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Abstract
The present study was conducted to find the potential of Lactococcus lactis strains naturally present in raw and fermented 
milk as probiotics and to evaluate their safety and some technological characteristics. There are numerous studies that evalu-
ated probiotic properties of lactococci, nevertheless, limited studies on the probiotic potential of lactococci isolated from 
raw milk or dairy products were performed. Strains isolation from raw milk or dairy products and their characterization is 
important when selection of starter strains for the production of functional dairy foods is performed. Depending on aroma 
production and acidifying activity, 33 L. lactis strains were selected out of 169 and evaluated for safety, technological and 
probiotic properties. These strains were screened for antibiotic sensitivity, enzymatic activity, hemolytic and gelatinase 
activities. The strains were also assessed for resistance to bile salts and acid, growth in bile acids and cholesterol, cell surface 
hydrophobicity. Based on the obtained results, two strains with the best probiotic potential were selected. These two L. lactis 
strains, with 51% and 67% survival at low pH and more than 80% resistance to various bile salt concentrations, proved their 
resistance in vitro to gastric conditions. Also these strains proved to be good acidifiers (the pH of milk was reduced by at 
least 1 unit in 6 h at 30–37 °C) and can be used in the development of functional dairy foods as starter cultures.

Introduction

In recent years, due to the growing interest in food products 
that has added health benefits, food is used not only to pro-
vide the necessary nutrients, but also to provide health-pro-
motion effects to consumers’ health [1, 2]. This raised probi-
otic food products consumption [3]. Probiotics are defined as 
non-pathogenic microorganisms which, when administered 
in sufficient numbers, provide a health benefit to the host [4, 
5]. The most common microorganisms applied as probiotics 
are lactic acid bacteria (LAB)-industrially important micro-
organisms worldwide for the fermented food production [6]. 
For a long time dairy products like raw milk served as a 

major ecological reservoir for isolation of various beneficial 
microorganisms, because raw milk contains wide microbial 
diversity, composed mainly of LAB [7]. These microorgan-
isms can improve lactose digestion, stimulate the immune 
system, prevent and treat diarrhea and provide other health 
benefits [3]. Lactococcus lactis strains are the majority of 
LAB that are associated with commercial starter cultures 
used in the dairy industry for the manufacture and ripen-
ing of cheese of both artisanal and commercial origin, fer-
mented milks such as buttermilk, yoghurt and sour cream 
[8–10]. Despite the interest to examine L. lactis in food as 
starter cultures or biopreservatives for their technological 
properties, there is a growing tendency to evaluate them for 
probiotic properties for the production of functional dairy 
products [11].

World Health Organization (WHO) determined guide-
lines for probiotics evaluation in food. Among them, some 
requirements to classify isolates to be potential probiotics 
are present [4]. Each probiotic candidate strain has to be 
evaluated for safety (isolation from suitable habitats), func-
tionality (survival to gastrointestinal track conditions) and 
beneficial properties, to be effectively used [12, 13]. There 
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are two most widely used in vitro tests to evaluate resistance 
to gastrointestinal environment of the potential probiotic 
strains and these are resistance to gastric acidity and resist-
ance to bile salts. These tests are based on both survival and 
growth studies [14]. Clearly, the in vitro assays are rather 
different from the in vivo conditions as the human gut food 
matrix pays the protective role for the bacteria. Neverthe-
less, in vitro tests provide important information and are a 
helpful tolls for quick screening of the bacteria for probiotic 
activity [14].

Up to now European Food Safety Authority (EFSA) 
classify probiotics as food supplements or dietary supple-
ments and discards all health claims made for probiotics 
[15]. Hence, strains with probiotic potential must meet some 
industrial requirements and technological properties and 
should not have any adverse effects on the taste or aroma of 
the food products [16]. Consumer acceptance is one of the 
criteria among others for a food product to be considered as 
probiotic [17].

Regarding its history of safe use in food fermentation for 
many years, L. lactis is granted Generally Recognized as 
Safe (GRAS) status by the American Food and Drug Agency 
(FDA) and Qualified Presumption of Safety (QPS) status by 
the European Food Safety Authority (EFSA) [18]. Despite 
this fact, newly isolated L. lactis strains have to be properly 
characterized for safety features in order to be applied for 
food production. Antibiotic resistance, hemolytic activity, 
among other safety properties, remain essential in the selec-
tion of strains for application in food production [19, 20].

This study was aimed to characterize probiotic poten-
tial of L. lactis strains, previously isolated from food grade 
samples, through the measure of their safety and in vitro 
probiotic properties. In addition, it was also evaluated some 
of the technological characteristics of the L. lactis strains.

Materials and Methods

Bacterial Strains

In our previous study [20] we isolated and identified 181 
Lactococcus lactis strains from various local food sources 
including raw and fermented cow and goat milk, fermented 
buckwheat and wheat. Twelve of these strains were nisin 
producers and were further characterized. In this study, we 
evaluated the other 169 L. lactis strains for the best sensory, 
safety characteristics and also for probiotic potential. All 
strains used in this study were stored at -80 °C in M17 broth 
(Merck, Germany) in the presence of 30% glycerol until fur-
ther analysis. Before conducting any experiments, strains 
were revitalized in MRS broth (Biolife, Milano, Italy) by 
growing for 18 h at 30 °C.

