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INTRODUCTION 

 

Foodborne pathogens cause a vast number of diseases with a significant impact on 
human health and the economy. Unsafe foods containing harmful bacteria, viruses, 

parasites or chemical substances cause more than 200 diseases (Bintsis, 2017), 

ranging from diarrhea to cancer. An estimated 600 million, or almost one in ten 

people worldwide fall ill after eating contaminated food and 420 000 die each year. 

In low- and middle-income countries US$ 110 billion is lost each year in 

productivity and medical costs resulting due to unsafe food (WHO, 2022). 
Over the last three decades, pathogenic bacteria have become a major problem in 

the food industry. The presence of pathogens in food has not only raised awareness 

of food safety, but also poses a major economic problem. 
Raw meat and meat products contain a sufficient quantity of proteins, lipids, 

carbohydrates and water and, thanks to the optimal pH value, form a suitable 

environment for the growth of a variety of microorganisms, including bacteria, 
yeasts, molds and viruses. In the last twenty years, the biggest problem of 

contamination in the meat industry has been caused by pathogenic bacteria (Hui 

and Dykes, 2012; Newell et al. 2010). Among foodborne pathogens, Listeria 
monocytogenes and Staphylococcus aureus are very important and ubiquitous 

pathogens in the meat industry, causing illness or even death in consumers (Hui 

and Dykes, 2012; Oxaran et al., 2018). Staphylococcus aureus is responsible for 
one third of the infections caused worldwide and is the third most common 

pathogen after Vibrio parahaemolyticus (27.8 %) and Salmonella (23.1 %) (Bean 

et al., 1996; Diep et al., 2006). %). It multiplies very rapidly at room temperature 

at a rate of more than 105 bacteria per gram and can produce heat-resistant 

enterotoxin (Delbes et al., 2006; Masoud et al., 2012; Ryser, 2001). The 

symptoms of staphylococcal food poisoning occur after ingestion of low doses of 
toxin (20-100 ng) (Normanno et al., 2007; Pelisser et al., 2009; Schelin et al., 

2011) and are responsible for 95% of food poisoning (Carfora et al., 2015). On 
the other hand, the ability of Listeria monocytogenes to grow in cold (refrigerator) 

conditions, low pH and high salinity can cause major problems in food production. 

Listeria monocygenes causes listeriosis, a disease that affects 

immunocompromised individuals, newborns and pregnant women, at very low 

doses in food (102 to 104 cfu/g or ml) (Ooi et al., 2005; Vazquez-Boland et al., 

2001; Wing et al., 2002). In general, listeriosis is a relatively rare disease, but it 

has a high mortality rate in Europe (12%) and in the United States (25%) (Schlech, 

2000).  

Staphylococcus and Listeria are usually found on the surface of meat and can be 

spread in meat processing plants during mixing or grinding. In addition, the ability 

of these bacteria to form biofilms (including mixed-species biofilm) allows them 
to remain a persistent contaminant in meat processing plants (Gamble et al., 2007; 

Kushwaha et al., 2009; Oxaran et al., 2018). The first hurdle in the fight against 

foodborne pathogens and food contamination in the food industry is the 
implementation of good manufacturing practices (GMP) and standard operating 

procedures (SOPs) according to the  Hazard and Analysis and Critical Control 

Point (HACCP) concept. Nevertheless, outbreaks of food poisoning still occur. For 
this reason, there is a constant need for diverse and effective approaches that can 

contribute to increased protection in the production and distribution of sensitive 

food products. One of these approaches is biopreservation. Natural and safe 
biopreservation can be achieved by antimicrobial ribosomal (bacteriocins) or non-

ribosomally synthesized antimicrobial peptides and lipopeptides (Hugas, 1998; 

Työppönen et al., 2003). 
Many research groups have used lactococci as bacteriocin producers in various 

foods to improve the quality of products or to control foodborne diseases (Dal 

Bello et al., 2012; Rodriguez et al., 2005). However, some members of the spore 

formers, such as Brevibacillus laterosporus, are beneficial to humans, animals and 

plants and can be used as probiotics or sources of antimicrobial compounds 

(Sanders et al., 2003). In a previous study, we isolated Brevibacillus laterosporus 
BGBG7 and BGSP9 from silage and showed inhibitory effect of overnight culture 

and cell-free supernatant against the foodborne pathogens Listeria monocytogens 
and Staphylococcus aureus (Miljkovic et al., 2019). Both strains of B. latersporus 

