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Abstract

Objective The objective of this study was to evaluate

the probiotic potential as well as the ability of

adhesion and aggregation of natural and autochtho-

nous lactic acid bacteria, isolated from traditionally

made cheese.

Results Lactic acid bacteria from natural food

sources can be promising probiotic candidates and

they can be used in natural food preservation or like

starter cultures. Tested autochthonous isolates showed

tolerance to the simulated gastrointestinal condition as

well as the sensitivity to clinically relevant antibiotics,

especially to ampicillin (MIC at 0.195 lg mL-1 for

lactobacilli and from 0.195 to 3.125 lg mL-1 for

lactococci). Among isolates, the highest percentage of

adhesion was detected with chloroform, while the

adhesion ability of selected isolates to pig intestinal

epithelium was in the correlation with the results of

adhesion ability with solvents. The auto-aggregation

ability of isolates was demonstrated, while co-aggre-

gation with Escherichia coli was strain specific.

Conclusion The results indicated the potential pro-

biotic properties of the isolates and give evidence for

further investigation and potential application in the

dairy industry.

Keywords Antibiotic � Adhesion � Aggregation
ability � Lactic acid bacteria � Probiotics � Pig intestinal
epithelium

Introduction

Probiotics are defined as viable microorganisms which

have a positive impact on medical condition of their

host (FAO/WHO 2006). Lactic acid bacteria (LAB)

are the most commonly used microorganisms as

probiotics, because they have ‘‘Generally Recognized

as Safe’’ (GRAS) status and because they are desirable

members of the intestinal microflora (Shokryazdan

et al. 2014). The tolerance to gastrointestinal condi-

tions (Hernandez-Hernandez et al. 2012) as well as the

safety aspect of LABs, which include antimicrobial

resistance (Vesković-Moračanin et al. 2017) and

haemolysis on blood agar (Kaktcham et al. 2012),

are the major criteria for selection of probiotics

bacteria.

A high number of in vitro models have been used

for studying the adhesion of probiotic to epithelial

cells. Many difficulties were found, which have led to

the development of in vitro model systems for the

preliminary selection of potentially adherent strains

(Kos et al. 2003; Carasi et al. 2014; Garriga et al. 2014;
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Department of Biology and Ecology, Faculty of Science,

University of Kragujevac, Radoja Domanovića 12,

Kragujevac 34000, Republic of Serbia

e-mail: mirjana.grujovic@pmf.kg.ac.rs

123

Biotechnol Lett (2019) 41:1319–1331

https://doi.org/10.1007/s10529-019-02729-8(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-6174-6717
http://crossmark.crossref.org/dialog/?doi=10.1007/s10529-019-02729-8&amp;domain=pdf
https://doi.org/10.1007/s10529-019-02729-8


Sitepu et al. 2016). It is known that Lactobacillus

reuteri could inhibit the adherence of enteropatho-

genic E. coli to human intestinal epithelium (Walsham

et al. 2016). Some authors indicated that auto-aggre-

gation ability of LAB was necessary for adhesion to

intestinal epithelial cells. They also indicated that

LAB, with co-aggregation ability, could form a barrier

that prevent colonization by pathogenic microorgan-

isms (Kos et al. 2003; Younes et al. 2012).

The increase of interest regarding the commercial

utilization of Lactobacillus strains isolated from

traditionally and naturally fermented dairy products,

was noticed (Magdoub et al. 2015). But, Solieri et al.

(2014) indicated that there is no universal strain that

would provide all probiotic benefits, not even strain of

the same species.

The aims of this study were to evaluate the

tolerance of selected LABs to different gastrointesti-

nal conditions; their sensitivity to clinically relevant

antibiotics; their ability to synthesize biogenic amines

and ability to grow on media with phenol as well as

detection of haemolysis on blood agar. Also, the aims

were to evaluate the ability of auto-aggregation, co-

aggregation and adhesion of LABs, as well as the

investigation of the adhesive properties of selected

LAB to pig ileal epithelial cells, by using the in vitro

model.

