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Surface properties of lactobacilli isolated from healthy
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OBJECTIVE: Lactobacilli are considered cariogenic
micro-organisms. As oral species of lactobacilli have not
been thoroughly described, the aim of this work was to
isolate and identify these organisms from teeth, tongue,
saliva and gum of healthy patients and to describe some
of their surface properties.
SUBJECTS: Forty-four subjects from Tucumán,
Argentina, with D, d and M, m indices equal to 0.
MATERIALS AND METHODS: Samples were obtained
from different areas of the oral cavity. Microorganisms
were cultured in lactobacilli selected media (LBS) and
identified morphologically and biochemically. Hydro-
phobicity was analysed by partition in organic solvents,
acidity by affinity with chloroform and basicity with ethyl
acetate (MATH method), aggregation and coaggregation
in presence of (NH4)2SO4, and haemagglutination with
ABO erythrocytes in microplates.
RESULTS: Eighty-five lactobacilli were isolated; 29.4%
were homofermenter, 44.7% facultative heterofermenter
and 25.9% obligate heterofermenter. Predominant spec-
ies were L. fermentum, L. plantarum, L. salivarius, and L.
rhamnosus. Most of the strains showed moderate to high
hydrophobicity and demonstrated high acid and basic
surface charges with almost 40% showing salt aggre-
gation. Few strains haemagglutinated.
CONCLUSIONS: A variety of Lactobacillus species were
isolated from healthy mouths, some of whom showed
adhesion-related properties such as high hydrophobicity
and charged surfaces. Probable mechanisms related to
the ecological behaviour of lactobacilli in the oral cavity
are discussed.
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Introduction

Adhesive interactions are a prerequisite for species to
become part of an oral bio-film and several mechanisms
and factors involved in oral pathogen adhesion have been
described (Prakobpholet al, 1995). Adhesion properties
attributed to lactobacilli have not been described yet, and
it has never been demonstrated whether they can invade
tissues or serve as receptors for other bacteria. There exist,
however, many other studies on lactobacilli in relation to
maintenance of the ecological balance on other epithelia
(Redondo-Lo´pez et al, 1990; Nader-Macı´as et al, 1996).
Control of certain environments by lactobacilli mainly
occurs by their acid production, but can also be achieved
by production of antagonistic substances (Jacket al, 1995;
Haweset al, 1996) or by competitive exclusion of patho-
gens (Hawrthorn and Reid, 1990).

Several authors (Doyleet al, 1990; Gibbons, 1996) have
studied the strength of bacterial attachment. Piette and
Idzı́ak (1992), reported that the cell charge and hydro-
phobicity influence the strength of adhesion. Studies of
these non-specific interactions have led to the application
of different methods such as bacterial adherence to plastics
and glass, salting-out with increasing ammonium sulphate
concentrations (Jonsson and Wadstrom, 1984), and extrac-
tion of bacteria from aqueous suspensions after treatment
with hydrocarbons (Rosemberget al, 1983; Sweetet al,
1987; Geertsemaet al, 1993). Study of adhesion receptors
also requires analysis of other properties such as haem-
agglutination (Andrewet al, 1995), prevalence of acid or
basic bacterial surface characteristics (Pelletieret al, 1997),
and coaggregation interactions and their mediators
(Kolenbrander, 1991).

The aim of this work was to isolate and identify species
of lactobacilli from different areas of the mouth (teeth,
tongue, saliva and gum) of patients with optimal oral
health, and to determine whether they possess adhesion-
related properties.



Lactobacilli characteristics from healthy patients
ME Colloca et al

228

Oral Diseases

Materials and methods

Subjects
Oral health aspects previously described by Newbrun
(1993), were considered for the selection of the subjects.
The same dentist examined almost 170 individuals from
Tucumán, Argentina, and determined their oral health
status. Samples were only obtained from 44 subjects who
met the conditions stated, and they were interviewed about
their oral and nutritional habits for almost 30 min. The
group consisted of 30 female and 14 male subjects aged
between 9 and 28 years old with a high socio-economic
level. Although only adults were scheduled to be included,
no-one above the age of 28 with the stated conditions could
be found. Similarly seven subjects with mixed dentition
were also considered. Subjects were selected for having low
DMFT (decayed, missing, filled permanent teeth), dmft
(decayed, missing, filled deciduous teeth), DMFS (decayed,
missing, filled permanent teeth surfaces) and dmfs
(decayed, missing, filled deciduous teeth surfaces) indices;
D, M, d and m components were 0 for all subjects. Obser-
vations with halogen light over mesial dental surfaces were
performed and confirmed by X-rays only in doubtful situ-
ations. Plaque and Gingival indices and the number of
sugar intakes per day were determined and salivary pH and
secretion rates were registered.