BGSP7 and BGSP9 produce a whole arsenal of antimicrobial molecules that are 

The presence of pathogens in food has increased awareness of food safety, but it also causes large economic losses. Fresh meat and meat 

products contain a sufficient quantity of proteins, lipids, water, and a favorable pH that stimulates the growth of various microorganisms, 
including pathogens. 
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free supernatants in the control of Listeria monocytogenes and Staphylococcus aureus in raw meat and meat products. 

Raw meat and meat products were sliced and then aseptically treated by immersion for 2 minutes into solutions containing: i) CFS-BGSP7; 

ii) CFS-BGSP9; iii) no treatment. The samples were then artificially contaminated with: Group I – L. monocytogenes (~4 log cfu g-1); 

Group II – S. aureus LMM322 (~4 log cfu g-1). Each sample was individually aseptically vacuum-packed and stored at 4°C for 8 weeks. 
The number of surviving bacteria in the samples were analyzed immediately after contamination with L. monocytogenes and S. aureus 

and at regular time-intervals: after 1, 3, 5 and 8 weeks of storage at 4°C. 

Meat samples treated with CFS-BGSP7 and CFS-SP9 showed a significant decrease in the cell counts of L. monocytogenes and S. aureus. 
When meat samples treated with CFS-BGSP7 and CFS-BGSP9 are compared, the results show a more intense reduction rate of both L. 

monocytogenes and S. aureus in all samples treated with CFS-BGSP7. 
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active against L. monocytogens and S. aureus (Miljkovic et al., 2019). The most 

active antimicrobial peptide from B. laterosporus BGSP7 was purified from the 

supernatant and had a mass of 1583.94 Da, while more than 5 antimicrobial 

peptides with a mass of 1540-1620 Da were purified from the supernatant of B. 

laterosporus BGSP9. All purified antimicrobial peptides showed activity against 

L. monocytogenes and S. aureus, with the most abundant peptides from BGSP7 
(1583.94) and BGSP9 (1556.31 Da) showing activity at very low concentrations 

(Miljkovic et al., 2019). 

Considering that the process of purification of antimicrobial peptides is very costly 
and it is known from a previous study that the most effective antimicrobial peptides 

were purified from the cell-free supernatants of BGSP7 and BGSP9, the aim of 
this work was to investigate the efficacy of cell-free supernatants of B. latersporus 

BGSP7 and BGSP9 in combating L. monocytogenes and S. aureus in pork and beef 

and in pork and beef products. 
 

MATERIAL AND METHODS  

 

Bacterial strains, media and cultivation conditions 

 

The strains used in this study and their growth conditions are listed in Table 1. 

Brevibacillus laterosporus BGSP7 and BGSP9, isolated from silage (Miljkovic et 
al., 2019) were incubated at 37°C in Luria Bertani (LB) medium with aeration. 

Staphylococcus aureus BGPF322 and Listeria monocytogenes BGPF112 

previously isolated from raw pork meat (Collection of Faculty of Agriculture, 
University of Belgrade) were incubated at 37°C in Luria Bertani (LB) medium 

with aeration and Brain Heart Infusion broth, respectively. Solid medium (soft and 
hard agar mediums) was prepared by adding agar (Torlak, Belgrade Serbia) 7 g.L-

1 and 15 g.L-1, respectively.  

