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The symbiotic interrelationship of probiotic bacteria and starter lactic acid bacteria is of fundamental importance in many
fields of industrial microbiology and it is also a great interest of food technologists. This study deals with the antimicrobial
potential of cell-free supernatants of Lactobacillus acidophilus NCFM, L. rhamnosus GG and Fresco culture when cultivated
alone or together against 5 strains of Escherichia coli and 5 strains of Staphylococcus aureus. While the effect on E. coli was
not proven (average change of final density compared to the control was only ANEC’ S = 0.12 log CFU ml ), the decrease of
S. aureus final density in the presence of nisin and cell-free supernatant of L. acidophilus NCFM and Fresco culture was con-

siderable (A ~1.95 log CFU ml ! and AN =-0.69 log CFU ml™!, respectively).
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INTRODUCTION

The practice of using microbial cultures for the
production and preservation of foods is ancient, al-
though the understanding of the microbiology behind
it is only recent. There are two basic approaches.
Firstly, the use of microbiota to ferment raw materials,
by means of which undesirable microorganisms are
suppressed and a new product is created. Secondly,
microbial cultures can be used as bioprotectants to
inhibit undesirable microorganisms without substan-
tially altering the product itself. In food production,
lactic acid bacteria (LAB) are used most frequently
and some of them may have undefined probiotic prop-
erties. Thus, a more recent approach is to use known
probiotic bacteria as starter cultures or bioprotectants,
thereby exploiting both their preservative function and
health-benefitting properties.
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The symbiotic interrelationships among microbiota
are of fundamental importance in nature and in many
fields of industrial microbiology. LAB have a great
ability to enter associative relationships in mixed cul-
tures. The growth and metabolism of some LAB strains
may be stimulated by another LAB member, even in
environmental conditions, where one or both bacteria
are not able to grow by themselves (Furukawa et
al.,2013; Sasaki etal.,2014; Wang etal.,2016).

Lactobacillus acidophilus NCFM and Lactobacillus
rhamnosus GG are well-known probiotic LAB whose
positive effects on consumers’ health have been con-
firmed in many researches (Andreasen, 2010; Hojsak
etal.,2010; Ringel-Kulka etal, 2011, Smith
et al., 2013).

As in other probiotics, their probiotic properties
relate to their abilities of adherence to epithelial cells,
production of antimicrobial substances, inhibition of
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Table 1: Summary of tested antimicrobial substances

Duration of
Label Antimicrobial substance

cultivation

CFS of Lb. acidophilus NCFM
B CFS of Lb. rhamnosus GG

CFS of Lb. acidophilus NCFM

co-cultivated with Fresco 24 h

CFS of Lb. rhamnosus GG
co-cultivated with Fresco

E CFS of Fresco
CFS of Lb. acidophilus NCFM
G CFS of Lb. rhamnosus GG

CFS of Lb. acidophilus NCFM

co-cultivated with Fresco 48 h

CFS of Lb. rhamnosus GG
co-cultivated with Fresco

—

CFS of Fresco

nisin, ¢ = 10 mg.I'!

nisin, ¢ = 100 mg.I"!

XA

control -

bacterial translocation, competition for nutrients and
immunomodulation. The mechanism of probiotics
action is described in detail in Mancuskova et
al. (2017).

Although there is a lot of information about probiotic
potential of L. acidophilus NCFM and L. rhamnosus
GG, data about their direct antimicrobial activity against
pathogenic microorganisms is missing. Moreover, selec-
tion of suitable strains to ensure the desired properties
of the final product, its microbial safety and beneficial
effect for consumer is a great interest of food microbi-
ologists and food technologists all over the world. For
above reasons, this work deals with antimicrobial effect
of cell-free supernatants (CFS) of probiotic strains
L. acidophilus NCFM Howaru Dophilus (NCFM strain)
and L. rhamnosus GG (LGG strain) cultivated with
and without Fresco starter culture against pathogenic
bacteria Staphylococcus aureus and Escherichia coli.

