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A B S T R A C T   

The antimicrobial activity of lactic acid bacteria (LAB) isolated from traditional ripened foods against various 
foodborne pathogens was evaluated, and the bacteriocins produced by the selected LAB of interest were char-
acterized. For this, 33 bacteria were initially selected for their ability to produce proteinaceous compounds with 
antimicrobial activity. Subsequently, only three isolates were selected since they did not have virulence factors or 
were resistant to antibiotics. Due to the greater bacteriocin activity spectrum, Lactilactobacillus sakei 205 was 
selected, and its bacteriocin was characterized. The highest activity level (6400 AU/mL) was observed against 
Enterococcus faecalis ATCC 29212 during the growth of Lb. sakei 205 for 18–20 h. The bacteriocin, with an 
approximate molecular size of 24 kDa, remained stable at temperatures ranging from 25 ◦C to 60 ◦C, at pH values 
between 4.0 and 6.0 and was sensitive to all the detergents and inactivated with the proteolytic enzyme pro-
teinase K, confirming its proteinaceous nature. Furthermore, it affected the viability of all the studied pathogens 
and repressed their growth for at least 12 h. In this preliminary study, the identified properties of Lb. sakei 205 
strain and its produced bacteriocin indicate its potential application as a biopreservative in traditional ripened 
foods.   

1. Introduction 

Lactic acid bacteria (LAB) constitute a microbial group naturally 
present in the autochthonous microbiota of dry-cured sausages and 
ripening cheeses and are responsible for the taste, aroma, texture and 
microbial stability of these products (Prpich et al., 2021). Food in-
dustries are particularly interested in this bacterial group due to its 
technological properties, being often used as starter cultures to produce 
fermented products (Perin et al., 2014). Furthermore, biopreservation 
using LAB and/or their antimicrobial metabolites represents an alter-
native for controlling foodborne pathogens and improving food safety 
(Ananou et al., 2007; Castellano et al., 2008). The antimicrobial prop-
erties of LAB are derived from competition for nutrients and/or space 
and the production of antimicrobial active metabolites such as organic 
acids (mainly lactic and acetic acid), diacetyl, hydrogen peroxide, and 

other compounds, such as bacteriocins and antifungal peptides (Kavitha 
et al., 2020). In addition, indigenous LAB from ripened products are 
considered a potential source of bacteriocins, being these products often 
studied to isolate and identify strains capable of producing different 
bacteriocins with different antimicrobial potential against concerned 
microorganisms (Albano et al., 2009; Barbosa et al., 2014). 

The use of LAB as protective cultures in traditional ripened foods is 
not extended. However, many authors have been studied the use of LAB 
or their metabolites in industrial dry-cured fermented sausages and soft 
cheeses against several Listeria monocytogenes strains (Golmoradi Zadeh 
et al., 2022; Martín et al., 2021) since this is one of the most worrying 
microorganisms in the meat and dairy industries (Mazaheri et al., 2021). 

Although LAB have been considered as ‘‘generally recognized as 
safe” (GRAS) by the American Food and Drug Administration (Silva 
et al., 2018), some LAB can carry virulence genes and express them in 
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food products, which poses a risk to consumers (Nieto-Arribas et al., 
2011). Moreover, LAB can also present resistance to distinct antibiotics 
and carry genes related to this characteristic, enhancing their virulence 
potential (Ammor et al., 2007). For these reasons, the safety aspects of 
novel LAB strains isolated from traditional ripened foods to be proposed 
as protective cultures must be carefully examined, and the possibility of 
delivering virulence factors should be excluded (Todorov, Holzapfel, & 
Nero, 2017). The objective of this work was to determine the antimi-
crobial activity of LAB isolated from traditional dry-cured fermented 
sausages (182) and ripened cheeses (189) against several foodborne 
pathogens, mainly L. monocytogenes, and characterize preliminarily the 
bacteriocins produced by the selected LAB. 

2. Materials and methods 

2.1. Microorganism and growth conditions 

In this study, 371 LAB isolates previously isolated from traditional 
dry-cured fermented sausages and ripened cheeses were used. These 
isolates belong to the culture collection of the Food Hygiene and Safety 
group (Universidad de Extremadura) and were pre-selected by their 
activity against L. monocytogenes S7-2 (Martín et al., 2022). Each LAB 
isolate was grown on de Man, Rogosa and Sharpe (MRS) agar (Lab M, 
UK) at 30 ◦C for 48 h. 

To test the inhibitory effects of LAB isolates, seven L. monocytogenes 
(FSL N1-227, FSL N3-013, FSL R2-499, FSL J1-031, FSL J1-177, MF 
4077, 2542; culture collection of Escola Superior de Biotecnologia, UCP, 
Porto, Portugal), and three strains belonging to other important food-
borne pathogens (Enterococcus faecalis ATCC 29212, Staphylococcus 
aureus ATCC 25213 and Escherichia coli ATCC 25922; American Type 
Culture Collection), were used as targets. All the targets were grown on 
TSAYE- Trypticase Soy Agar (TSA, Pronadisa, Spain) with 6 g/L of yeast 
extract (YE, Lab M) at 37 ◦C for 24 h. In addition, two independent 
replicates were performed. 

2.2. Screening of antimicrobial activity 

Each target microorganism was grown in TSBYE (Trypticase Soy 
Broth with 6 g/L of yeast extract) and spread on TSAYE. To determine 
the nature of the inhibition, culture broths (C) of each LAB were 
centrifuged (7000 rpm, 10 min, 4 ◦C; Hettich Zentrifugen, Rotina 35R, 
Germany), and cell-free-supernatants (CFS) were adjusted to pH 6.0 
with sterile NaOH (1 M; Pronalab, Portugal) and treated at 80 ◦C for 10 
min (CFSn). To determine whether the inhibition was due to hydrogen 
peroxide production or to proteinaceous compounds, neutralised su-
pernatant was treated for 1 h at 37 ◦C with 0.1 mg/mL of catalase (500 
IU/mL, sterile; CFSnC) and 0.1 mg/mL of proteinase K (CFSnCK), both 
from Sigma Aldrich (Germany). Grown culture (C), CFS, CFSn, CFSnC, 
and CFSnCK were spotted on the lawns of targets and incubated over-
night at 30 ◦C. Results were recorded as positive if a translucent halo 
zone was observed around the spot (Barbosa et al., 2014). Pediococcus 
acidilactici HA-6111-2 was used as a positive control (Albano et al., 
2009) and two independent replicates were performed. 