 

Table 1 Strains used in this study 

Strain Growth conditions Source or references 

Brevibacillus laterosporus BGSP7 Luria Bertani broth, with aeration, 37°C Miljkovic et al., 2019 

Brevibacillus laterosporus BGSP9 Luria Bertani broth, with aeration, 37°C Miljkovic et al., 2019 

Listeria monocytogenes BGPF112 Brain Heart Infusion broth, 37°C 
Collection of Faculty of Agriculture, University of 

Belgrade 

Staphylococcus aureus BGPF322 Luria broth, with aeration, 37°C 
Collection of Faculty of Agriculture, University of 

Belgrade 

 

Preparation of cell-free supernatant Brevibacillus laterosporus BGSP7 and 

BGSP9 

 

Brevibacillus laterosporus BGSP7 and BGSP9 were inoculated 1% (v/v) in LB 

broth and incubated for 12 h at 37°C. After centrifugation (8 000 x g, 10°C, 30 
min) supernatants were filtered through 0.22 µm pore-size (Millipore Corporation, 

Bedford, MA, USA) and neutralized to pH 7 with 1M NaOH to avoid a potential 

inhibitory effect of low pH. 
 

Antimicrobial activity of cell-free supernatants of Brevibacillus laterosporus 

BGSP7 and BGSP9 

 

Antimicrobial activity of cell-free supernatants of Brevibacillus laterosporus 

BGSP7 (CFS-BGSP7) and BGSP9 (CFS-BGSP9) was determined by agar well 

diffusion assay, described previously (Kojic et al., 1991). Staphylococcus aureus 

BGPF322 (5 log cfu g-1) and Listeria monocytogenes BGPF112 (5 log cfu g-1) were 

used as indicator strains. Aliquots of CFS- BGSP7 and CFS-BGSP9 were assayed 
in wells made in soft agar inoculated with indicator strains. Plates were incubated 

at 37°C, and clear zone of inhibition around the wells indicated antimicrobial 

production/activity. All experiments were done in triplicate. 
 

Preparation of treatments of meat and meat products 

 
Raw meat and meat products were purchased from Serbian producer of meat and 

meat products, Zlatiborac, Čajetina, Serbia. The meat samples were labeled as 

follows: PRM - pork raw meat; PBS – pork boiled sausage; PFS – pork fermented 
sausage; BRM – beef raw meat; BBS – beef boiled sausage; BP – beef prosciutto. 

All meat samples were sliced (3 cm diameter and weight 5 g), and then aseptically 

treated by immersion for 2 min, in: i) Cell free supernatant of Brevibacillus 
laterosporus BGSP7 (CFS-BGSP7); ii) Cell free supernatant of Brevibacillus 

laterosporus BGSP9 (CFS-BGSP9); iii) without treatment. Afterwards, samples 

were artificially contaminated with: Group I - Listeria monocytogenes BGPF112 

(~4 log cfu g-1); Group II – Staphylococcus aureus BGPF322 (~4 log cfu g-1). Every 

sample (5g) were individually aseptically vacuum packed using machine 

Minipack®-torre MV35LA13 (Dalmine, Italy) and stored at 4°C for 8 weeks.  
 

Sampling and microbiological analysis  

 
All samples of raw meat and meat products purchased from the market were 

analysed on presence of Listeria monocytogenes and Staphylococcus auresu using 
EN ISO 11290-1:2017 and EN ISO 6888-2 before being used in the experiment. 

Artificially contaminated samples were analyzed instantly after contamination 

with L. monocytogenes BGPF112 and S. aureus BGPF322, and periodically after 
1, 3, 5 and 8 weeks of storage at 4°C. Each sample was aseptically diluted in sterile 

saline solution (0.85% of NaCl (45 mL)), homogenized for 3 minutes in a 

stomacher (Interlab, BagMixer 400P) and then tenfold dilutions were prepared for 
microbiological analysis. For enumeration of S. aureus BGPF322, Baird-Parker 

agar (base) with egg yolk tellurite emulsion (Merck Darmstadt, Germany) was 

used and incubated at 37°C for 48h. For enumeration Listeria monocytogenes 
BGPF112 Palcam Listeria selective agar base with Palcam Listeria selective 

supplement (Merck Darmstadt, Germany) was incubated at 37°C for 48h. All 

analyses were done in triplicate. 
 

 

 
 

Statistical analysis  

 
Obtained results were statistically analyzed using the SPSS 20.0 for Windows. The 

results are shown as mean values ± standard errors/deviations. The differences 

between the control and treated groups were compared using Tukey`s t-test. P 
values less than 0.05 was considered to be statistically significant.  