Aroma Evaluation and Acid Production

Aroma evaluation was carried out for 169 L. lactis strains. 
1% of each revitalized L. lactis culture was added to 50 mL 
of low-fat UHT milk (1.5% fat) and incubated at 30 °C 
for 24 h. Aroma evaluation was performed by 10 trained 
panelists. The intensity of aroma acceptability was scored 
from 0 to 10 ranging from no or very low acceptability 
(score 0–1), medium acceptability (score 4–7) to an excel-
lent one (score 10). If the unpleasant aroma was detected-
these strains were excluded from further studies.

The acidifying activity of L. lactis strains was measured 
by the change in pH values after 6 h. The cultures were 
considered as high (the change in pH is more than 1 unit), 
medium (the change in pH is from 0.5 to 1 units) or weak 
(the change in pH is less than 0.5 unit) acidifiers [20].

Depending on aroma production and acidifying activity, 
only 33 L. lactis strains were selected for further charac-
terization. These strains were isolated from Lithuanian raw 
and fermented goat and cow milk (see Table 1).

Diacetyl Production

Revitalized L. lactis strains (1%) were inoculated in 10 mL 
of UHT milk and incubated at 30 °C for 24 h. 1 mL of each 
culture was then mixed with 0.5 mL of 1% (v/v) α-naphtol 
(Sigma-Aldrich) and 16% (w/v) KOH and incubated at 
30 °C for 10 min. Diacetyl production was observed by 
the formation of a red ring at the top of the test tubes [21].

Salt Tolerance

Revitalized L. lactis strains were inoculated into MRS 
broth (Biolife, Milano, Italy) with different sodium chlo-
ride (NaCl) concentrations (4%, 6.5% and 10%) and incu-
bated at 37 °C for 24 h. Salt tolerance was evaluated by 
visual observation comparing blank MRS broth sample 
with inoculated sample to see if any turbidity has formed. 
The formation of turbidity was evaluated as positive result 
(Table 2).

Antibiotic Sensitivity

Antibiotic susceptibility was evaluated using MIC Test 
Strips (Liofilchem, Roseto degli Abruzzi, Italy) and fol-
lowing the manufacturer’s instructions. The antibiotics 
tested were chloramphenicol, clindamycin, streptomycin, 
gentamicin, tetracycline, erythromycin, ampicillin, vanco-
mycin, kanamycin. Minimum Inhibitory Concentrations 
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(MIC) were determined from the MIC reading scale and 
expressed in µg/mL.

Enzymatic Activities

Enzymatic activities of enzymes listed in Table 3 were 
evaluated using the API ZYM kit (bioMerieux, Marcy-
l’Étoile, France) for each of the selected L. lactis strain. 
The experiment with API ZYM strips was performed 
according to the manufacturer’s instructions. Each well 
of the API ZYM strip was inoculated with 65 µl of the 

McFarland 5 standard suspension of overnight cultures of 
the strains and incubated at 30 °C for 4 h. After incubation, 
ZYM-A and ZYM-B reagents were added to each well and 
then incubated at 30 °C for 5 min. Results were evaluated 
according to the manufacturer’s instructions. Changes of 
color were graded from 0 to 5 based on color formation 
intensity. Color reaction grade 0 was interpreted to corre-
spond to a negative reaction, grades 1 and 2 corresponded 
to a weak reaction (5 to < 20 nmol substrate metabolized) 
and grades 3, 4, and 5 corresponded to a strong reaction 
(> 20 nmol substrate metabolized).

Table 1   Pleasant aroma 
intensity, acidifying activity, salt 
tolerance, diacetyl production 
and source of L. lactis strains

