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Summary

Lactic acid bacteria (LAB) have an essential role in the production of fermented meat
products. The metabolic activity of LAB affects the ripening process, leading to the form-
ation of the desired sensory characteristics of the products, while inhibiting the growth of
undesirable microorganisms. Bacteriocins are extracellular peptides or protein molecules,
produced by some LAB, which possess bactericidal properties against specific species or
genera of microorganisms, usually related bacteria. Bacteriocin production by LAB can act
in a selective and competitive way against the surrounding microbiota, which may contain
spoilage bacteria or pathogenic microorganisms including Listeria monocytogenes. This patho-
gen is widely distributed in raw products, it survives in different production areas, and
human infections have a high mortality rate, all of which makes the control of this micro-
organism important in food production.

The aim of this work is to determine the possibilities of utilizing a novel bacteriocin
isolated from Leuconostoc mesenteroides ssp. mesenteroides IMAU:10231 in order to prevent
the survival of Listeria monocytogenes in the production of traditional Serbian Sremska sau-
sages. The bacteriocin-producing strain of Leuconostoc originated from the same sausage,
which had been produced in the traditional manner. Bacteriocin was isolated using precip-
itation procedures with ammonium sulphate, and then its properties (strength and range
of activities, relationship to high temperatures and proteolytic enzymes) were determined
under laboratory conditions. Also, based on the obtained laboratory results, the antilis-
terial effect of bacteriocin, included as an additive, was examined in the production of
traditional Sremska sausages.

Expressed antilisterial activity of bacteriocin has an interesting food safety potential
which can be used in the meat industry in the production of fermented sausages. Further
research will contribute to a better understanding of its nature, activities, opportunities for
application, but also to discovering new bacteriocin-producing strains of LAB, which could
act as natural food preservatives, or bioprotectors, when used in a specific (controlled)
manner.
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Introduction

The contemporary concept in the production and pro-
cessing of food is based on the application of different
types of protective technologies that are aimed at ensur-
ing and preserving product safety, as well as acceptable,
and at the same time, unchanging quality from the end
of production until consumption. On the other hand, the
direct beneficiaries, today's consumers, exhibit consider-
able consistency in terms of a negative attitude towards
the use of chemical substances as additives in the food
production process. There is an expressed need for eat-
ing food that has not undergone extensive processes of
preservation and that does not contain numerous chem-
ical preservatives. Such a trend (so-called 'green technol-
ogy'), on the one hand, and the continuous development
of protective technologies in the twentieth and the twenty-
-first century on the other, stimulate the development and
application of advances in the field of biological food
protection.

The growing need for naturally safe and healthy
food has led to increased interest in the use of bacte-
riocin-producing strains of lactic acid bacteria (LAB),
which are used as protective cultures for the production
of fermented products (1–3). The principle on which
biological protection relies is based on reducing risks to
consumer's health by acting primarily on the undesir-
able bacteria or foodborne pathogens without changing
the quality of the product.

Bacteriocins are extracellular proteins or peptide mol-
ecules that possess some bactericidal properties against
particular kinds of microorganisms which are usually
related to the bacteriocin producers (4), i.e. they can be
found in similar ecological niches (5,6). LAB bacteriocins
are natural antimicrobial peptides or proteins with very
interesting potential application in the food industry as
bioprotectors (7), in order to preserve people's health (8)
while enhancing the sustainability of food (9). Hurst (10)
described bacteriocins as 'biological food preservatives'
and that term was soon generally accepted.

These bacteriocins are ribosome-synthesized poly-
peptides that have bactericidal activity and are rapidly
digested by proteinases in the human digestive tract (11).
They are often compared with antibiotics in literature be-
cause of their expressed antibacterial properties (10,12).
However, in contrast to therapeutic antibiotics, their ap-
plication as a rule does not provoke undesired allergic
reactions in humans (7). As the discovery of penicillin
by Alexander Fleming in the year 1929 had direct im-
portance for the human race, so the discovery of bacte-
riocins, in an indirect sense, has an importance in terms
of natural health care and food safety.

Investigation of the applicability of LAB bacteriocins
as a supplement to the hurdle technology, used to en-
sure food safety, was the basis of the research conducted
in this study. Similar research has been carried out by
other authors (13–15).

Bacteriocin-producing strain of LAB, Leuconosotoc

mesenteroides ssp. mesenteroides IMAU:10231 was isolated
from the natural, indigenous (wild) microbiota of Serbi-
an traditional fermented Sremska sausages. After labora-
tory examinations of the spectrum of antimicrobial effects,
the strength of bacteriocin activities and resistance to

higher temperature and proteolytic enzymes, the bacterio-
cin isolated from Leuconostoc was included as an additive
under novel industrial conditions in the production of
traditional Sremska sausage.

Materials and Methods

In accordance with the defined test method, the ex-
periment was divided into two independent phases. After
the production of Sremska sausage in accordance with
traditional principles, the first phase of the experiment
included the isolation and genetic determination of lac-
tic acid bacteria, as well as testing their ability to pro-
duce bacteriocin. The second phase of the study was based
on determining the intensity of antilisterial activity of the
added bacteriocin obtained from Leuconostoc mesenteroid-

es ssp. mesenteroides IMAU:10231 in the new series of the
production of Sremska sausage.