 

RESULTS AND DISCUSSION  

 

Antimicrobial activity of cell-free supernatants of Brevibacillus laterosporus 

BGSP7 and BGSP9 

 

Many different strains of Brevibacillus laterosporus can produce antimicrobial 

compounds, such as bacteriocins, lipopeptides and cyclic peptides (Zhao et al., 

2016; Baindara et al., 2016; Yang et al., 2016; Khaled et al., 2018).  The 

antimicrobial activity of the neutralized cell-free supernatant of Brevibacillus 

laterosporus BGSP7 (CFS-BGSP7) and BGSP9 (CFS-BGSP9) against Listeria 
monocytogenes BGPF112 and Staphylococcus aureus BGPF322 was investigated 

in this study. B. laterosporus BGSP7 and BGSP9 were previously isolated from 

silage and showed very strong antimicrobial activity against a large number of 
Gram-positive and Gram-negative pathogenic bacteria (Miljkovic et al., 2019). 

The CFS-BGSP7 showed stronger antimicrobial activity against L. monocytogenes 

BGPF112 and S. aureus BGPF322 compared to CFS-BGSP-9, as evidenced by a 
larger zone of inhibition (Figure 1). The  antimicrobial activity results previously 

published by Miljkovic et al. (2019) indicated the similar activity of CFS-BGSP7 

and CFS-BGSP9 against L. monocytogenes ATCC19111 and S. aureus 
ATCC25923, yielding zones of inhibition of 15 mm. Minor differences in the 

activity of CFS-BGSP7 and CFS-BGSP9 against L.monocytogenes and S.aureus 

obtained in this study compared to the results of the previous study can be 
explained by the use of other  Listeria and Staphylococcus strains.  

 

 
Figure 1 Antimicrobial activity of cell-free supernatant of Brevibacillus 

laterosporus BGSP7 (1) and BGSP9 (2) on different indicator strains: Listeria 

monocytogenes BGPF112 (A); Staphylococcus aureus BGPF322 (B). 
Antimicrobial activity analysed after 16 h of the indicator strains.  

 

Sampling and microbiological analysis of raw meat and meat products 

 

In recent years, some studies have shown very good results on the probiotic 

properties of Brevibacillus laterosporus (Cao et al., 2023, Weng et al., 2022). In 
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addition, many research results have shown that Brevibacillus laterosporus can 

produce various antibacterial and antifungal agents (Jiang et al., 2015; Hassi et 

al., 2012; Panda et al., 2014; Miljkovic et al., 2019). This study aimed to 

investigate the ability of Brevibacillus laterosporus BGSP7 (CFS-BGSP7) and 

BGSP9 (CFS-BGSP9), which have antilisterial and antistaphylococcal activity, to 

inhibit the growth of Listeria monocytogenes BGPF112 and Staphylococcus 
aureus BGPF322 in raw meat and meat products. L. monocytogenes and S. aureus 

were not detected in samples of raw meat and meat products prior to artificial 

contamination. The results of the antimicrobial activity of CFS-BGSP7 and CFS-

BGSP9 against L. monocytogenes BGPF112 and S. aureus BGPF322 in samples 

of raw meat and meat products are shown in Table 2. and Table 3. The statistical 

analysis showed that both factors (type of treatment and duration of storage) and 

their interaction had significant effects on the number of L. monocytogenes 

BGPF112 and S. aureus BGPF322. 
 

 

Table 2 Number of Listeria monocytogenes in artificially contaminated raw meat and meat products 