a Values presented are means of three replicates ± SD

L. lactis strains Source Pleasant 
aroma 
intensity

Acidifying activitya Salt tolerance Diacetyl 
produc-
tion4% 6.5% 10%

LL9 Raw cow milk Low 1.01 ± 0.01  +   +  −  + 
LL10 Raw cow milk Medium 1.28 ± 0.02  +   +  − −
LL11 Raw cow milk Low 1.00 ± 0.01  +   +  −  + 
LL12 Raw cow milk Medium 1.09 ± 0.01  +   +  − −
LL13 Raw cow milk Medium 1.33 ± 0.01  +   +  − −
LL16 Raw cow milk High 1.15 ± 0.00  +   +  − −
LL17 Raw cow milk Medium 1.38 ± 0.04  +   +  − −
LL18 Raw cow milk Medium 1.34 ± 0.00  +   +  − −
LL19 Raw goat milk Low 1.01 ± 0.01  +  − − −
LL21 Raw cow milk Low 1.25 ± 0.00  +   +  − −
LL27 Raw cow milk Low 1.23 ± 0.01  +   +  − −
LL29 Raw cow milk High 1.28 ± 0.01  +   +  − −
LL32 Raw cow milk Low 1.02 ± 0.01  +  − − −
LL33 Raw cow milk Low 1.00 ± 0.00  +  − − −
LL34 Raw cow milk High 1.02 ± 0.01  +  − − −
LL36 Raw cow milk High 1.08 ± 0.00  +   +  − −
LL65 Raw cow milk Low 1.04 ± 0.02  +   +  − −
LL76 Fermented cow milk High 1.06 ± 0.01  +   +  −  + 
LL77 Fermented cow milk High 1.01 ± 0.01  +   +  − −
LL78 Fermented cow milk High 1.19 ± 0.01  +   +  − −
LL30A Raw cow milk High 1.01 ± 0.00  +   +  − −
LL36A Raw cow milk High 1.17 ± 0.03  +   +  − −
LL42A Raw cow milk High 1.19 ± 0.01  +   +  − −
LL44A Raw cow milk High 1.23 ± 0.01  +   +  − −
LL48A Raw cow milk High 1.16 ± 0.00  +   +  − −
LL51A Raw cow milk High 1.15 ± 0.01  +   +  − −
LL55A Fermented cow milk Low 1.03 ± 0.01  +  − − −
LL56A Fermented cow milk High 1.11 ± 0.00  +  − − −
LL57A Fermented cow milk High 1.07 ± 0.03  +  − −  + 
LL58A Fermented cow milk High 1.01 ± 0.01  +   +  − −
LL61A Fermented cow milk High 1.10 ± 0.00  +   +  − −
LL11B Fermented goat milk High 1.49 ± 0.01  +   +  − −
LL14C Fermented goat milk High 1.06 ± 0.01  +   +  − −
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Hemolytic and Gelatinase Activities

Hemolytic activity was examined using agar plates con-
taining sheep blood (Oxoid, UK). After incubation for 48 h 
at 30 °C hemolytic activity was recorded as β-hemolysis, 
α-hemolysis and γ-hemolysis represented as clear zones, 
green zones or halos around the colonies respectively [22].

Lactococcus lactis strains were tested for gelatinase activ-
ity according to Perin et al. [11]. 10 µL of fresh L. lactis 
cultures were spotted on Luria Bertani agar (Liofilchem, 
Italy) supplemented with 5% (w/v) of gelatin and incubated 
anaerobically at five different temperatures (37 °C for 48 h, 

42 °C for 48 h, 25 °C for 72 h, 10 °C for 10 days, 15 °C 
for 10 days). After incubation the plates were examined for 
possible formation of opaque halos around the colonies. The 
existence of such halos demonstrates gelatinase production.

Growth in Bile Acids and Cholesterol

Growth of L. lactis under bile acids and cholesterol was 
determined according to Choi and Chang [6]. L. lactis grown 
overnight in MRS were inoculated (1%) into MRS broth 
(Biolife, Italy) supplemented with 0.3% (w/v) oxgall (Sigma-
Aldrich, Italy) and 0.1 g/L of water-soluble cholesterol, 0.5% 

Table 2   Antibiotic 
susceptibility of L. lactis strains

AMP ampicillin, VA vancomycin, CN gentamicin, K kanamycin, S streptomycin, E erythromycin, CD clin-
damycin, TE tetracycline, C chloramphenicol
a Values above the breakpoint provided by EFSA (2012) (European Food Safety Authority 2012)

L. lactis strains Minimum inhibitory concentrations (MIC) µg/mL

AMP VA CN K S E CD TE C

LL9 0.064 0.19 0.25 4  > 1024a 0.016  < 0.016 0.125 0.75
LL10 0.125 0.19 0.125 0.5 3 0.023  < 0.016 0.19 1.5
LL11 0.19 0.19 0.25 6  > 1024a 0.047 0.094 0.19 4
LL12 0.19 0.064 0.19 0.5 4 0.047 0.125 0.25 2
LL13 0.125 0.094 0.19 0.5 3 0.047 0.094 0.25 3
LL16 0.064 0.25 0.25 0.75 4 0.047 0.047 0.38 4
LL17 0.094 0.125 0.38 0.75 4 0.047 0.032 0.19 3
LL18 0.125 0.125 0.19 0.75 6 0.047  < 0.016 0.25 3
LL19 0.023 0.19 0.094 0.25 0.75 0.016 0.023 0.094 0.75
LL21 0.094 0.125 0.125 0.19 1.5  < 0.016  < 0.016 0.094 0.75
LL27 0.094 0.75 12 16 96a 0.38 0.19 0.125 2
LL29 0.023 0.19 0.125 0.047 1  < 0.016  < 0.016 0.094 0.75
LL32 0.047 0.25 0.19 0.125 2  < 0.016  < 0.016 0.19 0.5
LL33  < 0.016 0.19 3 1.5 16 0.047 0.016 0.016 0.38
LL34 0.047 0.25 0.5 1 6 0.094 0.064 0.75 6
LL36 0.094 0.125 0.19 0.5 2 0.047  < 0.016 0.38 3
LL65 0.064 0.19 0.25 0.5 3 0.047 0.032 0.25 4
LL76 0.032 0.094 0.19 0.19 0.75 0.047  < 0.016 0.25 3
LL77 0.094 0.19 0.25 0.38 1.5 0.064  < 0.016 0.19 3
LL78 0.094 0.19 0.25 0.5 2 0.064  < 0.016 0.19 2
LL30A 0.064 0.19 0.25 0.5 2 0.047  < 0.016 0.19 3
LL36A 0.094 0.25 0.38 8 512a 0.047 0.064 32a 4
LL42A 0.125 0.25 0.25 1.5 3 0.032 0.064 0.38 3
LL44A 0.094 0.19 0.25 1.5 3 0.032 0.064 0.25 4
LL48A 0.125 0.5 8 24  > 1024a 0.125 0.19 32a 3
LL51A 0.19 0.5 6 64  > 1024a 0.19 0.19 12a 2
LL55A 0.064 0.38 4 12 512a 0.094 0.094 24a 2
LL56A 0.125 0.25 12 12 16 0.125 0.19 12a 3
LL57A  < 0.016 0.125 0.064 0.19 0.25  < 0.016  < 0.016 0.064 1
LL58A 0.094 0.5 8 8 32 0.094 0.25 0.094 3
LL61A 0.064 0.38 4 12 512a 0.064 0.094 12a 2
LL11B 0.032 0.19 0.125 1 2  < 0.016  < 0.016 0.047 1
LL14C 0.094 0.38 6 12 32 0.125 0.25 0.19 4
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Table 3   Enzymatic activity of L. lactis strains