None of the subjects had the habit of smoking, showed
mucosal inflammatory lesions or were on orthodontic treat-
ment. Neither had they taken in antibiotics or corticoids
in the last 20 days. Subjects gave their consent and the
Institutional Ethics Committee approved the experimental
protocol.

Sample collection was performed in the morning after at
least 2 h of fasting and hygiene, from four sites of the oral
cavity: (a) buccal, lingual and occlusal surfaces of the left
first mandibular molar and second mandibular premolar,
either permanent or deciduous from mixed dentition sub-
jects, (b) right half of the tongue, (c) 0.5 ml of saliva
accumulated in the sublingual area during a controlled time,
usually about 5 min, and (d) right occlusal mandibular gum.
Teeth samples were taken with sterile Gracey No. 11/12
curettes, tongue and gum with sterile dental spatulas, and
saliva with sterile syringes. Stress situations of the subjects
previous to and during sampling were avoided.

Bacterial collection and conservation
Samples from teeth, tongue and gums of each subject were
collected separately in 0.5 ml LBS (lactobacilli selected
media) (Rogosa and Sharpe, 1963) broth; no broth was
added to saliva samples. They were immediately put on ice
and then transported to the laboratory and cultured on LBS
agar plates under microaerophilic conditions (5% CO2

water-jacketed Forma Scientific Incubator, Model 3185) up
to 48 h at 37°C. Lactobacilli isolates were stored in milk-
yeast extract (13% non-fat milk, 1% yeast extract) at
270°C.

Lactobacilli isolation and identification
The microorganisms were identified by Gram-staining and
biochemical properties. Gram-positive, catalase-negative
and indole and nitrate-reduction-negative bacilli were selec-

ted. Lactobacilli identification was performed by standard
tests and by API 50 CH System (Biomerieux, France),
according to Bergey’s Manual of Systematic Bacteriology
(Kandler and Weiss, 1986).

Lactobacilli surface characteristics
The microorganisms were subcultured in LAPTg (Raibaud
et al, 1963) broth not more than three times prior to the
studies. After 12 h of incubation at 37°C, strains were col-
lected by centrifugation at 2000 rpm for 10 min and washed
in saline solution. The following properties were analysed:

Hydrophobic partition Hexadecane, xylene and toluene
were used following the microbial adhesion to hydro-
carbons (MATH) method, first described by Rosemberget
al (1983), and modified by Geertsemaet al (1993). Sweetet
al (1987) included the use of xylene. The microorganisms
suspended in saline solution were adjusted to an optical
density (OD) between 0.4 and 0.6 at 600 nm. Then the sol-
vent was added to aliquots of the microorganisms, mixing
vigorously for 1 min. After the two layers had separated
the lower aqueous phase was carefully removed and trans-
ferred to clean tubes. OD600 was determined, and the per-
centage of hydrophobicity was calculated from the OD600

differences (% hydrophobicity5 ODbefore−ODafter/ODbefore

3 100). Lactobacilli were classified in three groups: those
with low hydrophobicity (0–35%), moderate hydro-
phobicity (36–70%), and high hydrophobicity (71–100%).

Basic and acidic surface characteristicsThe MATH
method with chloroform and ethyl acetate as organic sol-
vents was used according to Pelletieret al (1997). Since
chloroform is a Lewis acid with avidity for substances that
give off electrons, and ethyl acetate with basic character-
istics reacts with Lewis acids, acidity or basicity of the bac-
terial cell surface can be determined with this method.
Results were obtained from the calculation mentioned
before (OD600) and are expressed as the percentage of par-
tition. Strains were classified into low (0–35%), moderately
(36–70%) and highly (71–100%) charged microorganisms.