Material and methods

Bacteria used in study

Four isolates of Lactobacillus genera (Lb. fermentum

KGPMF28, Lb. fermentum KGPMF29, Lb. brevis

KGPMF35, Lb. plantarum KGPMF62) and six iso-

lates of Lactococcus genera (L. lactis subsp. lactis

KGPMF23, L. lactis subsp. lactis biovar. diacetylactis

KGPMF50, L. lactis subsp. lactis biovar. diacetylactis

KGPMF54, L. lactis subsp. lactis biovar. diacetylactis

KGPMF55, L. lactis subsp. lactis biovar. diacetylactis

KGPMF57 and L. lactis subsp. lactis biovar. diacety-

lactis KGPMF59) were used in this study. All tested

bacteria were isolated from Sokobanja’s cheese

(Southeastern Serbia) and provided by the Microbiol-

ogy Laboratory, Faculty of Science, University of

Kragujevac, Serbia. The cheese was made on tradi-

tional way, without adding any bacterial starter

culture, so the isolates tested in this study presents

the natural and autochthonous microflora. These

isolates were chosen according to the previously

investigated biochemical characteristics and antago-

nistic potential against enterobacteria isolated from

the same cheese (Muruzović et al. 2018a, b). The

bacterial strains were kept in glycerol stock at

- 80 �C. Lactobacillus plantarum LP299v was used

as reference strain. Escherichia coli, a clinical isolate,

was a generous gift from the Institute of Public Health,

Kragujevac, Serbia. Before experimental use, working

cultures were revitalized by two consecutives in MRS

broth (for LAB) and Nutrient broth (for E. coli).

In vitro gastrointestinal transit tolerance assay

The acid tolerance of LAB was studied in different pH

solutions, which were prepared by adjusting the

hydrochloric acid (HCl) (Zorka Šabac, Šabac, Serbia)

to pH levels of 3, 4 and 5. Sterile MRS broth (pH 6.5)

served as a control. Inoculum was prepared from

overnight culture of LABs (turbidity of initial suspen-

sion 108 CFU mL-1). Inoculum of each bacterial

strain (10 lL) was added to the standard or modified

MRS broth. The incubation was carried out at 37 �C/
48 h. Optical densities of bacterial growth were

determined with an ELISA plate reader at 600 nm.

Results were performed in triplicate.

Simulated gastric and small intestinal juice toler-

ance assays were performed according to the method

described in Huang and Adams (2004), with some

modifications. Overnight cultures were inoculated in

ratio 1:10. Simulated gastric juice were prepared by

suspending 0.22% (w/v) pepsin (Merck, New Jersey,

USA) in sterile filtered 0.5% (w/v) NaCl solution with

the pH adjusted to 2. 96-well microtiter plates were

incubated at 37 �C/3 h, because this is the time of

staying food in the stomach (Zoumpopoulou et al.

2008). The results were determined with ELISA plate

reader at 600 nm, in triplicate (Bassyouni et al. 2012).

Simulated small intestinal juice were prepared by

suspending 0.2% (w/v) of pancreatin (Sigma-Aldrich,

St. Louis, USA) in filter sterile 0.5% NaCl (w/v)

solution with 0.4% of bile salts (Sigma-Aldrich, St.

Louis, USA) and adjusting pH to 8 with adding sterile

0.1 M NaOH. 96-well microtiter plates were incu-

bated at 37 �C/4 h, because this is the time of staying

food in small intestine (Kumar and Murugalatha

2012). Results were performed in triplicate. The

number of viable LABs was determined by
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transferring the appropriate samples onto the MRS

agar plates. The percentage of survival was calculated

using the following formula:

% Survival ¼ b=að Þ � 100

a—CFU mL-1 of the assayed strain (uninoculated

MRS (pH 6.5), at 37 �C/48 h); b—CFU mL-1 of the

same strain after incubation with the different gas-

trointestinal conditions.

Antibiotic sensitivity

The antibiotics sensitivity of LABs was investigated

by using the microdilution method with resazurin and

the minimum inhibitory concentration (MIC) was

determined (Sarker et al. 2007). Tetracycline, ampi-

cillin, gentamicin, vancomycin and polymyxin B

(Sigma Chemicals Co., USA), in concentration range

from 0.05–4000 lg mL-1, were used for this study.

The method was described in detail inMuruzović et al.

(2016).

Synthesis of biogenic amines and haemolysis

on blood agar

The ability of isolates to synthesize biogenic amines

(histamine and tyramine) from histidine and tyrosine,

as well as haemolysis on blood agar plates, were

analysed by method described in Jeong and Lee

(2015).

Growth in the presence of phenol

Growth of isolates in the presence of phenol was

determined by method described in Šušković et al.

(2001).

Investigation of auto-aggregation and co-

aggregation ability

The auto-aggregation ability of LABs isolates, as well

as co-aggregation ability with E. coli was monitored

by a modified method described in Ocaña and Nader-

Macı́as (2002) and Tuo et al. (2013).

The auto-aggregation ability of examined isolates

was monitored in PBS buffer (80 mM Na2HPO4,

20 mM NaH2PO4, 100 mM NaCl, pH 7.5). The cells

of overnight culture were settled down by centrifuga-

tion at 5000 rpm for 15 min, after which they were

twice washed in PBS buffer, and then re-suspended in

4 mL of the same buffer, so the number of cells was

approximately 108 CFU mL-1. The suspension was

well mixed in Vortex; 200 lL from the suspension

surface was transferred into the micro tube with 1800

lL of PBS and the optical density was monitored at

600 nm (A0). The same procedure was repeated after

1, 2, 3, 4, 5 and 24 h (At). The percent of auto-

aggregation was calculated by following formula:

Auto-aggregation % ¼ A0 � Atð Þ=A0 � 100

where At represents the absorbance of supernatant

after 1, 2, 3, 4, 5 and 24 h.