Colour reaction grade 0 on the API-ZYM test scale was interpreted to correspond to a negative reaction, grades 1 and 2 corresponded to a weak 
reaction, grades 3, 4 and 5 corresponded to a strong reaction

Enzyme L. lactis strains

LL
10

LL
12

LL
13

LL
16

LL
17

LL
18

LL
19

LL
21

LL
29

LL
32

LL
33

LL
34

LL
36

2.Alkaline phosphatase 0 0 0 1 0 0 0 1 0 0 0 0 0
3. Esterase (C4) 1 0 0 0 0 2 0 0 0 0 0 0 2
4. Esterase lipase (C8) 0 0 0 0 0 0 0 0 0 0 0 0 0
5. Lipase (C14) 0 0 0 0 0 0 0 0 0 0 0 0 0
6. Leucine arylamidase 2 2 2 3 4 5 5 2 2 1 3 0 1
7. Valine arylamidase 0 0 0 0 0 0 0 0 0 0 0 0 0
8. Cystine arylamidase 0 0 0 0 0 0 1 0 0 0 0 0 0
9. Trypsin 0 0 0 0 0 0 0 0 0 0 0 0 0
10. α-Chymotrypsin 0 0 0 0 0 0 0 0 0 0 0 0 0
11. Acid phosphatase 4 4 4 5 4 5 5 5 4 4 5 5 2
12. Naphthol-AS-BI-phosphohydrolase 1 1 1 0 2 3 3 2 0 2 1 0 1
13. α-Galactosidase 0 0 0 0 0 0 0 0 0 0 0 0 0
14. β-Galactosidase 0 0 0 1 0 1 0 0 0 0 0 0 0
15. β-Glucuronidase 4 0 3 0 0 0 0 0 0 0 0 0 0
16. α-Glucosidase 0 0 0 0 0 0 0 0 0 0 0 0 0
17. β-Glucosidase 0 0 0 0 3 4 0 0 0 0 0 0 0
18. N-Acetyl-β-glucosaminidase 0 3 0 0 0 0 0 0 0 0 0 0 0
19. α-Mannosidase 0 0 0 0 0 0 0 0 0 0 0 0 0
20. α-Fucosidase 0 0 0 0 0 0 0 0 0 0 0 0 0

Enzyme L. lactis strains

LL
65

LL
76

LL
77

LL
78

LL
30A

LL
42A

LL
44A

LL
57A

LL
58A

LL
11B

LL
14C

2.Alkaline phosphatase 0 0 0 0 0 0 0 0 0 0 0
3. Esterase (C4) 1 0 3 3 0 0 0 0 0 0 0
4. Esterase lipase (C8) 0 0 0 0 0 0 0 0 0 0 0
5. Lipase (C14) 0 0 0 0 0 0 0 0 0 0 0
6. Leucine arylamidase 0 5 1 2 3 3 5 1 4 1 3
7. Valine arylamidase 0 0 0 0 0 0 0 0 0 0 0
8. Cystine arylamidase 0 0 0 0 0 0 0 0 0 0 0
9. Trypsin 0 0 0 0 0 0 0 0 0 0 0
10. α-Chymotrypsin 0 0 0 0 0 0 0 0 0 0 0
11. Acid phosphatase 3 3 2 2 2 4 4 3 3 0 2
12. Naphthol-AS-BI-phosphohydrolase 1 1 1 1 1 0 1 0 0 0 0
13. α-Galactosidase 0 0 0 0 0 0 0 0 0 0 0
14. β-Galactosidase 0 0 0 0 0 5 5 0 3 0 3
15. β-Glucuronidase 0 0 0 0 0 0 0 0 0 0 0
16. α-Glucosidase 0 0 0 0 0 0 0 1 0 0 0
17. β-Glucosidase 0 0 0 2 0 2 3 0 4 0 0
18. N-Acetyl-β-glucosaminidase 4 0 0 0 0 0 0 0 0 0 5
19. α-Mannosidase 0 0 0 0 0 0 0 0 0 0 0
20. α-Fucosidase 0 0 0 0 0 0 0 0 0 0 0
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(w/v) oxgall and 0.1 g/L of water-soluble cholesterol, 0.3% 
(w/v) sodium salt taurodeoxychalic acid (TDCA, Sigma-
Aldrich, Italy) and 0.1 g/L of water-soluble cholesterol, and 
0.5% (w/v) TDCA and 0.1 g/L of water-soluble cholesterol. 
Growth of L. lactis in MRS broth without bile was used as a 
control. Initial pHs of the prepared media were pH 6.2–6.4. 
After incubation anaerobically for 24 h at 37 °C, the absorb-
ance at 600 nm was measured.

