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Chapter 13
In Vitro Study of Specific Properties 
of Probiotic Strains for Effective 
and Personalized Probiotic Therapy

Rostyslav V. Bubnov, Lidiia P. Babenko, Liudmyla M. Lazarenko, 
Victoria V. Mokrozub, and Mykola Spivak

Abstract  Probiotics have tremendous potential to develop healthy diets, treatment 
and prevention. Investigation of in vitro cultural properties of health-promoting 
microorganisms like lactic acid bacteria (LAB) and Bifidobacteria is crucial to 
select probiotic strains for treatments based on gut microbiota modulation to justify 
individualized and personalized approach for nutrition and prevention of variety of 
diseases.

The studied strains of LAB and bifidobacteria did not form spores, were posi-
tively stained by Gram, grow on medium in a wide range of pH (1.0–9.0, optimum 
pH 5.5–6.5), were sensitive to wide range of antibiotics; and showed different resis-
tance to gastric juice, bile and pancreatic enzymes.

The most resistant to antibiotics were L. rhamnosus LB-3 VK6 and L. delbrueckii 
LE VK8 strains. The most susceptible to gastric juice was L. plantarum LM VK7, 
which stopped its growth at 8% of gastric juice; L. acidophilus IMV B-7279, B. ani-
malis VKL and B. animalis VKB strains were resistant even in the 100% 
concentration.
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Strains L. acidophilus IMV В-7279, L. casei IMV В-7280, B. animalis VKL, 
B. animalis VKB, L. rhamnosus LB-3 VK6, L. delbrueckii LE VK8 and L. del-
brueckii subsp. bulgaricus IMV В-7281 were resistant to pancreatic enzymes.

Adhesive properties of the strains according to AIM index were high in L. casei 
IMV В-7280, B. animalis VKL and B. animalis VKB; were moderate in L. delbrueckii 
subsp. bulgaricus IMV В-7281; and were low in L. acidophilus IMV В-7279, 
L. rhamnosus LB-3 VK6, L. delbrueckii LE VK8 and L. plantarum LM VK7.

Keywords  Predictive preventive personalized medicine · Lactobacillus · 
Bifidobacterium · Probiotics · Gut microbiota · Antibiotics · Gastric juice · Bile · 
Pancreatic enzymes · Adhesive properties · Pili · Patient phenotype · Individualized 
medicine

13.1 � Relevance of In Vitro Research to Support Strains 
Stratification for Effective Personalized 
Probiotic Interventions

Intestinal microbiota (mainly represented by Firmicutes and Bacteroidetes) impact 
on health and homeostasis [1]. The definition of a probiotic was determined in 2001 
by the World Health Organization (WHO) and Food and Agriculture Organization 
of the United Nations (FAO) [2] and confirmed in 2014 by the experts of International 
Scientific Association for Probiotics and Prebiotics (ISAPP) [3]. Probiotic microor-
ganisms have large potential as a part of healthy diets and treatment of immunity-
related disease [3–12]. They are effective actors both in distant sites and in the gut 
[12] and have potential for use in nutrition and personalized medicine [13, 14].

Gut microbiota modification in metabolic syndrome and other chronic diseases 
[14, 15] is a leading task of microbiome studying and for clinical use of probiotics 
[16]. Excluding few aspects, evidence-supported knowledge on the role of probiot-
ics in applicability to clinical care and disease pathophysiology is not yet sufficient 
[17]. The effects of probiotic microorganisms are considered evidence-based in 
cases of diarrhea associated with Clostridium difficile and respiratory tract infec-
tions [18]. In vitro and in vivo studies, including ecology of gut microbiota, mecha-
nism of probiotics functioning, and metabolomic researches for strains screening 
are needed to implement personalized probiotic treatment [8, 19, 20]. Taking into 
account that clinical studies are complicated to conduct and design, in vitro studies 
[21] and the use of animal models [22] can still provide a high quality data. For now 
original postulates of Koch were adapted and requirements for different microor-
ganism to be considered a probiotic were formulated:

–– Commensal microorganism’ strain is associated with the health of the host, 
which is regularly manifested in healthy hosts, but less common in patients with 
disease.

