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Lactic acid bacteria (LAB) may contribute to the food safety. In the present study, the antagonistic 

activity of 45 Bulgarian Lactobacillus homo- and heterofermentative strains of human and dairy 

origin, and 4 multibacterial formulas against Salmonella enterica subsp. enterica serovar Typhimuri-

um (S. Typhimurium) was assessed. In vitro tests were performed in different model systems  milk, 

soymilk, De Man Rogose Sharp (MRS) medium, to simulate real conditions in the food chain. The 

highest antagonistic activity was observed with cell-free supernatants of exponential MRS broth cul-

tures of the strains isolated from breast milk, followed by lactobacilli from white brined and green 

cheese. The detected antimicrobial activity against the pathogen was strain-specific and depended on 

the culture conditions. Lactobacillus (reclassified as Lactoplantibacillus) plantarum strains, cultivat-

ed in skimmed milk and whey protein medium, were able to inhibit S. Typhimurium growth, while a 

limited inhibitory activity was detected for fermented soymilks. A bacteriocinogenic Ligilactobacillus 

(the previous Lactobacillus) salivarius strain reduced the number of living pathogenic cells during 

co-cultivation in whole milk. The inhibition was significant only when L. salivarius was inoculated in 

predominance. In case of underrepresented LAB number, S. Typhimurium over-growth was observed. 

Eight lactobacilli in combination as a multibacterial co-culture expressed synergic antagonistic effect 

against Salmonella and were pre-selected as promising. Further characterisation of their active me-

tabolites, however, is needed before their classification as bio-protective agents.  
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INTRODUCTION 

Salmonella spp. are Gram-negative, mo-

tile, facultative anaerobic, intracellular 

bacteria belonging to the Enterobac-

teriaceae family, widespread in the envi-

ronment and major foodborne pathogens. 

Salmonellosis is causing significant mor-

tality and morbidity worldwide (Coburn et 

al., 2007). Most often, infections are 

caused by the species Salmonella enterica 

with over 2500 serovars (Uthe et al., 
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2007). In humans, most of serovars, in-

cluding Salmonella enterica serovar 

Typhimurium, cause enterocolitis (Rabsch 

et al., 2001), with severe inflammation in 

the intestinal tract. Thus, the prevention of 

contamination of the food with Salmonel-

la is a serious problem to be solved. 

Moreover, modern societies are oriented 

toward naturally preserved and safe foods. 

Lactic acid fermentation is one of the old-

est methods of bio-preservation with a 

long history of safe use. The active me-

tabolites produced by lactic acid bacteria 

(LAB) prevent the overgrowth of spoilage 

and pathogenic microflora. This is a natu-

ral way to extend the shelf-life of different 

milk, plant, and meat products which may 

contribute to the food safety. In naturally 

fermented dairy products, Lactobacillus 

spp. are able to inhibit (Mathara et al., 

2008) and control pathogenic proliferation 

(Delmi & Kerkoud, 2018; Sulmiyati et al., 

2019). During lactic acid fermentation, 

LAB produce different inhibitory sub-

stances, such as lactic / other organic ac-

ids (Gilliland & Speck, 1977), hydrogen 

peroxide, CO2, diacetyl and/or bacteriocin 

or bacteriocin-like substances (BLIS) (Da-

lié et al., 2010; Gemechu, 2015; Russo et 

al., 2017). 

LAB and their metabolites are consi-

dered safe, due to the fermented food be-

ing widely consumed worldwide for cen-

turies. They modify the microenvironment 

(Lindgren & Dobrogosz, 1990), contribu-

ting to a healthy balance in different habi-

tats.  

Antagonistic activity is a significant 

functional characteristic of lactobacilli as 

probiotics, which benefits the humans and 

animals’ microbiome. The antimicrobial 

effects of LAB could be due to a single or 

a mixture of compounds, produced during 

the fermentation (Bernet-Camard et al., 

1997; Millette et al., 2007). The organic 

acids permeabilise the cell membrane and 

decrease the intracellular pH, while bacte-

riocins (especially those of class II) in-

crease the permeability of the cytoplasmic 

membrane of sensitive bacteria, inducing 

leakage by pore formation and/or may 

inhibit cell wall synthesis (Brul & Coote, 

1999; Deegan et al., 2006). Numerous 

studies have determined the antagonistic 

effects of LAB against enteropathogenic 

microorganisms, including Salmonella 

(Chen et al., 2019; Cordeiro et al., 2019). 