Sausage production and sampling procedure

Sremska sausage was produced under industrial con-
ditions (YUHOR meat industry, Jagodina, Serbia) using
the basic principles of traditional manufacturing and in
accordance with the applicable national regulations gov-
erning the quality of meat products. The composition of
the sausage was: frozen pork shoulder 38.3 %, chilled
pork ham 33.5 % and frozen solid fatty tissue – back fat
23.9 %, salt 2.49 % with NaNO2 0.6 %, dextrose 0.48 %,
and the following natural spices: crushed garlic 0.76 %
and ground sweet and hot peppers 0.57 %.

In the first phase of the experiment, the isolation and
molecular genetic determination of LAB, as well as test-
ing the ability to produce bacteriocin, was carried out. In
the second phase of the experiment, in accordance with
the defined test method, the total amount of stuffing was
divided into three experimental groups, as follows: (i)
one third of the stuffing was separated from the total
mass and was immediately filled into pig small intesti-
nes; these sausages were used as a control group and
were labelled K; (ii) the rest of the stuffing was inoculat-
ed with Listeria monocytogenes ATCC 19111 in a manner
ensuring that the final concentration of the pathogen per
mass of stuffing was 104–105 cells/g. After the inocula-
tion with L. monocytogenes (conducted with appropriate
safeguards), half of the stuffing was separated and filled
into pig small intestines (this group was a control sample
reflecting the effectiveness of bacteriocins and was marked
KO); (iii) bacteriocin derived from L. mesenteroides ssp.
mesenteroides IMAU:10231 was added to the remaining
amount of the stuffing to achieve a final amount per
mass of stuffing of 2560 AU/kg. After homogenization,
the stuffing was filled in the same way into pig small
intestines. Samples of this group were labeled as test O1.

In both phases of the experiment, the ripening pro-
cess of Sremska sausages was the same. After filling, the
sausages were hung on rods. After partial draining (a
few hours), the sausages were smoked for 3 days at 18
°C and a relative humidity of 65–85 %. The traditional
smoking process was carried out, using beech wood in
an open fire. The smoking phase was followed by dry-
ing and ripening processes at 12–20 °C and a relative
humidity of 70–80 %. The complete sausage production
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process lasted 21 days. Due to the specificities of the add-
ed pathogen, the study was carried out under strictly con-
trolled conditions. Samples for laboratory examinations
were taken on days 0, 3, 7, 14 and 21. Three samples
were collected at each step of sampling and used for ana-
lysis. The sausage manufacture and fermentation process
were repeated three times.

Determination of the LAB isolates

At different stages of Sremska sausage ripening,
during the three repeated cycles of production, LAB
were isolated using conventional microbiological tech-
niques. The LAB isolates from MRS were first checked
by Gram staining and catalase reaction. Gram-positive
and catalase-negative isolates were then identified by a
commercially available biochemical identification system
API 50CHL (bioMérieux, Marcy l´Etoile, France) and
molecular methods. The second step was screening for
their antimicrobial activity. All LAB isolates were tested
for their ability to produce bacteriocin.

Genotypic identification of the LAB isolates

Total DNA from the overnight cultures of LAB was
extracted from a single colony by using the DNeasy Blood
and Tissue Kit (Qiagen GmbH, Hilden, Germany) accord-
ing to the manufacturer's protocol for Gram-positive bac-

teria. PCR was performed in a final volume of 50 mL
containing 1×PCR buffer (10×PCR buffer: 500 mM KCl,
100 mM Tris-HCl, 0.8 % Nonidet P 40 (octylphenoxyl-
polyethoxylethanol; Shell Chemicals, London, UK)), 2.5

mM MgCl2, 200 mM of each dNTP (deoxyribonucleotide

triphosphate: dATP, dCTP, dGTP and dTTP), 2.5 mM of
each primer, 1 unit (U) of Taq DNA polymerase (Fermentas

UAB, Vilnius, Lithuania) and 0.1–1 mg of DNA template
(Fermentas UAB). The samples were amplified in a DNA
thermal cycler (Techne Flexigene, Bibby Scientific Ltd,
Stone, UK) with primers P1V1 (GCGGCGTGCCTAATA-
CATGC) and P4V3 (ATCTACGCATTTCACCGCTAC),
complementary to the V1–V3 region of the 16S rRNA
(16), for 5 min at 95 °C, 35 cycles of 1 min at 95 °C, 1
min at 42 °C, 2 min at 72 °C and the final extension of 5
min at 72 °C. PCR products were purified by QIAquick®

PCR purification kit (Qiagen GmbH) and sent to a com-
mercial facility for sequencing (IIT Biotech, Bielefeld,
Germany). Search of the GenBank with BLAST program
(17) was performed to determine the closest known re-
latives of the partial 16S rDNA sequences obtained.

Bacteriocin production by the LAB strains

The agar well diffusion assay, as described by Schil-
linger and Lücke (1), was used in the bacteriocin puri-
fication and biochemical characterization procedure. In
order to determine the potential production of bacterio-
cins, the test organisms Listeria monocytogenes ATCC 19111,
Staphylococcus aureus ATCC 6538 and Escherichia coli O157:
H7 ATCC 43894 were used.

