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Aim: To determine the adhesive properties of strains of Bifidobacterium bifidum 791,
Bifidobacterium bifidum LVA-3, Bifidobacterium animalis subsp. lactis BB-12 and the effect of egg
lysozyme on their adhesive activity in vitro experiments on human erythrocytes. Material and
Methods: The bacterial adhesion and the effect of lysozyme in the concentrations range from 3.13 to
1500 μg ml is determined on human erythrocytes I (0) Rh (+) blood group. The average adhesion
index (AAI) was determined - the average number of bacteria adhered on one erythrocyte, "K" - the
percentage of erythrocytes adhering the bacteria. Results: B. bifidum 791 is highly adhesive (AAI =
4.1 ± 0.113), B. bifidum LVA-3 is low-adhesion (AAI = 2.43 ± 0.073) and B. animalis BB-12 is
medium
medium-adhesiv
(AAI =3.16 ± 0.053). The "K" was 65.4 ± 3.13%, 51.6 ± 2.16%, 47.0 ± 2.28%,
respectively Lysozyme was enhanced the adhesion of these strains by 21-80.4% in a wide range of
concentrations and with different intensity, individual for each strain. "K" was increased with
concentrations of lysozyme from 6.3 to 1000 μg / ml, and AAI was increased for B. bifidum 791 at
100 - 1500 μg / ml, the increase of "K" was for B. bifidum LVA-3 at 100-1000 μg ml and the increase
of AAI was at 25-1500 μg ml of lysozyme, and for B. animalis BB
BB-12 was "K" at 50-1000 μg/ml and
AAI at 12.5-1500 μg/ml. Conclusions: Inclusion of lysozyme in the composition of probiotics can
enhance their pharmacological effect.
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INTRODUCTION
Bifidobacteria. are the main protective beneficial
microorganisms of the intestine, which include probiotics
(Blokhin, 2016; Deshpande et al., 2017; Di Mauro et al., 2013;
http://www.fao.org/tempref/
docrep/fao/009/
a0512e/
a0512e00.pdf). They have a very high aggressiveness against
pathogenic bacteria, participate in the digestion process, reduce
cholesterol, stimulate the immune system of the human’s
organism (Banai, 1978; Brilis, 1986; Montville et al., 2003).
Normal microflora forms a protective “screen” on the surface
of the mucous membrane, which prevents the adhesion of
pathogenic microorganisms and the incipience of the
inflammatory process (Banai, 1978; Gagnon et al., 2016;
Ewaschuk et al., 2008; Rao, 2013). However, probiotics do not
always have a rapid therapeutic effect.
*Corresponding author: Dr. Kushnareva, M.V.,
Academician Yu.E.Veltishchev Research Clinical Institute of Pediatrics, N.I.
Pirogov Russian National Research Medical University, Moscow, Russian
Federation.

This may be due to the fact that strains of bifidobacteria are
weakly attached to the surface of the intestinal mucosa, i.e.
microbes have insufficient adhesiveness (Andryushchenko,
2015; Baranov, 1999). It is known that lysozyme stimulates
the adhesion of some strains of bifidobacteria. The inclusion of
lysozyme in the probiotic gives the combined therapeutic
effect to the drug against pathogens (Andryushchenko et al.,
2015; Baranov, 1999). It is important to study the adhesive
properties of bifidobacteria, namely Bifidobacterium bifidum
791 (B. bifidum 791), Bifidobacterium bifidum LVА-3 (B.
bifidum ЛВА-3,), Вifidobacterium animalis subsp. lactis BB-12
(В. animalis BB-12), included in the composition of medicines,
and the possible influence of lysozyme on their adhesion to
enhance the therapeutic effect.
Aim of the study: To study the adhesive properties of strains
B. bifidum 791, B. bifidum LVA
LVA-3, В. animalis subsp. lactis
BB-12 and the effect of lysozyme on their adhesive process in
vitro experiments on human erythrocytes.