–– Commensal microorganism’ strain can be identified as pure culture and culti-
vated in the laboratory.

R. V. Bubnov et al.



357

–– Commensal microorganism’ strain improves or alleviate the disease when intro-
duced into a new host organism.

–– Commensal microorganism’ strain can be detected after its introduction into a 
host [23].

The principle mechanisms of the role of probiotics in several diseases pathogenesis 
is the ability of microorganisms to change the immune response, matabolize nutri-
ents, regulate balance of energy and prevent pathogens colonization [1, 2]. Probiotics 
have antagonistic relations with pathogens due to the producing of a number of 
organic acids, lysozyme, bacteriocins, and hydrogen peroxide [2, 3, 24]. Probiotic 
microorganisms are also able to synthesize digestive enzymes and vitamins C, K, A, 
PP, E, B and others [25, 26], produce metabolites such as histamine and short-chain 
fatty acids [27]. Due to the presence of these substances, probiotic microorganisms 
are able to change microbiota and participate in the metabolism of bile, fatty acids, 
cholesterol, glucose, bilirubin, and choline; as well as influence on the metabolism 
of calcium and iron and have antitoxic and immunomodulatory properties [28].

Each strain of probiotic microorganism may have specific phenotype/genotype 
and have multiple mechanisms of action [10]. In vitro tests have demonstrated the 
strain-dependent immunomodulation properties of bifidobacteria [29, 30]. In vitro 
studies have several limitations but they should obviously be used for preliminary 
screening of bacterial cells’ effects [31, 32], such as in vitro models using 
macrophage-like cells and cells isolated from the gut-associated lymphoid tissues 
(GALT) [33]. Biological properties such as parameters of the cell wall [30, 31] play 
an essential role in different aspects of immune response modulating and EPS-
producing phenotype [32]. Such crosslinks between genotype and phenotype can 
warrant to stratify strains on their modulatory activity on innate immunity to justify 
an individual approach to prevention and nutrition.

13.2 � Cultural-Morphological and Tinctorial Properties

To find the potential of lactic acid bacteria (LAB) and bifidobacteria as probiotics 
we determined their morphological and tinctorial properties by conventional 
research methods. A total of eight isolates were researched, as L. casei IMV B-7280 
(B-7280 strain), L. acidophilus IMV B-7279 (B-7279 strain), L. rhamnosus LB-3 
VK6 (VK6 strain), L. delbruecki subsp. bulgaricus IMV B-7281 (B-7281 strain), 
L. delbrueckii LE VK8 (VK8 strain), L. plantarum LM VK7 (VK7 strain), B. ani-
malis VKB (VKB strain) and B. animalis VKL (VKL strain), which we obtained 
from the intestines of clinically healthy people. Freeze-dried LAB and bifidobacte-
ria were used in our studies, therefore, we tested the viability of these bacteria by 
monitoring their growth on Man-Rogoza-Sharp (MRS) agar (MRSA) or bifidum 
agar (BA), respectively, for 24-48 h at 37 °C. Electron microscopy of bacterial sam-
ples was performed according to the generally accepted method [34] on an electron 
microscope JEM-1400 (Zabolotny Institute of Microbiology and Virology of the 
National Academy of Sciences of Ukraine), at 80 kV (Fig. 13.1).
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Fig. 13.1  Subcellular imaging (electronic microscopy) of the strains of LAB and bifidobacteria. 
The scale is shown in the images

These tested LAB and bifidobacteria strains were Gram-positive and grew on 
nutrient media in the pH range 1.0–9.0 (optimal pH 5.5–6.5). They did not form a 
dispute, they were motionless. Bifidobacteria cells were polymorphic. Instead, LAB 
strains were typically rod-shaped. Figure 13.1 illustrates that the shape of bifidobac-
terial cells dependent on the stage of culture development. Thus, it ranged from 
rod-shaped to spindle-shaped, hairpin, amorphous, Y- or X-shaped cells.