For the investigation of co-aggregation ability, the

cells of examined LABs and E. coli were prepared

identically as in the previous method, and re-sus-

pended in PBS buffer, per 2 mL of each suspension of

both types of bacteria for which the co-aggregation

ability was monitored. Suspensions were mixed well

in Vortex, 200 lL from the suspension surface was

transferred into the micro tube with 1800 lL of PBS

buffer and optical density was monitored at 600 nm

(A0). The same procedure was repeated after 2 h (At).

The percent of co-aggregation was calculated by

following formula:

Co-aggregation % ¼ A0 � Atð Þ=A0 � 100

where At represents the absorbance of supernatant

after 2 h.

Microbial adhesion to solvents

Microbial adhesion to solvents (MATS) was measured

according to the method described in Rosenberg et al.

(1980), with some modifications (Kos et al. 2003;

Palomares et al. 2007; Collado et al. 2008). After 24 h

of incubation, the bacteria, which grew in the MRS

broth, were harvested in the stationary phase by

centrifugation at 5000 rpm for 15 min, washed twice,

and resuspended in 0.1 M KNO3 (pH 6.2), so the

number of cells was approximately 108 CFU mL-1.

The optical density of the cell suspension was

measured at 600 nm (A0). 1 mL of the solvent was

added to 3 mL of cell suspension. After 10 min of

incubation at room temperature, the two-phase system

was mixed in Vortex, for 2 min. The aqueous phase

was removed after 20 min of incubation at room

temperature, and its optical density was measured at
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600 nm (A1). The percentage of bacterial adhesion to

solvent was calculated as:

Adhesion % ¼ 1� A1=A0ð Þ � 100:

Three different solvents were tested in this study:

xylene (Sineks, Belgrade, Serbia), which is an apolar

solvent; chloroform (Alkaloid, Skoplje, Macedonia), a

monopolar and acidic solvent; and ethyl acetate

(Zorka Šabac, Šabac, Serbia) a monopolar and basic

solvent. Only bacterial adhesion to xylene reflects the

cell surface hydrophobicity or hydrophilicity. The

values of MATS obtained with the two other solvents,

chloroform and ethyl acetate, were regarded as a

measure of electron donor (basic) and electron accep-

tor (acidic) characteristics of bacteria, respectively.

According to Ocaña and Nader-Macı́as (2002), the

percent of hydrophobicity was expressed as: 0–35%—

low hydrophobicity; 36–70%—middle hydrophobic-

ity; 71–100%—high hydrophobicity.

In vitro test for determination of adhesion ability

of LAB to pig intestinal epithelium

The adhesion ability of Lb. brevis KGPMF35, Lb.

fermentum KGPMF29 and L. lactis subsp. lactis

biovar. diacetylactis KGPMF57 to the pig intestinal

epithelium was tested according to the method

described in Kos et al. (2003), with modifications.

Pig ileal intestinal epithelium was used because of the

similarity of porcine and human intestinal tracts. Ileal

samples were collected from 9-month-old pig. Imme-

diately after sacrificing the animal, the intestinal

epithelium was stored at 4 �C in a refrigerator. Before

the experiment, the intestinal epithelium, was cut to an

appropriate length (1 cm2) and held for 30 min in PBS

buffer (Alfa Aesar GmbH & Co, Karlsruhe, Germany)

at 4 �C in a refrigerator, in order to loosen surface

mucus. Furthermore, epithelium was washed three

times in PBS buffer, mixing on a rotary shaker, in

order to remove surplus of fat. Prepared samples were

aseptically transferred to the Erlenmeyer flasks, which

contained 20 mL of MRS broth (Torlak, Belgrade,

Serbia), previously inoculated with 200 lL of with

overnight culture of bacteria. Flacks were incubated

for 24 h at 37 �C. After incubation, the ileal samples

were washed with sterile saline, in order to remove

free-floating bacteria, and fixed with methanol. After

drying, the samples were staining with a florescent

color, acridine orange, for 2 min. Excess color was

removed by washing with distilled water. The samples

were examined and photographed by florescent

microscope (Nikon, Ti-Eclipse, 400x, Austria).

Intestinal epithelium in uninoculated MRS broth and

in PBS buffer served as sterility control.

