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Abstract. Acidification in lactic-fermented foods is realized by lactic
acid bacteria as an added starter culture or by autochthonous strains.
These microbial strains possess different prominent features that define
the technological, organoleptic, nutritional, and microbial safety aspects
of the product. The bioprotective effect of the bacterial strains may be re-
lated to antagonistic properties against food spoilage and/or pathogenic
strains. The aim of the present study is to determine the antimicrobial
properties of three different food-grade lactic acid bacteria in order to use
them as bioprotective cultures. Our findings show that the Lactobacil-
lus pentosus, Enterococcus faecalis, and Pediococcus parvulus exerted a
bacteriostatic effect on Escherichia coli and Bacillus cereus, whereas the
Saccharomyces cerevisiae growth was not inhibited, which made them
susceptible agent for co-culture systems.
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1 Introduction

One of the most common and ancient methods of food preservation is fer-
mentation, and that process is driven by microorganisms. The acidification
in fermented foods is caused by the formation of organic acids as primary
metabolites, e.g. the lactic acid is synthetized by lactic acid bacteria (LAB)
as added starter culture or by autochthonous strains. These bacterial strains
possess different prominent features that define the technological, organoleptic
properties as well as nutritional and microbial safety aspects of the product
(Altieri et al., 2017; Ruiz-Rodriguez et al., 2017). The bioprotective potential
of the bacterial strains is related to antagonistic properties. The LAB ex-
ert their protective activity mainly via three modes: displacement /exclusion,
competition for nutrients, and production of antimicrobial metabolites (Ben
Said et al., 2019). The antimicrobial metabolites, however, may act through
different mechanisms such as the inhibition of the spoilage microorganisms
resulting in the membrane destabilization in spoilage microorganisms, proton
gradient interference, enzyme inhibition, or creation of reactive oxygen species
(Siedler et al., 2019).

The inhibitory effect of LAB is associated with metabolic compounds like
primary metabolic products as different organic acids or complex compounds
derived from protein metabolism (Rodriguez et al., 2017). It was shown that
lactic acid and acetic acid derived from central carbon metabolism comprise an
antimicrobial spectrum, which includes some Gram-positive and some Gram-
negative organisms and yeasts. Hydrogen peroxide, acetaldehyde, and acetoin
have an antimicrobial spectrum, which includes also Gram-positive and some
Gram-negative organisms and yeasts (Siedler et al., 2019). The short-chain
fatty acids are the prominent factor in the antagonistic phenomena (Gao et
al., 2019). Due to the production of acetic acid, the pH decreases, and the
different undesirable microorganisms are deactivated. The other mechanism
that may prevail is the weak acid theory, resulting in the acidification of cy-
toplasm. Additionally, the acids may trigger other disorders in cell such as
energy competition, intracellular anion accumulation, and inhibition or induc-
tion of the synthesis of different macromolecules. It was shown that acetic acid
has an inhibitory effect against Saccharomyces cerevisiae (Gao et al., 2019).
Synthetised or hydrolysed proteinaceous compounds are also responsible for
antimicrobial activities. The bacteriocins are effective against most spoilage
bacteria and foodborne pathogens (Zhang, 2019; Todorov & Chikindas, 2020).
The antifungal peptides derived from the hydrolysis of food proteins show an
inhibitory effect against moulds (Siedler et al., 2019). Competitive exclusion
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as a novel antimicrobial mechanism is also associated with fungal growth inhi-
bition. Exhaustion of manganese is an inhibitory effect of LAB against yeast
and moulds (Siedler et al., 2020).