Salt aggregation test (SAT) (Jonsson and Wadstrom,
1984) This method is based on the aggregation that highly
hydrophobic bacteria show in presence of ammonium sul-
phate at different concentrations. Centrifuged micro-
organisms were suspended in 0.02 M phosphate buffer
saline (PBS) pH 6.8 up to a concentration of 109 CFU ml21.
Aliquots of bacterial suspensions and different ammonium
sulphate solutions (0.2–2 M) in PBS were mixed for 2 min
on slides. Aggregation was determined by microscopic
observation. Positive controls were treated with 4 M salt
solution. Strains were classified into three groups: lactobac-
illi that aggregated with 0.2–2 M ammonium sulphate,
those that did not aggregate with ammonium salt, and auto-
aggregating lactobacilli.

Haemagglutination Microplate agglutination was perfor-
med (Andrewet al, 1995). Suspensions of 109 CFU ml21 in
saline solution were serially diluted in 50ml round-bottom
wells. They were mixed and incubated with ABO human
red blood cells, washed with saline solution and adjusted
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to 2%. After incubation for 60 min at 37°C and 24 h at
4°C, haemagglutination was visually determined. Titres are
registered as the inverse of the highest bacterial dilution
that produced agglutination.

Statistics
The Pearson coefficient was determined for the comparison
between the organic solvents, and the Spearman coefficient
for the associations between salt aggregation and auto-
aggregation. The ANOVA test was used for lactobacillus
haemagglutination with ABO red cells.

Results
Subjects
From the 44 patients, seven had mixed dentition. Dental
index values and means were determined for all subjects:
DMFT: 2.396 2.37 (D: 0, M: 0, F: 2.396 2.37), dmft:
1.80 6 1.09 (d: 0, m: 0, f: 1.806 1.09), DMFS: 2.886
2.78 (D: 0, M: 0, F: 2.886 2.78), dmfs: 1.756 1.50 (d:
0, m: 0, f: 1.756 1.50), T1 t: 2.00 6 2.38, S1 s: 3.75
6 2.06, Plaque Index: 0.436 0.31 and Gingival Index:
0.24 6 0.21.

Only 36.3% of the subjects had less than four sugar
intakes per day, and 15% brushed their teeth once a day,
but almost 44% had dental care more than once a year and
33% used dental floss. All subjects had balanced diets with
respect to carbohydrates, proteins, vitamins and lipids.
Other nutritional habits registered included daily milk
intake (58%) and daily water consumption (55%). Their
salivary characteristics were considered normal: pH: 6.03
6 0.41 and secretion rate: 0.336 0.28 ml min−1 (Dawes,
1996).

Isolation and identification of lactobacilli
Lactobacilli were isolated from at least one area of the
mouth of 23 out of the 44 subjects considered. Subjects did
not show the same strain isolation pattern, and only in one
of them lactobacilli were isolated from teeth, tongue, saliva
and gum. This was a male subject of 23 years old with a
DMFS: 0, who lived in Mendoza, Argentina, until recently.

Levels of 17.6% of the lactobacilli was isolated from
teeth, 42.3% from the tongue, 28.2% from saliva and 11.8%
from the gum. Table 1 shows the frequency of the lacto-
bacilli isolates obtained from the four areas of study and
their distribution in metabolic groups. Most strains were
facultative heterofermenters (44.7%), 29.4% was obligate
homofermenter and 25.9% was obligate heterofermenter.L.
salivariusandL. acidophiluspredominated in teeth,L. fer-
mentumand L. plantarumin tongue,L. fermentumand L.
delbrueckii sp delbrueckii in saliva andL. rhamnosusin
the gum.

L. delbrueckiispdelbrueckiiandL. rhamnosuswere the
only strains found in all of the four areas. Two species,L.
alimentariusandL. caseisp caseiwere isolated only from
saliva whereasL. buchneriiandL. coryniformisspL. cory-
niformis were isolated only from the tongue.

Lactobacilli surface characteristics

Hydrophobic partition The individual data for all strains
in relation to surface hydrophobicity evidenced in the pres-
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ence of hexadecane, xylene and toluene are shown in
Tables 2, 3 and 4. Values for the three solvents were high to
moderate for almost 81% of the strains. Pearson correlation
coefficient was statistically significant (P , 0.05) for the
results of each of the three solvents used. A high number
of lactobacilli from tongue, teeth and saliva showed high
to moderate hydrophobicity, while strains with low hydro-
phobicity were mainly isolated from the tongue.L. acido-
philus andL. paracaseisp paracaseiisolates were mostly
hydrophobic species, whileL. rhamnosusshowed high
hydrophobicity for teeth and gum, and low hydrophobicity
in tongue and saliva. A similar behaviour was observed for
L. plantarumwith high hydrophobicity for teeth and tongue
and low hydrophobicity for saliva.