The test microorganisms were added to brain heart
infusion (BHI) agar (HiMedia Laboratories, Mumbai, In-
dia) to achieve final concentrations of 107–108 CFU/mL
in the medium. A volume of 1 mL of 18-hour-old culture
of LAB was centrifuged (10 000×g, 4 °C for 15 min). Neu-
tralization of acid products of metabolism was conducted

using 1 M NaOH to pH=6.5–7.0. Neutralization of H2O2

was done by the addition of catalase enzyme (C-3515,
Sigma-Aldrich, St. Louis, MO, USA) at 5 mg/mL, and
the experiment was confirmed by the proteinase test: 50

mL of proteinase K (Sigma-Aldrich) were added to 1 mL
of the neutralized broth culture. After 1 h of incubation
at 37 °C, the antimicrobial activity was determined. The
existence of the growth inhibition zone around test micro-
organisms was considered as a positive result.

Bacterial strains and growth conditions

Leuconostoc mesenteroides ssp. mesenteroides IMAU:
10231 isolated from Serbian dry fermented Sremska sau-
sage was used throughout this study. It was kept frozen
at –20 °C in de Man-Rogosa-Sharpe (MRS) broth (Merck,
KGaA, Darmstadt, Germany) supplemented with 20 %
glycerol. Prior to use, the microorganism was subcul-
tured twice in 10 mL of MRS broth (1 % inoculum, 24 h,
30 °C).

Isolation of semi-purified bacteriocin and

determination of its strength

Isolation of semi-purified bacteriocin from L. mesen-

teroides ssp. mesenteroides IMAU:10231 was achieved by
saturated precipitation with ammonium sulphate (1), ad-
justed to the individual laboratory conditions (18,19).
Broth culture was seeded with L. mesenteroides ssp. me-

senteroides IMAU:10231 for several days and grown at 30
°C to obtain 1010–1011 CFU/mL and then centrifuged at
10 000×g for 30 min at 4 °C (MSE 'High Speed 18', Mea-
suring&Scientific Equipment Ltd, London, UK) in order
to separate the supernatant. The supernatant was then
neutralized to pH=6.5–7.0 with 10 M NaOH, and bacte-
riocin was precipitated with ammonium sulphate. Sepa-
rated bacteriocin in the shape of whitish pellets was sus-
pended in 0.05 M of sodium phosphate buffer, pH=7, to
produce the bacteriocin suspension.

The activity of the isolated, semi-purified bacterio-
cin of L. mesenteroides ssp. mesenteroides IMAU:10231 was
determined by the critical dilution method against the
selected test microorganism, Listeria monocytogenes ATCC
19111, using the agar well diffusion assay. Bacteriocin sus-
pension was filtered (by using Acrodisc® syringe filter
200/cs, Pall Corporation, Port Washington, NY, USA),

and 50-mL volumes of suitable dilutions in sterile de-
ionized water were then placed in previously made and
labelled agar wells. After one-hour incubation at 4 °C, in
order to stimulate bacteriocin diffusion, the plates were
incubated at 30 °C for 24 h. Bacteriocin activity was
expressed as the absolute value, marked as the arbitrary
unit (AU) per mL. Arbitrary units were calculated using
the following formula:

AU=2
n
×(1000 mL/50 mL) /1/

where n represents the maximum dilution of the bacte-
riocin suspension which produced a growth inhibition
zone of L. monocytogenes greater than 2 mm (20).

The influence of increased temperatures on the

activity of isolated bacteriocin

The influence of high temperatures on bacteriocin activ-
ity was investigated in order to determine the functional
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properties of the isolated bacteriocin as well as its suit-
ability for application during the production of meat
products exposed to increased temperatures.

Volumes of 1 mL of bacteriocin suspension were ex-
posed to the following temperatures: 65, 80, 90 and 100
°C, as well as to the high temperature (121 °C) and high
pressure (1.2·105 Pa) during autoclaving. Cuvettes con-
taining 1 mL of bacteriocin suspension were dipped into
a water bath heated at 65, 80 and 90 °C for 10 and 30
min. The influence of the temperature of 100 °C was also
measured after 60 min. The effect of high temperature
(121 °C) combined with increased pressure (1.2·105 Pa)
during autoclaving (sterilization), was determined after
15 min. After the prescribed exposure time, bacteriocin
activity was determined by the agar well diffusion assay
with the selected test microorganism (L. monocytogenes

ATCC 19111). The results were read after 24 h of incuba-
tion at 30 °C.

The influence of proteolytic enzymes on bacteriocin

activity

The proteinaceous nature of the isolated bacteriocin
was proven by the reaction with proteolytic enzymes.
Pepsin TS (with the activity of 1:10 000, NF Galenika,
Zemun-Belgrade, Serbia), papain (water soluble, 30 000
U/mL; Merck, KGaA) and proteinase K (minimum 600
milliAnson units per mL; AppliChem, St. Louis, MO, USA)
were used. Enzyme preparations were added separately
at concentrations of 1 mg/mL to 1 mL of bacteriocin sus-
pension and incubated for 1 h at 37 °C. After that, a suit-

able volume (50 µL) of the sample (bacteriocin and en-
zyme) was tested in the agar well diffusion assay in
order to determine the antilisterial activity (as described
previously). All experiments were performed in triplicate.
The results were read after 24 h of incubation at 30 °C.