Resistance to Bile Salts

The ability of L. lactis strains to grow in the presence of bile 
salts was determined according to Belicova et al. [23]. L. 
lactis isolates were inoculated (2% w/v mass of the solution) 
into MRS broth supplemented with 0.3%, 0.5% and 1% (w/v) 
of bile (Liofilchem, Italy). Strains were incubated for 24 h at 
37 °C after which the absorbance at 560 nm was measured.

Resistance to Acid

Tested strains were incubated in MRS broth at 30 °C for 
18 h. 1 mL of each culture was transferred into 9 mL of 
phosphate buffered saline (PBS, Merck, Germany) adjusted 
to pH 2.5 with 5 M HCl and incubated at 30 °C. The number 
of viable bacteria was counted on MRS agar plates after 0 h 
and 3 h of incubation periods [24].

Auto‑Aggregation Activity

Ability of L. lactis to aggregate (auto-aggregation) was 
determined according to Han et al. [25]. The auto-aggre-
gation was calculated according to the following equation:

where At stands for absorbance at determined interval (1 h) 
and and A0 stands for the absorbance at the beginning of the 
assay (0 h).

Cell Surface Hydrophobicity

The method described by Lee and Puong [26] for the deter-
mination of cell surface hydrophobicity was used. The 
decreased absorbance in the aqueous phase was considered 
as a measure of cell surface hydrophobicity that was calcu-
lated according to the following equation:

where A0 and A1 are the absorbance values before and after 
the extraction with n-hexadecane, respectively.

Auto − aggregation (%) =
(

1 − A
t
∕A0

)

× 100

Hydrophobicity (%) =
[(

A0 − A1

)

∕A0

]

× 100

Evaluation of Isolated L. lactis Carbohydrate 
Metabolism

Carbohydrate fermentation profiles of selected L. lactis 
strains were evaluated using the API 50 CH test (BioMer-
ieux, Marcy-l’Etoile, France) and following manufacturer’s 
instructions. The results were interpreted as strong growth 
(yellow color of the test), moderate growth (green color), 
weak growth (dark green) and no growth (blue color).

Statistical Analysis

All the experiments were performed in triplicate. All data 
analysis was performed by SPSS statistical package (Chi-
cago, SPSS Inc., SPSS 24). Data were analyzed using 
Descriptive Statistics (Explore) and One-way Analysis 
(ANOVA) methods. The differences were considered reli-
able when P < 0.05.

Results and Discussion

Aroma Development and Acidification Activity

Flavor and aroma are the most important attributes besides 
consistency for consumers in food products [27]. Since 
tested L. lactis strains were intended to be used for dairy 
food production, which are the most common probiotic foods 
[28], their ability to develop desirable aroma was evaluated 
in milk. Obtained results are presented in Table 1. Half of 
the tested 169 L. lactis strains produced unpleasant aroma 
according to sensory evaluation. Only 33 L. lactis strains 
were selected for further evaluation based on the intensity 
of pleasant aroma which varied from low to high. However, 
all 33 selected L. lactis strains were considered as high acidi-
fiers as were able to reduce the pH of milk by more than 1 
unit in 6 h.

Technological Characterization

Only 12% (strains LL9, LL11, LL76 and LL57A) out of 33 
tested L. lactis strains produced diacetyl (Table 1). Other 
authors, that isolated L. lactis strains from artisanal Pico 
cheese, found that 33% of lactococci were producers of dia-
cetyl [19]. These results are also in accordance with authors 
that examined diacetyl production in Lactococcus strains 
isolated from raw cow milk [29]. Diacetyl is a volatile com-
pound linked to good aroma formation in dairy food prod-
ucts. Therefore, strains displaying diacetyl production can be 
used as starter cultures in dairy food production.