The dynamics of growth of these LAB and bifidobacteria strains during incuba-
tion in MRS nutrient medium at 37 °C was also investigated. We determined the 
beginning of the stationary phase of their growth. The beginning of the stationary 
phase of their growth that was 7–12 h after, t did not depend on the species or genus 
of these probiotic cultures. The stationary growth phase of VKB, VKL and B-7279 
strains was approximately 8 h after their inoculation into the MRS nutrient medium. 
The stationary growth phase of VK6 and B-7280 strains began at 10 h. However, the 
stationary growth phase of B-7281, VK8 and VK7 strains occurred only after 
11–12 h, i.e. it turned out to be the longest.

13.3 � Tolerance of Probiotic Bacteria to Gastric Juice, Bile 
Salts and Proteolytic Enzymes (Pancreatin)

The tested LAB and bifidobacteria strains were examined for gastric juice (of 1, 2, 
5, 8, 10, 20, 30, 50, 75, and 100% in medium; for 2.5 h), bile (of 0.1, 0.25, 0.5, 0.75, 
1, 2, 3, 4, and 5%; for 5 h) and proteolytic enzymes tolerance (of 0.1, 0.25, 0.5, 0.75, 
1, 2, 3, 4, and 5%; for 15 h) in this research (Fig. 13.2). Daily probiotic cultures 
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Fig. 13.2  Resistance of studied strains of LAB and bifidobacteria to gastric juice (a), bile acids 
(b), and proteolytic enzymes (c)

strains were grown in liquid media at 37 °C with these aggressive factors, and after 
this, bacteria were sown to MRSА and BA, respectively. The number of colony-
forming units (CFU) was counted after cultivation at 37 °C for 24–48 h. Complex 
effect of these aggressive factors (gastric juice 2%, for 2.5 h; of bile salts 1%; for 
5 h; proteolytic enzymes 1%; for 15 h) on the LAB and bifidobacteria was also 
evaluated. Thus, tested LAB and bifidobacteria strains were grown with the gradual 
addition [35, 36].

It was found that these probiotic cultures had different tolerance to these aggres-
sive factors. The resistance to gastric juice even at 100% concentration were for 
three strains, as B-7279, VKL and VKB. The growth of VK6 strains was inhibited 
at a concentration of 50% gastric juice in MRS medium, and VK6 and B-7280 
strains were characterized by moderate resistance to its effect. The gastric juice of 
10% completely inhibited the growth of VK8 strain. Note that the growth of these 
bacteria was significantly inhibited by gastric juice at 1% concentration. In Fig. 13.2 
illustrated that complete inhibition of growth of B-7281 strain was observed at 10% 
concentration of gastric juice in nutrient medium. The most sensitive was the VK7 
strain, the growth of which was inhibited at a concentration of gastric juice of 8%.

The bile salts at a concentration of 1–40% had also different degrees of inhibition 
on the tested LAB and bifidobacteria strains in our study; their tolerances to bile 
salts are also shown in Fig. 13.2. The B-7279, B-7280, VK6, VKB, VKL strains 
were the most resistant to bile salts; their viability was not completely inhibited in 
the presence of this aggressive factor in concentrations up to 40%. According to our 
unpublished data, the growth of VKB and VKL strains began to be inhibited after 