Sample  PRM PBS PFS BRM BBS BP 

Control 

Weeks       

0 4.63±0.56aA 4.47±0.03aA 4.47±0.05aA 4.82±0.04aA 4.68±0.04aA 4.62±0.07aA 

1 5.39±0.09bcA 5.11±0.09bA 4.36±0.07abA 5.29±0.10bA 4.84±0.06aA 4.38±0.07bA 

3 5.61±0.05bA 5.77±0.07cA 4.08±0.04cA 5.25±0.20bA 5.52±0.04bA 4.31±0.05bA 

5 5.23 ±0.10cA 6.25±0.05dA 4.14±0.12bcA 5.20±0.03bA 5.74±0.09cA 4.18±0.04bcA 

8 5.11 ±0.08cA 6.88±0.03eA 3.91±0.03cA 5.27±0.14bA 5.88±0.09cA 4.00±0.05cA 

CFS-BGSP7 

0 4.60 ±0.02aA 4.49±0.05aA 4.45±0.05aA 4.84±0.11aA 4.78±0.01aA 4.58±0.03aA 

1 4.06 ±0.21bB 4.19±0.06bB 4.01±0.02bB 4.13±0.16bB 4.34±0.05bB 4.37±0.09aA 

3 3.97±0.06bcB 4.04±0.04bB 4.07±0.09bA 4.13±0.08bB 4.14±0.11cB 4.22±0.04aA 

5 3.77±0.07cB 3.43±0.08cB 3.69±0.09cB 4.12±0.10bB 4.05±0.02cB 4.06±0.06aA 

8 3.55±0.04cB 2.69±0.08dB 3.10 ±0.09dB 3.74±0.12cB 3.96±0.04cB 3.30±0.06bB 

CFS-BGSP9 

0 4.60 ±0.04aA 4.47±0.05aA 4.45±0.03aA 4.82±0.07aA 4.73±0.03a 4.57±0.11aA 

1 4.07 ±0.11bB 4.48±0.01aC 4.34±0.11aA 4.30±0.04bB 4.70±0.01aA 4.38±0.08aA 

3 4.05 ±0.05bB 4.10±0.07bB 3.69±0.09bB 4.34±0.12bB 4.60±0.04abC 4.20±0.01bA 

5 4.09 ±0.04bC 4.08±0.09bC 3.50±0.11bB 4.37±0.08bB 4.48±0.01bcC 4.11±0.10bA 

8 4.04±0.04bC 3.01±0.06cC 3.23±0.20cB 4.37±0.08bC 4.41±0.09cC 3.87±0.09cA 

Legend: Small letter indicated statistical significant difference in cell number of L. monocytogenes BGPF112i n same sample 

and treatment during storage.  Capital letter indicated statistically significant differences in cell number of L. monocytogenes 
BGPF112 in same sample, between treatments, at the same week of storage. 

 

Table 3 Number of Staphylococcus aureus in artificially contaminated raw meat and meat products 