Furthermore, all 33 L. lactis strains showed good tol-
erance to 4% NaCl concentration, but seven strains were 
not able to tolerate 6.5% NaCl concentration. At 10% NaCl 
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concentration no growth was observed (Table 1). LAB from 
milk environment, usually are able to survive 1–9% NaCl 
concentrations. This is a desirable feature for potential LAB 
probiotics [30]. Our results are also in agreement with those 
reported by de Almeida Junior et al. [31]. In their study 9 out 
of the 13 L. lactis strains were able to grow at 6.5% NaCl. 
NaCl could be applied up to 6% in dairy food products [32], 
therefore ability of strains to tolerate salt concentrations up 
to 6% is of big importance in order for them to survive in 
the product.

Safety Assays of L. lactis Strains

Antibiotic resistance evaluation revealed a high variation 
among L. lactis strains (Table 2). Eight L. lactis strains 
showed antibiotic resistance above the breakpoint provided 
by European Food Safety Authority (EFSA 2012) to strep-
tomycin. The breakpoint for L. lactis to streptomycin sug-
gested by EFSA is 32 µg/mL, whereas strain LL27 had mini-
mum inhibitory concentration of 96 µg/mL, strains LL36A, 
LL55A, LL61A had minimum inhibitory concentrations 
of 512 µg/mL and strains LL9, LL11, LL48A, LL51A had 
minimum inhibitory concentrations above 1024 µg/mL. 
Some L. lactis strains showed resistance to tetracycline. The 
breakpoint for L. lactis to tetracycline suggested by EFSA 
is 6 µg/mL, whereas strains LL51A, LL56A and LL61A 
had minimum inhibitory concentrations of 12 µg/mL, strain 
LL55A had minimum inhibitory concentration of 24 µg/mL 
and strains LL36A, LL48A had minimum inhibitory concen-
trations of 32 µg/mL. In general five L. lactis strains showed 
resistance to both tetracycline and streptomycin and in total 
nine L. lactis strains were excluded from further studies. 
Antibiotic resistance alone will not cause risk in probiotic 
LAB candidates, however capability to transfer the antibiotic 
resistance genes is the real cause of risk and needs to be 
investigated prior commercial applications [33].

Regarding enzymatic activity, strains should not produce 
harmful enzymes like β-glucosidase or β-glucuronidase if 
they are intended to be used in the food industry [34]. These 
two enzymes attracts special attention as they are known 
to be potential mediators of colon carcinogenesis [19]. The 
activity of these enzymes was tested using API ZYM kit and 
is presented in Table 3. Four strains (LL17, LL18, 44A and 
58A) were found to produce strong and two strains (LL78 
and LL42A) were found to produce weak β-glucosidase 
activity. Also, two L. lactis strains (LL10 and LL13) were 
found to produce strong β-glucuronidase activity which was 
also reported by other authors [19]. Due to activity of these 
two enzymes, these L. lactis strains were eliminated from 
further studies. Likewise, activities of α-chymotrypsin and 
N-acetyl-β-glucosaminidase are associated with intestinal 
diseases [35, 36] and strains possessing activities of these 
enzymes should be avoided in food products. In this study, 

no activity of α-chymotrypsin was detected, though three 
strains (LL12, LL36 and LL14C) were found to produce 
strong N-acetyl-β-glucosaminidase activity and were also 
eliminated from further studies. In contrast, β-galactosidase 
activity is considered an advantageous criterion in the selec-
tion of probiotic strains as activity of this enzyme is helpful 
in improving lactose tolerance in the gut [3, 36]. However, 
five strains (LL18, LL42A, LL44A, LL58A and LL14C) 
possessing activity of this enzyme also displayed activity 
of unfavorable enzymes and only one strain (LL16) showed 
weak activity of β-galactosidase activity. In general, after 
enzymatic activity evaluation only thirteen strains were char-
acterized further.

Hemolytic activity is a typical feature of pathogenic bac-
teria. This harmful effect may only happen if the ingested 
bacteria end up in the blood; however, this is an unlikely 
situation. Nevertheless this test provides an important infor-
mation about tested strain’s pathogenicity [37]. None of the 
tested thirteen L. lactis strains presented hemolytic activity, 
therefore the safety of selected L. lactis strains concerning 
hemolytic activity is not a concern. Also, none of the tested 
thirteen L. lactis strains presented gelatinase activity. The 
absence of this feature supports the safety of selected L. 
lactis strains.

Potential Probiotic Properties In Vitro

Table 4 presents tolerance results of selected L. lactis strains 
to bile salts. Tolerance to bile salts is an important property 
for any potential probiotic bacteria and is one of the criteria 
for a strain to be used as probiotic culture [38]. All L. lactis 
isolates were resistant at 0.3% and 0.5% bile salt concentra-
tions with resistance of more than 90%. Also, all L. lactis 
strains were resistant at 1% bile salt. Two L. lactis strains 
(LL 16 and LL19) showed resistance of 82% at this bile con-
centration by expressing growth decrease from 8.96 ± 0.01 
to 7.38 ± 0.27 Log10 CFU/mL and from 9.15 ± 0.07 to 
7.49 ± 0.14 Log10 CFU/mL, respectively. All other L. lactis 
strains showed resistance of more than 90%. Physiological 
concentration of human bile ranges from 0.3% to 0.5%. It is 
well known, that bile salts dissolve membrane lipids lead-
ing to the cell’s death because of the leakage of the cell 
contents [6], therefore it is important to evaluate the ability 
of potential probiotic cultures to survive in the presence of 
bile in order for probiotic strain to arrive alive to the small 
intestine or colon [39, 40]. Our results indicate that all L. 
lactis strains showed good bile tolerance. These results are 
in accordance with García-Ruiz et al. [41] and Kumar and 
Kumar [38]. They detected good bile resistance to a variety 
of LAB strains.

