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Abstract 

One of the requirements for probiotic strains is to survive in the gastrointestinal tract and to retain high 

concentration of viable cells as well as to be resistant to the antibiotics applied in medical practice. The 

stability of the cells of Lactobacillus delbrueckii ssp. bulgaricus TAB2 and Lactobacillus delbrueckii ssp. 

bulgaricus B1, isolated from salad dressings, under the model conditions of the stomach and intestines was 

determined by cultivation of each of the strains at pH = 2 + pepsin, pH = 4.5 + pancreatin and pH = 7 + 

pancreatin and at different concentrations of bile salts (0%, 0.15%, 0.3%, 0.6% and 1%). Both strains survived 

the conditions in the gastrointestinal tract and maintained high concentrations of active cells. The profile of 

antibiotic resistance of the two strains to the most commonly applied antibiotics in clinical practice was 

examined as well. They were sensitive to the majority of the surveyed antibiotics. After further examinations of 

other probiotic properties of Lactobacillus delbrueckii ssp. bulgaricus TAB2 and Lactobacillus delbrueckii ssp. 

bulgaricus B1, the two strains may be included in the composition of probiotic preparations. 
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Introduction 

Most types of sauces and dressings are prepared 

on the basis of vinegar and mayonnaise. Some of 

them are based on cream, sour cream or cream and 

yogurt. Four main groups of salad dressings can be 

distinguished: vinegar, mayonnaise, sour-sweet and 

milk salad dressings [7]. Several microorganisms, 

especially lactic acid bacteria (LAB) with 

antimicrobial properties, have been commonly 

associated with food.  

The use of LAB strains as probiotic and as 

bioprotective cultures in fermented products has also 

been widely studied. According to the definition of 

the Food and Agriculture Organization and the 

World Health Organization (FAO/WHO), probiotics 

are living microorganisms which, when administered 

in adequate amounts, confer a health benefit on the 

host [5, 6, 9, 10]. 

Certain probiotic LAB strains demonstrate the 

ability to resist acidic conditions and bile salts, and 

additionally they produce bacteriocins that are active 

against food pathogens and spoilage 

microorganisms, contributes to a probiotic culture 

that may have potential applications for improving 

the safety of food products [1,8]. 

The purpose of the present work was the study of 

some probiotic properties of two Lactobacillus 

delbrueckii ssp. bulgaricus strains isolated from 

salad dressings - Lactobacillus delbrueckii ssp. 

bulgaricus TAB2 and Lactobacillus delbrueckii ssp. 

bulgaricus B1 - determination of the profile of 

antibiotic resistance; examination of the survival of 

the strains in the model conditions of gastric and 

pancreatic juice and at different concentrations of 

bile salts. 

Materials and methods 

Microorganisms 

The research in the present work was conducted with 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 and 

Lactobacillus delbrueckii ssp. bulgaricus B1, 

isolated from salad dressings. 

Media 

1. MRS – broth medium 

Composition (g/dm3): peptone from casein - 10; 

yeast extract - 4; meat extract - 8; glucose - 20; 

K2HPO4 - 2; sodium acetate - 5; diammonium citrate 

- 2; MgSO4 - 0.2; MnSO4 - 0.04; Tween 80-1 

cm3/dm3; pH = 6.5. Sterilization - 15 minutes at 

118ºC. 

2. LAPTg10 – agar medium 

Composition (g/dm3): peptone - 15; yeast extract - 

10; tryptone - 10; glucose – 10; Tween 80 - 

1cm3/dm3; agar - 15. pH=6.6 - 6.8. Sterilization - 20 

minutes at 121ºC. 
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3. Saline.  

Composition (g/dm3): NaCl - 5 g. Sterilization - 20 

minutes at 121ºC. 

 

Determination of the profile of antibiotic resistance 

The profile of antibiotic resistance was 

determined by the disc diffusion method of Bauer, 

Kirby et al. [2]. Fresh 24-hour culture of the tested 

strain was used to inoculate the plates with 

LAPTg10-agar. Standard discs impregnated with 

antibiotics were placed in the plates. The plates were 

incubated for 48 hours at optimum temperature. The 

diameters (in mm) of the sterile zones formed around 

each of the antibiotic discs were recorded. Then they 

were subjected to the following designations: R - 

resistant (zone< 8 mm), SR - intermediately sensitive 

(zone 8-16 mm), S - sensitive (zone > 16 mm). 

 

Determination of the resistance to low pH in the 

presence of pepsin and to weakly alkaline pH in the 

presence of pancreatin [3] 

Fresh 24 - hour culture of the studied strain was 

centrifuged for 15 min at 5,000 x g. The resulting 

sludge biomass was washed twice with PBS - buffer 

and resuspended to the initial volume in PBS - 

buffer. 0.2 cm3 of the cell suspension were incubated 

with 5 cm3 buffer solution with pH = 2 containing 

0,5% NaCl and pepsin (at a concentration of 3.2 

g/dm3) (Sigma, 2,500 - 3,500 U / mg protein), buffer 

with pH = 4,5 + pancreatin and buffer with pH = 7 + 

pancreatin at a suitable temperature for the studied 

strain (37°C) for 24h. At the 0, the 2nd, the 4th and the 

24th hour aliquots for the determination of the 

number of viable cells were taken (cfu/cm3). 