Statistical analysis

All data were presented as means ± standard devia-

tions, by using Microsoft Excel (Redmond, Washing-

ton, DC, USA). Differences between bacterial

tolerance to gastrointestinal conditions, as well as

sensitivity on tested antibiotic were tested by using

one-way ANOVA and Paired-T test. Paired T-test was

used for statistical processing of the results of

adhesion to different solvents. Spearman’s correlation

coefficient was used for determination of correlation

between auto-aggregation and microbial adhesion to

solvents. All statistical analyses were performed with

SPSS (IBM SPSS Statistics 20).

Results

In vitro gastrointestinal transit tolerance assay

Probiotic strains need to be resistant to low pH values,

since they need to pass through from the conditions of

stomach. Although the optical densities of bacterial

growth were reduced, all the isolates showed the

growth ability at low pH (Table 1).

Among lactobacilli, only KGPMF35 isolate

showed more than 100% of growth after 1 h of

incubation in simulated gastric juice tolerance. The

percentage of survival, after 3 h of incubation,

obtained from 79.5 to 88.9%. Among lactococci, only

KGPMF23 showed more than 100% of growth after

1 h of incubation, while KGPMF55 isolate showed

decrease of growth. The percentage of survival was in

range from 58.2 to 86.6% (Table 2).

The growth of all isolates after 4 h of incubation in

stimulated small intestinal juice lead to further

decrease. The percentage of survival of lactobacilli

was in range from 26.2 to 63% and for lactococci was

from 43.9 to 52.8% (Table 3).
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Antibiotic sensitivity

The results of sensitivity of isolates to clinically

relevant antibiotics was presented in Table 4. The

results were checked according to LAB resistance

criteria proposed for antibiotics of human and veteri-

nary importance by the European Food Safety Author-

ity (EFSA).

Lactobacillus spp. showed significant sensitivity to

ampicillin and tetracycline, compared to the other

tested antibiotics (p\ 0.05). MIC values for lacto-

bacilli obtained from 0.125 to 3 lg mL-1 for tetracy-

cline and from 0.195 to 64 lg mL-1 for ampicillin.

Lactococcus spp. showed significant sensitivity to

ampicillin, tetracycline and vancomycin (p\ 0.05).

MIC values obtained from 1.56–3.125 lg mL-1 for

tetracycline, from 0.195–3.125 lg mL-1 for ampi-

cillin and from 1.56–3.125 lg mL-1 for vancomycin.

Synthesis of biogenic amines, growth on media

with phenol and haemolysis on blood agar

Tested LAB isolates showed no ability to synthesize

histamine and tyramine (biogenic amines), which is

desirable characteristic when selecting possible pro-

biotics. In the medium with 0.1, 0.2 and 0.3% of

phenol, the most of examined LABs grew well. The

exceptions were KGPMF50 and KGPMF55 isolates,

which showed no growth in medium with 0.3% of

phenol. Lactobacilli and lactococci showed no a or b
haemolysis.