The ability of L. lactis strains to survive the combination 
of bile acids (oxgall and TDCA) and cholesterol after 24 h of 
incubation at 37 °C is shown in Table 5. Two L. lactis strains 
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Table 4   Tolerance of L. lactis 
strains to bile salts

Values presented are means of three replicates ± standard deviation
Means in the same row with different lowercase letters indicate significant differences (P < 0.05) among 
treatments. Means in the same column with different capital letters indicate significant differences 
(P < 0.05) among strains
* %: final (CFU/mL)/control (CFU/mL) × 100. 100% indicates that the growth rate of L. lactis strain was not 
affected by the treatment

L. lactis
strains

Media

MRS 0.3% 0.5% 1%

Log10 CFU/mL %* Log10 CFU/mL %* Log10 CFU/mL %*

LL16 8.96 ± 0.01a 8.26 ± 0.20a 92 8.23 ± 0.00a 92 7.38 ± 0.27bA 82
LL19 9.15 ± 0.07a 8.34 ± 0.01b 91 8.22 ± 0.19b 90 7.49 ± 0.14cA 82
LL21 9.04 ± 0.00a 8.44 ± 0.01b 93 8.26 ± 0.01c 91 8.23 ± 0.00cB 91
LL29 9.07 ± 0.04a 8.49 ± 0.03b 94 8.26 ± 0.06c 91 8.18 ± 0.01cB 90
LL32 8.99 ± 0.40 8.33 ± 0.00 93 8.31 ± 0.54 92 8.28 ± 0.01B 92
LL33 9.04 ± 0.01a 8.38 ± 0.01b 93 8.26 ± 0.00c 91 8.22 ± 0.00cB 91
LL34 9.03 ± 0.04a 8.50 ± 0.07b 94 8.41 ± 0.20b 93 8.22 ± 0.00bB 91
LL36 9.06 ± 0.00 8.44 ± 0.24 93 8.36 ± 0.37 92 8.31 ± 0.06B 92
LL76 8.98 ± 0.06a 8.53 ± 0.01b 95 8.51 ± 0.01b 95 8.28 ± 0.01cB 92
LL77 9.06 ± 0.00a 8.40 ± 0.04b 93 8.34 ± 0.01bc 92 8.29 ± 0.00cB 92
LL30A 8.98 ± 0.01a 8.28 ± 0.00b 92 8.21 ± 0.00b 91 8.05 ± 0.4cB 90
LL57A 9.08 ± 0.03a 8.35 ± 0.04b 92 8.24 ± 0.01bc 91 8.21 ± 0.01cB 90
LL11B 8.96 ± 0.01a 8.61 ± 0.01b 96 8.59 ± 0.00b 96 8.32 ± 0.01cB 93

Table 5   Growth of L. lactis in bile acids and cholesterol

Values presented are means of three replicates ± standard deviation
Means in the same row with different lowercase letters indicate significant differences (P < 0.05) among treatments. Means in the same column 
with different capital letters indicate significant differences (P < 0.05) among strains
* %: final (CFU/mL)/control (CFU/mL) × 100. 100% indicates that the growth rate of L. lactis strain was not affected by the treatment
(–) no growth

L. lactis strains Media

MRS 0.3% oxgall + cholesterol 0.5% oxgall + cholesterol 0.3% TDCA + cholesterol 0.5% TDCA + choles-
terol