Microbiological analyses

Sremska sausage samples (25 g) were each transferred
to a sterile stomacher bag, 225 mL of saline peptone water
(8 g/L of NaCl and 1 g/L of bacteriological peptone;
Oxoid, Cambridge, UK) were added and mixed for 30 s
in the stomacher. Further decimal dilutions with the same
diluents were made and the following analyses were car-
ried out on duplicate agar plates: (i) total viable count
on peptone agar (Oxoid); incubated under aerobic con-
ditions for 48–72 h at 30 °C, and (ii) LAB count on MRS
agar (Oxoid), incubated in a double layer for 48 h at 30 °C.

Numbers of inoculated L. monocytogenes were deter-
mined during the Sremska sausage ripening and fermen-
tation to ascertain the effect of the added antilisterial bac-
teriocin. Determination of the presence of Listeria spp.
was carried out following the procedure of the ISO 11290-1
and 11290-2 metods (21,22). A mass of 25 g of each
sample was homogenized with 225 mL of sterile Fraser
broth (Biolife, Bolzano, Italy) in a stomacher for 2 min.
The homogenates were incubated at 20 °C for 1 h in or-
der to resuscitate the stressed microorganisms. For the
enumeration of L. monocytogenes, 0.1 mL of each homog-
enate was spread directly onto each of the two PALCAM
agar (Oxoid) plates and incubated at 37 °C for 24–48 h.
The homogenates were then supplemented with Fraser
half selective supplement (primary enrichment; Biolife)

and incubated at 30 °C for 24 h for the detection of L.

monocytogenes. Afterwards, 0.1 mL of the primary enrich-
ment was inoculated into 10 mL of Fraser broth supple-
mented with Fraser selective supplement (secondary en-
richment; Biolife) and incubated at 37 °C for 24 h.
Cultures were streaked onto Oxford plates (Oxoid) and
incubated at 30 °C. From each plate of the primary and
secondary enrichment, five colonies presumed to be Lis-

teria spp. were streaked onto tryptone soy yeast extract
agar (TSYEA) plates (Biolife) and incubated for 24 h at
37 °C. Colonies were selected for typical appearance on
TSYEA and submitted to Gram staining, catalase and
oxidase tests. Haemolytic activity and CAMP tests on
sheep blood agar were performed for L. monocytogenes

confirmation. Biochemical characterization of all the iso-
lates was performed using the API Listeria identification
system (bioMérieux).

Results and Discussion

Basic and molecular identification of the LAB isolates

As a result of basic microbiological tests, which in-
cluded examinations of the morphology of microorga-
nisms, Gram staining and catalase reaction, and ended
with biochemical confirmation using the commercial kit
API 50CHL (bioMérieux), 50 different species of LAB
were isolated from various stages of fermentation and
ripening of Sremska sausage. The results of comparative
analysis of API identification and the molecular genetic
test (sequencing analysis) are shown in Table 1.

Classical microbiological test results from biochem-
ical API identification as a final confirmation of LAB al-
lowed good identification of the genera; however, the
correct identification of LAB species was possible only
when applying molecular genetic studies (23,24).

For the purpose of identification of the isolates by
molecular methods, the most often targeted gene is the
16S rRNA (25). The application of molecular methods
for the identification of LAB strains highlighted the pre-
sence of L. mesenteroides in traditional sausages, which
was common to all fermentations. In previous studies (16),
it had been shown that among LAB, the species most
commonly found in meat and meat products, including
dry sausages processed with different technologies, are
Lactobacillus sakei, L. curvatus and L. plantarum (1,24,26–
30), with L. sakei being the most frequently isolated species.

Detection of antimicrobial activity

By eliminating potential inhibitory components that
result from metabolic activity, two strains of leuconos-
toc, L. mesenteroides ssp. mesenteroides IMAU:10231 and L.

mesenteroides ssp. mesenteroides J9, demonstrated the abil-
ity to produce bacteriocins. With regard to confirmatory
tests of bacteriocin activities, both Leuconostoc spp. exam-
ined for activity against L. monocytogenes ATCC 19111
showed a typical bacteriocin profile. The 18-hour-old
broth culture of the examined Leuconostoc species and its
neutralized broth (pH=7), in the agar well diffusion as-
say, gave growth inhibition zone against the test microor-
ganisms larger than 2 mm. Also, catalase test was posi-
tive (presence of inhibition zone), while proteinase test
was negative (absence of inhibition zone).
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Table 1. Comparison of API identification and sequencing analyses