The auto-aggregation and co-aggregation ability

of LABs

The auto-aggregation ability of LAB was measured

over a period of 5 h. Results indicated that the tested

Table 1 Resistance to low pH

Isolates Growth

control

pH 5 pH 4 pH 3

Lb. fermentum

KGPMF28

1.07 ± 0.04 0.99 ± 0.02 (92.52)* 0.87 ± 0.02 (81.31)* 0.75 ± 0.04 (70.09)*

Lb. fermentum

KGPMF29

1.02 ± 0.04 0.96 ± 0.02 (94.12)* 0.83 ± 0.02 (81.37)* 0.74 ± 0.05 (72.55)*

Lb. brevis

KGPMF35

1.01 ± 0.04 0.97 ± 0.01 (96.04) 0.82 ± 0.02 (81.19)* 0.74 ± 0.04 (73.27)*

Lb. plantarum

KGPMF62

1.08 ± 0.04 0.99 ± 0.02 (91.67)* 0.88 ± 0.00 (81.48)* 0.80 ± 0.03 (74.07)*

Lb. plantarum

LP 299v

1.29 ± 0.08 1.16 ± 0.02 (89.92)* 1.15 ± 0.02 (89.15)* 1.13 ± 0.03 (87.6)*

L. lactis subsp. lactis

KGPMF23

1.04 ± 0.02 0.93 ± 0.00 (89.42)* 0.77 ± 0.01 (74.04)* 0.73 ± 0.03 (70.19)*

L. lactis subsp. lactis biovar. diacetylactis

KGPMF50

0.71 ± 0.01 0.65 ± 0.01 (91.55)* 0.21 ± 0.00 (29.58)* 0.16 ± 0.02 (22.54)*

L. lactis subsp. lactis biovar. diacetylactis

KGPMF54

1.02 ± 0.01 0.98 ± 0.02 (96.08) 0.86 ± 0.00 (84.31)* 0.78 ± 0.03 (76.47)*

L. lactis subsp. lactis biovar. diacetylactis

KGPMF55

0.84 ± 0.06 0.59 ± 0.02 (70.24)* 0.29 ± 0.03 (34.53)* 0.24 ± 0.00 (28.57)*

L. lactis subsp. lactis biovar. diacetylactis

KGPMF57

1.04 ± 0.05 1.00 ± 0.00 (96.15) 0.84 ± 0.01 (80.77)* 0.83 ± 0.00 (79.81)*

L. lactis subsp. lactis biovar. diacetylactis

KGPMF59

0.98 ± 0.05 0.85 ± 0.01 (86.73)* 0.74 ± 0.01 (75.51)* 0.69 ± 0.03 (70.41)*

Values are presented as mean ± SD measured at 600 nm; growth percentages are given in parentheses

*Statistical significance (p\ 0.05) in growth of bacteria compared with growth control
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strains exhibited a strong auto-aggregating phenotype.

The observed auto-aggregation was not lost after

washing and suspending the bacterial cells in PBS,

which is probably related to cell surface component.

When compare the auto-aggregation between groups

of bacteria, it could be concluded that it was slightly

better in group of Lactobacillus spp. (Fig. 1), then in

Lactococcus spp. (Fig. 2). The percentage of auto-

aggregation of lactobacilli ranged from 41.89 to

53.74%. The best auto-aggregation ability was showed

by Lb. brevis KGPMF35 isolate. The tested lactococci

showed auto-aggregation ability in a percentage

ranged from 35.82 to 50.2% (Fig. 2).

Co-aggregation ability of isolated LAB with E. coli

also was examined (Table 5). Results indicated that all

tested Lactobacillus strains demonstrated co-aggrega-

tion with E. coli, while co-aggregation of Lactococcus

spp. was a strain specific.

Table 2 Tolerance to simulated gastric juice

Isolates 1 h 2 h 3 h % of surviving after 3 h (CFU

mL-1)

Lb. fermentum

KGPMF28

0.63 ± 0.01 (90)* 0.62 ± 0.01 (88.57)* 0.55 ± 0.01 (78.57) 79.8 ± 0.11

Lb. fermentum

KGPMF29

0.62 ± 0.02 (96.87)* 0.62 ± 0.02 (96.87)* 0.54 ± 0.02 (84.37) 81.6 ± 0.21

Lb. brevis

KGPMF35

0.62 ± 0.01 (101.64)* 0.59 ± 0.03 (96.72) 0.55 ± 0.02 (90.13) 88.9 ± 0.12

Lb. plantarum

KGPMF62

0.62 ± 0.01 (89.85)* 0.66 ± 0.02 (95.65)* 0.54 ± 0.01 (78.26) 79.5 ± 0.33

Lb. plantarum

LP 299v

0.18 ± 0.02 (94.74) 0.17 ± 0.02 (89.47) 0.17 ± 0.00 (89.47) 89.6 ± 0.31

L. lactis subsp.

lactis KGPMF23

0.61 ± 0.00 (103.39)* 0.60 ± 0.04 (101.69)* 0.47 ± 0.02 (79.66)* 75.2 ± 0.20

L. lactis subsp. lactis

biovar

diacetylactis

KGPMF50

0.27 ± 0.00 (90) 0.25 ± 0.01 (83.33)* 0.25 ± 0.01 (83.33)* 86.6 ± 0.13

L. lactis subsp. lactis

biovar

diacetylactis

KGPMF54

0.58 ± 0.03 (84.06)* 0.56 ± 0.02 (81.16) 0.57 ± 0.04 (82.61)* 79.6 ± 0.26

L. lactis subsp. lactis

biovar

diacetylactis

KGPMF55

0.29 ± 0.00 (67.44) 0.31 ± 0.02 (72.09) 0.26 ± 0.01 (60.46) 58.2 ± 0.41

L. lactis subsp. lactis

biovar

diacetylactis

KGPMF57

0.60 ± 0.01 (92.31)* 0.57 ± 0.02 (87.69)* 0.54 ± 0.01 (83.08) 84.8 ± 0.33

L. lactis subsp. lactis

biovar

diacetylactis

KGPMF59

0.58 ± 0.03 (87.88)* 0.57 ± 0.02 (86.36)* 0.54 ± 0.02 (81.81) 80.4 ± 0.22

Values are presented as mean ± SD measured at 600 nm; percent of growth compared with growth control are given in parentheses

*Significant differences (p\ 0.05) with 0 h
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The ability of adhesion to different solvents

The MATS method was used to evaluate the

hydrophobic/hydrophilic of the cell surface properties

of LABs. Lb. plantarum LP 299v was used for

comparative purposes. In order to assess the Lewis

acid–base characteristics of the bacterial cell surfaces,

bacterial adhesion with chloroform and ethyl acetate

was tested. The results indicated that tested bacteria

had a stronger affinity with chloroform

(10.79–21.57%), which is an acidic solvent and

electron acceptor, than with ethyl acetate

(4.95–12.84%), which is a basic solvent and electron

donor. Affinity for xylene was not observed (Table 6).