In situ antibacterial properties of lactoba-

cilli, either as probiotics or inoculated as 

starters/adjuncts in dairy and non-dairy 

products, have great potential to improve 

the products’ safety and shelf-life. Bacte-

riocins-producing lactobacilli, added ei-

ther as starter or co-culture, have been 

used as natural protective agents in food 

industries (Yang et al., 2014; 

Woraprayote et al., 2016). A well-known 

bacteriocin with a GRAS (generally rec-

ognised as safe) status is nisin, produced 

by Lactococcus lactis. It possesses a high 

inhibitory activity against foodborne 

pathogens and is also effective against S. 

Typhimurium (Okuda et al., 2013; Mathur 

et al., 2018). In addition to synthesis of 

bacteriocins, LAB may also produce bio-

active peptides generated during the hy-

drolysis of milk/substrate proteins by the 

action of intramembrane/cell-binding pro-

teases (FitzGerald & Meisel, 2003; Daliri 

et al., 2017; Raveschot et al., 2018). 

These naturally occurring peptides have 

been studied for their biological activities. 

Food industries are interested in using 

them as nutraceuticals since they are con-

sidered non-toxic and safe for mammalian 

cells (Gobbetti et al., 2007; Benkerroum, 

2010). Furthermore, a new trend in food 

science is to use naturally derived antimi-

crobials, presenting no risk for the food 

chain.  
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With this aim, 45 Lactobacillus strains 

of human and dairy origin, and 4 multi-

bacterial formulas, as prototypes of probi-

otic products, were assessed for antago-

nistic activity against S. Typhimurium. 

MATERIALS AND METHODS 

Microorganisms, media and culture  

conditions 

Forty-five Lactobacillus strains from the 

Laboratory of LAB & Probiotics collec-

tion (The Stephan Angeloff Institute of 

Microbiology, BAS), were investigated in 

the present study. Four mixed cultures 

were prepared in parallel – 3 of them with 

LAB strains combinations (named Mix 8, 

Mix 8 + Bifidobacterium sp. and Mix A) 

and 1 (named Co1) – a mixed culture con-

taining only Gram (+) bacteria, isolated 

from soybeans (Table 1). The LAB mixed 

samples combined pre-selected Lactoba-

cillus plantarum strains with a broad spec-

trum of antagonistic activity (Georgieva et 

al., 2008) and others species (Danova et 

al., 2015). The strains were isolated from 

different habitats (dairy products, breast 

milk and vaginal swab samples from 

healthy volunteers in reproductive age) 

and identified as Lactobacillus plantarum, 

Lactobacillus fermentum, Lactobacillus 

salivarius, Lactobacillus gasseri, Lacto-

bacillus rhamnosus and Lactobacillus 

brevis. Some of the strains were pre-

selected as candidate probiotics (Danova, 

2015) and combinations of them were also 

studied as prototypes of candidate-

probiotic formulas: Mix 8; Mix 8 + 

Bifidobacterium spp. and one co-culture 

with 5 heterofermentative strains, named 

Mix A (Table 1). 

All LAB strains were stored at 20 
o
C 

in MRS broth, supplemented with 20% 

glycerol (v/v). Prior to the in vitro assays, 

they were pre-cultured twice in MRS 

broth (pH 6.5) at 37 
o
C for 24 h. The cells 

of obtained cultures were used as inocu-

lums for 5 cultural media: 1) sterile MRS 

broth, pH 6.5; 2) 10% (w/v) reconstituted 

sterile skimmed milk (SkimM, Fluka); 3) 

a medium based on reconstituted 5% 

(w/v) whey protein (WP, Picco Ltd, Bul-

garia), sterilised at 100 
o
C; 4) whole UHT 

sterilised cow milk (M), 1.5% fat and 5) 

soya milk (SM) freshly prepared from 

soybeans and sterilised by tindalisation. In 

addition, cells-derived fragments (CF) 

 

Table 1. Summary of results from agar well diffusion assays for anti-Salmonella activity of postme-

tabolites, produced by 45 Lactobacillus strains during the lactic acid fermentation in different media 