Day API Sequencing

0

Lactococcus lactis Leuconostoc mesenteroides ssp. mesenteroides strain J9

Pediococcus pentosaceus Pediococcus pentosaceus strain YTX32BMX

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

Lactobacillus fermentum Lactobacillus plantarum strain IMAU40091

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

Lc. lactis ssp. lactis L. mesenteroides strain SK kimchi 2

L. mesenteroides ssp. mesenteroides Lc. lactis ssp. cremoris strain IMAU60024

Pediococcus pentosaceus no significant similarity found

Pediococcus pentosaceus Pediococcus pentosaceus strain CTSPL1

Lc. lactis spp. lactis Pediococcus pentosaceus strain CTSPL1

2

Lactobacillus curvatus Weissella viridescens strain H

L. curvatus L. mesenteroides strain SK kimchi 2

L. mesenteroides ssp. mesenteroides Leuconostoc carnosum strain SACB703a

Lactobacillus delbruecki ssp. delbruecki L. mesenteroides ssp. mesenteroides strain J9

Lc. lactis Lc. lactis strain zmjh8

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides strain J9

L. curvatus Lactobacillus sakei strain IMAU80189

4

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 2

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

L. mesenteroides ssp. mesenteroides L. mesenteroides strain F170

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides strain J9

L. mesenteroides ssp. mesenteroides L. mersenteroides strain Leu1

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides strain J9

L. delbruecki ssp. delbruecki uncultured bacterium clone 100p7-2314

Lactobacillus fructivorans Leuconostoc gasicomitatum strain J13

L. mesenteroides ssp. mesenteroides L. mesenteroides strain SK kimchi 6

7

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides IMAU:10231

Lactobacillus celobiosus L. mesenteroides strain AaD8

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides strain J9

L. celobiosus L. mesenteroides strain SK kimchi

14

L. celobiosus L. mesenteroides strain AaD8

L. delbruecki ssp. delbruecki L. mesenteroides strain SK kimchi 6

L. delbruecki ssp. delbruecki L. curvatus IMAU:10284

L. celobiosus L. mesenteroides strain C12

L. mesenteroides ssp. mesenteroides L. mesenteroides ssp. mesenteroides strain J9

Lactobacillus linderi L. mesenteroides strain SK kimchi 6

L. celobiosus L. mesenteroides subsp. mesenteroides strain J9

L. curvatus Pediococcus pentosaceus strain CTSPL1

L. curvatus Pediococcus pentosaceus strain CTSPL1

L. curvatus Weissella viridescens

21

L. delbruecki ssp. delbruecki L. mesenteroides strain SK kimchi 6

Lactobacillus brevis L. mesenteroides strain CTC6578

L. mesenteroides ssp. cremoris L. mesenteroides strain LHICA-53-31

L. brevis Lactobacillus alimentarius strain IMAU80147

L. brevis L. mesenteroides ssp. mesenteroides strain J9

L. curvatus Weissella viridescens

L. delbruecki ssp. delbruecki L. sakei strain IMAU80189

L. fermentum L. sakei strain IMAU80168



Neither of these novel bacteriocins showed any activ-
ity against Escherichia or Staphylococcus (data not shown),
although antilisterial activity was clearly expressed. For
the remainder of our study, L. mesenteroides ssp. mesen-

teroides IMAU:10231 was used exclusively.

Production of bacteriocins by Leuconostoc spp. was
first observed in 1950. However, only since 1984 numer-
ous studies have been published on their antimicrobial
compounds, which were at first described as substances
similar to bacteriocin (31). The inhibitory activity of bac-
teria of the genus Leuconostoc has been shown towards
the growth of other LAB, food spoilage bacteria and cer-
tain pathogens, in particular L. monocytogenes.

Through isolation and complete characterization, it
was found that bacteriocins produced by Leuconostoc spp.

belong to subclasses IIa (pediocin-like bacteriocins) with
a strong antilisterial effect (32). L. mesenteroides ssp. me-

senteroides is a significant producer of mesenterocin Y105
(33). Furthermore, L. mesenteroides UL5 isolated from
Cheddar cheese (34) produced the thermostable bacte-
riocin, mesenterocin 5, with an antilisterial effect, as did
L. mesenteroides ssp. dextranicum ST99 isolated from boza,
a fermented beverage made from corn flour, yeast and
sugar (35). Leucocin A-UAL 187 isolated from L. gelidum

(originating from vacuum-packed meat) showed an anta-
gonistic effect against other LAB, L. monocytogenes and
Enterococcus facealis (36).

The results of our examinations were similar. The
antibacterial activity of the bacteriocin-producing L. me-

senteroides ssp. mesenteroides IMAU:10231 strain showed
intense inhibitory activity towards L. monocytogenes NCTC
10527, but no inhibitory effect towards S. aureus NCBF
1499 or E. coli 0157:H7 NCTC 12079.

As a result of its physiological characteristics (the cre-
ation of mucus, i.e. exopolysaccharides, and other meta-
bolic products such as acetoin, diacetate, ethanol, etc.),
which are unacceptable in terms of quality in the meat
industry, the technological application of Leuconostoc sp.
is mainly limited to the direct application of synthesized
and purified bacteriocins (18,19).

The strength of the isolated bacteriocin

The maximum dilution of bacteriocin isolated from
L. mesenteroides ssp. mesenteroides IMAU:10231 which pro-
duced an antilisterial effect was 1:128, giving a calculat-
ed activity of approx. 2560 AU/mL. A typical well diffu-
sion assay of bacteriocin in a lawn of L. monocytogenes is
shown in Fig. 1.

