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INTRODUCTION 

 

One of the areas for the treatment of dysbiosis is the use of probiotic cultures of 
microorganisms used as fermentation cultures in fermented milk drinks, or 

lyophilized forms of drugs for oral taking. Another means of detoxification is 

enterosorption by fine silica. Nanoporous silica for controlled drug and cell 

delivery is promising given their peroral bioavailability (Voronin, et al., 2016; 

Florek, Caillard, & Kleitz, 2017). In addition, nanosized SiO2 is an accessible, 

non-toxic, non-traumatic nanomaterial (Diab, et al., 2017). However, it should be 
acknowledged that in reality the nature of the interactions between nanoparticles 

and living cells is more complex and depends, in particular, on the ratio of 

"surface area - volume" of nanoparticles and the ratio of surface areas of 
nanoparticles and cells [Leonenko & Leonenko, 2020].  

For nanosilicon adsorbed on the cell surface (not vice versa!) various 

mechanisms of interaction of silica with cell walls and cell membranes have been 
proposed, in particular, mechanisms of erythrocyte hemolysis (Gerashchenko, 

2009; Fubini, 1998; Nolan & Langer, 1997; Dalal, et al., 1990). According to 

them, hemolytic activity can be caused by bonds between negatively charged 
silanol groups and membrane components. It has also been shown that 

hydrophobic silica modified with methyl groups did not adversely affect cells 

(Gerashchenko, 2009). Surface glycoproteins contain negatively charged sialic 
acid residues, which adversely affects adsorption of nanosilica. As a result of 

further research, the theory of selectivity of hemolytic activity of nanosilica, 

which consists of the difference in the density of the negative charge on the cell 
surface, was published. Thus, older cells have less negatively charged sialic acid 

residues on the surface, and therefore are subject to hemolysis much more often 

than young erythrocytes (Dalal, et al., 1990). It follows that for better 
preservation, the culture must be young.  

It is shown that the adsorption of nanosized silica is characteristic of both gram-

positive and gram-negative bacteria (Gerashchenko, 2009). The data obtained 
after treatment of cells with substances that destroy the membrane indicate the 

importance of membrane proteins in the mechanism of binding to nano-silica. 

This is evidenced by a decrease in the membrane-tropic activity of the sorbent 

after modification of the membranes by adding trypsin, lysozyme and EDTA to 

the cell suspension.  

It was described complex drugs of 2-3 generations, which combine the properties 
of medicinal substances (antiseptics, rehydrators, enzymes, antiarrhythmic drugs) 

with enterosorbents to model the pharmacokinetics and biotransformation of the 

active agent (Gorbyk, et al., 2008). 

Recent studies have acknowledged that the toxicity of nanomaterials to cells 

depends largely not only on the chemical nature, but also on the size, shape, 

concentration, way of penetration into the body and a combination of these 
factors. For example, for nanosized SiO2  the LD50 was 4638 μg / kg, while for 

microdispersed silica it was 10000 μg / kg. In addition, spherical particles had 

less damaging effects than elongated ones [Leonenko & Leonenko]. 
The effect of probiotics Lactobacillus bulgaricus immobilized on sorbents based 

on activated carbon "Sorbex" and "Sums", as well as their storage by 

cryopreservation was also studied. The effect of immobilized probiotics on rats 
with chemotherapeutic dysbiosis was significantly better than the effect of native 

probiotics, enterosorbents and probiotic-sorbent mixtures. This was evidenced by 

the faster return of the microflora of the colon to normal and the elimination of 
pathogenic microflora. Cryopreservation of complexes of sorbent and probiotic 

did not affect the ability of the latter to counteract pathogens, as well as their 

sensitivity to antibiotics and hydrochloric acid. Immobilized probiotics were 
stored at temperatures of - 80…- 196 °C, and the number of "carrier-cell" 

complexes decreased slightly (Babinets, 2012). 

Thus, the scientific search for the creation of complex drugs enterosorbent-
probiotic is a promising area, which should take into account the complex nature 

of the interactions of highly dispersed materials with living cells. 
The aim of our research was to study the possibility of sorption of probiotic 
cultures on samples of dry highly dispersed silica and methyl silicic acid 

hydrogels and to assess their functional status by technological parameters of 

yoghurt fermented on the basis of strain S. thermophilus IMB B-7249. 
 

