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Abstract. The aim of the study was to investigate some of the probiotic characteristics and safety 
aspects of selected Lactococcus lactis strains intended to be used in food or feed and isolated from 
raw cow milk samples. Antibacterial, hemolytic, gelatinase and enzymatic activities, resistance towards 
seven antibiotic as well as acid and bile salt were examined. In general, all strains were acid and bile 
salt tolerant, expressed good antibacterial activity against tested food spoilage and pathogenic bacteria 
such as Listeria monocytogenes, Escherichia coli, Brochotix thermosphacta and others. Tested L. lactis 
strains expressed acid resistance up to 80%, whereas the highest resistance was observed in strain 8 
where after 3 h of incubation at 30°C under an acidic condition the growth of the isolate decreased from 
7.47 ± 0.02 to 6.71 ± 0.16 log

10
CFU/mL expressing resistance of 90%. All isolates were resistant at 

0.3% bile salt with resistance of more than 50%, whereas strains 8 and 25 expressed a growth decrease 
from 6.81 ± 0.03 to 6.74 ± 0.02 log

10
CFU/mL and from 7.06 ± 0.03 to 6.56 ± 0.04 log

10
CFU/mL 

showing resistance of 99% and 93%, respectively. The highest antibacterial activity was expressed by 
L. lactis strains 24 and 25 against spoilage bacteria Brochothrix thermosphacta. With regard to hemo-

this strain also could not be applied as a probiotic strain. Only L. lactis strain 8 exhibited probiotic 
characteristics in vitro and was evaluated as safe.

Introduction

microorganisms which, when administered in ad

are maintenance or improvement of the intestinal 
microbiota, prevention of various gastrointestinal 
disorders, protection against mucosal infections, and 

reason, probiotics have been receiving special atten
tion from farmers that search for alternatives to the 
use of traditional antibiotics as growth promoters 

interest is reasonable as numerous conducted stud

called functional foods, have several therapeutic ben

isolation of new probiotic strains with health promot

The main criteria used for a strain to be used as 

tus, ability to survive under unfavorable conditions 

A large group of probiotic microorganisms used 
in medicine and food production belongs to the lac

facturing and preservation processes being generally 

Lactococcus lactis 

source of L. lactis is diverse and, although L. lactis 
may naturally be found in different environments, 

ties including tolerance to bile and acid conditions to 

safe use of strains as probiotic cultures, it is necessary 
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antibiotic, antibacterial activity, hemolytic and enzy

to evaluate bile and acid tolerance of potential probi
otic L. lactis strains, as well as to evaluate their safety 

Materials and Methods
Lactococcus lactis strains
Three tested Lactococcus lactis strains were pre

Antibacterial activity of L. lactis strains
Antibacterial activity of L. lactis strains was eval

before the experiment in the appropriate medium and 

measuring a clear inhibition zone diameter around 

Antibiotic resistance evaluation

L. lactis strains were revitalized 

L. lactis 

lated L. lactis

Enzymatic profile evaluation
L. lactis

land 5 standard suspension of overnight cultures of 

to correspond to a negative reaction, grades 1 and 2 

Bile and acid tolerance
For evaluation of bile salt tolerance, tested strains 

were revitalized and 1 mL of culture was transferred 

of viable bacteria counts was determined after 0 h and 

was evaluated using 1 mL of a revitalized strain that 

Hemolytic activity
Hemolytic activity was evaluated using plates con

Strains
Media Conditions

Listeria monocytogenes Aerobic

Staphylococcus aureus Aerobic

Escherichia coli Aerobic

Pseudomonas aeruginosa Aerobic

Bacillus cereus Aerobic

Salmonella Aerobic

Pseudomonas florescens Aerobic

Brochotix thermosphacta 25 Aerobic

Table 1. Food spoilage and pathogenic strains used in the study and their revitalization conditions
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Gelatinase production

of gelatin was indicated by the formation of opaque 

Results
Enzymatic activity evaluation is presented in Ta

L. lactis 

L. lactis 

L. lactis

 

  