In vitro adhesion to pig intestinal epithelium

The ability of LABs isolated from cheese to adhere to

pig epithelium, was investigated, using the florescence

microscope. The adhesion was noticed for all selected

bacteria (Fig. 3).

Table 3 Tolerance to stimulated small intestinal juice

Isolates 1 h 2 h 3 h 4 h % of

surviving

after 4 h

(CFU mL-1)

Lb. fermentum

KGPMF28

0.46 ± 0.01 (59.74) 0.46 ± 0.02 (59.74) 0.40 ± 0.02 (51.95) 0.40 ± 0.01 (51.95) 41.9 ± 0.33

Lb. fermentum

KGPMF29

0.44 ± 0.02 (61.97) 0.43 ± 0.03 (60.56) 0.36 ± 0.03 (50.70) 0.33 ± 0.01 (46.48)* 56.5 ± 0.52

Lb. brevis

KGPMF35

0.56 ± 0.00 (90.32) 0.56 ± 0.03 (90.32) 0.50 ± 0.01 (80.65) 0.49 ± 0.00 (79.03) 63 ± 0.20

Lb. plantarum

KGPMF62

0.51 ± 0.02 (69.86) 0.50 ± 0.01 (68.49) 0.41 ± 0.00 (56.16)* 0.41 ± 0.01 (56.16)* 26.2 ± 0.62

Lb. plantarum

LP 299v

0.25 ± 0.01 (89.29) 0.21 ± 0.01 (75) 0.19 ± 0.02 (67.86)* 0.18 ± 0.00 (64.29)* 58.4 ± 0.20

L. lactis subsp.

lactis KGPMF23

0.46 ± 0.01 (71.87)* 0.49 ± 0.02 (76.56)* 0.48 ± 0.02 (75) 0.46 ± 0.01 (71.87) 52.8 ± 0.44

L. lactis subsp.

lactis biovar.

diacetylactis

KGPMF50

0.22 ± 0.00 (61.11) 0.24 ± 0.02 (66.67)* 0.22 ± 0.02 (61.11) 0.21 ± 0.01 (58.33) 52.3 ± 0.12

L. lactis subsp.

lactis biovar.

diacetylactis

KGPMF54

0.50 ± 0.01 (63.29) 0.49 ± 0.00 (62.02) 0.40 ± 0.02 (50.63)* 0.39 ± 0.02 (49.37)* 49.4 ± 0.08

L. lactis subsp.

lactis biovar.

diacetylactis

KGPMF55

0.25 ± 0.01 (56.82) 0.26 ± 0.02 (59.09) 0.23 ± 0.01 (52.27)* 0.22 ± 0.02 (50) 43.9 ± 0.23

L. lactis subsp.

lactis biovar.

diacetylactis

KGPMF57

0.49 ± 0.02 (79.03)* 0.47 ± 0.00 (75.81) 0.40 ± 0.00 (64.52) 0.38 ± 0.01 (61.29) 51.3 ± 0.21

L. lactis subsp.

lactis biovar.

diacetylactis

KGPMF59

0.45 ± 0.05 (62.5) 0.46 ± 0.03 (63.89)* 0.40 ± 0.02 (55.56) 0.39 ± 0.02 (54.17) 55.6 ± 0.64

Values are presented as mean ± SD measured at 600 nm; growth percentages are given in parentheses

*Significant differences (p\ 0.05) with 0 h
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Discussion

In this paper, for the first time, it was investigated the

probiotic potential, as well as the adhesion and

aggregation ability of ten strains of LAB, isolated

from traditionally made cheese from Southeastern

Serbia. All isolates showed a tolerance to simulated

gastrointestinal conditions and potential for further

investigation. Similar results have been previously

reported by other studies, where authors analyzed

LABs isolated from different fermented products

(Ramos et al. 2013; Leite et al. 2015; Pavli et al. 2016).