Effects of temperature and proteinases on bacteriocin

activity

The results of the examination of the effect of high
temperatures on the activity of bacteriocin isolated from
L. mesenteroides ssp. mesenteroides IMAU:10231 emphasized
its significant thermal resistance (Table 2). Generally,
bacteriocin activity was stable at higher temperatures,
up to 90 to 100 °C. Antilisterial activity of this bacterio-
cin, although slightly diminished, was noticeable even
after autoclaving (121 °C, 1.2·105 Pa for 15 min). There-
fore, the use of L. mesenteroides ssp. mesenteroides IMAU:
10231 bacteriocin in fermented sausages seems to be an
obvious choice. Other bacteriocins isolated from L. me-

senteroides have similar features. Mesentericin Y105 and
mesentericin E131 (33,37) are heat stable (at 60 °C for
120 min and at pH=4.5) and can be partially inactivated
only by autoclaving or heating at 100 °C for 120 min.
The established thermoresistance indirectly reveals the na-
ture of the isolated bacteriocin.

Actually, literature data show that bacteriocins iso-
lated from L. mesenteroides ssp. mesenteroides mostly be-
long to classes I and IIa (38,39), which are classes of very
small globular proteins with high thermostability. Simi-
lar results were obtained by other authors (16,37,40–42)
examining bacteriocins isolated from different strains of
L. mesenteroides and L. sakei. Also, the bacteriocins pro-
duced by Pediococcus spp. are classified as class IIa bac-
teriocins and have high thermostability and antimicro-
bial activity, especially against L. monocytogenes (43–45).
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Fig. 1. Agar well diffusion assay for determination of activity of
bacteriocin isolated from Leuconostoc mesenteroides ssp. mesente-

roides IMAU:10231: a) 1:1 (bacteriocin/distilled water) – initial
dilution (control), 1:2 – first bacteriocin dilution, 1:4 – second
bacteriocin dilution, 1:8 – third bacteriocin dilution, 1:16 –
fourth bacteriocin dilution; b) 1:32 – fifth bacteriocin dillution,
1:64 – sixth bacteriocin dilution, 1:128 – seventh (the last one)
bacteriocin dilution that gave inhibition zone of L. monocytogenes

growth

a) b)

Table 2. Activity of bacteriocin isolated from Leuconostoc mesenteroides ssp. mesenteroides IMAU:10231 after exposure to increased tem-
peratures and pressure

Residual activity/%

Temperature/°C

65 80 90 100
121

p=1.2·105 Pa

t/min

10 30 10 30 10 30 10 30 60 15

100 100 100 100 100 80 80 80 60 60

Residual activity=(total activity of subsequent step/total activity of crude preparation)×100



In the current study, the influence of proteolytic en-
zymes (pepsin TS, papain and proteinase K) on the ac-
tivity of the isolated bacteriocin showed the destruction
of the antilisterial effect; the bacteriocin lost its antimi-
crobial activity. This confirmed the proteinaceous nature
of the isolated bacteriocin, which is basically the proper-
ty of bacteriocins produced by LAB (5,37,40,46). The pro-
teinaceous nature of bacteriocins determines their fate in
the human digestive tract. Humans are the final consum-
ers of food products with added bacteriocins or bacte-
riocins produced by LAB. Experts in this area of food
safety (11), while defining the bacteriocins from LAB,
emphasize their proteinaceous nature and demonstrate
the fact that they can be degraded by human digestive
proteinases.

This brings optimism to the application of these bac-
teriocins as bioprotectors of food, because any other
outcome in the human organism (accumulation, partial
degradation, resorption, etc.) would not be desirable, but
on the contrary, would be harmful. However, the role of
bacteriocins in the suppression of pathogenic bacteria in
the digestive tract of humans is questionable because of
the above-mentioned degradation of bacteriocins in con-
tact with proteolytic enzymes. Nevertheless, their use in
the production of certain food products could have a po-
tential antimicrobial effect on pathogens (40,47,48).

The antimicrobial activity of the added bacteriocin

L. monocytogenes was not detected in any sample of
the control group of Sremska sausage (group K, Sremska
sausage prepared without added bacteriocin, and with-
out inoculated L. monocytogenes) in all stages of testing
(days 0, 3, 7, 14 and 21) during the triplicate fermenta-
tions. The results of this group are not presented, because
the aim of this study was to determine the potential anti-
listerial effect of the bacteriocin isolated from Leuconostoc

which was added during the production of traditional
Sremska sausage.

The changes in the number of the total viable count
of LAB and L. monocytogenes in the examined experimen-
tal groups of sausages (KO and O1), are shown in Tables
3 and 4. The antilisterial effect of the newly isolated bac-
teriocin from L. mesenteroides ssp. mesenteroides IMAU:
10231 during the manufacturing process of Sremska sau-
sage is presented in Table 4. The results obtained during
the analysis of the samples of Sremska sausage inocu-
lated only with L. monocytogenes were used for compa-
rison (Table 3).