L. lactis strain 25 produced 

Table 2 presents results of selected L. lactis strains 

of the stomach is important for tolerating the initial 
L. lactis strains 

10

10

10

Tolerance to bile salts is an important property for 
any potential probiotic bacteria and is one of the cri

10

log
10

Enzyme Strains

25

1 0 1

2 2

0 0 0

Leucine arylamidase

Valine arylamidase 2 2 2

Cystine arylamidase 2 2

Trypsin 0 0 0

0 0

Acid phosphatase 1 2

drolase
2 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

Table 2. Enzymatic activities of L. lactis strains evaluated 

L. lactis strains

Media

log
10

log
10

25

Table 3. Tolerance of L. lactis strains to acid and bile salt
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log
10

Antibacterial activity evaluation of L. lactis 
strains using the agar spot test method is 

showed an antagonistic capacity against all tested 
food spoilage and pathogenic bacteria such as 
Listeria monocytogenes, Escherichia coli, Brochotix 
thermosphacta
inhibition zones were higher than 10 mm, except 

zone of inhibition against Pseudomonas aeruginosa 
and Bacillus cereus

of inhibition against Salmonella Typhimurium and 
Pseudomonas florescens

bacteria Brochothrix thermosphacta with inhibition 

resistance of the tested L. lactis
tested strains showed resistance to tested antibiotics 
such as chloramphenicol, clindamycin, streptomycin, 
gentamicin, tetracycline, erythromycin and ampicil

two tested L. lactis
L. lactis

gelatinase production revealed that none of the tested 
L. lactis

Discussion

er cultures or biopreservatives for their technologi
cal properties, there is a growing tendency to evalu

Source L. lactis strains

25

The diameters of the inhibition zones around the colonies 
on agar plate, mm

Listeria monocytogenes

Staphylococcus aureus

Escherichia coli

Pseudomonas aeruginosa

Bacillus cereus

Salmonella Typhimurium

Brochothrix thermosphacta

Table 4. Antibacterial activity of Lactococcus lactis strains

Fig. 1. L. lactis
L. lactis

L. lactis strains 

Characterization of Lactococcus Lactis in Vitro



Veterinarija ir Zootechnika 2020;77(99)

The effectiveness of a probiotic strain is species or 

three L. lactis strains, previously isolated and identi
in 

vitro

as probiotic is its ability to inhibit microbial patho

terial activity was expressed by two tested L. lactis 
Brochothrix 

thermosphacta
with spoilage characterized by cheesy, buttery, or 
sour odors and shares its environmental niche with a 
member of its sister taxon, Listeria monocytogenes, the 
foodborne pathogen and causative agent of listerio

L. lactis strains showed good anti

Enzyme production is also one of the main in

was investigated in this study and strong activity of 
L. lactis

therefore, this strain could not be considered as pro

cial enzyme for a probiotic strain, supporting the re

L. 
lactis

most negative effect on bacterial growth and viability 
L. lactis 

tant to evaluate the ability of potential probiotic cul
tures to survive in the presence of bile in order for a 
probiotic strain to arrive alive in the small intestine or 

stated before, all tested L. lactis strains were able to 

Strains
Hemolytic 
activity* 10 15 25

25

Table 6. L. lactis strains

Antibiotics

Strains

25

Chloramphenicol

Clindamycin 1

Streptomycin 12

Tetracycline

Erythromycin 1

Ampicillin 2

Table 5. Antibiotic susceptibility of L. lactis strains
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L. lactis strains 

sidered as an advantage if an antibiotic resistant strain 

hand, if resistance genes are present on plasmids, 
they could be transferred to other bacteria including 

Hemolytic activity is a typical feature of pathogenic 

tested L. lactis

Conclusions

activity against tested food spoilage and pathogenic 
bacteria, was acid and bile salt resistant, susceptible to 
tested antibiotics and was not a producer of harmful 

L. lactis
thus, this strain also could not be applied as a probi

in 
vitro

are generally recognized as safe organisms and are 
widely used as probiotics, newly isolated strains have 
to be properly characterized for safety aspects in order 

More studies are needed to examine probiotic 
potential of selected a strain and to evaluate its 
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