2.3. Presence of virulence factors 

2.3.1. Screening-test of biogenic amines production 
The production of tyramine, histamine, putrescine and cadaverine 

was evaluated according to Bover-Cid and Holzapfel (1999). Each LAB 
isolate was subcultured seven times in MRS broth containing 0.1% (w/v) 
of each precursor amino acid (all from Sigma Aldrich): tyrosine-free base 
for tyramine, histidine monohydrochloride for histamine, ornithine 
monohydrochloride for putrescine, and lysine monohydrochloride for 
cadaverine, and all were supplemented with 0.005% of 
pyridoxal-5-phosphate (Fluka, Germany) to promote the enzyme in-
duction. Then, isolates were spotted in duplicate on the medium with 

each amino acid and incubated for 4 days at 30 ◦C. Plates without amino 
acids were used as a negative control. The results were positive when a 
purple colour appeared, or tyrosine precipitate disappeared, around the 
colonies. Two independent replicates were performed. 

2.3.2. Production of hydrolytic enzymes 
Gelatinase activity was evaluated using the Modified Luria–Bertani 

(MLB, Sigma) broth supplemented with 50.0 g/L of gelatin. Tubes were 
incubated at 30 ◦C for 7 days and then refrigerated for ≈30 min at 4 ◦C. 
The results were considered gelatinase positive if the medium did not 
solidify after cooling (Tiago et al., 2004). 

Dnase activity was determined using a Dnase agar medium (Prona-
disa, Spain) with 0.05 g/L of methyl green (Sigma). The result was 
considered positive when after incubating the plates at 30 ◦C for 48 h, a 
clear halo was observed around the colonies (Ben Omar et al., 2004). 

All experiments were performed in duplicate, and S. aureus ATCC 
25213 was used as a positive control. 

2.3.3. Hemolytic activity 
Hemolysin production was assessed by streaking isolates on 

Columbia Agar plates with 5% defibrinated sheep blood (Oxoid, UK). 
The plates were incubated at 30 ◦C for 24 h after examining plates for 
hemolysis activity. Positive hemolytic activity was considered when 
clear halos around the colonies occurred (β-hemolysis), and negative 
hemolytic activity was considered when greenish zones (α-hemolysis) or 
the absence of clear zones (γ-hemolysis) around the colonies were 
observed. Two independent replicates were performed and Staphylo-
coccus aureus ATCC 25213 was used as a positive control. 

2.3.4. Presence of virulence genes 
The presence of virulence genes was investigated according to Bar-

bosa et al. (2010) and Perin et al. (2014): surface adhesin genes (esp, ace, 
efaAfs and efaAfm), aggregation substance (agg), extracellular metal-
loendopeptidase gene (gelE), cytolytic activity (cylA, cylB, cylM, cylLL 
and cylLS), vancomycin resistance genes (vanA and vanB), hyaluronidase 
gene (hly), aggregation substance precursor (asa1) and genes related to 
biogenic amines (hdc1, tdc and odc). The DNA of LAB isolates was 
extracted (GRS genomic DNA kit-Bacteria; Grisp, Portugal), and PCR 
amplifications were performed in a ThermoCycler (Bio-Rad, USA) in 0.2 
mL reaction tubes, each with 25 μL of mixtures using 0.5 mM of each 
primer, 0.1 mM of deoxynucleoside triphosphates (dNTP’s, ABGene, 
Surrey, UK), 1X of PCR Buffer, 2.5 mM of MgCl2, 2U of Taq polymerase 
(all from MBI Fermentas, France) and 100 ng/μL of DNA. The PCR 
program consisted of a primary DNA denaturation step at 94 ◦C for 1 
min, followed by 35 cycles of 1 min at 94 ◦C, 1 min at 55 ◦C, and 2 min at 
72 ◦C, with an extension of the amplified product at 72 ◦C for 7 min. 
After the last cycle, the products were cooled to 4 ◦C. The PCR products 
were analyzed by electrophoresis in 0.8% agarose gels with 1X 
Tris-Acetate-EDTA buffer (TAE buffer; Bio-Rad). A negative control 
(sample without template) and a positive control (sample with DNA 
from each strain according to the studied gene) were included for each 
PCR reaction. 

2.4. Antibiotic susceptibility testing 

The antibiotics used were ampicillin and chloramphenicol (Fluka), 
erythromycin, tetracycline, gentamicin, streptomycin and kanamycin 
(Sigma). The concentrations tested were based on the microbiological 
cut-off values established by the Panel on Additives and Products or 
Substances in Animal Feed (FEEDAP) and also by the Clinical and Lab-
oratory Standards Institute (CLSI - Clinical & Laboratory Standards 
Institute, 2017) for enterococci. Microbiological cut-off values (μg/mL) 
were determined by the agar dilution method according to the CLSI - 
Clinical & Laboratory Standards Institute (2017) for enterococci, and by 
the broth microdilution method according to Klare et al. (2005) for the 
other LAB species after two independent replicates. All isolates were 
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grown in Müeller-Hinton Agar (MHA, BioMérieux, France) with no 
added antibiotic as a negative control. In addition, the quality control 
strain E. faecalis ATCC 29212 was used to monitor the accuracy of MICs 
(CLSI - Clinical & Laboratory Standards Institute, 2017). 

2.5. Bacteriocin activity spectrum 

The bacteriocin activity was tested following the method described 
in section 2.2. Treated cell-free supernatant (CFSn) was screened against 
a large number of microorganisms (Table 1), according to Van Reenen 
et al. (1998). The confirmation of antimicrobial activity was assumed if 
a translucent halo zone was observed around the spots. Two indepen-
dent replicates were performed. 