Total viable counts in both examined groups of sau-

sages show relatively high values ranging from (5.3±0.2)

to (5.59±0.09) log CFU/g. The obtained values represent
the microbiological status of raw materials on the one
hand, and on the other, the hygienic status of the tradi-
tional manufacturing process, which is mainly based on
manual preparation, mixing and filling the sausage cas-
ings. Within the experimental group of sausages, O1, there
was no statistically significant difference in the number
of aerobic mesophilic bacteria, which was determined at
baseline, at day 0 (p>0.05). In the KO group of sausages
the highest number of aerobic mesophilic bacteria was

identified on the 14th day of testing ((6.5±0.1), (6.5±0.1)

and (6.5±0.2) log CFU/g during the 1st, 2nd and 3rd fer-
mentation, respectively), while at the end of the ripening
process, the total number in log CFU/g was almost two

logs lower (4.7±0.3, 4.7±0.2 and 4.6±0.3). In the O1 group
of sausages, the number of aerobic mesophilic bacteria
increased, so that on the 7th day the maximum value in

log CFU/g was established (6.0±0.02, 6.0±0.02 and 6.1±

0.2, for the 1st, 2nd and 3rd fermentation, respectively).
This was followed by a sudden drop in the number of
bacteria; at the end of the ripening process, the estab-

lished number in log CFU/g was 4.1±0.2, 4.3±0.2 and

4.3±0.3. The reduction of the number of bacteria at the
end of the fermentation process in relation to the begin-
ning, in both examined groups of samples, was statis-
tically highly significant (p<0.01).
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Table 3. The number of bacteria in the samples of Sremska sausage inoculated with Listeria monocytogenes (KO samples)

Microorganism

t/day

0 3 7 14 21

N(bacteria)/(log CFU/g)*

Total viable count

fermentation I

fermentation II

fermentation III

LAB

fermentation I

fermentation II

fermentation III

L. monocytogenes

fermentation I

fermentation II

fermentation III

5.3±0.2

5.3±0.2

5.3±0.1

5.3±0.2

5.2±0.1

5.3±0.2

3.2±0.1

3.3±0.1

3.2±0.1

5.3±0.2

5.3±0.1

5.45±0.04

6.9±0.02

7.1±0.1

6.9±0.02

3.4±0.1

3.5±0.03

3.6±0.1

5.6±0.1

5.7±0.1

5.7±0.1

8.39±0.07

8.4±0.1

8.3±0.2

2.9±0.1

3.1±0.2

3.1±0.1

6.5±0.1

6.5±0.1

6.5±0.2

9.5±0.1

9.9±0.1

9.5±0.1

2.5±0.1

2.5±0.1

2.4±0.3

4.7±0.3

4.7±0.2

4.6±0.3

6.9±0.2

7.0±0.1

7.3±0.4

110 CFU/g

90 CFU/g

100 CFU/g

*each result is expressed as the average of measurements from three samples±standard deviation (S.D.)
CFU=colony forming units, LAB=lactic acid bacteria



The total number of LAB (in log CFU/g) in both ex-
amined groups of samples progressively increased from
day 0. The lowest value was determined in the O1 group

(4.42±0.08, during the third fermentation), while other val-

ues were between 5.3±0.2 and 5.5±0.1. The largest num-
ber of LAB (in log CFU/g) was determined on day 14 of
fermentation in both examined groups of sausage samples

(control experiment, KO: 9.5±0.1, 9.9±0.1 and 9.5±0.1 dur-
ing the 1st, 2nd and 3rd fermentation, respectively; the

experimental group of sausages, O1: 9.1±0.4, 9.1±0.2 and

9.1±0.1 during the 1st, 2nd and 3rd fermentation, respec-
tively). At the end of fermentation, the established num-
ber of LAB was three logs lower than on day 14 of test-

ing (KO: 6.9±0.2, 7.0±0.1 and 7.3±0.4 during the 1st, 2nd

and 3rd fermentation, respectively; O1: 6.2±0.1, 6.2±0.1 and

6.3±0.3 during the 1st, 2nd and 3rd fermentation, respec-
tively). A statistically highly significant difference (p<0.01)
was found between the number of LAB at the beginning
and the end of the test in both experimental groups, as
well as the number of LAB within the experimental groups.

The particularly important results in this study are
those related to the changes in the number of inoculated
L. monocytogenes. Based on these results, a straight an-
swer about the impact of the added bacteriocins on the
growth and the survival of this pathogen was obtained.
In the O1 group of samples of Sremska sausages, ino-
culated with L. monocytogenes and the bacteriocin isolated
from L. mesenteroides ssp. mesenteroides IMAU:10231, the
antilisterial capacity of this specific antimicrobial meta-
bolite is particularly visible. The number of L. monocyto-

genes, from the initial value that was common to all ex-
perimental samples (approx. 3 logs), decreased to 70, 80
and 60 CFU/g on day 14. At the end of the fermentation
and ripening of the tested sausages, we were not able to
detect any remaining L. monocytogenes. Somewhat differ-
ent results were determined in the KO group of samples.
The number of L. monocytogenes (in log CFU/g) on day 0

was 3.2±0.1, 3.3±0.1 and 3.2±0.1, during the three fermen-
tations respectively. The number of L. monocytogenes was
the largest on the third day, and that value then grad-
ually decreased. By day 21, the number of this pathogen
had reduced to 110, 90 and 100 CFU/g.

