1 – A1/A0) · 100.

Adhesion of oral streptococci to saliva-coated

microtiter plates after pretreatment with

lactobacilli

To study the effect on adhesion of
S. sanguinis ATCC 10556 after lactobacil-

lus pretreatment of saliva-coated MaxiSorp
plates, non-radiolabeled L. delbrueckii
subsp. bulgaricus strains were allowed to
adhere to immobilized saliva for 1 h at
37�C. After two washes with HEPES–
Hanks’ buffer, 100 ll streptococcal sus-
pension was added per well and incubated
for 1 h at 37�C and the adhesion experi-
ment was performed as already described.

Statistical analysis

The results from the adhesion experiments
are expressed as the average of three inde-
pendent experiments, and each adhesion
assay was performed with three parallels to
correct for intra-examiner variation. Stu-
dent’s t-test was used to analyse differences
between the samples. The significance was
set at P < 0.05. Spearman correlation
coefficients were calculated to assess the
possible connection between binding to
saliva-coated surfaces and hydrophobicity.

Results

The adhesion was measured quantitatively
by applying the radiolabeled bacteria to
saliva-coated surfaces. Saliva-coated HA
beads have been commonly used as an
in vitro model to study adhesion because
the surface properties are similar to those of
tooth enamel (8). Before the experiment
three of the strains were incubated with HA
beads equilibrated with buffered KCl only
to evaluate the effect of saliva on microbial
adhesion. Adhesion of these strains was
significantly higher to non-saliva-coated

HA beads compared to saliva-coated
surfaces, providing evidence that saliva
modifies adhesion (data not shown).
Lactobacilli strains used in the present

study were found to adhere to sHA from 1
to 17%. LBL-39 showed adhesion per-
centages to sHA comparable to that of the
reference strains S. sanguinis, as given in
Table 2. S. sanguinis is the first colonizer
on tooth surfaces in vivo and its ability to
adhere to sHA make it a suitable model for
dental adhesion studies. In the present
series, we observed that there is variation
in adhesion between the strains used as
references. The wild-type of S. sanguinis
adhered better to saliva-coated microtiter
plates than the ATCC strain. S. mutans
adhesion did not differ significantly from
lactobacillus adhesion to the two types of
saliva-coated surfaces. Generally, the
adhesion of most L. delbrueckii subsp.
bulgaricus strains to sHA was low (<5%)
under the present experimental conditions.
The adhesion to saliva-coated Maxisorp
plates ranged between 3 and 22%, with
LBL-39 exhibiting the strongest ability to
adhere. The commercially available probi-
otic L. rhamnosusGG showed significantly
higher levels of adhesion to saliva-coated
surfaces compared to the L. delbrueckii
subsp. bulgaricus strains (Table 2). Most of
the strains showed similar behavior on both
the saliva-coated surfaces (Spearman
correlation 0.905, P < 0.001).
A significant increase in the adhesive

properties was observed when the strains
were pretreated with lysozyme (P < 0.05);
results are shown in Fig. 1.

Table 2. Adhesion1 to saliva-coated hydroxyapatite and microtiter plates of lactobacilli

Strain
Adhesion to sHA
(mean % ± SD)

Adhesion to
sMaxisorp
(mean % ± SD)

L. rhamnosus GG (ATCC 53103) 9.89 ± 0.11 16.09 ± 0.04
L. delbrueckii subsp. bulgaricus LBL-23 5.68 ± 0.06 8.69 ± 0.07
L. delbrueckii subsp. bulgaricus LBL-12 2.76 ± 0.003 6.16 ± 0.02
L. delbrueckii subsp. bulgaricus LBL-3 4.33 ± 0.05 5.53 ± 0.04
L. delbrueckii subsp. bulgaricus LBL-22 2.64 ± 0.01 7.18 ± 0.02
L. delbrueckii subsp. bulgaricus LBL-9 2.13 ± 0.01 3.40 ± 0.02
L. delbrueckii subsp. bulgaricus LBL-11 2.34 ± 0.01 3.30 ± 0.03
L. delbrueckii subsp. bulgaricus LBL-6 1.58 ± 0.01 8.84 ± 0.06
L. delbrueckii subsp. bulgaricus LBL-20 1.39 ± 0.004 9.71 ± 0.03
L. delbrueckii subsp. bulgaricus LBL-39 17.23 ± 0.05 21.93 ± 0.03
L. delbrueckii subsp. bulgaricus LBL-42 2.62 ± 0.01 5.35 ± 0.01
L. delbrueckii subsp. bulgaricus LBL-43 1.55 ± 0.002 8.39 ± 0.03
L. delbrueckii subsp. bulgaricus LBL-10 1.58 ± 0.01 4.30 ± 0.01
L. delbrueckii subsp. bulgaricus LBL-81 1.27 ± 0.01 8.61 ± 0.02
L. delbrueckii subsp. bulgaricus LBL-13 2.00 ± 0.02 6.01 ± 0.03
L. delbrueckii subsp. bulgaricus LBL-83 1.26 ± 0.01 4.68 ± 0.03
S. sanguinis ATCC 10556 18.89 ± 0.08 14.39 ± 0.04
S. sanguinis, serotype I 972 11.18 ± 0.05 25.55 ± 0.08
S. mutans ATCC 25175 2.99 ± 0.01 5.86 ± 0.02
1Adhesion was calculated based on results from three independent experiments in which each strain
was tested in triplicate.
ATCC, American Type Culture Collection; sHA, saliva-coated hydroxyapatite.
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Cell surface hydrophobicity has been
considered a valuable reference when
evaluating the adhesive properties of
microorganisms, and high hydrophobicity
correlated with marked adhesion (34). By
measuring adhesion to n-hexadecane we
observed that the strains investigated
showed various patterns of interaction
with the organic solvent, as shown in
Fig. 2. Lactobacillus strain LBL-39, which
had shown the most pronounced adhesive
properties to saliva-coated surfaces, again
displayed the strongest adhesive potential.