 
No Tested samples Total  Active 

1 Cells free supernatants (acid) of LAB cultures in MRS broth 79 33 

2 Cell-derived fragments   4 3 

3 Whole cow milk, whey protein medium, fermented with LAB 22 2 

4 Skimmed milks fermented with LAB   5 1 

5 Whey fractions of fermented milks   4 1 

6 Soy milks, fermented with LABs 28 2 

7 Mixed LAB cultures (Mix 8  4 L.plantarum,1 L. bulgaricus,  

1 L. gasseri, 2 L. rhamnosus; Mix 8 + Bifidobaccterium spp.; 

Mix A  3 L. fermentum and 3 L. brevis) in MRS, WP and in 

milk; and Co1 – a mixed culture obtained from soybeans in MRS 

broth (pH 5.4) and precultured twice, at 37 oC in anaerobic condi-

tions, containing non-identified Gram (+) microorganisms.  

  3 (CFS) 

  3 (milks) 

  1 WP 

  1 

1 

3 

1 

1 
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were prepared from exponential LAB 

cultures, by thermal destruction (at 110 
o
C, 15 min) and centrifugation at 1500×g 

for 5 min. 

The fermentation processes were car-

ried out at 37 
o
C, with different duration, 

as followed: (i) 24 and 48 h in MRS 

broth, pH 6.5; (ii) 618 h in sterile milk, 

soya milk and WP medium. The initial 

inoculums were 10% (v/v) for MRS and 

2% (v/v) for the other samples. The LAB’ 
cell-free supernatants (CFS) from MRS 

broth and whey fractions (WF) from fer-

mented milks, were collected by centrifu-

gation (3000 rpm, Hermle, Germany, for  

5 min at room temperature) and stored at 

4 
o
C. The CFS were filter-sterilised, using 

syringe-driven sterile filters with 0.22 µm 

pore size (MS
®
 Millipore solutions). Due 

to the different culture media used, a total 

of 150 samples were prepared for in vitro 

antagonistic activity tests with the 45 Lac-

tobacillus strains. 

A certified reference strain Salmonella 

enterica subsp. Enterica serovar Typhi-

murium WDCM 00031 Vitroids
™

 (S. 

Typhimurium) was used as a test microor-

ganism. The strain was stored in the form 

of pellets (9.4E+01 CFU/disk), commer-

cially available from Sigma Aldrich. Prior 

to the assay, S. Typhimurium was cultured 

in Brain Heart Infusion (BHI, Difco) 

broth at 37 
o
C and in Brain Heart Infusion 

(BHI) agar (1.8% w/v) for agar well diffu-

sion tests. 

In vitro tests for anti-Salmonella activity 

of Lactobacillus strains 

An agar well diffusion method was used 

as previously described (Georgieva et al., 

2008) for antimicrobial in vitro tests with 

(i) non-neutralised, acid CFS from expo-

nential (24 h) and/or stationary growth 

phase cultures (48 h) in MRS broth 

(marked as aCFS), (ii) whey fractions 

(WF) from skimmed milk fermented with 

2% (v/v) Lactobacillus cultures (iii) 

whole fermented milk samples (M) and 

soya milk samples (SM). 

Exponential (overnight) culture of S. 

Typhimurium was diluted to appropriate 

turbidity (2.0 McFarland), and used to 

inoculate melted and cooled Tryptic Soy 

Agar (TSA, Merck) to a final concentra-

tion of 10
610

7 
CFU/mL.

 
 

Wells were drilled in the solidified 

TSA with a diameter of 6 mm and 50100 

µL of different LAB samples were added. 

After 24 h incubation at 37 
o
C, antimicro-

bial activity was estimated by measuring 

the diameter of the growth-inhibition 

zones (mm) around the well. All tests 

were carried out in triplicate and the re-

sults were presented as mean diameter of 

inhibition zones ± SD (mm). A cut-off 

value of at least 3 mm inhibition zone 

around the well (the diameter excluded), 

was estimated as activity.  

Antagonistic activity of pre-selected  

active Lactobacillus strains co-cultivated 

with Salmonella sp. 