 

 

An important effectiveness factor of probiotic therapy is the survival of cells in the gastrointestinal tract and their integration into the 

intestinal biofilm. The possibility of creating complex preparations of enterosorbent-probiotic on the basis of dry highly dispersed silica 

and methyl-silicic acid hydrogel has been investigated. The survival of Streptococcus thermophilus and Bifidobacterium longum 
monocultures in the composition of lyophilized complex preparations, in particular under the simulated conditions of the gastrointestinal 

tract, was studied.  

The rheological and biotechnological parameters of yoghurt fermented with S. thermophilus IMV B-7249 strain immobilized in a 

hydrogel were evaluated. It was determined that the functional state of the culture immobilized in highly dispersed silica remained 

corresponded to the proper technological parameters of sour-milk yoghurt, and the effective viscosity and stability of the product 

increased. This makes it possible to recommend such a preparation for a use not only for enteral use but also for the production of 

fermented milk products. 
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MATERIALS AND METHODS 

 

Strains and Growth Conditions 

 
The objects of the study were collection monocultures of S. thermophilus IMV B-

7249, B. longum IMV 7033, which are used to obtain fermented dairy products. 

Pure cultures were maintained at a temperature (38-41) ºC (thermophilic species): 
lactic acid bacteria in MRS broth (Mann, Rogoza, Sharpe), bifidobacteria - in 

Blaurock medium.  

Accumulation of bacterial mass of cultures was performed at a temperature of 37 
± 2ºC for 14-15 h with periodic neutralization of the culture medium of MPC 

with 25% aqueous ammonia solution to an active acidity of 6.6 ± 0.1 units pH. 
The obtained biomass was separated from the culture fluid by centrifugation at 

15000 min-1 and temperature (8 ± 2) oC. 

Preparations of immobilized cells for experiments were prepared as follows. 100 
g sorbent and 1 g culture biomass (109 cells of microorganisms) were added to the 

flasks. The contents of the flasks were stirred on a shaker for 75 min-1 at a 

temperature of 18 °C for 30 min. The average number of cells in one flask was 
107 per 1 g of sorbent. Enterosgel preparations and Sillard P dry powder were 

used as a sorbent. Enterosgel is a methyl-silicic acid hydrogel, a gel-like mass of 

white colour, odourless and tasteless, insoluble in water. Production of PJSC 
EOF "KREOMA-PHARM". Sillard P is a highly dispersed nanosilica produced 

at the Chuiko Institute of Surface Chemistry NAS of Ukraine, white powder of 

silica nature. It has no smell or taste. Miscible with water in any proportions. 

 

Аnalysis of samples 

 

The obtained samples were examined under a microscope with staining gentian 

violet, using a binocular microscope Motic (Fischer Bioblock) with a built-in 

video camera Top View 1000 for magnification x400 and AXIO Observer A1M 
of Carl Zeiss company for magnification x1000. 

 

Freeze-drying conditions 

 

For freeze-drying, pure cultures (control) and immobilized cells were mixed in a 

ratio of 1: 2 with sterile protective medium containing 10% sucrose, 5% sodium 
citrate, 5% skimmed milk powder and poured into vials of 1 cm3. Freeze-drying 

was performed on a freeze-dryer TG15 under the following modes: initial 

temperature minus (60±2) oC, final - plus (30±2) oC, residual pressure not more 
than 13.3.103 Pa. Drying time from 24 to 28 hours. 

 

Survival rate of cultures 

 

To assess survival the number of cells in the obtained preparations by dilution 

and seeding on MPC agar before and after freeze-drying was determined.  
 

Characteristics of fermented milk clots 

 
Rheological characteristics of fermented milk clots (effective viscosity of 

practically intact structure, effective viscosity of extremely destroyed structure at 

maximum shear stress, effective viscosity of restored structure in conditions of 
reducing destructive force) were determined on a rotary viscometer "RHEOTEST 

II" with measuring system - cylinder (S / S3) (Kosoy, et al., 2010).  