2.6. Characterization of the bacteriocin produced by Lactilactobacillus 
sakei 205 

Based on the previous tests, the Lb. sakei 205 strain was selected. 

2.6.1. Identification of genes encoding bacteriocin production 
DNA from Lb. sakei 205 was tested for the presence of genes encoding 

plantaricin NC8, plantaricin S, plantaricin W (Winkelströter et al., 
2015), nisin, lacticin A, lactococcin 972, lactococcin G and Q, lacto-
coccin A and B (Ho et al., 2018), brevicin, plantaracin A, plantaracin EF 
and pediocin (Azizi et al., 2017). 

2.6.2. Maximum bacteriocin production (AU/mL) during growth of Lb. 
sakei 205 

To determine the maximum bacteriocin production during its 
growth, 1% (v/v) of an overnight Lb. sakei 205 culture was inoculated in 
MRS broth (100 mL) and incubated at 30 ◦C. Samples were taken at 
regular intervals during 24 h of incubation. Changes in pH and optical 
density (O.D., 600 nm) were recorded every hour and viable counts 
(Colony Forming Units (CFU)/mL) and bacteriocin activity (AU/mL) 
against L. monocytogenes ScottA, L. monocytogenes EDG-e, 
L. monocytogenes NCTC 11994 and E. faecalis ATCC 29212 were stud-
ied every 2 h (Van Reenen et al., 1998). Two independent replicates 
were performed. 

To determine the bacteriocin activity (AU/mL), each treated CFSn 
was successively diluted in sterile Ringer’s solution (Lab M), and 10 μL 
aliquots of each dilution were spotted onto a soft agar plate (BHI with 
0.7% w/v agar) seeded with approximately 106 CFU/mL of each target 
L. monocytogenes strain and E. faecalis. Plates were incubated at 30 ◦C 

from 24 h to 48 h. Pediococcus acidilactici HA-6111-2 was used as a 
control. Antimicrobial activity was expressed as arbitrary units per mL 
(AU/mL), being AU the reciprocal of the highest dilution showing a clear 
growth inhibition zone. 

2.6.3. Effect of temperature, enzymes, pH, and surfactants on bacteriocin 
activity 

Latilactobacillus sakei 205 was grown in MRS broth overnight at 
30 ◦C. Cells were harvested (8000×g, 10 min, 4 ◦C), and the CFS was 
adjusted to pH 6.5 with 1 M NaOH (CFSn). One millilitre of sterile CFSn 
was incubated for 2 h in the presence of proteinase K, trypsin, papain, 
pepsin, α-amylase and catalase (all from Boehringer Mannheim GmbH, 
Germany) at both 1 mg/mL and 0.1 mg/mL (final concentrations). The 
remaining antimicrobial activity was monitored by the agar spot test 
method. In a separate experiment, 1% (w/v) sodium dodecyl sulphate 
(SDS), ethylenediaminetetraacetic (EDTA), Tween 20, Tween 80, urea, 
Triton X-100, Triton X-114, ox-bile, and NaCl were added to bacteriocin- 
containing CFSn. EDTA was added to CFSn in final concentrations of 1.0, 
2.0 and 5.0 mM. Untreated CFSn and detergents, at the respective 
concentrations in water, were used as controls. All samples were incu-
bated at 30 ◦C for 5 h and then tested for antimicrobial activity. The 
effect of pH on bacteriocin activity was tested by adjusting the pH of 
sterile CFS from 2.0 to 12.0 (at increments of 2 pH units) with sterile 1M 
NaOH or 1M HCl. After 1 h of incubation at room temperature (25 ◦C), 
samples were readjusted to pH 6.5 with sterile 1 M NaOH or 1 M HCl, 
heated to 80 ◦C for 10 min, and tested for antimicrobial activity. The 
effect of temperature on bacteriocin activity was tested by incubating 
CFSn at 4, 25, 30, 37, 45, 60, 80, and 100 ◦C for 120 min. Bacteriocin 
activity was also tested after 15 min at 121 ◦C. Antimicrobial activity 
(AU/mL) was monitored twice for all conditions using the agar-spot test 
method (Van Reenen et al., 1998), and L. monocytogenes ScottA, 
L. monocytogenes EDG-e, L. monocytogenes NCTC 11994 and E. faecalis 
ATCC 29212, were used as target strains. 

2.6.4. Cell Lysis 
Bacteriocin-containing cell-free supernatant (20 mL; 3200 AU/mL, 

pH 6.0 assayed on L. monocytogenes ScottA, L. monocytogenes EDG-e, 
L. monocytogenes NCTC 11994 and 6400 AU/mL on E. faecalis ATCC 
29212) was filter-sterilized and added to 100 mL early exponential 
phase of L. monocytogenes ScottA (5 h old; OD = 0.6), L. monocytogenes 
EDG-e (4 h old; OD = 0.5), L. monocytogenes NCTC 11994 (6 h old; OD =
0.4) and E. faecalis ATCC 29212 (4 h old; OD = 0.6). Optical density 
readings at 600 nm were taken every hour for 12 h. Each target L. 
monocytogenes and E. faecalis cultures without added bacteriocins were 
used as controls, and two independent replicates were performed. 

2.6.5. Adsorption studies, partial purification, and determination of the 
molecular size of Lb. sakei 205 bacteriocin 

For adsorption of Lb. sakei 205 bacteriocin (Yang et al., 1992), the 
bacteriocin-producing cells (cultured for 15 h–18 h at 30 ◦C) were 
harvested by centrifugation (7000 rpm, 15 min, 4 ◦C) and washed with 
sterile 0.1M phosphate buffer (pH 6.5). The pellet was re-suspended in 
10 mL of 100 mM NaCl (pH 2.0) and agitated for 1 h at 4 ◦C to allow 
delaminating bacteriocin from the cells. Then, cells were harvested, and 
the cell-free supernatant was neutralised and tested for bacteriocin ac-
tivity. The supernatant from the first centrifugation was kept at 4 ◦C for 
partial purification. Then, ammonium sulphate was added gradually to 
the stored supernatant to reach 60% and 80% of saturation, and each 
solution was kept at slow stirring for 4 h at 4 ◦C. After centrifugation 
(12000 rpm, 20 min, 4 ◦C), precipitated proteins in the pellet and 
floating on the surface were collected and dissolved in 25 mM ammo-
nium acetate buffer (pH 6.5) according to Sambrook et al. (1989). All 
samples were stored at − 20 ◦C. 