13  In Vitro Study of Specific Properties of Probiotic Strains for Effective…



360

the introduction of bile salts into the nutrient medium at concentrations of 50% and 
75%, respectively. The B-7281 and VK7 strains resisted 40 or 10% bile salts, 
respectively. Medium bile salt resistance was found for B-7281 and VK7 strains. At 
the same time, complete inhibition of the VK8 strain occurred at a concentration of 
bile salts of only 8%. That is, this strain of LAB was the most sensitive to them. The 
viability of tested LAB and bifidobacteria with different proteolytic enzymes toler-
ance is also strain-dependent. Similar tolerance to proteolytic enzymes was observed 
among the seven strains. Thus, B-7279, B-7280, VKL, VKB, VK6, VK8, B-7281 
strains had the highest survival in the MRS nutrient medium with proteolytic 
enzymes in concentrations up to 5% (inclusive). The growth of the VKB strain was 
inhibited at 5% concentration of proteolytic enzymes. But, VK7 and VKB strains 
were the most susceptible to them. Proteolytic enzymes at a concentration of 4% 
completely inhibited their growth.

Subsequent studies have investigated the complex effects of gastric juice, bile 
and proteolytic enzymes on tested LAB and bifidobacteria strains, as live probiotic 
bacteria must gradually resist these aggressive factors of the digestive human or 
animal tract (Fig. 13.3). Thus, only four tested strains were the most tolerant. In 
particular, the survival of B-7279, B-7280, VKB and VKL strains was over 90% 
(96.7; 95.7; 90.2 and 91.9%, respectively). The survival of VK6, VK8 and B-7281 
strains was lower (50.0; 86.0; 65.6 and 79.2%, respectively). That is, they were 
moderately sensitive to the complex action of these aggressive factors. But the sur-
vival rate of VK7 strain was only 49.3%.

Probably more critical for the complete survival of live probiotic bacteria in the 
digestive tract is their resistance to bile salts and pancreatic enzymes, as B-7280 
strain has moderate resistance to gastric juice (alone). But more research is needed 
to confirm this.

Fig. 13.3  Stability of probiotic strains to the complex effect of biological fluids in the gastrointes-
tinal tract. (1). В-7279 strain, (2) В-7280 strain, (3) VK6 strain, (4) VK7 strain, (5) VK8 strain, (6) 
В-7281 strain, (7) VKB strain, and (8) VKL strain
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13.4 � Adhesive Properties of Probiotic Bacteria

For analysis of some cell surface characteristics, the adhesive properties of the 
tested LAB and bifidobacteria strains were measured (Table 13.1). Adhesive proper-
ties of these probiotic culture were assessed, as AAR (average adhesion rate; this is 
an average number of bacteria, which attached to the one epitheliocyte); AIM (index 
of adhesion of microorganisms; this is the average number of bacteria attached to 
one epitheliocyte); and PRE (the participation rate of epithelial cells; this is a per-
cent of epithelial cells, having on its surface-adhered bacteria), AIM is calculated by 
the formula [37]. It was considered that bacteria had high adhesive activity at AIM 
>4.0; average adhesive activity at AIM 2.51–4.04; at AIM 1.75–2.5 were low adhe-
sive activity, and at AIM index ≤1.75 there was no adhesive activity [29]. As shown 
in Table 13.2, the adhesive properties of these strains were significantly different 
(p < 0.05), and AIM index ranged from 2.14 to 7.81. Our data showed that the tested 
bacteria were distributed in this way by adhesive properties: В-7280 strain ≥ VKВ 
strain ≥ VKL strain ≥ В-7281 strain ≥ В-7279 strain ≥ VK8 strain ≥ VK6 strain ≥ 
VK7 strain. Consequently, the adhesive properties of В-7280, VKВ and VKL strains 
are higher than that of other tested probiotic cultures.

13.5 � Antibiotic Resistant of Probiotic Bacteria

The tested LAB and bifidobacteria strains resistance to antibiotics (by disc-diffusion 
method [19, 22]), that are inhibitors of protein, or peptidoglycan, or nucleic acid 
biosynthesis, was studied to determine the possibility of their use together with 
antimicrobial drugs (Table 13.2). In our studies the standardized discs with antibiot-
ics were used. According to the size of the zone of growth inhibition, we determined 
the degree of sensitivity of bacteria to antibiotics: over 20  mm as sensitive (S); 
10–20 mm as medium resistant (M); and less than 10 mm as resistant (R) [31].