MATERIAL AND METHODS
Microorganisms source

In the present study, the following microorgan-
isms were used: Lactobacillus acidophilus NCFM
Howaru Dophilus (ATCC 700396) of Danisco A/S
(Copenhagen, Denmark) provided by Rajo (Bratislava,
Slovakia); Lactobacillus rhamnosus GG (ATCC 53103)
provided by Dr. Ouwehand (University of Turku,
Turku, Finland) through the mediation of Dr. Laukova
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(Institute of Animal Physiology, Slovak Academy of
Sciences, Kosice, Slovakia); Fresco DVS 1010 of Chr.
Hansen A/S (Hershom, Denmark) provided by Rajo;
strains of Staphylococcus aureus 2064, S. aureus 2296,
S. aureus 1759, S. aureus 14733 and strains of Escherichia
coliBR, E. coli L], E. coli IM, E. coli IB from the collec-
tion of microorganisms of the Department of Nutrition
and Food Quality Assessment (Slovak University
of Technology in Bratislava, Slovakia); S. aureus
CCM 3859 and E. coli CCM 3988 from the Czech
Collection of Microorganisms (Brno, Czech Republic).

Bacteria preparation and storage

The strains of NCFM and LGG were stored in
MRS broth (Biokar Diagnostics, Beauvais, France)
at 5 £ 1°C, the strains of S. aureus and E. coli were
stored in BHI broth (Sigma-Aldrich, St. Louis, USA)
at 5 = 1°C, and the deeply frozen Fresco culture was
kept at —18 £ 1°C.

The overnight suspensions of the pathogens were
prepared from a 24-hour-old culture of each strain
grown aerobically in the BHI broth at 37 + 0.5°C.
The overnight suspensions of NCFM and LGG were
prepared from a 24 h culture of every strain grown in
the MRS broth at 37+ 0.5°C, 5% CO,. The overnight
suspension of Fresco culture was prepared from a
24 h culture grown aerobically in the UHT milk (fat
content 1.5%; Rajo) at 30 + 0.5°C.

To prepare CFS, overnight LAB cultures were
inoculated into UHT milk (initial concentration of
overnight culture in milk 1%, v/v) and grown for
24 and 48 h by themselves; lactobacilli were grown for
24 and 48 h in the UHT milk also with Fresco culture.

Antimicrobial substances preparation

CFSs of LAB were prepared from cultures grown
as summarized in Table 1. Cultures were centrifuged
(3300 rpm, 10 min) and supernatants were collected.
Their pH values were adjusted by NaOH solution
(Lachema, Brno, Czech Republic; ¢ = 1 mol 1) to
pH 6.9 £ 0.1 to exclude an influence of reduced active
acidity. The adjusted supernatant was filtered through
syringe microfilter (@ 0.22 um; Sarstedt, Niimbrecht,
Germany). Nisin solution (Jeneil BioProducts GmbH,
Schechen, Germany) was prepared and sterilized using
a syringe microfilter. The results were compared to
the control experiments where the antimicrobial agent
was replaced by sterile deionized water.

Pre-test of LAB antimicrobial activity

The agar diffusion test was used as a pre-test of
antimicrobial activity of LAB against tested patho-
gen microorganisms as follows: 0.2 ml of test strains
overnight cultures (N, ;., N, ¢, = 9 log CFU ml")
were spread on Plate Count Agar (PCA) (Biokar
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Table 2: Agar diffusion pre-test for screening the antimicrobial activity of cell-free supernantants of lactic acid bacteria against £. coli and S. aureus

Antimicrobial agent pH £ col S aureus
BR LI M 1B CCM 3988 2064 2296 1759 14733 | CCM 3859
3.90 + + + ++ ++ ++ + + + ++
A 6.84 - - - - - - - - - -
3.89 + + + ++ ++ ++ ++ ++ + ++
i 6.83 - - - - - - . - + -
3.87 + + + ++ ++ ++ + + + ++
¢ 6.75 - + - - . n . . i N
3.87 + + + ++ ++ ++ ++ + + ++
P 6.89 - + - - - - - + - -
4.27 + + + ++ ++ ++ + + + ++
F 6.92 - - - - - - - - - -
3.85 + + + ++ ++ ++ + + + ++
F 6.92 - - - - - - - - - -
3.81 + + + ++ ++ ++ ++ ++ ++ ++
¢ 6.88 - - - - - - - - + -
3.82 + + + ++ ++ ++ + + + ++
" 6.95 - + - - . n . . . N
3.85 + + + ++ ++ ++ ++ + + ++
! 6.90 - + - - - - - + - -
3.99 + + + ++ ++ ++ ++ ++ ++ ++
! 6.96 - - - - - - - - - -
6.86 - - - - - + ++ + - n
L 6.86 - - - - - ++ ++ ++ + ++
6.80 - - - - - - - - - -