To determine the molecular size of Lb. sakei 205 bacteriocin, samples 
were separated by tricine-SDS-PAGE as described by Schägger and von 
Jagow (1987). A low molecular weight marker was used with sizes 

Table 1 
Target microorganisms and their source, used for bacteriocin activity spectrum 
test.  

Species Source 

Bacillus cereus ESB014 ESB culture collection 
Salmonella Enteritidis ESB008 
Salmonella Typhimurium ESB009 
Acinetobacter spp. ESB260 
Acinetobacter baumannii ESB028 
Pediococcus acidilactici HA-6111-2 

Listeria monocytogenes SCOTT A 

Enterococcus faecalis ATCC 29212 ATCC 
Staphylococcus aureus ATCC 25213 

Staphylococcus aureus ATCC 6538 
Listeria monocytogenes EDG-e 
Escherichia coli ATCC 25922 
Escherichia coli ATCC 8739 

Enterococcus faecium DSMZ 13590 DSMZ 

Listeria monocytogenes NCTC 11994 NCTC 

ESB –Escola Superior de Biotecnologia; ATCC – American Type Culture Collection; 
DSMZ – German Collection of Microorganisms and Cell Culture; NCTC – Na-
tional Collection of Types cultures. 
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ranging from 6.5 kDa to 270 kDa (GRS Protein Marker PLUs; Grisp). 
Samples were added to the acrylamide gel in duplicate and, after 
running, the gel was split in two. One-half of the gels were fixed with 
20% isopropanol and 10% acetic acid, and the other half was stained 
with Coomassie Brilliant Blue R250 (Bio-Rad, USA) to visualise the 
position of the peptide band and the other half was not stained and 
extensively pre-washed with the sterile distilled water to determine the 
position of the active bacteriocin. The non-stained gels were overlaid 
with 106 CFU/mL of L. monocytogenes ScottA, first embedded in BHI soft 
agar (0.7% agar w/v; Biokar) and incubated at 37 ◦C for 24 h. 

3. Results and discussion 

3.1. Screening of antimicrobial activity 

From 371 LAB isolates, 43 inhibited L. monocytogenes, E. faecalis, 
S. aureus, and E. coli strains by cell-to-cell competition, eight inhibited 
by low pH and 33 inhibited by proteinaceous compounds against 
L. monocytogenes and E. faecalis. These 33 isolates were selected for 
further experiments (Table 2). These strains may produce substances 
that inhibit foodborne pathogens, as previously reported for other 
selected LAB (Kanwal et al., 2021; Mitsuwan et al., 2022). 

3.2. Presence of virulence factors 

The capacity to produce hydrolytic enzymes DNase and gelatinase 
was not found in any of the isolates investigated. Similar results were 
reported for other LAB isolates of the same species (Valledor et al., 
2022). Moreover, a lack of hemolytic activity is a key demand (Li et al., 
2020). Of the 33 LAB isolates studied, none was β-hemolytic, 18 (54.5%) 
were α-hemolytic, and 15 (45.5%) displayed no hemolysis (ɣ-hemolyt-
ic). Bermudez-Humaran and Langella (2012) demonstrated that hemo-
lytic activity is a disadvantage; therefore, only the LAB isolates that did 

not show hemolysis (ɣ-hemolytic) were selected for further studies. 
Histamine and tyramine are the biogenic amines most studied in 

ripened foods and starter cultures due to their toxic effects caused by 
their vasoactive and psychoactive properties (Bover-Cid & Holzapfel, 
1999). None of the selected LAB strains had the ability to produce his-
tamine, putrescine, and cadaverine and only two isolates (Enterococcus 
faecium 40 and Lb. sakei 175), could produce tyramine. Bover-Cid and 
Holzapfel (1999) also observed that some strains of E. faecium and Lb. 
sakei produced tyramine but not histamine, putrescine, and cadaverine. 
More recently, Valledor et al. (2022) evaluated the safety of two 
E. faecium strains (E. faecium ST20Kc and ST41Kc) and found that both 
produced tyramine; Mrkonjic Fuka et al. (2020) also reported that 
14.81% of the studied Lb. sakei strains (n = 57) harboured the gene 
encoding for a tyrosine decarboxylase (tcd). For this reason, these two 
bacteria were not selected for further assays. 

3.3. Presence of virulence genes 

Despite their beneficial potential, the 13 selected strains presented a 
variable pattern of virulence-related genes: none of the strains presented 
evidence for harbouring hyl, agg, esp, cylA, cylB, cylM, cylLS, ace, asa1, 
hdc and odc, but other virulence-related genes evaluated in this study 
gelE, EfaAfs, EfaAfm, cylLL and tcd were detected at different frequencies 
(Table 3). 

The presence of specific genes does not automatically translate into 
their expression and potential virulence of the strain that harbors this 
genetic material (Colautti et al., 2022; Todorov et al., 2019). For 
instance, the presence of the gelE gene may not be sufficient for gelati-
nase activity since the complete fsr operon seems essential for its 
expression (Teixeira et al., 2012). Lopes et al. (2006) found that all 
enterococci with an incomplete fsr operon were unable to produce 
gelatinase, but 12 isolates with the complete fsr operon were gelatinase 
negative. According to de Castilho et al. (2019), the fsr operon seems to 
be easily damaged, deleted and lost mainly during the freezing of cells 
under laboratory conditions. As with the isolates in this study, Barbosa 
et al. (2010) also reported the presence of “silent” genes, i.e., isolates 
that carried the gelE gene but did not express it phenotypically (gelati-
nase production). 