In the gap between the cylinders made 30 cm3  the clot, in which under the action 

of the force of rotation of the rotor there was a shift of one layer of the clot 

relative to another. The rheological characteristics of the product were 

determined by the speed of rotation of the rotor and the force of resistance to its 
rotation. Measurements were performed starting from low deformation rates. The 

indicators of the device were translated into stress shear (Pa) at a given strain rate 

according to the formula: τ = Z×α, where τ  -  shear stress, 10-1 Pa; α - indicators 
of the device; Z - constant of the cylinder, 10-1 Pa/unit. of device scales. For S / 

S3, Z is 7.75 10-1 Pa/unit.  

The effective viscosity of the experimental samples was determined by the 
formula: ηef = (τ / Dr) ×100, where ηef - effective viscosity, mPa·s; τ - shear stress, 

Pa; Dr- shear rate s-1; Dr= const for each mode of clot destruction.  
The relative angular velocity of the inner cylinder was calculated by the formula: 

ω = 2×π×Rin×N, where ω - the relative angular velocity, m / s; Rin- radius of the 

inner cylinder; N - the rotor speed, c-1.  
The curve of dependence of effective viscosity on angular velocity is described 

by the equation: ηef= B×ω-m, where B - the factor equal to the value of effective 

viscosity at the circular speed of 1 m / s; m - intensity of destruction of the 
structure of the experimental material. 

The thixotropic properties of clots were determined by the effective viscosity of 

the intact clot of fermented milk (Kosoy, et al., 2010).  
Moisture retention capacity - according to the degree of syneresis (Shidlovskaya, 

2004). 

 
 

 

 

Sensitivity to the model of gastric juice 

 

The study of sensitivity to the model of gastric juice was carried out according to 

the method (Boke, et al., 2010). Hydrochloric acid solutions with a pH of 2.0 
were used as a model of gastric juice. Immobilized and 12-hour native cells of 

lactic acid bacteria and bifidobacteria were acidified with hydrochloric acid to pH 

2.0 and kept under constant stirring in a thermostat at 37 oC for 5 hours. 
Immediately after acidification, after 1,2 and 3 hours of exposure, samples were 

taken for analysis of the number of microorganisms. This model mimics the 

conditions created in the stomach. 
 

Functional properties 

 

To determine the functional state of the probiotic culture of S. thermophilus 

immobilized on the methyl silicic acid hydrogel, according to the 
biotechnological parameters of fermented milk yoghurt obtained on the basis of 

these cultures, a dairy product was prepared using dry non-and immobilized 

cultures. Milk with a fat content of 2.5% was pasteurized at 86 ° C for 20 
minutes, cooled to a fermentation temperature of 37 ° C and introduced non -

immobilized and immobilized strain of S. thermophilus in the amount of 1 g/l. 

Fermentation was performed until the products in the titratable acidity of 70 ° T.  
 

RESULTS AND DISCUSSION 

 

Digital microimages of preparations S. thermophilus after sorption and after 

freeze-drying are shown in Fig. 1.  

As can be seen from the photo, the cells of microorganisms with a powder 
sorbent (Sillard P) are grouped around the sorbent particles aggregates, which 

indicates the immobilization of probiotic cultures on a highly dispersed silicon 

preparation. Microscopic studies revealed a high sorbent capacity of SiO2 

nanopowder aggregates. Almost all cells of S. thermophilus in suspension join 

the aggregates of nanopowder Sillard P (Fig.1).  

The drug obtained on the basis of methyl-silicic acid hydrogel (Enterosgel) has 
another form. The cells seem to be included in the structure of the gel and dry 

with it.  

Thus, it is possible to immobilize cells using a suspension of aggregates of 
nanopowder SiO2 and methyl-silicic acid hydrogel, the surface of which largely 

retains the properties of the nanostructured material. 

Preparations of cultures of B. longum and S. thermophilus, obtained after 
immobilization on powder sorbent and methyl-silicic acid hydrogels and after 

freeze-drying, were tested for survival. 

For the convenience of representation of samples in the table and the diagram 
samples are ciphered (Tab. 1).  

It is shown that the viability of free cells of B. longum and S. thermophilus in the 

process of freeze-drying is influenced by the type of sorbent (Tab. 2). 
 

 
Figure 1 Digital microimages of preparations S. thermophilus after sorption and 
after freeze-drying: (1a) – control: suspension, x400, (1b) – control: freeze-dried 

drug, x1000; (2a) – suspension after immobilization on nanopowder SiO2, x400, 

(2b) – freeze-dried complex, x1000; (3a) – suspension after immobilization in a 
hydrogel of methyl-silicic acid, x400, (3b) – freeze-dried  complex, x1000.  
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Table 1 Designation of the experimental sample. 