Tetracycline, ampicillin, gentamicin, vancomycin

and polymyxin B (a part of mixed therapy of bacterial

Table 4 Antibiotic sensitivity of isolated lactic acid bacteria

Isolates Tetracycline Gentamicin Polymyxin B Ampicillin Vancomycin

MIC*

Lb. fermentum KGPMF28 2 2.5 12.5 0.195 n.r

Lb. fermentum KGPMF29 2 2.5 12.5 0.195 n.r

Lb. brevis KGPMF35 3 2.5 12.5 0.195 n.r

Lb. plantarum KGPMF62 2 8 12.5 0.195 n.r

Lb. plantarum LP 299v 0.125 n.d n.d 64 n.r

L. lactis subsp. lactis KGPMF23 3.125 2 12.5 0.195 3.125

L. lactis subsp. lactis biovar. diacetylactis KGPMF50 3.125 12.5 25 1.56 1.56

L. lactis subsp. lactis biovar. diacetylactis KGPMF54 3.125 18.75 12.5 3.125 3.125

L. lactis subsp. lactis biovar. diacetylactis KGPMF55 2.5 12.5 25 0.195 1.56

L. lactis subsp. lactis biovar. diacetylactis KGPMF57 3.125 18.75 25 1.56 3.125

L. lactis subsp. lactis biovar. diacetylactis KGPMF59 1.56 12.5 12.5 1.56 3.125

*MIC minimal inhibitory concentration; Values are given in lg mL-1; n.d. not determined; n.r. not required according to EFSA

Fig. 1 The auto-aggregation ability of Lactobacillus spp. isolated from cheese
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vaginosis) are chosen in order to detect a wide range of

determinants for resistance. According to EFSA

(2012), ‘‘any bacterial strain carrying an acquired

resistance to antimicrobial that is shown to be due to

the acquisition of genetic determinant presents the

greatest potential for horizontal spread and should not

be used as a feed additive’’. However, the use of

probiotics is clinically relevant for patients using

antimicrobial drugs, thus, being susceptible to antimi-

crobials, makes the strains unsuitable to this purpose.

But, Pereira et al. (2015) indicated that there is a lack

of agreement on the interpretive breakpoints for

probiotic bacteria. Also, they indicated that data that

confirms antimicrobial susceptibility of Lactobacillus

strains are scarce. Uroić et al. (2014) investigated

antibiotics sensitivity of LAB isolated from Serbian

and Croatian cheeses and showed that all isolates were

susceptible to the antibiotics, which was confirmed in

our study. Leite et al. (2015) indicated that lactococci,

isolated from Brazilian kefir, were susceptible to the

tetracycline, erythromycin, clindamycin, ampicillin,

and aminoglycosides. The susceptible to the van-

comycin was the exception. In our study, lactococci

were sensitive to vancomycin. The results observed in

this paper conformed that tested LABs showed no

resistance to tested antibiotics, according to EFSA

(2012) breakpoints, so they are safe for clinical use.

But, non-parameterized MICs and breakpoints for

probiotic bacteria are still a technical problem,

because we do not have all needed parameters for

antimicrobial susceptibility of LAB, given their clin-

ical relevance as probiotics (Pereira et al. 2015).

There are many studies which indicated that the

biofilm formation of LAB is associated with adhesion

properties (Elhadidy and Zahran 2014; Živković et al.

2016; Popović et al. 2018). Previously studies of LAB,

isolated from Sokobanja cheese, indicated that they

showed the ability to produce moderate biofilm

(Muruzović et al. 2018a, c). In the present study, their

ability of adhesion with different solvents was

demonstrated. Tested Lactobacillus isolates showed

a significant correlation between auto-aggregation

ability and affinity with chloroform (p\ 0.05). In

general, tested isolates showed a better affinity with

chloroform (acidic solvent) than with ethyl acetate

(basic solvent) (p\ 0.05). Kaewnopparat et al. (2013)

indicated that LAB processed the ability to colonize

the human gut and to increase the concentration of

excreted antimicrobial substances in the process of co-

aggregation. This could be one more mechanism for

the control of development of pathogen strains.

Lactobacillus spp., isolated from Serbian cheese,

showed a high percent of co-aggregation with E. coli

clinical isolate, after 2 h of incubation. Li et al. (2015)

Fig. 2 The auto-

aggregation ability of

Lactococcus spp. isolated

from cheese

123

Biotechnol Lett (2019) 41:1319–1331 1327



indicated that selecting LABs with higher adhering

ability, according to the aggregation ability, is not a

desirable method, because, so far, some authors

showed that these characteristics were strain specific

(Lee and Salminen 2009; Li et al. 2015), which was

confirmed in our research, too. Janković et al. (2012)

indicated that Lb. plantarum, isolated from home-

made cow and sheep cheeses, showed a co-aggrega-

tion ability with some food–borne pathogens. Idoui

(2014) demonstrated the ability of Lb. fermentum to

co-aggregate with Salmonella spp., Klebsiella spp.

and E. coli.

Some studies indicated that selection of probiotic

LAB primarily was done based on their

hydrophobicity against xylene (Palomares et al.