Table 13.1  Adhesive properties of LAB and bifidobacteria strains, M ± m

Strain
Parameter of adhesion
AAR, units PRE, % AIM, units

В-7279 2.3 ± 0.1 91.9 ± 2.2 2.5 ± 0.1
В-7281 2.0 ± 0.1 75.2 ± 4.6 2.6 ± 0.2
В-7280 6.8 ± 0.3 87.5 ± 3.3 7.8 ± 0.9
VKВ 4.8 ± 0.4 93.8 ± 2.7 5.1 ± 0.5
VKL 4.0 ± 0.5 85.2 ± 4.5 4.7 ± 0.5
VK6 2.0 ± 0.2 88.0 ± 4.0 2.2 ± 0.3
VK7 1.9 ± 0.1 88.0 ± 5.1 2.1 ± 0.3
VK8 2.1 ± 0.2 92.0 ± 3.0 2.3 ± 0.2
В-7279 2.3 ± 0.1 91.8 ± 2.2 2.5 ± 0.1
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Table 13.2  The resistance of investigated strains of LAB and bifidobacteria to antibiotics

Mechanism of 
effect

Group of 
antibiotics Strain of bacteria/antibiotic resistance (diameter of 

growth inhibition zone)Generation/name

Inhibition of cell 
wall synthesis

VKL VKB В-
7279

В-
7280

В-
7281

VK6 VK7 VK8

Penicillins

I Penicillin M M S S M R S M
II Oxacillin R R R R R R M R

Ampicillin S S S S M R M M
Carbenicillin S S S S S R S S
Azlocillin S S S S S R S M
Piperacillin M S S S S R M M
Amoxicillin S S S S S R S M
Amoxicillin/
clavula-nic acid

S S S S S R S M

Ticarcillin M S S S S R S M
Ticarcillin/
cla-vulanic acid

M S S S S M S S

Cephalosporins

I Cefazolin R M M M M R M R
Cefalexin M M M M R M M R

II Cefuroxime M R M M R R M M
Cefaclor M S M M M M R M

III Cefotaxime R S S M S R S R
Ceftriaxone M M S M S R M M
Cefoperazone M M S M S R M M
Ceftazidime R M S R R R R R
Cefamandole M R S S S S R M
Ceftibuten R R R M R R R R

IV Cefepime R M M M R R R R
Glycopeptides

Teicoplanin R R R R R R R M
Vancomycin R R R R R R R M

Carbapenems

Meropenem M S S M M M S M
Imipenem S S S M M M M M

Inhibition of cell 
wall synthesis

VKL VKB В-
7279

В-
7280

В-
7281

VK6 VK7 VK8

Aminoglycosides

I Streptomycin M M S S M R M M
Neomycin S M S M R M M M
Kanamycin R R S M R R R M

II Garamycin S S S M M M S M
Tobramycin R S S M M M S M

(continued)

R. V. Bubnov et al.



363

Table 13.2  (continued)

Mechanism of 
effect

Group of 
antibiotics Strain of bacteria/antibiotic resistance (diameter of 

growth inhibition zone)Generation/name

Sisomycin M M S S M M S S
Amikacin M M S M R M R R

III Netilmicin M M S M M R M M
Macrolides

I Oleandomycin S S S S M R S M
Erythromycin M S S S M R S S

II Azithromycin R S S S M R S S
Clarithromycin S R S S S R S S
Roxithromycin M M S S S R S M

Lincosamides

Lincomycin M S S S M M S S
Clindamycin M S S S S R S M

Tetracyclines

I Tetracycline M S S M M S S M
Chlortetrazyklin M R S S S S S S

II Doxycycline M S S M S R S M
Violation of the 
synthesis of 
respiratory 
enzyme and 
biosynthesis of cell 
membrane