- no zone after 24 h and 72 h cultivation

+ cloudy zone after 24 h cultivation, no or cloudy zone after 72 h cultivation

++ clear zone after 24 h and 72 h cultivation

Diagnostics). 50 pl of antimicrobial agents solutions
were applied into wells (@ 5 mm) cut in the agar. Nisin
solutions of 10 mg 1-! and 100 mg 1! concentration
were used to compare the efficiency of CFSs. The
inhibition zones were evaluated after 24 h and 72 h
of aerobic incubation at 37 + 0.5°C.

LAB antimicrobial activity quantification

Antimicrobial agents (Table 1) were added into
9 ml of pre-tempered BHI broth as follows: every CFS
of single or mixed LAB cultures to final concentration
of 10% (v/v; experiments A—J), nisin solution to final
concentrations of 10 mg 1"! and 100 mg I-! (experi-
ments K, L), and sterile deionized water to final con-
centration of 10% (v/v; control X). Overnight cultures
of the S. aureus and E. coli strains were inoculated
into BHI broth to achieve the initial concentration of
N,=31log CFU ml~! according to Valik etal. (2008).
Static incubation of the cultures was performed at
37 +0.5°C under acrobic conditions. Required amounts
of media with added antimicrobial agents contain-
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ing S. aureus and E. coli were taken in the 0™, 12t
and 24! hour of incubation to determine the actual
microorganism density on the PCA agar according to
EN ISO 4833-1(2013).

Statistical analysis

Each experiment was performed in three separate
trials. Results are presented as means of values with
their standard deviations. Statistical analyses were
carried out using MS Excel 2013. Parametric data were
treated by independent two-sample Student’s #-test
(unequal variances) and confirmed by ANOVA test.

RESULTS
Agar diffusion pre-test of LAB antimicrobial activity

Solutions of antimicrobial substances with native
and adjusted pH (to value 6.9 + 0.1) were used in
agar diffusion pre-test. Non-adjusted CFSs obtained
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by cultivation of probiotics with or without Fresco
culture for 24 h or 48 h reached final pHs under value
3.9 (pH,, = 3.86 £ 0.03), while final pH values of
CFSs obtained by mono-cultivation of Fresco culture
were slightly higher (pH, ,,, =4.27, pHp, o, =3.99).
Hazy or clear zones around the spot of application of
antimicrobial solutions were observed after incuba-
tion of Petri dishes. Hazy zones were investigated and
proven to be the plaques of tested pathogens according
to methods published by Valik et al. (2016).

The agar diffusion pre-test proved the antimicrobial
potential of organic acids produced by LAB. All the
supernatants with the native pH inhibited growth of the
tested pathogens. This was reflected in the formation
of clear or hazy zones around the spot of CFS applica-
tion. As can be seen in Table 2, all non-adjusted CFSs
inhibited growth of S. aureus 2064 and CCM 3859
completely after 24 h of incubation. Antimicrobial
efficiency of non-adjusted CFSs applied on S. aureus
2296, 1759, and 14733 depended on the type of CFS
and formation of hazy zones was observed after 24 h
of incubation (Table 2). Effect of CFSs with native
pH was more explicit in the testing of E. coli strains.
Formation of clear zones after a 24-hour cultivation
was observed only in experiments with E. coli LB
and CCM 3988. E. coli BR, MF, and LJ formed hazy
zones around the spot of CFS application.