369

Kushnareva et al. Influence of lysozyme on adhesion of bifidobacterium bifidum 791, bifidobacterium bifidum lwa-3,
bifidobacterium animalis subsp. lactis bb-12 in experience in vitro on human erythrocytes

MATERIALS AND METHODS
Various models can be used to assess the level of adhesion of
microorganisms: erythrocytes, epithelial cells, tissue cultures,
animals-gnotobionts, polymeric carriers (Banai, 1978;
Ewaschuk et al., 2008; Vazquez-Gutierrez et al., 2016).
Currently, erythrocytes are a universal model for studying the
adhesion of microorganisms. They have glycophorin on their
surface - a substance identical to the glycocalyx of epithelial
cells, on which the receptors for the adhesins of microbes are
located ( Banai, 1978; Brilis et al., 1986). Adhesive activity of
bifidobacteria strains B. bifidum 791, B. bifidum LVA-3, В.
animalis BB-12 studied by the method on native human
erythrocytes O(I) Rh(+) blood group (Brilis, 1986). This
method is a modification of the earlier method (Banai, 1978).
Erythrocytes were washed three times with 0.1 M phosphate
buffer solution (рН 7.2) by centrifugation (at 370 x g for 5
min) and prepared suspension of erythrocytes at a
concentration of 108 cells/ml. A slurry of each lyophilized
strain of bifidobacteria was prepared in physiological saline
with a concentration of microbes 109 per ml.
The amount of 0.45 ml of a suspension of erythrocytes and a
suspension of microorganisms were mixed in a test tube. Then
0.1 ml of physiological solution (control) was added to the
control tube, and 0.1 ml of one of the lysozyme solutions (test)
was added to the test tubes. The experiments used lyophilized
egg lysozyme in the final sub-therapeutic and therapeutic
concentrations: 3.1; 6.25; 12.5; 25; 50; 100; 200; 400; 800 and
1500 μg / ml. The tubes were incubated in a thermostat at 37 °
C on a shaker for 30 minutes. Then preparations for
microscopy were prepared. A thin smear from a suspension of
erythrocytes and microorganisms from control and
experimental tubes was made on the slide. The drug was airdried, fixed with a mixture of diethyl ether and ethanol 96% in
a 1: 1 ratio, washed with water, and then stained for 20 minutes
at room temperature with the coloring of Romanovsky-Giemsa
(Chernoshey, 2016). According to the method, adhesive
activity of each experimental culture of microorganisms was
assessed by immersion microscopy in two respects: I) by the
average adhesion index (AAI) - the number of adherent
microbes on one erythrocyte participating in the adhesive
process. In this case, the microorganism was considered
unadhesed if the AAI ≤1.75, low-adhesion - AAI - from 1.76
to 2.5, medium-adherent - AAI from 2.51 to 4.0 and highly
adherent at a AAI above 4.0; II) by the coefficient ("K") of the
participation of erythrocytes in the adhesive process, which is
the percentage of erythrocytes having on their surface adhered
microbes. For each concentration of lysozyme experience, as
well as the control, were set in 5 parallels and the average
value of "K" and "AAI" was calculated. The inhibitory or
stimulating effect of the drug on the adhesion of the
microorganism was also determined by the formula:
E АAI=(АAIe – АAIК) х 100/АAIК;
E К=(Кe-КК)х100/КК,
where: E AAI and EK - indices of the inhibitory or stimulating
effect of the lysozyme preparation, AAIe and Ke - the
adhesion of the experience, AAIK and KK - the adhesion of the
control. The inhibitory effect is characterized by a negative
sign of the numbers "-E AAI" and "-EK", the stimulating effect
is a positive sign of the numbers "+EAAI" and "+EK". Essential
differences were considered between the parameters of the
control experiment with the addition of physiological saline

and lysozyme supplementation, which differed by 20% or
more (p <0.05) (6). The statistical analysis was performed
using Microsoft Excel computer program. The calculation of
statistical indicators “M”, “σ”, “m”, “t” and “p”. The critical
value of significance level was considered p=0.05.