Samples (10 mL) of sterile UHT cow 

milk, were inoculated with 1×10
3
 

CFU/mL S. Typhimurium in monocultures 

(as a control), as well as co-inoculated 

with Salmonella (1×10
3
 CFU/mL) and L. 

salivarius 1S - 1×10
3
 CFU/mL (variant 1) 

or 1×10
5
 CFU/mL (variant 2), or L. fer-

mentum 53 (1×10
5
 CFU/mL), or mixed 8 

Lactobacillus strains – Mix 8 (1×10
5
 

CFU/mL). These samples were then culti-

vated for 12 h at 37 °C. Initially and after 

this enrichment step, the viable  

S. Typhimurium were counted by plating 

aliquots of bacterial suspensions on selec-

tive xylose lysine deoxycholate (XLD) 

agar plates.  
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Statistical analysis  

Data analyses were performed by using  

t-test for comparison between two groups 

of samples (mixed S. Typhimurium cul-

tures with each of the tested LAB strains 

and S. Typhimurium monocultures as con-

trols). The level of statistical significance 

was set at P value < 0.05. The results were 

presented as mean CFU/mL ± standard 

deviation (SD). 

RESULTS  

The initial screening for activity of 45 

Lactobacillus strains from 150 samples, 

derived from different LAB cultures (in 

skimmed and whole cow milk, in a labora-

tory medium MRS or freshly prepared 

soya milk) was the first step of our study. 

The activity was determined according to 

the diameter of inhibitory zone measured 

by agar well diffusion method in BHI 

(1.8% w/v) agar plates. As a result, 48 out 

of 150 tested samples showed inhibitory 

activity against S. Typhimurium (Table 1). 

The in vitro tests allowed the selection of 

LAB strains, producing inhibitory sub-

stances during the fermentation in MRS 

broth or milk. The ratio actives vs tested 

was higher for the cell-derived fragments, 

followed by the group of tested fermented 

milks and acid CFS from cultures in MRS 

broth (pH 6.5) (Table 1).  

The detected activity depended on the 

cultural conditions (LAB cultures/CFS or 

milk fractions) (Table 1) and differed be-

tween the Lactobacillus species (Fig. 1). 

A strain-specific variety in the zones of 

inhibition was estimated along with ab-

sence of antagonistic effects (the data of 

inactive samples are not shown). The re-

sults for Lactobacillus strains, cultivated 

in skimmed milk and reconstituted (5% 

w/v) whey protein, which were able to 

inhibit Salmonella’s growth at a high ex-

tent were of practical significance (Fig. 

1C). However, a limited inhibitory activi-

ty was detected for fermented soymilks – 

only 8% of tested samples (Fig. 1C). The 

major bactericidal effects were shown for 

CFS from MRS culture of Lactobacillus 

sp. L3S (Fig. 1B), an isolate from soy-

beans and L. plantarum 4ZS strain from 

artisanal green cheese (Fig. 1A). Another 

strain  L. plantarum 3R (from home-

made white brined cheese) demonstrated 

wеаker inhibitory effect. This strain, how-

ever, produced inhibitory substances in 

MRS broth and in soya milk (Fig. 1A).  

Active metabolites (in CFS) were de-

tected during the exponential growth (24 

h) and in late stationary phase (48 h) in 

MRS broth (pH 6.5) of Lactobacillus sal-

ivarius S1 (Fig. 1B) and for LAB strains 

isolated from human breast milk (strains 

from K1H to K7H on Fig. 1B). Their 

combination will be useful as a future 

multibacterial probiotic formula with a 

possibly beneficial role in supporting the 

gut health. The co-culture of Bifidobacte-

rium sp. with other 8 pre-selected lactoba-

cilli in milk expressed antagonistic activi-

ty – a zone of 14 mm; moreover, its cell-

derived fragments (CF) also showed a 

strong inhibitory effect (Fig. 1D). High 

activity was observed in the group of cell-

derived fragments for strain K2H isolated 

from breast milk (9.5 mm) and the multi-

strains combination Mix 8 (Fig. 1B). 

Probably, a production of different active 

metabolites such as lactic acid, H2O2 

and/or bacteriocin-like inhibitory sub-

stances (BLIS) during the fermentation 

were involved in detected anti-Salmonella 

effects. A further characterisation of pro-

duced metabolites, however, is needed in 

order to select putative bacteriocin-pro-

ducing strains. 

Another proof about the bio-protective 

role of LAB against S. Typhimurium was 
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obtained from additional assay performed 

in UHT-sterilised cow milk. The active 

strain Ls 1S reduced the number of the 

living pathogenic cells during the co-

cultivation in UHT milk. The inhibition 

was observed when L. salivarius 1S was 

predominant. In case of inoculation with 

equal number of the two types of bacteria  

S. Typhimurium over-growth was estab-

lished (Fig. 2A, variant 1). In full agree-

ment with the results received from the 

agar diffusion assay (Fig. 1), the co-

cultivation of the pathogen with each of 

the selected Lactobacillus strains inhibited 

S. Typhimurium proliferation (Fig. 2B). 

After 72 h storage of the samples at 4 
o
C, 

L. salivarius Ls 1S and mixed Lactobacil-

lus (Mix8) strains still maintained their 

inhibitory effect against S. Typhimurium 

(Fig. 2C). 