To exclude the antimicrobial activity of organic
acids in CFSs of LAB, their active acidity was adjusted
by NaOH to pH 6.8-7.0. As expected, antimicrobial
potential of pH-adjusted CFSs was generally lower
compared to the non-adjusted CFSs. No inhibition
zones were observed in experiments where NCFM
and Fresco CFSs were used, regardless of the dura-
tion of LAB cultivation. On the other hand, the high-
est antimicrobial potential was noted in experiments
where CFSs from co-cultivation of Fresco and L. aci-
dophilus NCFM (C, H) were applied. S. aureus 2064,
S. aureus CCM 3859, and E. coli L] were observed

E. coli BR

10.0

N (log CFU.ml?)

la t(h)

Fig. 1. Growth of E. coli in the presence of antimicrobial substances

N (log CFU.ml')

1b

E. coliu

10.0

N (log CFU.ml'%)

1lc

E. coli IM

10.0

t(h)

N (log CFU.mlI')

1d

E. coli 1B

10.0

t(h)

N (log CFU.ml)

le

E. coli CCM 3988

10.0

means and error bars of the actual density (N) of E. coli were obtained from cultivation experiments carried out in three separate trials
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S. aureus 2064

10.0

N {log CFU.ml')
1%l
)

S. aureus 2296

10.0

N {log CFU.ml')

2b t(h)

S. aureus 1759

N {log CFU.ml')

to be sensitive to metabolic products formed in this
co-cultivation (Table 2).

The application of nisin in the concentration of
either 10 or 100 mg I-! resulted in the formation of
inhibition zones in experiments with staphylococci
only. The inhibition of E. coli growth was not observed.
Nisin in the concentration of 100 mg 1! inhibited
all tested staphylococci. Clear zones were formed in
all staphylococci experiments but for the test with
S. aureus 14733, where a hazy zone was formed. On
the other hand, nisin solution in the concentration of
10 mg 1-! inhibited growth only in three out of the
five tested staphylococci (S. aureus 2064, 2296, and
1759). This concentration is also the maximal concen-
tration of nisin permitted in foods (Commission
Directive 2010/69/EU).

LAB antimicrobial activity quantification

To quantify the antimicrobial effect of the LAB
CFS against the S. aureus and E. coli strains, the
experiments in BHI broth were carried out. The ac-
tual density (N) of pathogens was determined in the
12 and 24™ hour of cultivation with the antimicrobial
substances and compared to their growth without the
presence of CFS (Figs. 1, 2).

As can be seen in Fig. la—e, pH-adjusted CFSs
of lactic acid bacteria and the solutions of nisin had
no significant effect on the growth of the tested
E. coli strains and the average density in the
24™ hour fell in a narrow range of values
(N = 8.85 + 0.03 log CFU ml™"). This is mostly in
agreement with the agar diffusion pre-test described
above. Although E. coli LJ showed a sensitivity to CFSs
obtained by co-cultivation of L. acidophilus NCFM
with Fresco culture (antimicrobial substances C, H) and
L. rhamnosus GG with Fresco (antimicrobial substances
D, I) in pre-test (Table 2), experiments in BHI broth

S. qureus 14733

10.0

e

]

N (log CFU.ml')

2d t(h)

S. qureus CCM 3859

10.0

N (log CFU.ml')

2e t(h)

Fig. 2. Growth of S. aureus in the presence of antimicrobial substances

means and error bars of the actual density (N) of S. aureus were obtained from cultivation experiments carried out in three separate trials
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did not reveal any significant change in microbial
counts compared to the control sample (P > 0.05;
Fig. 1b). The average actual densities of the strain in the
12th and 24 hour of cultivation with antimicrobial
substances C, D, I or Hreached N =8.84+0.13 and

12h,LJ
Ny = 878 £ 0.08 log CFU ml™, respectively.
These values were at the same level as the results
in control experiments (N, ;= 8.91 + 0.01 and
Nyynrsx=8.97+0.01 log CFU ml).

Weak or no antimicrobial activity against Gram-
negative rods had been expected and no significant
changes in the actual density of E. coli were noted in
experiments with nisin as well (P > 0.05).

Although the inhibition effect of antimicrobial
substances produced by lactic acid bacteria on the
growth of E. coli strains was not proven in this study,
experiments performed with S. aureus species gave
encouraging results (Fig. 2a—e).