Sample  PRM PBS PFS BRM BBS BP 

Control 

Weeks       

0 4.56±0.12aA 4.37±0.11aA 4.06±0.07aA 4.21±0.08aA 4.35±0.05aA 4.60±0.10aA 

1 4.38±0.09abA 4.27±0.20aA 4.17±0.11aA 4.04±0.07 aA 3.98±0.03bA 4.36±0.07bA 

3 4.29±0.03bA 5.07±0.09bA 4.07±0.12aA 4.17±0.03 aA 5.01±0.06cA 4.29±0.04bA 

5 4.29±0.10bA 5.75±0.04cA 3.52±0.08bA 4.13±0.13 aA 5.53±0.03dA 4.16±0.04dbA 

8 4.37±0.09abA 5.75±0.06cA 2.54±0.06cA 4.16±0.09 aA 5.66±0.16eA 4.05±0.04edA 

CFS-BGSP7 

0 4.51±0.02aA 4.39±0.08aA 3.97±0.07aB 4.17±0.11aA 4.36±0.06aA 4.55±0.03aA 

1 4.07±0.07bcB 3.95±0.05bB 3.79±0.08aB 3.35±0.16bB 4.11±0.16abA 4.32±0.08bA 

3 4.08±0.09cA 3.37±0.10cB 3.42±0.10bB 3.26±0.24bB 3.98±0.03bB 4.20±0.03bcA 

5 3.69±0.09dB 3.30±0.10cB 2.13±0.16cB 2.98±0.03bcB 2.37±0.12cB 4.05±0.04cA 

8 2.45±0.15eB 3.11±0.11cB 1.23±0.21dB 2.89±0.16cB 2.01±0.06cB 3.28±0.05dB 

CFS-BGSP9 

0 4.50±0.03aA 4.40±0.07aA 3.97±0.02aA 4.23±0.07aA 4.39±0.12aA 4.55±0.10aA 

1 3.97±0.03bcB 4.11±0.10bAB 3.97±0.03aAB 3.62±0.13bA 4.10±0.17aA 4.37±0.10abA 

3 3.88±0.03cB 4.03±0.05bC 3.64±0.03bB 3.83±0.12bA 4.16±0.27aB 4.18±0.01bcA 

5 3.58±0.05dB 3.86±0.04bC 2.57±0.05cC 3.95±0.05abA 2.52±0.07bB 4.10±0.09cA 

8 3.11±0.16eC 3.86±0.03bC 1.63±0.07dC 3.93±0.10ab 2.12±0.12cB 3.85±0.08dC 

Legend: Small letter indicated statistical significant difference in cell number of S. aureus BGPF322 in same sample and 
treatment during storage.  Capital letter indicated statistically significant differences in cell number of S. aureus BGPF322 in 

same sample, between treatments, at the same week of storage. 

 
In the control and treated samples, the number of L. monocytogenes BGPF112 and 

S. aureus BGPF322 immediately after artificial contamination (point 0) was ~4 log 

cfu g-1. 
In the control samples PRM, PBS, BRM and BBS, artificially contaminated with 

L. monocytogenes BGPF112, the number of pathogens increased significantly at 

the end of storage. These results are consistent with previously published results 
on the growth of L. monocytogenes on raw meat and cooked meat products during 

storage at 4°C (Beumer et al., 1996). In the other two control samples, PFS and 

BP, the number of L. monocytogenes BGPF112 decreased significantly during 
storage. This decrease in Listeria during storage could be due to the fact that these 

products have a lower aw value, a lower pH value, a higher salt concentration and 
the presence of starter cultures, which influences the growth and multiplication of 

L. monocytogenes (Foegeding et al., 1996). The results were similar in the control 

samples artificially contaminated with S. aureus BGPF322: in PRM, PBS, BRM 
and BBS the number of S. aureus BGPF322 increased, while in the control samples 

PFS and BP the number of sataphylococci decreased. Mansur et al. (2016) showed 

that S. aureus has a slight tendency to grow in samples of raw pork and pork ham 
during storage at 10 degrees, while a slight tendency to decrease the number of S. 

aureus is observed in samples of dry sausages.  

A significant reduction of L. monocytogenes BGPF112 and S. aureus BGPF322 
was observed in all treated samples compared to the control samples. However, the 

intensity of the reduction rate varied depending on the treatment and sample. At 

the end of storage (8 weeks), the number of L. monocytogenes BGPF112 was at 
the same level in the sample PFS (fermented pork sausage) treated with CFS-

BGSP7 and CFS-BGSP9. In all other treated samples, CFS-BGSP7 showed better 

antilisterial activity than the CFS-BGSP9 treated and control samples. Similar 

results were obtained in the treated samples artificially contaminated with S. 

aureus BGPF322. In the BBS sample (boiled beefsausage), the number of S. 
aureus BGPF322 was the same in both treated samples at the end of storage. In all 

other samples, CFS-BGSP7 showed a higher reduction rate in the inhibition of S. 

aureus BGPF322 compared to the control and CFS-BGSP9 treated samples. 
According to a previous study, more small antimicrobial compounds were found 

in the supernatant of B. laterosporus BGSP9 strain than in the supernatant of B. 

laterosporus BGSP7 strain (Miljkovic et al., 2019). However, an extremely strong 
antimicrobial compound (1583 Da) was found in the supernatant of strain B. 

laterosporus BGSP7, which could be a possible reason for the stronger activity of 
CFS-BGSP7 in raw meat and meat products. CFS-BGSP7 also showed stronger 

activity compared to CFS-BGSP9 (Figure 1 in agar well diffusion assay, which 

correlates with the results of the reduction of L. monocytogenes BGPF112 and S. 
aureus BGPF322 on raw meat and meat products. 