The results of testing the antilisterial activity of this
novel bacteriocin added in the production of traditional
sausages confirmed the expected antilisterial properties
of bacteriocin derived from our previous laboratory tests.
However, as the production of traditional Sremska sau-
sages is based on fermentation that occurs as a result of
naturally present microbiota, the antilisterial activity in
these conditions is likely the result of cumulative inter-
nal and external factors (18,19,23,48).

In this chain, the role of LAB is decisive, as, with
their metabolic activity, they affect the development of
useful sensory changes and simultaneously direct micro-
bial development in the desired direction, thus ensuring
safety and quality. In addition to the proven antimicro-
bial activity of the added bacteriocins, other antimicro-
bial factors also affect the safety of the product: sodium
chloride, nitrite, smoke, smoke components, etc. Their cu-
mulative effect was directly visible in the KO group,
since the number of inoculated L. monocytogenes gradually
decreased during fermentation (49–51).

Our positive results confirming the antilisterial ac-
tivity of the added Leuconostoc bacteriocin in the pro-
duction of traditional fermented sausages show clear and
interesting potential which should be used to help en-
sure the complete safety of these fermented meat pro-
ducts for consumers in that respect. Even if bacteriocin-
-producing Leuconostoc strains cannot be used as starter
cultures due to the fact that they produce considerable
amounts of carbon dioxide during fermentation of car-
bohydrates, their bacteriocins can be used as biopreser-
vatives in foods to control the growth of L. monocyto-

genes (52).
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Table 4. The number of bacteria in the samples of Sremska sausage inoculated with Listeria monocytogenes and containing added
bacteriocin (O1 samples)

t/day

Microorganism 0 3 7 14 21

N(bacteria)/(log CFU/g)*

Total viable count

fermentation I

fermentation II

fermentation III

LAB

fermentation I

fermentation II

fermentation III

L. monocytogenes

fermentation I

fermentation II

fermentation III

5.5±0.1

5.6±0.1

5.3±0.2

5.5±0.1

5.4±0.3

4.42±0.08

3.2±0.1

3.4±0.1

3.4±0.1

5.5±0.2

5.67±0.04

5.6±0.1

6.8±0.1

6.6±0.1

6.6±0.1

2.4±0.1

2.6±0.1

2.6±0.1

6.0±0.02

6.0±0.02

6.1±0.2

7.6±0.1

7.1±0.2

7.98±0.02

2.6±0.1

2.63±0.05

2.7±0.1

5.9±0.1

6.0±0.04

6.0±0.02

9.1±0.4

9.1±0.2

9.1±0.1

70 CFU/g

80 CFU/g

60 CFU/g

4.1±0.2

4.3±0.2

4.3±0.3

6.2±0.1

6.2±0.1

6.3±0.3

n.d.

n.d.

n.d.

*each result is expressed as the average of measurements from three samples±S.D.
n.d.=not detected



Certainly, for the direct application of bacteriocins
and their entry into the full production process, in addi-
tion to receiving the status of GRAS (Generally Recog-
nized as Safe) compounds, they must be well studied
and harmonized with other technological factors in the
production (pH, temperature, salt and nitrite) (48,53,54).
Their implementation should be viewed in terms of
good alternatives, especially when combined with other
natural protectors (55) and, of course, good hygienic and
manufacturing practices.

Conclusions

The growing need for naturally safe and healthy food
has led to increased interest in the use of bacteriocin-
-producing LAB, which are used as starter cultures for
the production of fermented products in the meat indus-
try. The possibility of introducing bacteriocins as a factor
in the hurdle technology approach to food protection has
attracted scientists in the field of food safety (50).

L. mesenteroides ssp. mesenteroides IMAU:10231 isolat-
ed from Sremska sausage has been shown to produce a
proteinaceous substance with antilisterial activity, a qual-
ity shared with most of the bacteriocins produced by
Leuconostoc spp. Our positive results of testing the anti-
listerial activity of bacteriocin isolated from L. mesente-

roides ssp. mesenteroides IMAU:10231 in the production of
traditional fermented sausages confirmed the expected
antilisterial properties of bacteriocin derived from our
previous laboratory tests. The antilisterial activity of the
added bacteriocin under the investigated temperatures
prevailing in meat processing makes it a suitable biopre-
servative with the interesting potential which should be
used to help ensure the complete safety of these ferment-
ed meat products.

On the other hand, it would be naive to believe that
bacteriocins are the solution to all problems in the field
of food safety. Their implementation should be viewed
in terms of good alternatives, especially when combined
with other natural protectors and of course, good hygien-
ic and manufacturing practices. Therefore, our further re-
search in this area will be directed to a better under-
standing of the nature of bacteriocins, their antimicrobial
activities, possibilities for their application, as well as
discovering new groups of bacteriocins, which could act
as natural food preservatives, or bioprotectors when used
in a controlled manner.
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