None of the tested staphylococci reacted on the
presence of substances A and F (obtained by culti-
vation of the NCFM strain for 24 and 48 h, respec-
tively) significantly (P > 0.05). The results showed
that the average concentrations of S. aureus in BHI
broth supplemented with NCFM CFSs reached
N saureusar = 8:21 £ 0.33 log CFU ml™! and
Ny s aureusar = 8-85 + 0.42 log CFU ml™!, re-
spectively. The values lied within the interval
of the standard deviations of control samples
(N 12n s.qureus,x = 8-44 £ 0.53 log CFU ml™! and
Ny s aureusar = 8-88 £ 0.07 log CFU ml™!, respec-
tively).

A similar reaction of pathogens was observed dur-
ing their incubation with substances B and G, which
were obtained by cultivation of the LGG strain for
24 and 48 h, respectively. An exception occurred in
enterotoxigenic S. aureus 14733. The density of S.
aureus 2064, 2296, 1759 and CCM 3859 during the
cultivation with LGG CFSs achieved average val-
ues N,y oo p 6 = 7-89 £ 0.49 log CFU ml™! and

inS.aurens.5.c — 595 = 0.13 log CFU ml"!, respec-
tively. This is at the level of controls, where the ac-
tual densities in the 12" and 24" hour of cultivation
were N = 8.36 + 0.57 log CFU ml! and

12h,S.aureus, X ~
=8.87+0.07 log CFU ml !, respectively.

24h,S.aureus,A,F
However, the density of viable cells of S. aureus 14733
after 24 h of cultivation with substance B (LGG, 24
h) was only N, ;25 5= 6.88 = 0.12 log CFU ml™!,

i.e. about 100 times lower than in the control
Ny 147335 = 8-89 £ 0.05 log CFU ml~!) (Fig. 2d).

As expected, pH-adjusted CFS of Fresco culture
(antimicrobial substances E, J) did not exhibit any
inhibition effect when cultivated with S. aureus, as
well (Figs. 1, 2).

The symbiotic interrelationships among bacteria
and their great ability to enter associative relationships
in mixed cultures are very important in food industry.
Therefore, antimicrobial potential of probiotics in co-

culture with starter lactic acid bacteria was examined.
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Despite the hopeful results of agar diffusion pre-
test (Table 2), experiments in BHI broth showed that
the CFS obtained by cultivation of the NCFM strain
with Fresco culture for 48 h (antimicrobial substance
H) or LGG with Fresco for 24 and 48 h (D and I,
respectively) did not affect the actual density of the
tested staphylococci. The average viable cells con-
centration of S. aureus in experiments with CFSs D,
H, I after 24 h and 48 h of cultivation were compa-
rable to the control experiments and they achieved
N s.aurens.sipg = 8:08 £ 0.51 log CFU ml™! and
Nons.aureus, i = 876 = 0.48 log CFU ml"!, respec-
tively.

On the other hand, the cell-free supernatant of the
NCFM strain co-cultivated with the Fresco culture
for 24 h (antimicrobial substance C) inhibited the
growth of S. aureus 2064, 2296, and 14733 significantly
(P < 0.05). Lower actual densities of strains were
observed compared to the control samples (X) and the
samples where CFS from the NCFM mono-cultivation
(A) was applied, as well (Fig. 2a, b, d). The strongest
inhibition effect was recorded in the experiment with
S. aureus 2064, where its density in the 24" hour of
cultivation was by about 2.33 log CFU ml~! lower
than in the control.

Concurrently with testing of LAB CFSs, the anti-
microbial effect of nisin was examined. As expected,
the substance inhibited growth of Gram-positive cocci.
A complete or a substantial inhibition (drop by more
than 5 log CFU ml~!' compared to the control) was
noted in experiments with nisin at the concentra-
tion of 100 mg 1-!. Ten-time lower amount of nisin
caused a considerable inhibition of staphylococci, too.
A decrease of the actual pathogens’ density compared
to the control was recorded after 12 h of cultivation
with nisin (concentration 10 mg 1-!) and it ranged from
0.98 to 4.14 log CFU ml~!. Based on the results, nisin
is sufficiently effective against S. aureus in the con-
centration limited by Commission Directive
2010/69/EU, i.e. of 10 mg 1", and highly effective in
the concentration 100 mg 1-!.