Acid and basic characteristicsTables 2, 3 and 4 show
results of individual strains. Pearson coefficient did not
indicate a linear relation (P . 0.05) between chloroform
and ethyl acetate, and none between these solvents and
hexadecane and toluene.

No prevalence of opposite surface charges was observed
in the isolates from teeth and gum since results for both
solvents were almost similar. Saliva and tongue had high
basic-charged strains. An important number of isolates
from the tongue also showed low solvents affinity that
coincides with low hydrophobicity results.L. delbrueckii
spdelbrueckiifrom teeth and gum, andL. rhamnosusfrom
gum, characterised by high to moderate hydrophobic
properties, showed high basic surface charge.

Salt aggregation and autoaggregationIndividual results
for SAT and autoaggregation are summarised in Tables 2,
3 and 4. Spearman coefficient was significant (P , 0.05)
for SAT and autoaggregation results. However, these two
properties did not necessarily coincide with the same strain,
especially in teeth and tongue where some of them either
salt aggregated or autoaggregated. Autoagglutination
results correlated with those of hexadecane, chloroform and
ethyl acetate. Almost 30% of the strains from teeth and
tongue, 50% from saliva and 70% from gum aggregated.

Haemagglutination Only a few lactobacilli agglutinated
ABO red blood cells, and there was no statistical difference
(P . 0.05) (ANOVA) between titres for the three blood
groups.

When all results were considered, correlation studies
revealed significant linear relation between ABO aggluti-
nation, salt agglutination and autoagglutination, but not
with the totality of the solvents (Tables 2, 3 and 4).

Discussion

Oral diseases seem to develop following a modification of
the equilibrium of indigenous bacterial populations (Marsh,
1989). During this process, pathogenic bacteria have to
adhere to the hard or soft tissues of the mouth in order to
guarantee their colonisation. Bacterial adherence involves
specific and non-specific mechanisms (Gibbons, 1996). The
latter are related to electrostatic or hydrophobic interactions
and have lower affinity than specific bindings.

The aim of our investigation is to study and elucidate
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Table 1 Proportion of the lactobacilli species isolated from oral healthy mouth subjects

Species Metabolic Isolated strains (No. (%)a

group

Teeth Tongue Gum Saliva

L. acidophilus 3(20.0)(3.5) 1(2.8)(1.2) – 1(4.2)(1.2)
L. delbrueckiisp delbrueckii Obligated 1(6.7)(1.2) 3(8.3)(3.5) 1(10)(1.2) 4(16.7)(4.7)
L. delbrueckiisp lactis Homofermenters 1(6.7)(1.2) 1(2.8)(1.2) – 1(4.2)(1.2)
L. salivarius 4(26.7)(4.7) 2(5.5)(2.3) – 2(8.3)(2.3)

L. agilis – 1(2.8)(1.2) 2(20)(2.3) 1(4.2)(1.2)
L. alimentarius – – – 2(8.3)(2.3)
L. bavaricus – – 1(10)(1.2) –
L. brevis 1(6.7)(1.2) 1(2.8)(1.2) – –
L. casei sp casei Facultative – – – 1(4.2)(1.2)
L. rhamnosus Heterofermenters 1(6.7)(1.2) 2(5.5)(2.3) 3(30)(3.5) 1(4.2)(1.2)
L. coryniformissp coryniformis – 1(2.8)(1.2) – –
L. maltaromicus – 1(2.8)(1.2) 1(10)(1.2) –
L. paracasei sp paracasei 2(13.3)(2.3) 1(2.8)(1.2) – 2(8.3)(2.3)
L. plantarum 2(13.3)(2.3) 10(27.8)(11.8) – 1(4.2)(1.2)

L. buchnerii Obligated – 1(2.8)(1.2) – –
L. fermentum Heterofermenters – 11(30.5)(12.9) 2(20)(2.3) 8(33.3)(9.4)

Total 15(17.6) 36(42.3) 10(11.8) 24(28.2)

a First number in brackets indicate the partial percentages referred to the area of the mouth, and second numbers in brackets indicate total percentages
referred to the total number of lactobacilli isolated strains