VKL VKB В-
7279

В-
7280

В-
7281

VK6 VK7 VK8

Nitrofurans

I Nitrofurantoin R M S R S R M M
Furazolidone R M S R M R R R
Fusidin M M S R M R R R

II Nitroxoline 
(oxyquinolines)

S M S S S M S S

Rifampicin M S S S S R S S
Levomycetin S S S S S R M M

Violation of 
synthesis of nucleic 
acids
Fluoroquinolones

I Nalidixic acid R R R R R R R R
II Ofloxacin R M M M R R M M

Ciprofloxacin R R S M R R M M
Norfloxacin R M R M M R M R

III Levofloxacin S R R M R R M M
Sparfloxacin S S S R R R M M

II Pefloxacin M M M M R R M M

R resistant, M medium resistant, S sensitive
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In particular, VK7, B-7279 and B-7280 strains were highly sensitive to antibiot-
ics that inhibit protein biosynthesis. The VKB strain was resistant to chlortetracy-
cline, clarithromycin and roxithromycin. To aminoglycosides was highly sensitive 
only to the B-7279 strain. To nitrofurans VKB or B-7279 strains were moderately 
resistant or highly sensitive, respectively. But nitrofurans did not inhibit the growth 
of B-7280 and VK6 strains. The B-7281 strain was sensitive to furadonin, and VK8 
and VK7 strains were moderately resistant to furadonin and resistant to fucidin and 
furazolidone. To most antibiotics, that blocking the peptidoglycan biosynthesis, 
were sensitive B-7279 (except oxacillin), B-7280 and VKB (except oxacillin, peni-
cillin, imipenem, meropenem) strains. VK8 strain was also predominantly sensitive 
to these antibiotics. But strain VK6 3 was resistant to most of them.

Importantly, vancomycin, oxacillin, and teicoplanin did not inhibit the growth of 
LAB and bifidobacteria strains we studied. As shown in Table 13.1, most of them 
were moderately resistant or resistant to cephalosporins, except for B-7279 and 
B-7281 strains. The tested probiotic cultures also had different sensitivity to antibi-
otics, inhibitors of nucleic acid synthesis. Only the VK6 strain was resistant to these 
antibiotics. At the same time, they moderately inhibited the growth of VK8, VK7 
and B-7280 strains. Levofloxacin and sparfloxacin inhibited the growth of VKL 
strain, and sparfloxacin and ciprofloxacin inhibited the growth of B-7279 strain. 
However, the VKB strain was sensitive only to sparfloxacin. All of these tested pro-
biotic cultures were resistant to nalidixic acid. Our results showed that the antibiotic 
resistance of LAB strains and bifidobacteria dependent on the strain and not on the 
genus and species of microorganisms.

Therefore, based on the results of our study, the strains with the best probiotic 
properties were selected. These LAB and bifidobacteria strains, as B-7279, B-7280, 
VKB and VKL, with the highest survival (over 90%) at complex effects of gastric 
juice, bile salts and proteolytic enzymes, proved their tolerance to digestive tract 
conditions. But the adhesive properties were high only of B-7280, VKB and VKL 
strains (their AIM index ranged from 4.72 to 7.81). Average adhesive activity was in 
the В-7281 strain with moderately tolerance (79.2%) to the complex of these aggres-
sive factors. B-7279 strain and other tested probiotic cultures had low adhesive 
activity (their AIM index ranged from 2.14 to 2.45) and different tolerance to gastric 
juice, bile salts and proteolytic enzymes. Thus, strains B-7280, B-7281, VKB and 
VKL, isolated from the intestines of clinically healthy people, have some probiotic 
properties and are promising for use in probiotic preparations. But other compre-
hensive preclinical studies of their safety and probiotic properties using different 
models, as well as clinical trials, are needed.