Log10 CFU/mL %* Log10 CFU/mL %* Log10 CFU/mL %* Log10 CFU/mL %*

LL16 9.13 ± 0.00a 8.29 ± 0.01bA 91 8.01 ± 0.01bAD 88 9.02 ± 0.20a 99 9.03 ± 0.01a 99
LL19 8.94 ± 0.01a – – – – 8.86 ± 0.00c 99 8.78 ± 0.01d 98
LL21 9.02 ± 0.04a 8.29 ± 0.01bA 92 – – 9.00 ± 0.03a 100 9.00 ± 0.01a 100
LL29 9.02 ± 0.01a 7.19 ± 0.07bD 80 6.89 ± 0.00cCD 76 9.01 ± 0.01a 100 9.01 ± 0.08a 100
LL32 8.93 ± 0.00a 7.63 ± 0.01bC 85 – – 8.91 ± 0.16a 100 8.89 ± 0.06a 100
LL33 8.94 ± 0.28a 8.34 ± 0.01abA 93 7.41 ± 0.01bD 83 8.93 ± 0.40a 100 8.92 ± 0.00a 100
LL34 8.89 ± 0.01a 7.58 ± 0.01bCD 85 – – 8.81 ± 0.01d 99 8.81 ± 0.00d 99
LL36 9.00 ± 0.03a 8.40 ± 0.00bA 93 – – 8.95 ± 0.01a 99 8.94 ± 0.07a 99
LL76 8.96 ± 0.01a 8.15 ± 0.04bAE 91 8.03 ± 0.01cAD 90 8.83 ± 0.00d 99 8.60 ± 0.01e 96
LL77 9.02 ± 0.01a 8.39 ± 0.18bA 93 8.21 ± 0.01bA 91 9.01 ± 0.16a 100 8.98 ± 0.01a 100
LL30A 9.03 ± 0.00a 7.81 ± 0.01bCE 86 6.69 ± 0.40cC 74 9.03 ± 0.07a 100 8.98 ± 0.20a 99
LL57A 9.04 ± 0.01a 8.45 ± 0.00abA 93 7.82 ± 0.01bAD 87 9.03 ± 0.01a 100 8.99 ± 0.40a 99
LL11B 8.98 ± 0.04a – – – – 8.84 ± 0.01c 98 8.81 ± 0.00c 98
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(LL19 and LL11B) did not grow in the presence of 0.3% 
oxgall + cholesterol and six L. lactis strains (LL19, LL21, 
LL32, LL34, LL36 and LL11B) did not grow in the pres-
ence of 0.5% oxgall + cholesterol showing no resistance to 
this toxic effect. All tested L. lactis strains grew well in the 
presence of TDCA-containing media showing resistance of 
98–100% and expressing good resistance. In general, oxgall 
showed a higher toxic effect on L. lactis strains than TDCA. 
These results are in accordance to Choi and Chang [6]. They 
detected that oxgall showed a slightly higher toxic effect on 
LAB growth than TDCA.

Figure 1 presents tolerance results of L. lactis strains to 
acid. The survival of LAB in low pH of stomach is impor-
tant for tolerating the initial acid stress [38]. The pH in 
the human stomach ranges from 1.5 to 4.5 and it has been 
reported before that acidity has the most negative effect 
on bacterial growth and viability [34]. Only two L. lactis 
strains (LL16 and LL76) were resistant to acid pH value 
2.5 and expressed resistance above 50%. Highest resistance 
was observed in strain LL76 where after 3 h of incubation 
at 30 °C under acidic condition the growth of the isolate 
decreased from 8.70 ± 0.01 to 5.90 ± 0.00 Log10 CFU/
mL expressing resistance of 67%. This strain was isolated 
from fermented cow milk. Strain LL16 expressed growth 
decreased from 9.40 ± 0.00 to 4.80 ± 0.03 Log10CFU/mL 
showing resistance of 51%. This strain was isolated from 
raw cow milk. Other L. lactis strains expressed resistance 
lower than 50%, thus demonstrating weak tolerance and 
were eliminated from further studies.

Lactococcus lactis strains LL16 and LL76 displayed 
auto-aggregation properties of 76 and 55%, respectively. 
This is considered a positive attribute as auto-aggregation 
ability enables bacteria to persist in the intestinal mucosa 

and promote their beneficial effects to the host. Also, cell 
surface hydrophobicity is an important beneficial property 
as it is the ability of bacteria to present interactions with 
mucosal cells [3]. In our study, both tested L. lactis strains 
(LL16 and LL76) showed good hydrophobicity of 55 and 
70%. These results are in accordance with other authors, 
who determined good hydrophobicity for Lactobacillus [42] 
and Pediococcus [43] strains.

Carbohydrate Metabolism of Isolated L. lactis 
Strains

Two L. lactis strains, possessing the best bile and acid toler-
ance (LL16 and LL76) were tested for carbohydrate metabo-
lism. Both strains were able to ferment d-ribose, d-galactose, 
d-glucose, d-fructose, d-manose, N-acetylglucosamine, arb-
utin, esculin ferrin citrate, salicin, d-cellobiose, d-maltose, 
d-lactose (bovine origin), d-saccharose (sucrose). Only L. 
lactis strain LL16 was able to ferment d-xylose, amygdalin 
and glycogen. Likewise, only L. lactis strain LL76 was able 
to ferment starch and gentiobiose.

Conclusion

In this study, two L. lactis strains (LL6 and LL76) isolated 
from food grade samples—raw and fermented cow milk 
demonstrated good probiotic potential. These L. lactis 
strains exhibited an important resistance in vitro to gastro-
intestinal tract conditions (bile salts and acid). Likewise, 
strains showed good auto-aggregation activity and cell sur-
face hydrophobicity. Moreover, these two strains displayed 
some beneficial technological properties like salt tolerance 

Fig. 1   Resistance of L. lactis 
to acid
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up to 6% and good acidifying activity. Regarding antibiotic 
susceptibility, hemolytic, gelatinase and enzymatic activi-
ties, strains showed no activities of undesirable traits and 
proved to be safe. These results suggest that these two probi-
otic candidates can be used in the development of functional 
dairy foods as starter cultures due to their acidifying activity, 
also one strain (LL76) exhibited diacetyl production, which 
is a desirable trait for a starter culture.
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