Designation of the 

sample 
Sample of the description 

E1 Culture B. longum (control) 

E2 
Culture B. longum, immobilized on a methyl-silicic 

acid hydrogel 

E3 
Culture B. longum, immobilized on SiO2 

nanopowder2 

E4 Culture S thermophilus (control) 

E5 
Culture of S. thermophilus immobilized on a methyl-

silicic acid hydrogel 

E6 
Culture of S. thermophilus immobilized on a SiO2 

nanopowder 

 

Table 2 Survival of free and immobilized cultures in the process of freeze-

drying. 

Type of material 

Biomass before 

freeze-drying, lg N, 

CFU / g 

Вiomass after freeze-drying, 

lg N, CFU/g 

E1 9.8+0.3 9.6+0.3 

E2 8.6+0.2 7.6+0.2 

E3 9.4+0.3 6.8+0.2 

E4 8.8+0.1 7.5+0.3 

E5 9.3+0.3 9.1+0.1 

E6 9.0+0.3 6.2+0.3 

 

The preservation of sorbent complexes with cells by freeze-drying was 
significantly lower than the viability of free cells with a protective medium. 

The percentage of preserved free cells of  S. thermophilus and B. longum after 

freeze-drying was quite high, the survival of bacteria reached the level of (97 ÷ 
98)%.  

The survival of immobilized cells on the methyl-silicic acid hydrogel after 

freeze-drying was reduced by an order of magnitude, while on the finely divided 
dry powder - by 2 orders of magnitude. Therefore, it was found that 

immobilization on methyl-silicic acid hydrogel caused less cell death than on dry 

finely divided powder.  

For probiotics used orally, the ability to maintain viability during transit through 

the upper digestive tract to the site of their main location - the large intestine - is 
important. In this way, the microbiota must overcome such barriers as high 

acidity of gastric juice, the action of digestive enzymes and the destructive action 

of bile. It is now known that during the transit of exogenous microflora through 
the stomach and small intestine, about 60-70% of viable cells of microorganisms 

are lost. Therefore, it is very important to include in the composition of probiotics 

microorganisms that are resistant to these factors or to protect cells. 
Evaluation of acid resistance of pure and immobilized in the hydrogel of methyl-

silicic acid cultures was performed in vitro. To do this, each of the cultures was 

kept in solutions of hydrochloric acid (pH 2.0) for  1-3 hours.  

The resistance of strains was determined by the number of bacterial cells that 
retained their viability after exposure to these conditions. 

The results of modelling the intestinal conditions are shown in Fig. 2. 

 

 
Figure 2 The number of cells of free and immobilized lacto- and bifidobacteria at 
different durations of exposure with pH 2 (E1, E2, E4, E5 are shown in Tab. 2) 

 

During the period of action that modulates the conditions in the stomach 
observed a rapid decrease in the number of free cells of bacteria S. thermophilus 

and B. longum. After 3 h, the number of viable cells B.longum decreased from lg 

10 to lg 4.8, S. thermophilus – from lg 10.3 to lg 5.8. At the same time, for cells 
immobilized in the methyl-silicic acid hydrogel, a gradual decrease to lg 7.1 was 

observed. Immobilized cells S. thermophilus were less exposed to pH, their 

number decreased by only 2.1 orders of magnitude. From the results, we can 
conclude that immobilization in the hydrogel of methyl-silicic acid increases cell 

survival. Similar results were also observed in the study (Afzaal, et al., 2018). 

Thus, the studied immobilized strains of lacto- and bifidobacteria showed high 

resistance to low pH values, which contributes to their survival in the upper 

gastrointestinal tract, i.e immobilization has a protective effect in the simulated 

conditions. 
Functional state of immobilized culture cells S. thermophilus was studied for 

rheological and biotechnological parameters, such as effective viscosity, moisture 

retention capacity, thixotropy, fermentation duration, active acidity, etc. (Fig. 3-4, 
Table 3-4). 