A moderately strong relationship between
adhesion to sHA beads and hydrophobicity
was observed (correlation coefficient
0.575, P < 0.05), whereas the relationship
between adhesion to saliva-coated microt-
iter plates and hydrophobicity was weak
(correlation coefficient 0.447, P < 0.05).
As S. sanguinis and lactobacilli were

able to adhere to saliva-coated surfaces we
hypothesized that these two species may
compete when present together. To study
the influence of adhered lactobacilli, the
Lactobacillus strains were allowed to bind

to immobilized saliva on Maxisorp plates
and S. sanguinis ATCC 10556 was incu-
bated subsequently. The adhesion of
S. sanguinis was not significantly affected
by the pretreatment of the wells with any
of the lactobacillus strains, as shown in
Fig. 3.

Discussion

Adhesion of bacteria to host surfaces is
regarded as of major importance in con-
tributing to permanent, or even transient,
establishment of probiotic species in any
environmental niche. In the present study
we focused on the bacterial adhesion to
human saliva that is the main fluid over-
lying oral surfaces. Saliva is the first
biological constituent in the contact be-
tween microorganisms and the host and it
forms a protein pellicle on all oral tissue
surfaces exposed in the mouth. Presum-
ably probiotic bacteria that express good
binding ability to salivary pellicle may also
be able to colonize the oral cavity. The
method employed in the present study
allows quantitative measurement of the
adhesion of radioactively labeled bacteria
to saliva-coated surfaces. HA beads were
chosen as a substrate that shares common
surface characteristics with tooth enamel.
Recently, Vesterlund et al. (33), by evalu-
ating five different methods for assessing
bacterial adhesion, have concluded that the
use of radioactive labels offers the best
reproducibility and sensitivity when poorly
adherent bacteria (<1%) are being studied.
The primary aim of our in vitro study

was to assess whether one of the main
yoghurt starter microorganisms, namely
L. delbrueckii subsp. bulgaricus, possesses
adhesive properties allowing its putative
prolonged establishment in the oral cavity.
Yoghurt is one of the most common ways
of delivering probiotics even though the
probiotic effectiveness of yoghurt starter
cultures has long been debated (14, 17,
35). By a recently reached consensus this
species could be regarded as probiotic
(10). However, in this respect the use of
L. delbrueckii subsp. bulgaricus in the oral
cavity has not been thoroughly investi-
gated and the only clinical study has
shown inconclusive results (24).
All the strains in our present study were

found to adhere to sHA and polystyrene
plates. However, when compared with the
reference streptococcal strains the adhe-
sion capacity of the studied lactobacilli
was low. S. sanguinis is a distinguished
front-line colonizer and anchoring species
in the development of oral biofilms. In vitro
studies have shown that the adhesion of
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Fig. 1. Adhesion of the lactobacilli strains to saliva-coated Maxisorp plates after lysozyme
pretreatment. For abbreviations, see Table 1.
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Fig. 2. Adhesion to n-hexadecane of the lactobacilli strains. For abbreviations, see Table 1.