Table 2 Adhesion-related properties of lactobacillus strains isolated from teeth

Isolated strainsa Hydrophobicity (%) Surface charge (%) SAT Auto- Haem-
(M)b aggregationc agglutinationd

Hexadecane Xilene Toluene Chloroform Ethyl
acetate

L. acidophilus(41) 57 68 70 83 88 0 0 0
L. acidophilus(42) 70 80 73 88 95 0 0 0
L. acidophilus(45) 70 63 64 80 86 0 0 0
L. brevis (275) 52 27 11 22 16 0 0 0
L. rhamnosus(396) 75 87 87 90 92 0.2 0 0
L. delbrueckiisp delbrueckii 90 82 74 94 24 0 1 A,B,O (1)
(413)
L. delbrueckiisp lactis (431) 69 88 70 82 88 0.2 0 0
L. parac.sp paracasei(341) 95 80 92 90 63 0.2 0 0
L. parac.sp paracasei(220) 90 92 88 92 77 0.2 0 0
L. plantarum(274) 84 90 87 37 45 0 0 0
L. plantarum(163) 65 58 56 86 86 0 0 0
L. salivarius (253) 65 73 81 92 92 0 0 0
L. salivarius (255) 47 50 31 78 91 0 0 0
L. salivarius (44) 80 80 80 85 93 0 0 0
L. salivarius (43) 44 40 38 57 60 0 0 0

a Numbers in brackets indicate the laboratory internal nomenclature
b SAT, salt aggregation test. Numbers indicate the minimal molar ammonium sulphate concentration that produced aggregation
c 1: autoaggregation, 0: non-autoaggregation
d A, B, O: Blood groups lactobacilli aggregated with. Numbers in brackets indicate titres, that is, the inverse of the highest bacterial dilution that produce
haemagglutination. 0: without haemaglutination

the role of lactobacilli in the ecology of oral environments
focusing on their surface characteristics and their aggre-
gation and co-aggregation capabilities. Therefore isolation
and identification of these microorganisms from different
groups of patients and from different areas of the oral cavity
were performed (Ahumadaet al, 1999). To date there are
not many studies of the species of lactobacilli isolated from
the mouth (Marsh, 1984). There are only few references to
oral lactobacilli with probiotic-like properties. Meurmanet

al (1995), described a weak inhibitory substance from
Lactobacillus GG against Streptococcus sobrinus.
Recently, Straetemanset al (1998), found no differences in
the number of lactobacilli between mutans streptococci-free
and mutans streptococci-colonised children after the
‘second window of infection’.

In this article the isolation of 85 microaerophilicLacto-
bacillus strains from teeth, tongue, saliva and gum from
subjects with optimal nutritional and oral health is reported
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Table 3 Adhesion-related properties of lactobacillus strains isolated from tongue

Isolated strainsa Hydrophobicity (%) Surface charge (%) SAT Auto- Haem-
(M)b aggregationc agglutinationd

Hexadocane Xilene Toluene Chloroform Ethyl
acetate

L. acidophilus(40) 73 77 77 85 88 0 1 0
L. agilis (3901) 73 78 73 92 58 0.2 1 0
L. brevis (240) 79 70 80 38 2 0 1 0
L. buchnerii (25) 74 90 78 92 66 0 1 A, B, O(1)
L. rhamnosus(321) 0 0 0 4 52 0 0 0
L. rhamnosus(201) 4 0 4 0 37 0 0 0
L. coryn. sp coryniformis(254) 48 26 31 88 93 0 w 0
L. delbr. sp delbrueckii(441) 68 78 81 85 57 0.2 1 A, B, O(4)
L. delbr. sp delbrueckii(490) 15 8 6 7 4 0.2 1 A,B,0(4)
L. delbr. sp delbrueckii(3902) 85 78 89 89 46 0.2 1 A, B, O(1)
L. delbrueckii sp lactis(500) 25 33 19 45 30 0.5 0 0
L. fermentum(22) 71 84 78 87 71 2 0 0
L. fermentum(37) 82 81 94 81 88 0.5 0 0
L. fermentum(38) 66 77 82 87 24 0 0 0
L. fermentum(34) 68 79 79 98 85 0.5 0 0
L. fermentum(33) 79 80 92 97 81 0 1 0
L. fermentum(21) 70 90 94 83 72 2 w 0
L. fermentum(342) 21 13 18 16 10 0 0 0
L. fermentum(301) 67 63 57 39 18 0 0 0
L. fermentum(273) 52 70 60 55 60 0 0 0
L. fermentum(520) 20 45 35 45 0 0 0 0
L. fermentum(200) 70 80 72 76 88 0 1 0
L. maltaromicus(32) 64 71 67 60 34 0 0 0
L. parac. sp paracasei(28) 75 81 83 92 77 0 0 0
L. plantarum(272) 60 69 60 75 89 0 0 0
L. plantarum(381) 69 67 72 51 59 0 w 0
L. plantarum(382) 36 50 40 56 38 0 0 0
L. plantarum(384) 78 70 73 92 88 0 0 0
L. plantarum(393) 20 22 20 5 0 1 0 0
L. plantarum(392) 60 78 62 12 30 0.2 0 0
L. plantarum(4203) 8 13 13 18 47 0 0 0
L. plantarum(161) 72 77 75 85 92 0 1 0
L. plantarum(162) 40 62 75 80 87 0 0 0
L. plantarum(31) 14 28 24 64 90 0.2 0 0
L. salivarius (251) 15 36 30 49 94 0 1 0
L. salivarius (46) 86 62 66 73 89 0 0 0