LAB possess antimicrobial activity against foodborne pathogens and spoilage
yeast (Narbad & Wang, 2018). The supernatant of LAB liquid cultures and dif-
ferent combinations of LAB effectively inhibited the Escherichia coli serotypes,
what may represent a public health concern. This bacterium is involved in the
faecal contamination of fermented foods and may cause foodborne diseases
(Gao et al., 2019). Another studied microbe was the Bacillus cereus, be-
ing a common food-borne pathogen that contaminates plant and dairy prod-
ucts. These bacterial strains are thermoduric spore formers. Toxins produced
by these bacteria, such as cereulide, cytotoxin K, haemolysin BL, or non-
hemolytic enterotoxin, cause food poisoning (Laslo & Gydrgy, 2018). Two
types of foodborne diseases are attributed to these bacteria: an emetic intoxi-
cation and diarrheal infection (EFSA, 2005). Different probiotic strains exert
antibacterial effects on these bacteria (Zhang et al., 2016).

Considering the functional aspects of LAB, these microorganisms may rep-
resent a biological alternative to the use of synthetic additives in food. The
aim of the present study is to determine the antimicrobial and bacteriostatic
properties of food-grade lactic acid bacteria in order to provide evidence for
or confirm them as bioprotective cultures to highlight their potential as an
alternative to chemical additives.

2 Materials and methods

Determination of the antagonistic activity of LAB

The antagonistic activity of LAB was analysed through growth curve anal-
ysis. We determined the effect of the selected three food-grade LAB on the
growth of Escherichia coli, Bacillus cereus, and Saccharomyces cerevisiae and
then inoculated them with different inoculum sizes. The three LAB strains
were Lactobacillus pentosus and Enterococcus faecalis originated from whey
and Pediococcus parvulus originated from sauerkraut juice. The LAB were
inoculated in MRS broth and incubated at 37°C for 48 hrs. The cell-free
supernatant was recovered by centrifuge at 14000 rpm for 10 min.

The tested bacterial species, FEscherichia coli and Bacillus cereus liquid
culture, were grown for 12 hrs at 28°C and inoculated in 180 ul nutrient
broth with 1%, 1.5%, and 2%. Also, 50 ul of the cell-free supernatant of LAB
was added, and the absorbance values at the wavelength of A = 595 nm were
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recorded by Fluostar Optima Microplate Reader (BMG Labtech, Ortenberg,
Germany) in every 15 min for 25 hrs.

The tested Saccharomyces cerevisiae liquid culture was grown for 12 hrs at
28 °C and inoculated in 180 ul complex broth with 1%, 1.5%, and 2%. Also, 50
pl of the cell-free supernatant of LAB was added, and the absorbance values
(at A = 595 nm) were recorded by Fluostar Optima Microplate Reader every
15 min for 25 h. The measurement was repeated five times. The growth curve
representation was performed with Statistica 8.0 (StatSoft, Inc., Oklahoma,
USA).

3 Results and discussions

One of the beneficial effects of LAB is related to its antagonistic activity
against other microorganisms. The antagonistic effects of the three differ-
ent food-grade LAB was evaluated during the growth of the tested bacteria
inoculated with different concentrations. In the case of E. coli, the used su-
pernatants of the LAB liquid culture exerted a growth inhibition effect. The
inoculation percentage affected the growth kinetics.

The LAB supernatant effect on the growth of E. coli inoculated with dif-
ferent inoculum concentrations is shown in Fig. 1.
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Figure 1. Growth curves of E. coli 1% (a), 1.5% (b), and 2% (c) in the presence
of supernatants of LAB
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In the presence of Pediococcus parvulus, the supernatant of E. coli with 1.5%
inoculum presented a slight growth, but ultimately the death phase appeared.

The antibacterial effect was also found against B. cereus. The LAB super-
natant effect on the growth of B. cereus inoculated with 1% inoculum is shown
in Fig. 2.
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Figure 2. Growth curves of B. cereus 1% (a), 1.5% (b), and 2% (c) in the
presence of supernatants of LAB

Lactobacillus pentosus is involved in vegetable fermentation, such as the
case of olive, but it can be also detected in different traditional dairy products.
Different strains of these bacteria exhibit probiotic characteristics providing
health benefits (Belicovd et al., 2013; Montoro et al., 2016).