DISCUSSION 

In the present study, a large scale of in 

vitro analyses was carried out, in order to 

select active Lactobacillus strains, able to 

inhibit the growth of Salmonella enterica 
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Fig. 2. In situ assay for inhibition of S. Typhimurium (Sal) WDCM 00031 growth (103 CFU/mL 

inoculated initially) in whole cow milk (UHT, 3.6% fat). A. 12-hour co-cultivation of Salmonella 

with an active strain L. salivarius 1S (Ls1S-Sal 1.5%) (103 CFU/mL  variant 1 or 105 CFU/mL – 

variant 2); B. 12-hour co-cultivation with pre-selected single strains L. fermentum 53 (Lf 53 - Sal) 

and L. salivarius Ls1S (Ls1S-Sal) or with Mix 8 Lactobacillus strains (Mix 8-Sal), at LAB concen-

trations of 105 CFU/mL; C. Cold storage period at 4 oC (24 h, 30 h, 48 h and 72 h) after co-

cultivation of S. Typhimurium with LAB strains. Data are presented as mean CFU/mL ± SD (n=3), * 

P<0.05;** P<0.005 vs control (Salmonella monoculture). 
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subsp. enterica serovar Typhimurium. 

Salmonella spp. has a significant impact 

on safety along the food chain, especially 

in dairy, egg and meat products (Arqués et 

al., 2015). This pathogen was listed by the 

World Health Organization (WHO) as 

posing serious and moderate hazard 

(Schlundt et al., 2004).  

Antimicrobial activity is a very im-

portant criterion for the selection of pro-

biotic and/or bioprotective cultures. Sev-

eral LAB strains have been characterised 

as natural antagonists of important human 

pathogens, including Salmonella spp. (Cui 

et al., 2018; Chen et al., 2019). However, 

specific anti-pathogenic effects have to be 

confirmed. Each new strain needs an indi-

vidual test toward a definite pathogen 

since the effects are not extrapolated to 

other pathogens (Perdigón et al., 2002). 

This was the reason to select a group of 

45 Lactobacillus strains, isolated from 

various habitats. They belonged to differ-

ent homo- and heterofermentative species 

and were cultivated in milk (whole and 

skimmed), soymilk, MRS medium, to 

simulate a variety of conditions in the 

food chain. The activity of CFS obtained 

from MRS broth cultures (at exponen-

tial/stationary phase) and whey fractions 

(WF) or skimmed milks/cow milks or 

soymilk cultures was also assessed, in 

vitro and in situ against S. Typhimurium 

(Fig. 1). A certified reference strain Sal-

monella enterica subsp. enterica serovar 

Typhimurium WDCM 00031 Vitroids™ 

as a test-pathogen, generally accepted in 

accredited food control, according to 

ISO/IEC 17025 was used. As a result, the 

agar diffusion test with our 45 selected 

lactobacilli (Table 1) characterised 48 

active samples out of 150 tested variants. 

A production of inhibitory anti-Salmo-

nella metabolites was estimated (Fig. 1) 

and confirmed with subsequent in situ co-

cultivation as a model of fermented milk 

products contaminated with this pathogen 

(Fig. 2A, B). A variety of inhibitory ef-

fects were detected in MRS broth and 

milk, but not in soy milks, which is not 

related to the given LAB species. The 

estimated in vitro antagonistic activity was 

strain-specific, rather than species-spe-

cific. 