13.6 � Data Interpretation

Obtained data partially coincide with the data of other researchers [38–44]. 
Antibiotic resistant bacteria could be transmitted from animals to humans via food 
chain [41]. Almost all LAB isolated from farm animals and humans are susceptible 
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to ampicillin, amikacin, different cephalosporins, gentamicin, imipenem, erythro-
mycin, oxacillin, and penicillin.

Teuber et al. [45] shoved that bifidobacteria and LAB have sensitivity to ampicil-
lin, penicillin, cephalosporin, erythromycin, and tetracycline and resistance to van-
comycin, gentamicin, and streptomycin. A matter of concern to use strains resistant 
to antibiotics is that antibiotic resistance is not a safety parameter due to the risk of 
plasmid transfer to pathogenic strains [35, 36, 46].

The strains studied by us meet such important criteria of selection as resistance 
to antibiotics according to probiotics guidelines like European Food Safety Authority 
(EFSA) [37].

As far as metabolism of cholesterol has strong crosslinks with circulation of bile 
acids and the potential associations between modulatory of immune response and 
hypocholesterolemic activity of probiotics [8], search for bile resistant strains might 
have a strong input on treatment patients with atherosclerosis, cholestasis, and other 
conditions. Some LAB and bifidobacteria strains had high hypocholesterolemic 
activity in different in vivo models of metabolic disorders and associated in vitro 
with degradation of bile acids [47].

Gram-positive LAB strains have bacterial pili for adhesion strengthening and 
protection against environmental stresses. However, their role in immune interac-
tion is still largely unknown [48–50]. Pilus-associated SpaC pilin and gene cluster 
spaCBA makes possible exertion of both intimate and long distance contact with 
host tissue and provides mucus-binding [50]. Glycosylation as a sortase-dependent 
pili modification was shown to play a great role in the immunomodulation [50]. 
These findings altered the assumption about glycoconjugates’s underappreciated 
role in interplay between bacteria and host. Studying of cell wall of probiotic bacte-
ria using imaging and molecular methods is important to predict or evaluate adhe-
sion and immunomodulatory properties of the strain [31, 51–53].

Gut microbiota is a key player in host energy homoeostasis’ regulation and in the 
pathogenesis of metabolic syndrome and obesity for now is properly studied in 
clinical set due to number of unpredictable and uncontrollable factors in humans 
[54–56] such as genetic and environmental factors (drug assumption, diet, life style) 
[8, 56]. The essential task for probiotic and microbiome research in clinico is the 
search for reproducible in large population and reliable microbiome phenotype 
markers for longitudinal observation.

Immunomodulatory properties and anti-inflammatory properties [5, 7, 31] has 
been hypothesized to be likely correlate with clinically relevant effects, in particular 
the ability to demonstrate liver protective and hypocholesterolemic properties and 
modulate metabolic conditions [8]. All probiotic strains have primary native antivi-
ral [57, 58], antibacterial [59] and antifungal properties [60–62], and have a high 
perspective to be alternative for antibiotics during treatment of various infections. 
Oxygen tolerance of probiotic microorganisms is another important parameter that 
should be studied in the near future, as far as for now there are only few studies in 
the field [63, 64]. LAB strains can potentiate hypoxia-inducible factor in the gut 
[65]. These results open new perspectives to propose individualized treatment to 
patients with Flammer syndrome [66]; manage hypoxia-associated conditions and 
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stress [65]; use patient stratification on important gut hypoxia signaling marker, 
mesenteric ischemia in patients with atherosclerosis [67]. Potential of probiotic 
microorganisms for enhancement of safety and regenerative therapy efficacy [68], 
stem cells transplantation is difficult challenge aimed to develop biological prepara-
tions of a new generation. Finally, many of the mentioned properties of probiotic 
strains should be used in cancer case management as a part of supportive therapy 
[18] to facilitate, treatment-associated symptoms [69, 70].

This chapter includes concepts to the topic developed by the authors within pre-
viously performed studies [71–73].
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