Yi et al. (2020) found that L. pentosus was an appropriate candidate for
the biocontrol of food-borne pathogens such as E. coli. It has been shown
that these food-grade bacteria produced antibacterial peptides. L. pentosus
22C originated from traditional yoghurt with a small peptide pentocin 22C
production capacity, and it exerted antagonistic activity against B. cereus
(Motahari et al., 2017).

Bacterial strains belonging to genus Enterococcus, such as Enterococcus fae-
calis, are widespread in nature. This genus comprises pathogenic and beneficial
strains too. Some species of Enterococcus faecalis are involved in food preser-
vation, possessing various beneficial traits. It can be found in all types of
fermented foods as adjunct starter cultures from vegetables through dairy to
meat products. It was shown that these strains are able to produce enterocins,
and antimicrobial peptide with an active role in the growth inhibition of food-
borne pathogenic and spoilage bacteria (Hanchi et al., 2018; Baccouri et al.,
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2019). Due to antimicrobial activity, E. faecalis is proposed as food-grade
protective bacteria in dairy industry (Silvetti et al., 2014).

P. parvulus, an obligate homofermentative bacterium, belongs to the Pedio-
coccus genus. These bacteria appear in different fermentation environments,
such as wine, brewery, and meat, and plant fermentations such as olive (Wade
et al., 2018). Heperkan et al. (2014) proposed P. parvulus (E42) as a potential
adjunct culture in traditional fermented beverage making such as boza. Im-
merstrand et al. (2010) highlighted that P. parvulus is a good candidate for
a protective culture, and, besides the technological aspects, it exerts an an-
tibacterial effect on B. cereus. Apart from the peptides, different organic com-
pounds with antagonistic activity in LAB supernatant were identified (Siedler
et al., 2019).

The effect of the LAB supernatants on the growth of yeast is presented in
Fig. 3.
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Our results show that the supernatant of the LAB does not inhibit the
growth of the Saccharomyces cerevisiae. In the case of 1.5% inoculum, the
growth was even stimulated (Fig. 3b). A similar result was found in dairy
products, where the stimulated growth of Saccharomyces boulardii was ob-
served and its survival was assured (Lourens-Hattingh & Viljoen, 2001).
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Figure 3. Growth curves of Saccharomyces cerevisiae 1% (a), 1.5% (b), and
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Tristezza et al. (2016) revealed compatibility between S. cerevisiae and LAB
strains during wine making. The positive effect of the yeasts on the growth of

500
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LAB is attributed to the fact that S. cerevisiae favours the growth of lactic
acid bacteria (Sieuwerts et al., 2018). Our findings reveal the mirror effects
as in this case the supernatant of LAB favoured (or did not inhibit) yeast
growth. The practical use of this is the occurrence and co-cultivation of these
two microbes in different fermented foods (Ponomarova et al., 2017).

The differences in the mechanism of LAB activity against microbial growth
have been attributed to the diversity in the gene expression or molecular struc-
tures of tested bacterial strains, which result in different traits and adaptations
(Gao et al., 2019).

4 Conclusions

Based on these results, the lactic acid bacterial isolates, originating from the
different ecology of fermented food products, showed an antibacterial (bac-
teriostatic) effect against two food-borne pathogen strains. In the case of
yeast, they showed compatibility. Lactobacillus pentosus, Enterococcus fae-
calis, and Pediococcus parvulus exerted an antibacterial bacteriostatic effect
on FEscherichia coli and Bacillus cereus growth, whereas the Saccharomyces
cerevistae yeast growth was not inhibited, which makes them potential agents
for co-culture systems. It can be concluded that lactic acid bacterial strains
from diverse fermented food ecosystems possess a bioprotective potential that
may contribute to their application as adjunct culture in different cheese and
vegetable fermentations.
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