DISCUSSION

An ability of E. coli to produce organic acids as
the products of heterofermentation, the resistance to
short-chain organic acids and the metabolic features
evolved in Escherichia genus can help this pathogen to
survive in presence of lactic acid bacteria (Zhang et
al., 2011). This is in agreement with the results of the
agar-diffusion pre-test which showed that the strains of
E. coli were less sensitive to the low pH value of CFSs
compared to the strains of S. aureus. Inhibition of the
growth rate is then proportional to the concentration
of undissociated lactic acid (Presser etal., 1997).

To exclude the inhibition effect of organic acids
produced by lactic acid bacteria, active acidity of CFSs
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was treated and the pH of antimicrobial substances
was adjusted to 6.9 = 0.1.

Similar results as presented in our study were
determined by Zhang et al. (2011) who tested an-
timicrobial activity of LGG strain against E. coli
ATCC 25922. While the application of non-treated
LGG CFS led to the formation of a growth-free in-
hibition zone, the absence of the inhibition zone was
detected in an experiment with CFS adjusted to pH 6.5.
In accordance with our study, no significant inhibition
effect of the NCFM strain on E. coli was reported by
Barefoot, Klaenhammer (1983)andAhmed
etal. (2010). Similarly, our experiments in BHI broth
performed to quantify the antimicrobial activity of
CFSs showed that the pH-adjusted antimicrobial sub-
stances had no significant effect on E. coli final density
(P> 0.05).

Bacteriocins produced by lactic acid bacteria are
usually able to inhibit only the growth of similar or
closely related bacterial strains. Therefore, weak or
none antimicrobial activity of nisin against Gram-
negative rods had been expected and this assump-
tion was proven by our experiments. Gram-negative
bacteria, including E. coli, are resistant to nisin due
to their protective outer membrane. This membrane
forms the outermost layer of the cell envelope and
functions as an efficient barrier against certain hy-
drophobic solutes and macromolecules (Olasupo
et al., 2003).

Extensive studies on the antimicrobial potential of
lactobacilli antimicrobial substances independent of
their pH values have been conducted. Although the
NCFM strain produces bacteriocin lactacin B and it
has been proven to be active against the members of
Lactobacillaceae family, a pH-independent inhibi-
tion of S. aureus has not been recorded in literature
(Barefoot, Klaecnhammer, 1983; Ahmed et
al., 2010). Small bioactive peptides from L. rhamno-
sus GG and their bactericidal activity against Gram-
negative and Gram-positive bacteria were studied by
Lu etal. (2009). As the inhibition effect of peptide on
E. coli and Salmonella Typhi was dose-dependent but
considerable, the effect on S. aureus was only weak.

Arques etal. (2011) observed that 10 000 TU
ml~! of nisin (corresponding to 10 mg 1) was able
to reduce S. aureus counts by 4.68 log CFU ml~! in
milk after 4 h of incubation at 37°C. Felicio et
al. (2015) reported nisin to be an effective preserva-
tive during cheese manufacturing. According to their
research the whey and curd treated with 500 IU m1-!
nisin showed by about 2 log CFU ml~! lower S. aureus
counts compared to untreated cheese.

The Fresco culture is used in dairy industry for
its strong ability to suppress the growth of undesir-
able microbiota due to the rapid matrix acidification
(Le Marc etal., 2009) but the production of other
important antimicrobial metabolites has not been
proven. This is in agreement with our study, where
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no inhibition effect on the growth of E. coli and S.
aureus was observed.

CONCLUSION

Although the CFS of probiotic strains L. acidophilus
NCFM and L. rhamnosus GG did not show the direct
inhibition effect on S. aureus and E. coli in vitro,
another probiotic features (ability of displacement of
pathogens adhered to intestinal human mucus, competi-
tion for nutrients, inhibition of bacterial translocation,
etc.) should be taken into account while considering
the strains as potentially beneficial for human health.
However, this study showed that the commensalism
between lactic acid bacteria can play an important
role in the development of probiotic products and in
the health care. Among the spectra of the CFS, the
most effective against S. aureus was the superna-
tant obtained by co-cultivation of the probiotic strain
L. acidophilus NCFM and Fresco culture for 24 h. It
was able to reduce S. aureus 2064 counts by about
2.33 log CFU ml~! compared to its growth without the
presence of any antimicrobial substance.
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