EfaA is a cell wall adhesin associated with endocarditis found in 
clinical and food enterococci isolates. The antigen A proteins efaAfs and 
efaAfm are commonly found in E. faecalis and E. faecium isolates, 
respectively, other authors have already reported the absence of the 
efaAfs gene in E. faecalis strains and also found E. faecalis and other 
enterococcal species with the efaAfm gene (Barbosa et al., 2010; Semedo 
et al., 2003). Similar results were found in the present study, with 
Enterococcus hirae 15 and Enterococcus durans 159 harbouring both 
efaAfs and efaAfm genes, as well as isolates belonging to other genera 
(Lactiplantibacillus, Lacticaseibacillus, Latilactobacillus, and Leuconostoc). 

Four isolates (Lco. garvieae 151, Lb. sakei 197, Lacticaseibacillus casei 
31 and Lacticaseibacillus paracasei 185) harboured the cylLL gene. 
Despite the association between β-hemolysis and the presence of the 
complete cyl operon, Semedo et al. (2003) suggest that molecular 
screening of cyl genes should be performed for non-hemolytic strains in 
order to assess their pathogenic potential. 

In the present study, none of the isolates harboured the hdc1 and odc 
genes (Table 3), and, as previously mentioned, none had the ability to 
produce histamine and putrescine. Furthermore, although most isolates 
showed the tcd gene associated with tyramine production, only two 
isolates (E. faecium 40 and Lb. sakei 175) produced tyramine. Other 
authors have reported a high number of enterococci and Lb. sakei strains 
that harboured the tcd gene (Mrkonjic Fuka et al., 2020; Muñoz-Atienza 
et al., 2011) and, in addition, also strains harbouring the tcd gene but not 
producing tyramine (Muñoz-Atienza et al., 2011). These results 
emphasize the importance of simultaneously studying both phenotypic 
and genotypic characteristics of an isolate. 

Table 2 
Identification of 33 lactic-acid bacteria isolates selected for further experiments.  

Code Product/Surface Identification 

15 Surface meat industry Enterococcus hirae 
31 Ripened cheese Lacticaseibacillus casei 
37 Dry-cured fermented sausage Enterococcus faecium 
38 Dry-cured fermented sausage Enterococcus faecium 
40 Dry-cured fermented sausage Enterococcus faecium 
89 Dry-cured fermented sausage Lactiplantibacillus plantarum 
116 Ripened cheese Lacticaseibacillus casei 
151 Ripened cheese Lactococcus garvieae 
156 Ripened cheese Lactococcus garvieae 
159 Dry-cured fermented sausage Enterococcus durans 
174 Dry-cured fermented sausage Lactilactobacillus sakei 
175 Dry-cured fermented sausage Lactilactobacillus sakei 
185 Ripened cheese Lacticaseibacillus paracasei 
187 Ripened cheese Enterococcus faecium 
189 Surface meat industry Enterococcus faecium 
193 Dry-cured fermented sausage Leuconostoc mesenteroides 
194 Dry-cured fermented sausage Lactilactobacillus sakei 
197 Dry-cured fermented sausage Lactilactobacillus sakei 
205 Dry-cured fermented sausage Lactilactobacillus sakei 
258 Ripened cheese Leuconostoc mesenteroides 
262 Ripened cheese Lacticaseibacillus paracasei 
270 Curd Leuconostoc pseudomesenteoroides 
272 Ripened cheese Leuconostoc mesenteroides 
273 Ripened cheese Leuconostoc mesenteroides 
274 Ripened cheese Leuconostoc mesenteroides 
284 Ripened cheese Lactiplantibacillus plantarum 
288 Ripened cheese Leuconostoc mesenteroides 
297 Ripened cheese Leuconostoc mesenteroides 
304 Ripened cheese Leuconostoc mesenteroides 
306 Curd Leuconostoc mesenteroides 
307 Ripened cheese Leuconostoc mesenteroides 
313 Curd Leuconostoc pseudomesenteroides 
314 Ripened cheese Leuconostoc mesenteroides  
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3.4. Antibiotic susceptibility 

In general, the isolates were sensitive to the antibiotics tested 
(Table 4). Only Enterococcus, Lcb. paracasei, Lpb. plantarum and Lc. 
mesenteroides strains showed resistance to at least one antibiotic. Thus, 
only three isolates (Lcb. casei 116, Lco. garvieae 151 and Lb. sakei 205) 
were sensitive to all the antibiotics tested (Table 4). Other authors also 
reported a low occurrence of antibiotic resistance by the same species 
(Mrkonjic Fuka et al., 2020; Valledor et al., 2022). 

This susceptibility is an advantage, and according to FEEDAP Panel 
(EFSA, 2012), these three sensitive isolates are acceptable to be pro-
posed as protective cultures. Consequently, only Lcb. casei 116, Lco. 
garvieae 151 and Lb. sakei 205 were selected for further characterization. 

3.5. Bacteriocin activity spectrum 

The activity of the three selected bacteriocin-producing LAB was 
screened against nine Gram-positive and six Gram-negative bacteria 
listed in Table 1. 

All LAB isolates inhibited at least one of the L. monocytogenes strains 
studied. The neutralised supernatant of Lb. sakei 205 showed high anti- 
listerial activity, but it was also effective against other important mi-
croorganisms, such as S. Typhimurium ESB009. Also De Carvalho et al. 
(2010) found a Lb. sakei subsp. sakei strain able to inhibit Listeria seeli-
geri, Listeria innocua and L. monocytogenes ScottA, in addition to other 
microorganisms such as Staphylococcus epidermidis and different 
enterococci. Most of the bacteriocins described for Lb. sakei are active 
against a broad range of genera and species (Todorov et al., 2011). 

This significant advantage contributes to making this microorganism 
even more appealing to the food industry. Due to its broad-spectrum 
antimicrobial activity, only Lb. sakei 205 was selected, and bacteriocin 
(s) produced by this strain were characterized. In addition to the char-
acteristics already mentioned, Lb. sakei 205 has been tested as a 
biocontrol of L. monocytogenes in dry-cured fermented sausages pro-
duction, and the counts of this foodborne pathogen were significantly 
reduced (Martín et al., 2021). With this, the use of Lb. sakei 205 appears 
to be of great interest for the safety of dry-cured fermented sausages. 