 

Determination of the tolerance to bile salts (method 

modified by Denkova Z., 2005 [4]) 

Fresh 24 - hour culture of the studied strain was 

centrifuged for 15 min at 5,000 x g. The resulting 

sludge biomass was washed twice with PBS - buffer 

and resuspended to the initial volume in PBS - 

buffer. 0.2 cm3 of the cell suspension were incubated 

with 5 cm3 of the MRS- broth medium with different 

concentrations of bile salts - 0%, 0.15%, 0.3%, 0.6% 

and 1% - for 24h at the optimum temperature for the 

strain (37°C), and aliquots for the determination of 

the number of viable cells (cfu/cm3) at the 0, the 2nd, 

the 4th, the 6th, the 8th and the 24th hour were taken. 

Results and discussion 

20 antibiotics with different mechanism of action 

belonging to the main groups applied in medical 

practice were selected and the sensitivity of the two 

Lactobacillus delbrueckii ssp. bulgaricus strains to 

each one of them was examined. The results 

obtained by the agar diffusion method with discs for 

24 h are summarized in Table 1. The two 

Lactobacillus delbrueckii ssp. bulgaricus strains 

were sensitive to most of the antibiotics included in 

the study. Lactobacillus delbrueckii ssp. bulgaricus 

B1 and Lactobacillus delbrueckii ssp. bulgaricus 

TAB2 were resistant to azlocillin, piperacillin and 

oxacillin, but Lactobacillus delbrueckii ssp. 

bulgaricus B1 was also resistant to vancomycin from 

the group of the inhibitors of the synthesis of the cell 

walls. Lactobacillus delbrueckii ssp. bulgaricus B1 

exhibited intermediate sensitivity to amoxicillin, but 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 

exhibited intermediate sensitivity to vancomycin. 

Lactobacillus delbrueckii ssp. bulgaricus B1 

demonstrated resistance to kanamycin, tobramycin, 
rifampin, chloramphenicol, erythromycin and 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 - to 

tetracycline and erythromycin from the group of the 

antibiotics that inhibit protein synthesis. 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 

exhibited intermediate sensitivity and Lactobacillus 

delbrueckii ssp. bulgaricus B1 were resistant to the 

antibiotics that inhibit DNA synthesis and / or cell 

division. 

  

Determination of the survival under the conditions 

of artificial gastric and pancreatic juice 

The various values of pH and the presence of 

enzymes reduced the concentration of viable 

lactobacilli cells, the degree of reduction being 

strain-specific (Fig. 1 and Fig. 2). Both strains 

showed highest sensitivity to pH = 2 + pepsin, 

followed by pH = 4.5 + pancreatin, and were least 

sensitive to pH = 7 + pancreatin. At pH = 2 + pepsin 

for 24h the reduction in the concentration of viable 

cells of Lactobacillus delbrueckii ssp. bulgaricus 

TAB2 and Lactobacillus delbrueckii ssp. bulgaricus 

B1 was comparable – the decrease was by nearly 6 

logN. The difference in the concentrations of viable 

cells between Lactobacillus delbrueckii ssp. 

bulgaricus TAB2 and Lactobacillus delbrueckii ssp. 

bulgaricus B1 at pH = 2 + pepsin between the 0h and 

2nd h was due to the strains specificity and the 

different growth rate. It is known that the optimum 

pH for the action of pepsin is pH = 1-2. Pepsin 

attacks peptide components in the cell wall. It 

influences the cells in the logarithmic growth phase 

while stationary phase cells are resistant to its action 

and maintain its viability. At pH = 4.5 + pancreatin 

by the 24th h the number of active cells of both 

Lactobacillus delbrueckii ssp. bulgaricus strains was 

reduced by almost 2 logN. At pH = 7 + pancreatin 

the number of viable cells of Lactobacillus 

delbrueckii ssp. bulgaricus B1 decreased to 

106cfu/cm3 by the 24th h, while for Lactobacillus 
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delbrueckii ssp. bulgaricus TAB2 the reduction was 

nearly 1 logN (Fig. 1 and Fig. 2). 

The Lactobacillus delbrueckii ssp. bulgaricus 

strains were sensitive to the pH change of the 

medium and the presence of the enzymes, but at all 

values of pH and in the presence of enzymes high 

concentrations of viable cells were maintained by the 

end of the experiment. The survival of the probiotic 

strains in the intestinal tract is also influenced by bile 

salts. It is well known that about 3h after each meal 

the concentration of bile salts in the small intestine 

reaches about 0.3%. This requires the study of the 

influence of different concentrations of bile salts on 

the development of the tested Lactobacillus 

delbrueckii ssp. bulgaricus strains. The study was 

conducted in MRS-broth medium at different 

concentrations of bile salts - 0%, 0.15%, 0.3%, 0.6% 

and 1% for 24 hours of incubation (Fig. 3 and Fig. 

4). 

