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Abstract Twenty-four acid- and bile-tolerant lactobacilli
isolates from dairy products were identified and further in
vitro characterized for the presence of functional traits po-
tentially useful for probiotic applications, which included
desirable and undesirable traits, such as biofilm formation,
ability to inhibit intestinal pathogens, antibiotic susceptibil-
ity, and enzyme activity. The majority of examined strains
were susceptible to certain antimicrobial agents (streptomy-
cin, gentamicin, clindamycin, erythromycin, tetracycline,
quinupristin–dalfopristin), except for three strains of Lacto-
bacillus rhamnosus with minimal inhibitory concentration
levels for streptomycin higher than the microbiological
breakpoints (≥32 μg/mL), which are considered as resistant.
Undesirable traits such as α-chymotrypsin or N-acetyl-β-
glucosaminidase activities were not detected, but low β-
glucuronidase, and moderate and high β-glucosidase activ-
ities were recorded in nine strains, which were eliminated
from further examination together with three isolates show-
ing unsuitable antibiotic resistance. Of the remaining 12
isolates, 4 (Lactobacillus fermentum 202, Lactobacillus gal-
linarum 7001, L. rhamnosus 183, and Lactobacillus planta-
rum L2-1) manifested an outstanding potential to inhibit
selected intestinal pathogens in an agar spot test, including
Escherichia coli and Salmonella spp., and simultaneously
demonstrated strong biofilm-forming capacity. In conclusion,
the results of our in vitro experiments showed that the above
four strains had a potential probiotic value and met the criteria
to be identified as a possible probiotic microorganism, with
the necessity of verification through well-designed in vivo

experimental, clinical, and technological studies before the
strains can be used as probiotics or as starter probiotic cultures.

The concept of using Lactobacillus species for disease treat-
ment and prevention as well as health restoration and main-
tenance is not new. In the recent times, there has been a
renewal of interest in the use of probiotics (as distinct from
antibiotics), driven in large part by consumers, the lay press,
and the rapid emergence of antibiotic-resistant pathogenic
strains. Dairy products, together with the contents in the
gastrointestinal tract, are the main sources for isolation of
novel potential probiotic organisms (Ambadoyiannis et al.
2005). Lactobacillus and other beneficial strains originally
isolated from dairy products are probably the most suitable
candidates for inclusion into these foods as probiotics, be-
cause they are well adapted to the conditions and may
therefore be more competitive than probiotics from other
sources. These isolates do require further in vitro and in vivo
investigations and specific studies on their technological
properties in dairy fermentation. Moreover, before the suit-
able strains can be eventually used as probiotic starter cul-
tures in dairy products, it is necessary to screen their
potential beneficial effects without occurrence of unaccept-
able properties, such as harmful biochemical activities
(Heavey and Rowland 2004), and transmissible antibiotic
resistances (Salyers et al. 2004). The testing of their in vivo
efficacy is expensive and time-consuming. For this reason,
reliable in vitro methods are required for selecting new
strains of probiotic bacteria to obtain profitable in vivo effects.
The aim of the present study was therefore to apply in vitro
tests (namely biofilm formation, ability to inhibit intestinal
pathogens, antibiotic susceptibility, and enzyme activity) for
validation of the probiotic potential of Lactobacillus strains
isolated from dairy sources, and to select candidate probiotic
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strains that meet the established criteria and could therefore
be potentially used as novel probiotics.

Materials and methods

Bacterial isolates and identification The Lactobacillus iso-
lates analyzed were obtained from the Institute of Biotech-
nology and Food Science, Faculty of Chemical and Food
Technology (Slovak University of Technology, Bratislava,
Slovakia) and were recovered from dairy products such as
sheep’s milk (n04), cow’s milk (n06), cow’s cheese (n06),
and sheep cheese (n08). Isolates were identified using pro-
tein “fingerprints” determined by MALDI-TOF mass spec-
trometry (Bruker Daltonics MALDI Biotyper) as described
by Bessède et al. (2011). They belonged to the seven fol-
lowing species: Lactobacillus rhamnosus (n012), Lactoba-
cillus fermentum (n05), Lactobacillus acidophilus (n01),
Lactobacillus helveticus (n01), Lactobacillus gallinarum
(n01), Lactobacillus plantarum (n02), and Lactobacillus
casei (n02). All isolates were routinely grown in MRS
medium (Oxoid Ltd., England) by anaerobic incubation at
37°C for 48 h.

Antibiotic susceptibility testing Antibiotic susceptibility
testing was performed according to Kushiro et al. (2009)
by using MIC strip tests (Liofilchem, Italy).

Enzyme activities were assayed following the method of
Arora et al. (1990) using the API-ZYM system (bioMérieux,
France). The inocula of 65 μL of the McFarland standard 1
suspension were deposited in each well. Enzyme activity
readings were taken after 4 h of anaerobic incubation at
37°C and after addition of Zym A and Zym B reagents.
Color intensity values from 0 to 5 and their relevant value in
nanomoles were assigned for each reaction according to a
color chart enclosed with the kit.