RESULTS
The results of the investigation of the adhesive properties of
microorganisms are presented in Tables 1-4. As can be seen
from Table 1, B. bifidum 791 strain was highly adhesive, B.
bifidum LVA-3 was low-adhesion and B. animalis BB-12 was
medium-adhesive. As can be seen from Table 2, the highest
"K" was in B. bifidum 791, and the smallest was in B. animalis
BB-12. As can be seen from Tables 1-4, lysozyme exerted a
stimulating effect on the adhesion of all strains studied. This
process depended on the dose of the preparation and the
individual properties of the strains of Bifidobacterium spp. As
can be seen from Table 1, a significant increase in AAI for B.
bifidum 791 was in the range of lysozyme concentrations from
50 to 1500 μg / ml, for B. bifidum LVA-3 - from 25 to 1500 μg
/ ml, for B. animalis BB-12 - from 6.25 to 1500 μg / ml.
According to the AAI index, the strengthening of adhesion by
lysozyme was at concentrations from 100 to 1500 μg / ml for
all studied strains of Bifidobacterium spp. The B. animalis BB12 strain became highly adhesive (AAI≥4.0) within the
concentration of lysozyme from 50 to 1000 μg / ml. There was
no significant decrease in the AAI index in the presence of the
investigated concentrations of lysozyme. It should be noted
that there was the same dynamics of changes in AAI in the
presence of lysozyme for all strains. Specifically, at first there
was a gradual increase in the AAI with the raise in the
concentration of lysozyme and with the maximum of the AAI.
The concentration of lysozyme (with AAI maximum) was
depended on the type of strain. It was 1000 μg / ml for B.
bifidum 791, 200 μg / ml for B. bifidum LVA-3 and 500 μg / ml
for B. animalis BB-12. Then there was a gradual decrease in
the AAI with an increase in the concentration of lysozyme, but
this index remained significantly higher than the initial level in
the control. As can be seen from Table 2, a significant increase
in the AAI (more than 20%) for B. bifidum 791 was in the
range of lysozyme concentrations from 100 to 1500 μg / ml,
for B. bifidum LVA-3 from 25 to 1500 μg / ml , for B. animalis
BB-12 - from 12.5 to 1500 μg / ml. As can be seen from Table
3, a significant increase in "K" for B. bifidum 791 was in the
range of lysozyme concentrations from 3.1 to 1000 μl / ml, for
B. bifidum LVA-3 - from 100 to 1000 μg / ml, for B. animalis
BB-12 - from 12.5 to 1000 μg / ml. Strengthening of adhesion
by lysozyme on the "K" index was at concentrations from 100
to 1000 μg / ml for all the investigated strains of
Bifidobacterium spp. The dynamics of the change in "K" with
an increase of lysozyme concentration was similar to the
dynamics of changes in the AAI. The maximum "K" was for
B. bifidum 791 and B. animalis BB-12 at the lysozyme
concentration of 500 μg / ml, for B. bifidum LVA-3 - 100 μg /
ml.Noteworthy is the fact that at a lysozyme concentration of
1500 μg / ml, the "K" of all strains decreased to the initial
control value. There was no significant reduction in the "K"
indicator relative to control in the presence of the studied
concentrations of lysozyme. As can be seen from Table 4, a
significant increase in "K" (more than 20%) for B. bifidum 791
was in the range of lysozyme concentrations from 6.25 to 1000
μg / ml, for B. bifidum LVA-3 - from 100 to 1000 μg / ml, for
B. animalis BB-12 - from 50 to 1000 μg / ml.
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Table 1. The average adhesion index (AAI) of Bifidobacterium spp. in the presence of various concentrations of lysozyme (M ± m)
N p/p
Concentration of lysozyme μg / ml
B. bifidum 791
B.bifidum LVA-3
B.animalis ВВ-12
1
Control
4.10±0.113
2.43±0.073
3.16±0.053
2
Lysozyme 3.13 μg / ml
4.11±0.433
2.42±0.124
3.21±0.139
3
Lysozyme 6.25 μg / ml
4.11±0.119
2.58±0.183
3.56±0.053*
4
Lysozyme 12.5 μg / ml
4.28±0.226
2.71±0.120
3.80±0.156*
5
Lysozyme 25 μg / ml
4.27±0.120
3.05±0.069*
4.10±0.154*
6
Lysozyme 50 μg / ml
4.47±0.030*
3.12±0.058*
4.10±0.088*
7
Lysozyme 100 μg / ml
5.40±0.103*
3.80±0.183*
4.19±0.078*
8
Lysozyme 200 μg / ml
5.40±0.171*
3.48±0.160*
4.69±0.131*
9
Lysozyme 500 μg / ml
5.88±0.264*
3.46±0.111*
4.98±0.096*
10
Lysozyme 1000 μg / ml
5.91±0.345*
2.94±0.048*
4.52±0.138*
11
Lysozyme 1500 μg / ml
5.38±0.162*
2.94±0.183*
3.79±0.174*
Note. The symbol "*" indicates indicators that reliably (p≤0.05) exceed the initial indices of adhesion (in the absence of lysozyme).