3.6. Characterization of Lb. sakei 205-produced bacteriocin(s) 

3.6.1. Identification of several genes encoding bacteriocin production 
In the test for identifying genes encoding bacteriocin(s) from Lb. 

sakei 205, none of the target genes analyzed for brevicin, plantaricin A, 
plantaricin EF, plantaricin W, plantaricin NC8, lactococcin 972, lacto-
coccin G and Q, lactococcin A and B, or nisin were found. However, 
amplicons of the corresponding size of pediocin PA-1 and plantaricin S 
were generated. Other bacteriocin genes have been detected in other Lb. 
sakei strains, such as curvacin, enterocin, sakacin (Martinez et al., 2015; 
Todorov et al., 2011, 2013), and carnocin (Li et al., 2022). 

This preliminary screening does not exclude the need for PCR 
product sequencing or the analysis of each strain by whole-genome 
sequencing for a deeper study. 

3.6.2. Growth and bacteriocin production 
Fig. 1 shows the antimicrobial activity (AU/mL) of the treated cell- 

free supernatant of Lb. sakei 205 against L. monocytogenes ScottA, 

Table 3 
Virulence genes of selected lactic-acid bacteria isolates.  

Isolates Virulence genes 

agg esp gelE efaAfs efaAfm cylA cylB cylM cylLL cylLS ase hyl asa1 hdc tcd odc 

E. hirae 15 ─ ─ ─ + + ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 
Lcb.casei 31 ─ ─ + + ─ ─ ─ ─ + ─ ─ ─ ─ ─ ─ ─ 
Lcb. casei 116 ─ ─ + + + ─ ─ ─ ─ ─ ─ ─ ─ ─ + ─ 
Lco. garvieae 151 ─ ─ + + + ─ ─ ─ + ─ ─ ─ ─ ─ + ─ 
E. durans 159 ─ ─ ─ + + ─ ─ ─ ─ ─ ─ ─ ─ ─ + ─ 
Lb. sakei 174 ─ ─ ─ ─ + ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 
Lcb. paracasei 185 ─ ─ + + + ─ ─ ─ + ─ ─ ─ ─ ─ ─ ─ 
Lb. sakei 197 ─ ─ + + + ─ ─ ─ + ─ ─ ─ ─ ─ + ─ 
Lb. sakei 205 ─ ─ + + ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 
Lcb. paracasei 262 ─ ─ + + ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 
Lpb. plantarum 284 ─ ─ + ─ + ─ ─ ─ ─ ─ ─ ─ ─ ─ + ─ 
Lc. mesenteroides 307 ─ ─ + ─ + ─ ─ ─ ─ ─ ─ ─ ─ ─ + ─ 
Lc. mesenteroides 313 ─ ─ + ─ + ─ ─ ─ ─ ─ ─ ─ ─ ─ + ─ 

− : negative for virulence gene. 
+: positive for virulence gene. 

Table 4 
Minimal inhibitory concentrations (MIC; μg/mL) and respective susceptibility to eight antibiotics by thirteen LAB isolates.  

Isolates MIC (Susceptibility) 

Amp Chl Gen Kan Str Tet Van Ery 

E. hirae 15 8(S) 1(S) ≤4(S) 256(S) ≤4(S) 2(S) 4(S) 2(I) 
Lcb. casei 31 8(S) 1(S) ≤4(S) 16(S) ≤4(S) 2(S) n.r. 0.5(S) 
Lcb. casei 116 ≤2(S) 0.5(S) ≤4(S) 8(S) ≤4(S) 2(S) n.r. ≤0.25(S) 
Lco. garvieae 151 ≤2(S) 0.5(S) ≤4(S) 16(S) 4(S) 4(S) n.r. 0.25(S) 
E. durans 159 4(S) 0.5(S) ≤4(S) 256(S) 4(S) 16(R) 4(S) 2(I) 
Lb. sakei 174 ≤2(S) 0.5(S) ≤4(S) 16(S) ≤4(S) 4(S) n.r. 1(S) 
Lcb. paracasei 185 8(R) 0.5(S) ≤4(S) 16(S) ≤4(S) ≤0.5(S) n.r. 1(S) 
Lb. sakei 197 0.5(S) 0.5(S) ≤4(S) 8(S) ≤4(S) 4(S) n.r. 1(S) 
Lb. sakei 205 0.5(S) 0.5(S) ≤4(S) 4(S) ≤4(S) ≤0.5(S) n.r. ≤0.25(S) 
Lcb. paracasei 262 4(S) 0.5(S) ≤4(S) 16(S) ≤4(S) 4(S) n.r. 2(R) 
Lpb. plantarum 284 8(R) 0.5(S) ≤4(S) 16(S) n.r. 4(S) n.r. 1(S) 
Lc. mesenteroides 307 ≤2(S) 0.5(S) ≤4(S) 32(R) ≤4(S) ≤0.5(S) n.r. 2(S) 
Lc. mesenteroides 313 8(R) 0.5(S) ≤4(S) 32(R) ≤4(S) 1(S) n.r. 2(S) 

Amp-ampicillin; Chl-chloramphenicol; Gen-gentamicin; Kan-kanamycin: Str-streptomycin; Tet-tetracycline; Van-vancomycin; Ery-erytromycin; R-resistant; I – in-
termediate; S – sensitive; n.r. – not required. 
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EDG-e and NCTC 11994 and E. faecalis ATCC 29212 over time, as well 
the viable cell counts of Lb. sakei 205 and the pH changes of the solution. 