CFS-BGSP7 and CFSBGSP9 showed different activity over time in different 

samples of raw meat and meat products. In the samples of raw pork and beef meat 
(PRM and BRM) treated with CFS-BGSP7 and CFS-BGSP9, similar results were 

obtained in the reduction of Listeria after 8 weeks of storage. The number of L. 

monocytogenes BGPF112 was reduced by ~1.5 log cfu g-1 and ~1.00 log cfu g-1 by 
CFS-BGSP7 and CFS-BGSP9 treatment, respectively. The efficacy of cell-free 

supernatants against S. aureus BGPF322 in raw pork samples was better, compared 

to the reduction of L. monocytogenes in raw pork and beef samples. The number 
of staphylococci was reduced by ~1.9 log cfu g-1 and ~1.2 log cfu g-1 by treatment 

with CFS-BGSP7 and CFS-BGSP9, respectively. In a previous study on the 
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control of L. monocytogenes in Spanish raw meat using bacteriocin PA1, a 

bactericidal effect of antilisterial compounds was obtained, which is consistent 

with our results (Nieto-Lozano et al., 2006). In some studies, complete inhibition 

of Listeria was achieved in the control of L. monocytogenes by using 

Carnobacterium piscicola in vacuum-packed meat (Schöbitz et al., 1999). The 

reason for this result could be the lower initial number of L. monocytogenes, as it 
has been shown that the efficacy of antimicrobial compounds depends on the 

number of pathogen cells and the amount of antimicrobial compounds (Hugas et 

al., 1995; Mendoza et al., 1999). 
The efficacy of CFS-BGSP7 and CFS-BGSP9 was very high in boiled pork 

sausages (PBS) and boiled beef sausages (BBS) compared to other samples. In the 
samples of PBS artificially contaminated with L. monocytogenes BGPF112 and 

treated with CFS-BGSP7 and CFS-BGSP9, the best results in the reduction of 

Listeria were obtained compared to all other products. The number of Listeria was 
reduced by ~4.2 log cfu g-1 when treated with CFS-BGSP7 and by ~3.9 log cfu g-1 

when treated with CFS-BGSP9, compared to the control. Staphylococci were also 

reduced by ~3.65 log cfu g-1 and ~3.54 log cfu g-1 in samples of BBS artificially 
contaminated with S. aureus BGPF322 after treatment with CFS-BGSP7 and CFS-

BGSP9, respectively. Compared to previous studies, CFS-BGSP7 and CFS-

BGSP9 achieved better results in reducing Listeria and Staphylococcus in cooked 
meat products (Vijayakumar et al., 2017; Jofre et al., 2008). This could be due 

to the fact that the cell-free supernatants used in this study contain a large number 

of different types of antimicrobial compounds (bacteriocins, lipopeptides, etc.), 
whereas cell-free supernatants in previous studies contained only one bacteriocin 

or purified bacteriocin.  

In other treated samples, fermented pork sausages (PFS) and beef prosciutto (BP), 
the effects of CFS-BGSP7 and CFS-BGSP9 on the reduction of L. monocytogenes 

BGPF112 and S. aureus BGPF322 were statistically significant, but the intensity 

of the reduction is weaker compared to the other samples. This effect could be due 
to a higher retention of antimicrobial compounds by meat and fat components as 

well as a more difficult distribution of antimicrobial compounds in the meat matrix 

at higher dry matter content. In the dry sausage environment, a higher 
concentration of antimicrobial compounds may be required to balance the 

adsorption of antimicrobial molecules to the meat matrix. Previous studies 

(Ananou et al., 2005 a, b) have shown that the efficacy of antimicrobial 
compounds in raw sausages against L. monocytogenes and S. aureus depends on 

the concentration of target bacteria and bacteriocin molecules. 

 

COCNLUSION 

  

The results presented in this study are the first application of the cell-free 
supernatant of B. laterosporus to control L. monocytogenes and S. aureus in raw 

meat and meat products. The results showed that the antimicrobial compounds 

found in the cell-free supernatant of these two strains are very active against L. 
monocytogenes and S. aureus in raw meat and meat products. However, since a 

large number of antimicrobial compounds were isolated from the supernatant of 

these two strains, additional tests need to be performed to investigate effect of each 
of these compounds and their safety for use in food. 
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