Table 2. The stimulating effect of "+ EAAI" different concentrations of lysozyme on the adhesion of Bifidobacterium spp. (change in
the average value of the AAI in % of the initial value of the AAI)
N
Concentration of lysozyme
B. bifidum 791
B. bifidum LVA-3
B. animalis BВ-12
p/p
μg / ml
«EAAI»%
«EAAI»%
«EAAI»%
1
Control
(AAI=4.1)
(AAI=2.43)
(АAI=3.16)
2
Lysozyme 3.13 μg / ml
+0.24
0
+1.6
3
Lysozyme 6.25 μg / ml
+0.24
+6.2
+12.7
4
Lysozyme 12.5 μg / ml
+4.4
+11.5
+20.3*
5
Lysozyme 25 μg / ml
+4.4
+25.5*
+29.7*
6
Lysozyme 50 μg / ml
+9.0
+28.4*
+29.7*
7
Lysozyme 100 μg / ml
+31.7*
+56.4*
+32.6*
8
Lysozyme 200 μg / ml
+31.7*
+43.2*
+46.5*
9
Lysozyme 500 μg / ml
+43.4*
+42.4*
+57.6*
10
Lysozyme 1000 μg / ml
+44.1*
+21.0*
+43.0*
11
Lysozyme 1500 μg / ml
+31.2*
+21.0*
+38.7*
Note. The symbol "*" indicates indicators that are 20% or more higher than the initial indices of adhesion (in the absence of lysozyme).

Table 3. The adhesion coefficient "K" of Bifidobacterium spp. in the presence of different
concentrations of lysozyme (M ± m) in %
N п/п
1
2
3
4
5
6
7
8
9
10
11

Concentration of lysozyme μg / ml
Control
Lysozyme 3.13 μg / ml
Lysozyme 6.25 μg / ml
Lysozyme 12.5 μg / ml
Lysozyme 25 μg / ml
Lysozyme 50 μg / ml
Lysozyme 100 μg / ml
Lysozyme 200 μg / ml
Lysozyme 500 μg / ml
Lysozyme 1000 μg / ml
Lysozyme 1500 μg / ml

B. bifidum 791
65.4±3.13
78.0±1.38*
81.6±0.61*
83.6±2.07*
83.8±1.11*
84.4±2.21*
85.4±1.78*
85.8±1.79*
91.8±0.71*
85.8±2.53*
68.0±1.09

B. bifidum LVA-3
51.6±2.16
48.6±2.73
48.8±0.996
47.8±2.29
54.2±2.50
52.8±2.00
75.2±0.87*
73.8±4.00*
73.8±0.87*
73.6±1.08*
49.0±0.49