a Numbers in brackets indicate the laboratory internal nomenclature
b SAT: Salt Aggregation Test. Numbers indicate the minimal molar ammonium sulphate concentration that produced aggregation
c 1: autoaggregation, w: weakly autoaggregation, 0: non-autoaggregation
d A, B, O: Blood groups lactobacilli aggregated with. Numbers in brackets indicate titres, that is, the inverse of the highest bacterial dilution that produce
haemagglutination. 0: without haemaglutination

with the purpose of screening bacterial surface character-
istics and predicting adhesive properties. This is the first
step in the selection of species with probiotic propertiesL.
fermentum, L. plantarum, L. delbrueckiisp delbrueckii, L.
salivariusand L. rhamnosuswere the most numerous iso-
lates.L. delbrueckiispdelbrueckiistrains were selected for
further studies because of their frequency and properties,
while L. rhamnosuswas chosen because of its different
behaviour in tongue and saliva with respect to teeth and
gum.

Adhesive lactobacilli properties have been described pre-
viously for other environments (Harty and Knox, 1991;
Garrigaet al, 1998). The hydrophobic nature of the intesti-
nal mucous layer suggests that a hydrophobic bacterial sur-
face is necessary for non-specific interaction with mucin,
the glycoproteic intestinal layer (Malagelada, 1998). Mucin
is also present in saliva, and should therefore be included
in further adhesion studies. Most of the strains isolated had

Oral Diseases

high to moderate hydrophobicity in presence of any of the
solvents assayed (hexadecane, xylene and toluene). These
results do not coincide with those obtained for strains iso-
lated from non-healthy mouths, where only 20% was highly
hydrophobic and 50% showed low hydrophobicity
(Ahumadaet al, 1999).

Lactobacilli from healthy mouths are highly charged not-
withstanding their lack of predominant surface charge. A
negative correlation between chloroform and ethyl acetate
as reported by Pelletieret al (1997), was not observed, sug-
gesting that lactobacilli from oral environments possess dif-
ferent surface characteristics.

Haemagglutination property was tested in order to ana-
lyse the presence of lectins on the bacterial surface (Piette
and Idziak, 1992). This method is based on the similarity
in structure that could exist between epithelial mammalian
cell receptors (host) and red blood cells. Mukaiet al (1998)
reported that ab-galactosyl residue at the non-reducing ter-
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Table 4 Adhesion-related properties of lactobacillus strains isolated from saliva and gum

Hydrophobicity (%) Surface charge (%) SAT Auto- Haem-
(M)b aggregationc agglutinationd