Biofilm formation The strains were inoculated to the MRS
agar (Oxoid) and incubated for 24 h at 37°C. One colony
was transferred to 5 mL of MRS broth (Oxoid) and incu-
bated for 24 h at 37°C. Then the culture was centrifuged
(10,000×g, 10 min), and the sediment was resuspended in
phosphate-buffered saline (PBS) to reach the McFarland
standard 1 suspension that corresponded to 1.5–3×108

CFU/mL. A volume of 100 μL of the culture was inoculated
in a well of a polystyrene microtitre plate (Nunc, Denmark)
and incubated for 20 h at 37°C.

Crystal violet assay A modified version of a previously
described method (Toledo-Arana et al. 2001) was used.
The biofilm formed in the well of the microtitre plate
was washed five to six times with 200 μL of PBS and
dried for 30 min at 37°C in an inverted position. A

volume of 50 μL of a 1 % (W/V) solution of crystal
violet (Merck) in ethanol was added and incubated for
15 min at 25°C. The dye solution was aspirated away, and
the well was washed with 5×400 μL of distilled water.
After removing water and drying for 10 min at 25°C,
200 μL of the ethanol–acetone (80:20, V/V) mixture was
added. The absorbance at 570 nm of the dye solutions
was measured in Synergy HT Multi-Mode Microplate
Reader (BioTek, USA).

Inhibition of pathogens The capacity of the strains to inhibit
the representative groups of intestinal pathogens was deter-
mined using the agar spot test described by Jacobsen et al.
(1999). The assayed strains included Escherichia coli
NB2007 (vt1, vt2 positive), E. coli T12 (ESBLs), and
Salmonella spp. H9812. Inhibition zones were read after
finishing the incubation according to the following criteria:
(−)0no inhibition, (+/−)0inhibition but no clear-cut zone,
(+)0zone of inhibition between 2 and 5 mm around spots,
and (++)0zone of inhibition bigger than 5 mm.

Bacteriocin, hydrogen peroxide production Bacteriocin pro-
duction was determined according to Aslim et al. (2005).
Analytical Merckoqant peroxide test strips (Merck) were
used to measure hydrogen peroxide production by selected
lactobacilli on detection scale between 0 and 25 mg/L. The
test was prepared and evaluated according manufacturer’s
recommendations.

Results and discussion

Antibiotic susceptibility The majority of our isolates were
susceptible to tetracycline, with minimum inhibitory con-
centration (MIC) values ranging from 1 to 8 μg/mL, to
gentamicin (2 to 4 μg/mL), to erythromycin (0.25 to
0.5 μg/mL), to quinupristin/dalfopristin (0.5 to 2 μg/mL),
to clindamycin (0.125 to 0.5 μg/mL), and to streptomycin (8
to 32 μg/mL), except for three L. rhamnosus strains 173
(≥64 μg/mL), 123 (≥128 μg/mL), and 161 (≥64 μg/mL)
with MIC levels for streptomycin higher than 32 μg/mL,
which are considered as resistant according to the microbi-
ological breakpoints given by the Panel on Additives and
Products or Substances used in Animal Feed (FEEDAP)
(2008). From a safety point of view, this phenotypic result
underlines the necessity to elucidate the resistance mecha-
nisms at the molecular level, and in particular, the presence
of antibiotic resistance genes should be carefully evaluated.
In spite of this, these strains were considered as potentially
hazardous and were discarded as prospective candidate
probiotics.

Enzyme activities of the 21 lactobacilli strains are shown
in Table 1. Alkaline phosphatase, trypsin, lipase (C14), and
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α-mannosidase activities, and also undesirable activities
such as α-chymotrypsin or N-acetyl-β-glucosaminidase
were not recorded. Weak β-glucuronidase activity (5 nmol
of substrate hydrolyzed) was detected in the L. rhamnosus
G1, G4, LC705, 81, and ALC01 strains. The L. rhamnosus
ALC01, L. casei 163, and L. fermentum G6 showed mod-
erate β-glucosidase activity (10–20 nmol of substrate hy-
drolyzed), and L. rhamnosus G1, G4, LC705, 81, and 7039
and L. helveticus G11 showed high β-glucosidase activity
(30–40 nmol of substrate hydrolyzed). α-Chymotrypsin, β-
glucuronosidase, β-glucosidase, and N-acetyl-β-glucosami-
nidase activities may have negative effects in the colon; all
have been associated with intestinal diseases (Heavey and
Rowland 2004). Therefore, another nine lactobacilli isolates
with β-glucuronosidase and β-glucosidase activities were
eliminated from further screening. The therapeutic and pre-
ventive properties of probiotics are primarily based on their
metabolic potential. Bacteria used in probiotic supplements
are found to be the producers of various metabolites including
enzymes, antimicrobial peptides and/or proteins, and other
biologically active substances. Among the enzymes perhaps
the most significant is β-galactosidase which helps in lactose
digestion and ameliorates the disorders associated with lactose
intolerance (Hussain et al. 2008). Except for L. rhamnosus
7039 with weak β-galactosidase activity, the remaining iso-
lates showed predominantly high β-galactosidase activity.