B. animalis ВВ-12
47.0±2.28
48.4±1.54
52.6±1.73
55.5±0.83
55.8±0.66*
57.4±1.25*
71.0±1.66*
82.4±1.00*
84.8±0.66*
76.0±2.46*
50.2±1.18

Table 4. The stimulating effect of "+ EK" " different concentrations of lysozyme on the adhesion of Bifidobacterium spp.
(change in the average value of the adhesion coefficient in % of the initial value "K")
N p/p
1
2
3
4
5
6
7
8
9
10
11

Concentration of lysozyme μg / ml
Control
Lysozyme 3.13 μg / ml
Lysozyme 6.25 μg / ml
Lysozyme 12.5 μg / ml
Lysozyme 25 μg / ml
Lysozyme 50 μg / ml
Lysozyme 100 μg / ml
Lysozyme 200 μg / ml
Lysozyme 500 μg / ml
Lysozyme 1000 μg / ml
Lysozyme 1500 μg / ml

B. bifidum 791
(К=65.4)
+19.3
+24.8*
+27.8*
+29.1*
+30.6*
+40.4*
+31.2*
+40.4*
+31.2*
+4.0

The increase of the two adhesion parameters of B. bifidum 791
and B. bifidum LVA-3 strains simultaneously was at the
concentration of lysozyme from 100 to 1000μg / ml, and the B.
animalis BB-12 strain was 50 to 1000 μg / ml.

DISCUSSION
Mechanisms of adhesion of microorganisms are very
complicated.

B. bifidum LVA-3
(К=51.6)
-5.8
-5.4
-7.4
+5.0
+2.3
+45.7*
+43.0*
+43.0*
+42.6*
-5.0

B. animalis BВ-12
(К=47.0)
+3.0
+11.9
+18.1
+18.7
+22.1*
+51.1*
+74.5*
+80.4*
+61.7*
+6.8

They have both common and distinctive features in different
species. The adhesion of bacteria depends on many factors: 1)
various electrostatic forces of attraction or repulsion between
the layer of ions surrounding the bacterium and the surface
charge; 2) chemical forces of short range (Van der Waals link,
hydrogen link, ionic link and covalent link, hydrophobic
interaction) (Montville et al., 2003). Some bacteria are retained
on the surface with filamentous appendages – pilli. Other
bacteria produce adhesins.
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These are surface proteins that promote the adhesion of
bacteria to other cells or surfaces (Coutte et al., 2003).
Adherent bacteria are retained on the surface and form
biofilms. Bacteria inside the biofilm can resort to complex
forms of information exchange. The biofilm structure is an
ideal environment for gene exchange, intercellular interaction
and bacterial growth (Coutte et al., 2003; Deshpande, 2017). It
is known that the adhesion of bifidobacteria depends on the
hydrophobic properties of the cell membrane: the higher the
hydrophobicity, the stronger the adhesiveness. Thus, the
content of a large number of unsaturated fatty acids (oleic acid
and linoleic acid) and branched fatty acids (isoforms) increases
the fluidity of the cell membrane of these bacteria, promotes
the formation of high hydrophobicity and autoagglutination,
provides resistance to peroxide oxidation (Gleinser et al.,
2012; Reis, 2012; Wang et al., 2010; Zakharova et al., 2015).
The ability of bifidobacteria to produce bioactive factors
(polysaccharides, Sialidase enzyme), which are supposedly
involved in the adhesion of these microbes (Inturri et al., 2017;
Nishiyama et al., 2017). It can be assumed that lysozyme,
possessing antioxidant properties, affects the stability of the
bacterial membrane of Bifidobacterium spp. (Alimova et al.,
2016; Andryushchenko, 2015). It is known that lysozyme
stimulates the repair of morphological structures and cellular
composition of the mucosa of the digestive tract (Deshpande,
2017). However, the mechanism of the influence of lysozyme
on adhesion of Bifidobacterium spp. is not known and require
further study.
Conclusion
Therefore, the egg lysozyme stimulates the adhesion of
commercial strains of B. bifidum 791, B. bifidum LVA-3 and B.
animalis BB-12 in vitro in a wide range of subtherapeutic and
therapeutic concentrations. The effect of lysozyme on the
adhesion of the studied strains of Bifidobacterium spp. has a
general tendency, specifically, as the concentration of this drug
increases, the parameters of AAI, "K", EAAI and EK, which
gradually increase, reach a maximum, and then decrease.
However, the intensity of changes in these indicators and the
maximum values of the indicators, the range of active
concentrations of lysozyme, enhancing adhesion are individual
for each strain.The inclusion of lysozyme in the composition of
probiotics and synbiotics (drugs, dietary supplements, dietary
foods) can enhance their microbiological and clinical effect.
Acknowledge
We are grateful to Ivleva Elena for help in translating and
preparing the manuscript.