Fig. 3. Adhesion of Streptococcus sanguinis ATCC 10556 to saliva-coated microtiter plates after
pretreatment with the lactobacilli studied. For abbreviations, see Table 1.
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this microorganism to saliva-coated sur-
faces is mediated by both lectin-carbohy-
drate and non-lectin interactions (9, 13,
15). Among the lactobacilli we tested there
was a single strain standing out as a strong
binder, displaying similar adhesive prop-
erties comparable to the control strepto-
cocci. Yet, the commercially available
probiotic L. rhamnosus GG adhered still
better to the saliva-coated surfaces in all
experiments when compared with most of
the L. delbrueckii subsp. bulgaricus strains
investigated. The L. rhamnosus GG spe-
cies has already been ascertained as a
putative probiotic in the oral cavity (1, 16).
The pattern of adherence to sHA and

microtiter wells seemed similar, as shown
by the high correlation coefficient. A
relatively strong relationship has been
observed in previous studies assessing
the in vitro adhesion of potential probiotics
to saliva-coated surfaces (12). Based on
these results, it could be supposed that
binding relies not solely on hydrophobic
interactions, but also on specific adhesin–
receptor reciprocal actions. The exact
mechanisms of adhesion to salivary pelli-
cle call for further investigations, however.
The assessment of cell surface hydro-

phobicity might be used as a test for
studying adhesive properties of bacteria
because this characteristic has been
reported to objectively reflect microbial
adhesion (6, 34). On the other hand, there
are studies with results that contradict the
former statement (20, 28). In the present
experiment we observed a relatively strong
correlation between the adhesion of strains
to sHA and hydrophobicity, whereas no
positive relationship was found for binding
of bacteria to saliva-coated microtiter wells
and cell surface hydrophobicity. Conse-
quently, the correlation between hydro-
phobicity and adhesion remains debatable.
To be able to adhere to oral surfaces a

probiotic candidate should be able to
withstand the defense mechanisms in the
oral cavity. In this perspective, we also
evaluated the effect of lysozyme on the
adhesive properties of lactobacilli. The
lysozyme concentration used (0.05 mg/ml)
was within the physiological limits
for unstimulated whole saliva [0.01–
0.20 mg/ml (32)]. Lysozyme possesses
strong antimicrobial activity by breaking
down bacterial cell walls and so releasing
cell wall components. After 60 min of
lysozyme pretreatment there was a signif-
icant increase in microbial binding to
saliva-coated microtiter plates. The in-
crease in adhesion was strain specific and
observed for all strains. However, this
observation is inconclusive and merits

further investigations. Contrary to our
results, Ouwehand et al. (21) have found
that lysozyme pretreatment of L. rhamno-
sus GG leads to a significant reduction in
its adhesion to immobilized intestinal
mucus. The discrepancy between this
observation and the results of our study
might be the result of the different sub-
strates used for assessing adhesion. Tellef-
son and Germaine (31) have found that
lysozyme promoted the adherence of some
oral streptococci (S. sanguinis) to sHA.
The role of lysozyme pretreatment on
probiotic properties has recently been
addressed as a factor improving the
immunostimulatory effect of probiotic
species (2). The viability of strains after
lysozyme pretreatment remains question-
able. We observed a double reduction in
the number of bacteria after lysozyme
treatment compared to the PBS control
(data not shown). Under the conditions of
the present experiment it cannot be deter-
mined whether the increased adhesion was
the result of the attachment of non-viable
bacteria or of some cellular fractions of the
microorganisms.
A commonly adopted principle of probi-

otics is that these bacteria should be able to
survive the conditions from consumption to
the transit to the specific target site. How-
ever, the definition of ‘probiotics’ may need
to be reconsidered because the result of
discoveries by Japanese scientists suggest
that inactivated probiotic microorganisms
or their cell structures may also have
beneficial effects on human health (26).
Consequently, even though lysozyme dam-
ages cell integrity, the increased adhesion
observed in our series could predispose for
probiotic activity, particularly if intracellu-
lar fractions have biological and beneficial
health effects. This, however, remains to be
investigated in further studies.
As a final part of the present study we

evaluated the potential of lactobacilli to
modulate the adhesion of S. sanguinis. The
competitive inhibition for bacterial adhe-
sion sites has been considered as a favor-
able mechanism of probiotic action (7).
Despite the fact that lactobacilli adhered to
various extents to the immobilized saliva
they were not able to affect the adhesion of
the target microorganism tested. It could
therefore be concluded that the salivary
receptors are different for dairy strains and
S. sanguinis and that pretreatment with
lactobacilli does not block streptococcal
adhesion by steric hindrance. Similar
results were observed for other probiotic
species that also lacked the capacity to
change the adhesive potential of several
skin pathogens (19).

The present study was the first to
evaluate the adhesive properties of
L. delbrueckii subsp. bulgaricus strains
to saliva-coated surfaces. Despite the
limitations of the in vitro tests they are
useful tools for screening and selecting
bacteria for a particular probiotic use.
Data obtained in our experimental study
demonstrate that yoghurt starter cultures
(L. delbrueckii subsp. bulgaricus) may
also adhere to oral surfaces. However,
well-designed human trials are necessary
to draw further conclusions and for
the eventual development of probiotic
products targeted at the oral cavity.
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