The higher bacteriocin activity was observed against E. faecalis ATCC 
29212 with 6400 AU/mL during the growth of Lb. sakei 205 for 18–20 h. 
Martinez et al. (2015) also determined that the production of bacterio-
cins by Lb. sakei 2a in MRS broth under optimal growth conditions 
(30 ◦C for 24 h) was similar (6400 AU/mL). The maximum activity of the 
bacteriocin for L. monocytogenes NCTC 11994 and L. monocytogenes 
EDG-e (3200 AU/mL) was reached after 18 h, and for L. monocytogenes 
ScottA (3200 AU/mL) after 20 h. Also, the changes in pH values 
decreased from 6.25 (at the beginning) to 4.8 (at the end of the 
screening), reaching its minimum (pH 4.68) after 22 h of growth. The 
number of viable cells of Lb. sakei 205 increased approximately 3 log 
CFU/mL (maximum cell growth at 16 h of growth). Regarding the 
characterization of other bacteriocins produced by other Lb. sakei-pro-
ducing strains, Todorov et al. (2011) found a maximal bacteriocin pro-
duction of 800 AU/mL against L. innocua F after 11 h of Lb. sakei R1333 
growth and Todorov et al. (2013) reported the highest bacteriocin 
production by Lb. sakei ST22Ch and ST153Ch strains of 1600 AU/mL 
after 19 h of growth and 800 AU/mL after 12 h of Lb. sakei ST154Ch 
growth against E. faecium ATCC 19433. 

3.6.3. Effect of enzymes, temperature, pH, and surfactants on bacteriocin 
(s) activity 

The impact of certain detergents, enzymes, pH, and temperature 
values on bacteriocin(s) activity against L. monocytogenes NCTC 11994, 
L. monocytogenes EDG-e, L. monocytogenes Scott A and E. faecalis ATCC 
29212 is shown in Tables 5 and 6. 

The activity of Lb. sakei 205 bacteriocin remained stable at temper-
atures ranging from 25 ◦C to 60 ◦C (Table 5). However, residual activity 
was observed at lower temperatures (below 30 ◦C) and higher temper-
atures (higher than 80 ◦C). Similar results were observed for other 

bacteriocins produced by Pediococcus strains (Ramos et al., 2016), but 
not for those produced by Lactobacillus strains (Barbosa et al., 2021; 
Zhao et al., 2022). 

It is possible to observe the antimicrobial activity of Lb. sakei 205 
bacteriocin was affected (50%–100% of reduction) at pH values below 
2.0 and above 8.0, suggesting that the peptide is sensitive to acidic and 
alkaline conditions (Table 6). The bacteriocin remained stable after in-
cubation for 1 h at pH 4.0 and 6.0 (0% reduction). Heredia-Castro et al. 
(2015) indicated that the antimicrobial activity of different LAB strains 
had a wide pH range (4.0–8.0). The acidification can result in protein 
denaturation and also cause solubilization of metals in some LAB, being 
toxic at some concentrations (Papadimitriou et al., 2016), which con-
firms the data found. Although to less extent, also a reduction in anti-
microbial activity of other bacteriocins, such as plantaricins and 
pediocins, has been reported by others (Barbosa et al., 2021; Ramos 
et al., 2016). 

Lactilactobacillus sakei 205 bacteriocin was sensitive to all the de-
tergents tested but remained active against L. monocytogenes NCTC 
11994 and L. monocytogenes EDG-e after treatment with surfactants 
(Tween-20 and Tween-80). Similar results were observed against 

Fig. 1. Production of bacteriocin by Lb. sakei 205 in MRS broth. The antimi-
crobial activity of cell-free supernatants is presented as AU/mL (bars) for 
L. monocytogenes NCTC 11994 (L1), L. monocytogenes EDG-e (L2), 
L. monocytogenes ScottA (L3) and E. faecalis ATCC 29212 (E1) strains. Viable cell 
counts of Lb. sakei 205 are presented as log (CFU/mL) and pH changes are 
also presented. 

Table 5 
Reduction of antimicrobial activity of Lb. sakei 205 bacteriocin (expressed in percentage values) against four pathogens, under the effect of temperature.    

L1 L2 L3 E1 

1h 2h 1h 2h 1h 2h 1h 2h 

T (◦C) 4 0.00% 50.00% 50.00% 75.00% 75.00% 87.50% 75.00% 87.50% 
25 0.00% 0.00% 25.00% 25.00% 25.00% 50.00% 50.00% 50.00% 
30 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
37 0.00% 0.00% 0.00% 0.00% 0.00% 50.00% 0.00% 0.00% 
60 50.00% 50.00% 0.00% 0.00% 0.00% 50.00% 25.00% 25.00% 
80 50.00% 50.00% 75.00% 75.00% 50.00% 50.00% 50.00% 75.00% 
100 75.00% 87.50% 75.00% 87.50% 50.00% 75.00% 87.50% 87.50% 
121 100.00%  100.00%  100.00%  100.00%  

(L1) L. monocytogenes NCTC 11994; (L2) L. monocytogenes EDG-e; (L3) L. monocytogenes ScottA and (E1) E. faecalis ATCC 29212. 

Table 6 
Reduction of antimicrobial activity of Lb. sakei 205 bacteriocin (expressed in 
percentage values) against L. monocytogenes ScottA, EDG-e and NCTC 11994 and 
an E. faecalis, under the effect of pH, detergents, surfactants and protease 
inhibitors.    

L1 L2 L3 E1 

pH 2 75.00% 75.00% 50.00% 50.00% 
4 0.00% 0.00% 0.00% 0.00% 
6 0.00% 0.00% 0.00% 0.00% 
8 50.00% 25.00% 75.00% 50.00% 
10 50.00% 87.50% 75.00% 75.00% 
12 93.75% 96.88% 87.50% 93.75% 

Enzymes (mg/ 
mL) 

Proteinase K 1.0 87.50% 100.00% 100.00% 96.88% 
Proteinase K 0.1 75.00% 100.00% 100.00% 87.50% 
Papain 1.0 75.00% 75.00% 75.00% 50.00% 
Papain 0.1 0.00% 25.00% 25.00% 0.00% 
Pepsin 1.0 50.00% 50.00% 50.00% 50.00% 
Pepsin 0.1 0.00% 25.00% 25.00% 0.00% 
Catalase 1.0 0.00% 75.00% 87.50% 75.00% 
Catalase 0.1 0.00% 50.00% 75.00% 50.00% 