In the group of different tested lacto-

bacilli, the highest activities e.g. inhibitory 

zones were exhibited by human isolates 

from breast milk (Lactobacillus spp. K1H, 

K2H, K4H, KH6, KH7) and from vaginal 

secretions (L. salivarius 1S); those isola-

ted from green cheese (4ZS), katak (L. 

plantarum L14) and the soy isolate (L3S) 

(Fig. 1A, 1B). Half out of the 45 tested 

LAB strains belonged to the species Lac-

tobacillus plantarum, identified with mul-

tiplex PCR and sequencing (Danova, 

2015). Due to the new taxonomy status of 

the genus Lactobacillus, which was re-

cently divided in 23 new genera (Zheng et 

al., 2020), all 26 tested strains were re-

ferred to the new genus Lactiplantibacil-

lus and retained the species name planta-

rum. Their origin was predominantly dairy 

 24 isolates from milk products (katak  

14, green cheese  2, yogurt  4 and white 

brined cheese  4) and 2 from human 

breast milk. A correlation between origin 

and activity of the L. plantarum strains 

was not found, while an in vitro study by 

Sharma et al. (2017) demonstrated weak 

(12–15 mm sterile zones) to moderate 

activity (16–19 mm) against S. Typhy-

murium of tested CFS for most of the curd 

isolates (dairy origin) and for all human 

isolates. 

Our results are in agreement with ob-

served in vitro inhibitory effect against S. 

Typhimurium of human lactobacilli iso-

lated from faeces of healthy Algerian 

children (Bahri et al., 2014). The authors 
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showed a moderate/good and strong acti-

vity of L. plantarum F12, Lactobacillus 

brevis G6 and Lactobacillus paracasei 

B13 against S. Typhimurium, probably 

due to the production of organic acids, 

since neutralised and catalase treated su-

pernatants had no effect on the tested 

Gram-negatives pathogenic strains (Bahri 

et al., 2014). The lactic/other acids from 

tenfold concentrated acidic CFS, pro-

duced from LAB cultures isolated from 

breast milk, inhibited Salmonella enterica 

serotype Choleraesuis (7 mm to 20 mm 

zones), while the neutralised supernatants 

did not have such activity (Olivares et al., 

2006). Several in vitro studies affirmed 

that the antagonistic activity was due to 

the effect of organic acids and/or bacteri-

ocins/BLIS. Accordingly, the inhibitory 

effect of bacteriocins produced by L. 

brevis BG18 and L. plantarum BG33, 

isolated from traditional Turkish Tulum 

cheese from raw ewe’s milk (Uymaz et 

al., 2011) and Lactobacillus fermentum 

strains from Mexican Cocido cheese 

(Ghanbari et al., 2013) was proven against 

S. Typhimurium. Lactobaillus bulgaricus 

strains from traditional dairy products 

were found to produce a pediocin-like 

nonlantibiotic named bulgaricin BB18 and 

an inhibition zone of ~10 mm was ob-

served against S. Typhimurium (Simova et 

al., 2009). L. paracasei sp. paracasei M 

27 isolated from camel’s milk inhibited S. 

Typhimurium forming a zone of 10.7 mm 

(Abbas & Mahasneh, 2014). Moreover, 

according to Bao et al. (2011), 11 out of 

12 L. plantarum strains, isolated from 

traditional dairy products, were able to 

inhibit S. Typhimurium, suggesting a pos-

sible bacteriocin production (Bao et al., 

2011). Our results with L. plantarum iso-

lated from traditional Bulgarian cheeses 

were very similar (Fig. 1A) however; ad-

ditional tests have to be made in order to 

characterise the produced BLIS. Human 

isolates identified as L. salivarius were 

found to produce bacteriocin active against 

S. Typhimurium (Tinrat et al., 2011). Our 

vaginal strain L. salivarius 1S showed ac-

tivity during the fermentation (2448 h) in 

MRS (Fig. 1A), in soy milk (Fig. 1C) and 

in whole cow milk (Fig. 2A). Despite of 

fact that 5 strains (L3S to L8S), isolated 

from soybeans were also included, the 

activity of the tested fermented soymilks 

was very limited. Although soymilk has 

been deemed an appropriate substrate for 

the growth of probiotic bacteria (Sca-

labrini et al., 1998), we detected only 2 

soymilk LAB cultures active against S. 

Typhimurium (Fig. 1C). In fermented 

soymilk, Zhang et al. (2010) reported 

similar results against this pathogen.  