The cytoplasmic membrane of the bacterial cell is 

constructed from phospholipids comprising fatty 

acids, which may interact with bile salts to form 

inclusion compounds, most of which have a 

crystalline lattice. This violates the permeability of 

the cytoplasmic membrane and the transport of 

nutrients. Cells in the logarithmic growth phase are 

the most sensitive, while cells in the stationary phase 

of the growth survive this stress and form colonies 

on the surface of the medium.  

 

Table 1.  

Effect of different antibiotics on the growth of Lactobacillus delbrueckii ssp. bulgaricus B1 and 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 

# Mechanism of action Antibiotic Concentration 

Lactobacillus delbrueckii 

ssp. bulgaricus 

B1; 1,7x1012 

cfu/cm3 

TAB2; 

5,8x1012 

cfu/cm3 

1 

In
h

ib
it

o
rs

 o
f 

th
e 

sy
n
th

es
is

 o
f 

th
e 

ce
ll

 

w
al

ls
 

Penicillin P 10 E/disc S S 

2 Azlocillin Az 75 µg/disc R R 

3 Piperacillin P 100 µg/disc R R 

4 Ampicillin A 10 µg/disc S S 

5 Oxacillin O 1 µg/disc R R 

6 Amoxicillin Ax 25 µg/disc SR S 

7 Vancomycin V 30 µg/disc R SR 

8 Cefamandole Cm 30 µg/disc S S 

9 

In
h

ib
it

o
rs

 o
f 

p
ro

te
in

 s
y

n
th

es
is

 

Tetracycline T 30 µg/disc S R 

10 Doxycycline D 30 µg/disc S S 

11 Gentamicin G 10 µg/disc S S 

12 Kanamycin K 30 µg/disc R S 

13 Tobramycin Tb 10 µg/disc R S 

14 Amikacin Am 30 µg/disc S S 

15 Rifampin R 5 µg/disc R S 

16 Lincomycin L 15 µg/disc S S 

17 Chloramphenicol C 30 µg/disc R S 

18 Erythromycin E 15 µg/disc R R 

19 

In
h

ib
it

o
rs

 o
f 

th
e 

sy
n

th
es

is
 o

f 

D
N

A
 a

n
d

 /
 o

r 

ce
ll

 d
iv

is
io

n
 

Nalidixic acid Nx 30 µg/disc R SR 

20 Ciprofloxacin Cp 5 µg/disc SR S 
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Fig. 1. Survival of the cells of Lactobacillus delbrueckii ssp. bulgaricus TAB2 at different values of pH (pH 

= 2 + pepsin; pH = 4.5 + pancreatin; pH = 7 + pancreatin) 

 

 

 
 

Fig. 2. Survival of the ceels of Lactobacillus delbrueckii ssp. bulgaricus B1 at different values of pH (pH = 

2 + pepsin; pH = 4.5 + pancreatin; pH = 7 + pancreatin) 
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Fig. 3. Survival of the cells of Lactobacillus delbrueckii ssp. bulgaricus TAB2 at different concentrations 

of bile salts 

 

 

 
 

Fig. 4. Survival of the cells of Lactobacillus delbrueckii ssp. bulgaricus B1 at different concentrations of 

bile salts 
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The presence of bile salts in the medium reduced 

the concentration of viable lactobacilli cells, the 

degree of reduction depended on the concentration of 

the bile salts. At low concentrations of bile salts 

(0,15% and 0,3%) the decrease in the number of 

living lactobacilli cells was about 3logN. At higher 

concentrations of bile salts the reduction was greater. 

Lactobacillus delbrueckii ssp. bulgaricus TAB2 

and Lactobacillus delbrueckii ssp. bulgaricus B1 

were sensitive to the presence of bile salts in the 

medium but they both retained high concentrations 

of viable cells by the 24th hour at all concentrations 

of bile salts. 

Conclusion 

Some probiotic properties of Lactobacillus 

delbrueckii ssp. bulgaricus TAB2 and Lactobacillus 

delbrueckii ssp. bulgaricus B1 were examined. Both 

strains were sensitive to most of the antibiotics 

included in the study. The concentration of viable 

cells of Lactobacillus delbrueckii ssp. bulgaricus 

TAB2 and Lactobacillus delbrueckii ssp. bulgaricus 

B1 decreased in the presence of bile salts in the 

medium and at different values of pH and in the 

presence of enzymes. The degree of reduction 

depended on the concentration of bile salts in the 

medium or on the pH value and the type of enzyme 

used, but both strains retained high concentrations of 

viable cells at all concentrations of bile salts in the 

medium and at different values of pH and in the 

presence of different enzymes. The resistance of the 

studied strains to azlocillin, piperacillin, oxacillin, 

vancomycin, kanamycin, tobramycin, rifampin, 

chloramphenicol, erythromycin, tetracycline and 

nalidixic acid is a prerequisite for their application in 

complex therapy for restoration of the 

gastrointestinal microflora. Lactobacillus delbrueckii 

ssp. bulgaricus TAB2 and Lactobacillus delbrueckii 

ssp. bulgaricus B1 have probiotic properties and 

after further investigation of other probiotic 

properties they may be included in the composition 

of probiotic preparations. 
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