Detergents Tween 20 0.00% 0.00% 87.50% 25.00% 
Tween 80 0.00% 0.00% 87.50% 50.00% 
Triton X-100 87.50% 93.75% 87.50% 50.00% 
SDS 50.00% 93.75% 87.50% 87.50% 
EDTA 87.50% 75.00% 87.50% 75.00% 
Ox-Bile 93.75% 93.75% 100.00% 96.88% 
Urea 75.00% 87.50% 87.50% 25.00% 
NaCl 50.00% 75.00% 0.00% 0.00% 
Sodium 
carbonate 

75.00% 75.00% 93.75% 75.00% 

Sodium 
deoxycholate 

87.50% 87.50% 87.50% 87.50% 

(L1) L. monocytogenes NCTC 11994; (L2) L. monocytogenes EDG-e; (L3) 
L. monocytogenes ScottA and (E1) E. faecalis ATCC 29212. 
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L. monocytogenes ScottA and E. faecalis ATCC 29212 since bacteriocin 
remained active after treatment with NaCl. However, almost a total loss 
of activity against the other tested strains was observed after treatment 
with all the detergents (Table 6). This could indicate a high sensitivity of 
the bacteriocin to protease inhibitors, corroborating the reported data 
for other LAB species (Benmouna et al., 2018). In fact, high inactivation 
of antimicrobial activity was observed after treatment with the proteo-
lytic enzyme, proteinase K, confirming its proteinaceous nature 
(Table 6). Overall, less activity reduction was observed after treatment 
with other proteases tested (papain and pepsin) and after the antioxi-
dant enzyme activity (catalase). Other authors have reported the inhi-
bition of several studied bacteriocins when treated with proteinase K 
(Barbosa et al., 2021; Todorov et al., 2013) but also with pepsin, papain 
and catalase (Ramos et al., 2016; Todorov et al., 2013). 

3.6.4. Cell lysis 
The effect of Lb. sakei 205 bacteriocin on the growth of 

L. monocytogenes ScottA, EDG-e and NCTC 11994, and E. faecalis ATCC 
29212 is presented in Fig. 2. 

When the bacteriocinogenic Lb. sakei 205 supernatant was added to a 
mid-log culture (5h-old) of L. monocytogenes ScottA, a decrease of 
approximately 2 log CFU/mL was observed (Fig. 2a). Adding the pro-
teinaceous substance against a mid-log culture of L. monocytogenes EDG- 
e (4h-old; Fig. 2b) and L. monocytogenes NCTC 11994 (6h-old; Fig. 2c), 
the cell growth of both pathogens was suppressed. However, the 
reduction was not so noticeable (approx. 1 log CFU/mL). On the con-
trary, when the supernatant was added to a mid-log culture (4h-old) of 
E. faecalis ATCC 29212, a great decrease (2.2 log CFU/mL) in the 
viability of this bacterium was observed (Fig. 2d). No change in the cell 
number of all L. monocytogenes was recorded for untreated (control) 
samples. Although the more significant inhibition against 
L. monocytogenes ScottA and E. faecalis ATCC 29212, the treated cell-free 
supernatant of Lb. sakei 205 affected the viability of all the studied 
pathogens and repressed their growth for at least 12 h. These results 
were similar to those reported by Todorov et al. (2011), in which the 
numbers of L. monocytogenes and E. faecium were decreased after the 
addition of the bacteriocin (800 AU/mL) produced by Lb. sakei R1333. 
Also, Barbosa et al. (2021) reported a decrease of approximately 2 log 
cycles of L. monocytogenes 7947 after adding the bacteriocin-containing 
cell-free supernatant (12800 AU/mL) of Lpb. plantarum R23. 

3.6.5. Adsorption studies and molecular size determination 
The bacteriocin did not adhere to the surface of producer cells since it 

was not detected after the treating Lb. sakei 205 with 100 mM NaCl at pH 
2.0. According to tricine/SDS-PAGE, the approximate molecular size of 
this bacteriocin was 24 kDa (Fig. 3), from the association between the 
position of the peptide band and the clear zone of growth inhibition of 
L. monocytogenes Scott A. This molecular size is higher than most bac-
teriocins previously described for Lb sakei. However, a molecular weight 
of around 14 kDa for Lactobacillus pentosus bacteriocin ST712BZ 
(Todorov & Dicks, 2007) and 17 kDa for pediocins (Ramos et al., 2016) 
have also been reported. As previously mentioned, although more tests 
are needed, these results may be in agreement with the amplicons of the 
corresponding size of pediocin PA-1 found. 

4. Conclusion 

Latilactobacillus sakei 205, isolated from traditional dry-cured fer-
mented sausage, was chosen due to its high bacteriocin activity spec-
trum. The bacteriocin produced by this strain has an approximate 
molecular size of 24 kDa, and its activity remained stable under envi-
ronmental factors. In addition, it inhibited the growth of important 
foodborne pathogens, such as L. monocytogenes, commonly found in 
these products. It is essential to highlight the large activity spectrum of 
Lb. sakei 205 strain, especially against the Gram-negative foodborne 
pathogen Salmonella, which deserves to be addressed in future trials. All 

Fig. 2. Effect of Lb. sakei 205 bacteriocin(s) on the growth of L. monocytogenes 
ScottA (a), L. monocytogenes EDG-e (b), L. monocytogenes NCTC 11994 (c) and 
E. faecalis ATCC 29212 (d) presented as log (CFU/mL). The darkest line rep-
resents target cultures without added bacteriocins. The arrow indicates the 
point at which the bacteriocin was added. 
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the mentioned factors indicate the potential effectiveness of Lb. sakei 
205 strain and its produced bacteriocin as a biopreservative in tradi-
tional ripened foods. However, further tests are required. On the one 
hand, the antibacterial mode of action and artificial design of bacte-
riocin should be explored by conducting a detailed investigation of the 
advanced structure and its antibacterial transcriptomics. Additionally, 
the effect of this strain on the fermented flavor and quality of dry-cured 
fermented sausages as well as the preservation of its inhibition proper-
ties against foodborne pathogens should be assessed. 
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