Hexadecane Xylene Toluene Chloroform Ethyl
acetate

Isolated strains from salivaa

L. acidophilus(465) 77 84 78 82 63 0 0 0
L. agilis (160) 59 76 59 83 27 2 0 0
L. alimentarius(414) 35 37 53 93 83 0.2 1 0
L. alimentarius(4201) 59 69 75 91 69 0.2 1 A,B,O(1)
L. casei ssp.casei(291) 64 70 70 88 70 0 0 0
L. rhamnosus(302) 12 2 7 44 14 0 1 0
L. delbr sp delbrueckii(461) 76 89 81 90 72 0.2 1 A,B,O(4)
L. delbr sp delbrueckii(462) 85 96 96 87 60 0.2 1 A,B,O(4)
L. delbr sp delbrueckii(463) 90 92 93 89 75 0.2 1 A,B,O(4)
L. delb sp delbrueckii(4202) 55 52 47 85 82 0 1 0
L. delbruecki sp lactis(464) 83 96 90 88 87 0.2 1 A,B,O(4)
L. fermentum(29) 63 52 52 64 52 0 0 0
L. fermentum(36) 76 91 81 98 76 1.5 0 0
L. fermentum(23) 72 78 80 92 85 0.2 0 A,B,O(2)
L. fermentum(340) 75 64 80 72 75 0.2 w 0
L. fermentum(391) 50 38 22 83 60 0.2 1 0
L. fermentum(522) 40 67 57 80 93 0 0 0
L. fermentum(521) 73 67 71 10 13 0 1 0
L. fermentum(132) 75 62 56 3 10 0 1 0
L. paracasei sp paracasei(35) 76 86 98 79 36 0 0 0
L. paracasei sp paracasei(383) 38 69 48 60 38 0 0 0
L. plantarum(202) 10 0 15 4 0 0 0 0
L. salivarius (250) 42 65 50 90 90 0 0 0
L. salivarius (510) 28 35 38 40 0 0 0 0

Isolated strains from guma

L. agilis (320) 46 56 62 86 86 0 0 0
L. agilis (480) 40 66 20 50 65 0 0 0
L. bavaricus(397) 67 72 65 96 85 0.2 1 A,B,O(4)
L. rhamnosus(26) 76 78 81 83 23 0.2 1 A,B,O(1)
L. rhamnosus(398) 83 87 85 92 77 0.2 1 0
L. rhamnosus(399) 82 93 92 65 75 0.2 1 0
L. delbr sp delbrueckii(411) 47 58 60 92 17 0 0 0
L. fermentum(24) 85 90 88 70 89 0.2 0 0
L. fermentum(27) 40 35 39 65 85 0.2 0 0
L. maltaromicus(412) 90 85 88 92 83 0.2 1 A,B,O(2)

a Numbers in brackets indicate the laboratory internal nomenclature
b SAT: Salt Aggregation Test. Numbers indicate the minimal molar ammonium sulphate concentration that produced aggregation
c 1: autoaggregation, w: weakly autoaggregation, 0: non-autoaggregation
d A, B, O: Blood groups lactobacilli aggregated with. Numbers in brackets indicate titres, that is, the inverse of the highest bacterial dilution that produce
haemagglutination. 0: without haemagglutination

minal of bacterial surface glycoconjugates would be
responsible for adhesion ofL. reuteri to the intestinal
mucosa, behaviour that is strain-specific. The number of
our strains that haemagglutinated, even those from the
tongue, was low, and no statistically significant differences
were obtained between human red blood cell groups. It
could be suggested that interactions similar to those pro-
duced between oral lactobacilli and blood cells would not
be the most important ones, at least not under the tested
conditions. These results are in agreement with previous
works, since only Andrewet al (1995), reported haem-
agglutination property for lactobacilli of vaginal origin.

Lactobacilli autoaggregate and aggregate in the presence
of ammonium sulphate, especially those from the gum.
Autoagglutination or co-aggregation is a very important
property since co-aggregation with undesirable bacteria
could regulate the oral ecology by swallowing. However,

this property could also contribute to a symbiotic process
between lactobacilli and cariogenic adhering bacteria.
Further studies are needed to elucidate the importance of
this behaviour with respect to retention or elimination of
bacteria from the oral cavity.

Recently, Kaiserlian (1998) expressed that the mucosa
of the mouth does not show immunological tolerance in
contrast to the intestinal mucous membrane. Lactobacilli
influence on the immune system should be considered in
relation to their probable probiotic use where the oral cavity
is involved directly.

This study proves that the bacterial cell surface of lactic
acid bacteria contains different structures. The surface
charge could be involved in their adhesion to hard or soft
tissues of the mouth, or in attachment to other bacteria.
Lactobacilli could be associated with caries development,
or they could promote certain other functions related to the
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regulation of the ecology and the presence of pathogenic
bacteria in the oral cavity.
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