REFERENCES
Alimova D.M., Kamilov K. P. 2016. Factors of nonspecific
resistance and their clinical value at patients with recurrent
aphthous stomatitis. European Science Review 11: 1: 3335. https://cyberleninka.ru/article/v/factors-of-nonspecificresistance-and-their-clinical-value-at-patients-withrecurrent-aphthous-stomatitis
Andryushchenko SV., Perunova NB., Bukharin OV. 2015.
Molecular mechanisms of Bacterial Interaction with
Lysozyme and Their Role in Microbiocenosis. Bulletin
Reviews Biology (Uspekhi sovremennoi biologii; Zhurmal
obshchei biologii); 135: 5: 453-463 (In Rus.)
https://elibrary.ru/item.asp?id=24870335

Banai M., Kahane I., Razin S., Bredt W. 1978. Adherence of
Mycoplasma gallisepticum to Human Erythrocytes. Infect
Immun.
21:
2:
365–372.
https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC422004/?page=2
Baranov AA., Dorofeychuk V.G. 1999. Lizotsim: teoriya i
praktika (Lysozyme: Theory and Practice) (In Rus).
Moscow-Nizhny Novgorod: Informatica. p.126.
Blokhin B.M., Prokhorova A.D. 2016. Modern aspects of
probiotics use in pediatric practice. Pediatriaj: 95: 4: 223229. http://pediatriajournal.ru/files/
upload/mags/353/
2016_4_4696.pdf
Brilis VI., Brilene TA. 1986. Some Aspects of the Effect of
Antibiotics on the Adhesive Properties of Microflora.
Antibiotiki I meditsinskaja biotekhnologija (Antibiotiki i
Khimioterapiya) 5:353-357. (In Rus.)
Chernoshey DA., Slizen V V., Kanashkova TA., Gavrilova IA.
2016. Special and clinical microbiology. Laboratory
workbook. Minsk: BSM. p. 58. http://rep.bsmu.by/
bitstream/handle/BSMU/8835/978-985-567-3966.pdf?sequence=1&isAllowed=y
Coutte L., Alonso S., Reveneau N., Willery E., Quatannens B.,
Locht C., Jacob-Dubuisson F. 2003. Role of adhesin
release for mucosal colonization by a bacterial pathogen,
Journal of Experimental Medicine, 197: 6: 735–42.
Deshpande G., Jape G., Rao S., Patole S. 2017. Benefits of
probiotics in preterm neonates in low-income and mediumincome countries^ a systematic review of randomized
controlled trials. BMJ Open. Dec 7;7(12):e017638. Doi:
10.1136/bmjopen-2017-017638.
Deshpande G., Jape G., Rao S., Patole S. 2017. Benefits of
probiotics in preterm neonates in low-income and mediumincome countries^ a systematic review of randomized
controlled trials. BMJ Open. 7: 12 :e017638. doi:
10.1136/bmjopen-2017-017638.
Di Mauro A., Neu J., Riezzo G. et al. 2013. Gastrointestinal
function development and microbiota. Ital J Pediatr.,
39:15. doi:10.1186/1824-7288-39-15.
Ewaschuk JB., Diaz H., Meddings L., Diederichs B., Dmytrash
A., Backer J. et al., 2008. Secreted bioactive factors from
Bifidobacterium infantis enhance epithelial cell barrier
function. Am J Physiol Gastrointest Liver Physiol.,
295:G1025–34. doi:10.1152/ajpgi.90227.2008
Gagnon M., Vimont A., Darveau A., Fliss I., Jean J. 2016.
Study of the Ability of Bifidobacteria of Human Origin to
Prevent and Treat Rotavirus Infection Using Colonic Cell
and Mouse Models. PloS One. Oct 11;11(10):e0164512.
Doi: 10.1371/journal.pone.0164512. eCollection 2016.
Gleinser M., Grimm V., Zhurina D., Yuan J., Riedel CU. 2012.
Improved
adhesive
properties
of
recombinant
bifidobacteria expressing the Bifidobacterium bifidumspecific lipoprotein BopA. Microb. Cell Fact., 11: 80.
Guidelines for the Evaluation of Probiotics in Food: Report of
a Joint FAO/WHO Working Group on Drafting Guidelines
for
the
Evaluation
of
Probiotics
in
Food,
2002.http://www.fao.org/tempref/docrep/fao/009/a0512e/a
0512e00.pdf (accessed 15 Jan 2017).
Inturri R., Molinaro A, Di Lorenzo F, Blandino G, Tomasello
B, Hidalgo-Cantabrana C, De Castro C, Ruas-Madiedo P.
Chemical and biological properties of the novel
exopolysaccharide produced by a probiotic strain of
Bifidobacterium longum. Carbohydr Polym. 2017 Oct
15;174:1172-1180. Doi: 10.1016/j.carbpol.2017.07.039.
Epub 2017 Jul 19.