Biofilm formation The majority of the 12 remaining lacto-
bacilli isolates displayed a medium ability to form biofilms
on an abiotic surface, except for L. acidophilus G9, which
showed a very low capacity (A570 lower than 0.1), and L.
gallinarum 7001, L. plantarum L2-1, and L. fermentum G3
and 202, which displayed a very strong biofilm-forming
capacity (A570 higher than 0.2 or 0.3; Table 2).

To our knowledge, the ability to adhere to abiotic surfa-
ces is not routinely tested in probiotic strains, even though

the potential role of this trait in host health and disease is
relevant. Biofilm formation is a multifactorial process that
confers resistance of bacteria to mechanical or biotic stresses
and to antibiotics; hence, it is not a desirable trait in patho-
gens. On the other hand, this property allows commensal
bacteria to colonize the gut environment, remain more ac-
tive, and compete with pathogens for surface colonization
(Probert and Gibson 2002). Usually, the competition
depends on the ability to produce antagonistic substances,
which can change physical and mechanical environmental
conditions or block the available surface receptors, leading
to growth inhibition of some bacteria or even to their total
elimination (Koninkx and Malago 2006). The probiotic
strategies for the prevention and treatment of disease may
require discovery and development of strains that form
effective biofilms.

Inhibition of pathogens The 12 mentioned strains were an-
alyzed by an agar spot test for their capacity to inhibit
representative diarrheal pathogens (Table 3). The best com-
petence to suppress all of the selected pathogens on a high
or moderate level was shown by L. gallinarum 7001, L.
plantarum L2-1, L. rhamnosus 183, and L. fermentum 202.
It is known that lactobacilli suppress pathogenic bacteria by
producing inhibitory substances (Bernet-Camard et al. 1997;
Dunne et al. 2001). For specification of the inhibition mech-
anism, our lactobacilli were assayed for the production of
bacteriocin-like substances and hydrogen peroxide. It was
observed that inhibitory activities of two strains (L. fermen-
tum 202, 2 mg/L, and L. rhamnosus 183, 5 mg/L) were due
to the production of hydrogen peroxide, while L. gallinarum

Table 2 Crystal violet
assay for quantification
of the biofilm formation
ability

Values for blank (sterile
medium) were always
subtracted; average values
from eight replicate
measurements±SD, for
further details see the
“Materials and methods”
section

Strains Crystal violet
assay (A570)

L. fermentum G3 0.273±0.018

L. fermentum G8 0.152±0.018

L. acidophilus G9 0.088±0.003

L. rhamnosus G10 0.195±0.015

L. fermentum VT1 0.143±0.033

L. gallinarum 7001 0.314±0.028

L. plantarum L2-1 0.263±0.048

L. rhamnosus 65 0.164±0.025

L. plantarum 85 0.125±0.020

L. casei 91 0.172±0.053

L. rhamnosus 183 0.174±0.022

L. fermentum 202 0.200±0.026

Table 3 Inhibition of selected intestinal pathogens by lactobacilli as
recorded by an agar spot test

Strains E. coli NB2007
(vt1, vt2 positive)

E. coli T12
(ESBLs)

Salmonella sp.
H9812

L. fermentum G3 − − −

L. fermentum G8 − + −

L. acidophilus G9 − − −

L. rhamnosus G10 ++ − −

L. fermentum VT1 +/− − +/−

L. gallinarum 7001 ++ + ++

L. plantarum L2-1 ++ + +

L. rhamnosus 65 ++ − −

L. plantarum 85 + − +

L. casei 91 − − −

L. rhamnosus 183 ++ + ++

L. fermentum 202 ++ ++ ++

(−) no inhibition, (+/−) inhibition but no clear-cut zone, (+) zone of
inhibition between 2 and 5 mm around spots, (++) zone of inhibition
bigger than 5 mm
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7001 and L. rhamnosus 183 exhibited antibacterial activity
in neutralized (pH 6.5–7.0) and catalase-treated culture
supernatants (bacteriocin-like compound producers). At
present, the nature of the inhibitory potential of L. plantarum
L2-1 remains unknown.

Conclusion Our results imply that four lactobacilli strains
(L. fermentum 202, L. gallinarum 7001, L. rhamnosus 183,
and L. plantarum L2-1) comply with in vitro tests recom-
mended by the Food and Agriculture Organization of the
United Nations and the World Health Organization (FAO/
WHO 2002), such as high antimicrobial activity and capac-
ity to biofilm formation, and absence of undesirable prop-
erties such as unsuitable antibiotic resistance and enzymatic
activity. All four may therefore be considered appropriate
probiotic candidates; however, it is necessary to confirm
their safety in in vivo experiments before allowing their
inclusion in foods and/or food supplements.
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