2007), hexadecane (Pringsulaka et al. 2015) and

toluene (Dowarah et al. 2018). The ability of adher-

ence and colonization of intestinal epithelium cells of

the host are important characteristic which have a role

in the inhibition of the colonization by pathogens

strains (Pringsulaka et al. 2015). Dowarah et al. (2018)

reported the ability of in vitro adhesion by Lb.

acidophilus PF01, Lb. acidophilus CF07 and Pedio-

coccus acidilactici FT28 to duodenal epithelium cells

of pig. The adhesion of LABs, isolated from Serbian

cheese, was confirmed through the in vitro investiga-

tion of the adhesion ability to pig intestinal epithelium

cells.

Table 6 Adhesion ability of LAB to xylene, chloroform and ethyl acetate

Isolates Adhesion (%)

Xylene Chloroform Ethyl acetate

Lb. fermentum KGPMF28 0 16.83 ± 1.23a 10 ± 0.84a

Lb. fermentum KGPMF29 0 18.31 ± 0.95a 12.84 ± 0.47a

Lb. brevis KGPMF35 0 21.57 ± 1.02a 4.95 ± 1.07b

Lb. plantarum KGPMF62 0 10.79 ± 1.85a 7.92 ± 0.26a

Lb. plantarum LP 299v 0 21.54 ± 0.74a 4.43 ± 0.18b

L. lactis subsp. lactis KGPMF23 0 8.15 ± 2.01 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF50 0 30.62 ± 0.65a 52.33 ± 0.03b

L. lactis subsp. lactis biovar. diacetylactis KGPMF54 0 93.46 ± 0.22 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF55 0 30.82 ± 0.25a 31.03 ± 0.28a

L. lactis subsp. lactis biovar. diacetylactis KGPMF57 0 91.08 ± 0.38 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF59 0 59.75 ± 0.75 0

Results are presented as mean ± standard deviation from three separate experiments; means in the two solvents columns or each

particular isolate, with superscript with different letters, are significantly different (p\ 0.05)

Table 5 Co-aggregation

ability of LAB in PBS

Results are presented as

mean ± standard deviation

from three separate

experiments; means of the

isolates that’s belong to

different genera, with

superscript with different

letters, are significantly

different (p\ 0.05)

Isolates Co-aggregation with E. coli (%)

Lb. fermentum KGPMF28 41.45 ± 1.30a

Lb. fermentum KGPMF29 34.65 ± 2.68b

Lb. brevis KGPMF35 39.06 ± 2.12a

Lb. plantarum KGPMF62 31.82 ± 2.41b,c

Lb. plantarum LP 299v 13.92 ± 3.22d

L. lactis subsp. lactis KGPMF23 2.84 ± 3.78a

L. lactis subsp. lactis biovar. diacetylactis KGPMF50 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF54 3.59 ± 2.46a

L. lactis subsp. lactis biovar. diacetylactis KGPMF55 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF57 0

L. lactis subsp. lactis biovar. diacetylactis KGPMF59 0
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Conclusions

The tested LABs, isolated from Sokobanja’s cheese,

showed tolerance to extremes of gastrointestinal

conditions, sensitivity to selected antibiotics, as well

as the ability to survive in the presence of different

concentrations of phenol. They showed no ability to

synthesize histamine and tyramine, which is desirable

characteristic when selecting possible probiotics or

starter cultures. All isolates showed the ability of auto-

aggregation and the co-aggregation with E. coli clin-

ical isolate. The adhesion ability of bacteria is an

important characteristic, because LAB, with process

this ability, can be used as a mechanical barrier for

adhesion of other bacteria, like enterobacteria or

potential pathogenic bacteria, to epithelium. Based on

the results of tolerance to extremes of gastrointestinal

conditions, adhesion and aggregation ability, it could

be concluded that KGPMF28, KGPMF29, KGPMF35

and KGPMF57 isolates showed the potential for future

investigation and usage.
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Janković T, Frece J, Abram M, Gobin I (2012) Aggregation

ability of potential probiotic Lactobacillus plantarum

strains. Int J Sanit Eng Res 6:19–24

Jeong DW, Lee JH (2015) Antibiotic resistance, hemolysis and

biogenic amine production assessments of Leuconostoc

and Weissella isolates for kimchi starter development.

LWT Food Sci Technol 64:1078–1084

Kaewnopparat S, Dangmanee N, Kaewnopparat N, Srichana T,

Chulasiri M, Settharaksa S (2013) In vitro probiotic prop-

erties of Lactobacillus fermentum SK5 isolated from

vagina of a healthy woman. Anaerobe 22:6–13

Kaktcham PM, Zambou NF, Tchouanguep FM, El-Soda M,

Choudhary MI (2012) Antimicrobial and safety properties

of lactobacilli isolated from two Cameroonian traditional

fermented foods. Sci Pharm 80:189–203
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