372

International Journal of Current Research, Vol. 11, Issue, 01, pp.368-372, January, 2019

Montville R., Schaffner DW. 2003. Inoculum Size Influences
Bacterial Cross Contamination between Surfaces. Applied
and Environmental Microbiology, 69: 12: 7188-7193.
Nishiyama K., Yamamoto Y., Sugiyama M., Takaki T.,
Urashima T., Fukiya S., Yokota A., Okada N., Mukai T.
2017. Bifidobacterium bifidum Extracellular Sialidase
Enhances Adhesion to the Mucosal Surface and Supports
Carbohydrate Assimilation. Mbio. Oct 3;8(5). Pii: e0092817. Doi: 10.1128/mBio.00928-17.
Rao RK., Samak G. 2013. Protection and restitution of gut
barrier by probiotics: nutritional and clinical implications.
Curr
Nutr
Food
Sci.,
9:
99–107.
http://нэб.рф/catalog/000199_000009_000599550/
Reis A., Spickett CM. 2012. Chemistry of phospholipid
oxidation. Biochim. Biophys. Acta. 1818 (10): 2374-2387

Vazquez-Gutierrez, P., de Wouters T., Werder J., Chassard C.,
Lacroix C. High Iron-Sequestrating Bifidobacteria Inhibit
Enteropathogen Growth and Adhesion to Intestinal
Epithelial Cells In vitro. Front Microbiol. 2016 Sep
22;7:1480. eCollection 2016.
Walker A. 2014. Intestinal colonization and programming of
the intestinal immune response. J Clin Gastroenterol
48:S8–11. doi:10.1097/MCG.0000000000000230
Wang LQ., Meng X. Ch, Zhang BR., Wang Y., Shang YL.
2010. Influence of cell surface properties on adhesion
ability of bifidobacteria. Word J. of microbiology and
biotechnology. 26 (11): 1999-2007
Zakharova Yu V., Sukhikh AS. 2015. Chromatographic
analyses of membrane fatty acid Bifidobacterium with
different hydrophobicity. Sorption and Chromatographic
Processes. (6): 280-287. (In Rus.) https://journals.vsu.ru/
sorpchrom/article/view/331/301; http:// www.sorpchrom.
vsu.ru/?l=en&p=0

*******