Various mechanisms are involved in 

the antagonistic activity of probiotic 

strains. In addition to possible benefits, 

fermented milks have been investigated 

for the production of antimicrobial pep-

tides. Activity against S. Typhimurium 

was determined during fermentation of 

milk with Lactobaillus acidophilus 

(Norberg et al., 2011). Lactobacillus hel-

veticus LH-2 and L. acidophilus La-5 re-

leased active peptides in the 3-kDa ultra-

filtrate after growth in whey protein medi-

um (Ali еt al., 2019). Some of L. planta-

rum stains tested in this study showed 

anti-Salmonella activity also during the 

fermentation in milk and in whey protein 

(5% w/v) medium (Fig. 1C). In contrast, 

milk fermented with L. plantarum strains 

isolated from Portuguese raw ewe’s milk 

semisoft cheeses displayed minor inhibito-

ry activity in comparison to crude extracts 

from the strains (Aguilar-Toalá et al., 

2017). From this point of view, inhibitory 

effects of cell-derived fragments (CF) of 

Lactobacillus strain K2H and our multi-

bacterial formulas (Fig. 1D) are of practi-
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cal significance. As candidate-probiotics, 

such activity may be expressed in vivo in 

human gut. Moreover, active strains alone 

or in combination with starters are a way 

to design bio-protective LAB adjuncts.  

In situ assays also confirmed the anti-

bacterial activity of lactobacilli (Fig. 2). 

During co-cultivation with S. Typhimuri-

um in milk, the vaginal strain L. salivarius 

1S pre-selected as a promising antagonist 

(Fig. 1B, 1C), reduced the number of the 

living pathogenic cells and effectively 

maintained the antagonistic effect for 

more than 12 h (Fig. 2A). The inhibition 

was significant only when L. salivarius 

was inoculated in predominance (variant 

2, with 10
5
 CFU/mL) relative to the path-

ogen. In case of underrepresented LAB 

number, (variant 1 with 10
3
 CFU/mL), 

Salmonella overgrowth was observed 

(Fig. 2A). In a similar co-cultivation ex-

periment in 10% (w/v) reconstituted 

skimmed milk, the generation time of S. 

Typhimurium (10
4 

CFU/mL) in a mixture 

with probiotic cultures of Lactobacillus 

acidophilus and Lactobacillus casei (10
8 

CFU/mL) was not affected (Millette et al., 

2007). In a co-cultivation model with su-

pernatants from L. salivarius CECT5713, 

L. fermentum CECT5716, and Lactobacil-

lus gasseri, the Salmonella choleraesuis 

growth however was significantly inhibit-

ed (Olivares et al., 2006).  

According to Thanh et al. (2010) the 

combination of metabolites produced by 

L. plantarum had a synergistic effect that 

enhanced the inhibitory activity against 

various bacteria, including S. Typhimuri-

um. The reported activity was greater than 

that of metabolites produced by a single 

or 2 strains. A similar result was observed 

by us during the co-cultivation of S. 

Typhimurium WD 00031 with strains pre-

selected as active (Fig. 2B). Probably, a 

synergistic effect of mixed cultures was 

responsible for the inhibition of the 

growth of the tested pathogen up to 33% 

(Fig. 2A) while L. salivarius 1S alone 

reduced the number of living pathogenic 

cells during the co-cultivation in whole 

milk by 18.6%. Other LAB cultures were 

able to inhibit Salmonella growth up to 

20% (Olivares et al., 2006). Therefore, 

the anti-microbial activity is an important 

strain-specific characteristic and in 

vitro/in situ assays allow selecting promis-

ing bio-protective cultures.  

Different multibacterial formulas were 

also assessed to verify whether the antag-

onistic activity of a combination of strains 

was greater than that of a single or two 

strains. The evaluation of mixtures of dif-

ferent LAB species (Mix 8 and Mix 8 + 

Bifidobaterium sp.) vs multibacterial for-

mula with only heterofermentative Lacto-

bacillus species (Mix A), producing a va-

riety of organic acids showed promising 

results with all tested co-cultures of se-

lected LAB during milk fermentation (Fig. 

1D). At the same time all variants of Mix 

8 (CF, aCFS and WP medium) were ac-

tive (Fig. 1A, 1D, 2B). According to 

Thanh et al. (2010), a combination of me-

tabolites produced by L. plantarum strains 

had a synergistic effect that enhanced the 

inhibitory activity against various bacte-

ria, including S. Typhimurium. Probably, 

a synergy between produced metabolites 

in the mixed cultures determined the inhi-

bition of the growth of the tested patho-

gen, obvious during the cold storage up to 

72 h (Fig. 2C).  

The results received in vitro and in 

situ showed promising anti-Salmonella 

agents among selected lactobacilli, isolat-

ed from different habitats. Further re-

search is however needed to characterise 

the production of antagonistic metabolites, 

which successfully suppress the pathogen 

growth during the fermentation. 
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