 

 

 
Figure 3 Curves of fluidity of the destruction of a clot of fermented milk by the free and immobilized culture of S. thermophilus (E5, E4 are 

shown in Tab. 1)  
 

Fig. 3 shows that the effective viscosity in the strain of S. thermophilus in the 

case of increasing stress decreases faster, while in the strains of immobilized - 

later. The latter have high strength. Therefore, it can be assumed that 

immobilized cultures are more resistant to mechanical impact.  

Tab. 3 shows the value of the effective viscosity of mature fermented milk clots 
and their moisture-holding capacity. 

Thus, immobilization of culture allows changing texture of products - effective 

viscosity of fermented products due to the immobilized culture of S. thermophilus 
increased by (12.1-27.9) %. 

 

 

Table 3 Structural and mechanical parameters of mature clots obtained by 

immobilized and non-immobilized cultures of S. thermophilus. 

Sample Effective viscosity, mPa. s Moisture holding capacity, % 

E1 23,3 ± 1,2 72 

E2 32,4 ± 1,4 94 

E5 21,1 ± 1,2 75 
E4 24,2 ± 0,8 73 

 

The visible manifestation of thixotropy is characterized by the dependence of the 

effective viscosity on the deformation gradient with increasing shear rate and 
subsequent its reduction. 

0

2

4

6

8

10

12

0 1 2 3

L
e
v
e
l 

o
f 

b
io

m
a

ss
 l

g
 N

 [
C

F
U

 /
 g

 

Сultivation time [h] 

E1 E2 E5 E4

y = 32,752x-0,51 

R² = 0,9421 

y = 20,965x-0,71 

R² = 0,9968 

0

10

20

30

40

50

60

70

80

0 20 40 60 80 100 120 140 160

E
ff

ec
ti

v
e 

v
is

co
si

ty
 [

P
a

·s
] 

 

Shear rate, s-1 

 

E3

E4



J Microbiol Biotech Food Sci / Danylenko et al. 20xx : x (x) e3334 

 

 

  
4 

 

  

From the obtained data, curves of fluidity were constructed in the range of 
increase and decrease of the deformation rate from 0.33 to 145.80 s-1 of a clot of 

milk fermented by immobilized and non-immobilized cultures. The obtained 

graphical dependences of shear stress (τ) on the shear rate (γ) of clots are given in 
Fig. 4. 

 

 

 
Figure 4 Сurves of the fluidity of a clot of fermented milk (a) used not 

immobilized S. thermophilus culture; (b) used immobilized S. thermophilus 
culture. 

 

It is shown that the width of the "hysteresis loop" of the curves of the yield of 
fermented milk clot taken for the experiment of immobilized and non-

immobilized culture S. thermophilus is different. This is due to the fact that these 

cultures form a clot with a viscous and plastic consistency. Analysis of the 
rheological characteristics of the clots showed that the samples fermented with 

immobilized cultures have a greater ability to restore the structure and provide 

stability of the structure of fermented milk clots during storage. 

 

Table 4 Characteristics of the biotechnological properties of fermented milk 

product fermented by immobilized and non-immobilized culture S.thermophilus 

Indicator 

Іndicator value dairy products, sour 

Sourdough is not immobilized  

S. thermophilus 

Immobilized culture 

S. thermophilus 

Development in the 

presence of 30% bile 
+ + 

Development in the 
presence of 6.5% NaCl 

+ + 

Duration of fermentation 

of milk at a dosage of 1 
g/L, h 

6,5-7,0 8-9 

Maximum acidity in 

fermented milk, °T 
100 ± 5 95 ± 5 

Active acidity in 

fermented milk after 14 

days of storage, units pH 

4.3 ± 0.1 4.7 ± 0.1 

Effective viscosity of 

sour milk clot at a 
temperature of 20 °C, 

mPa. s  

23.3 ± 1.2 32.4 ± 1.4 

 

Therefore, the structural and mechanical characteristics of clots of milk 
fermented by immobilized culture were better compared to non-immobilized 

cultures. The clots were more resistant to mechanical damage and had high 

thixotropy. 

 

 

 

 

CONCLUSIONS 
 

Thus, for the creation of complex enterosorbent-probiotic preparations, it is 

possible to immobilize lacto- and bifidobacterial cells on highly dispersed silica 
in the form of SiO2 nanopowder and methyl silicic acid hydrogel.  

Photomicrographs of such drugs showed that the cells accumulate on the surface 

of nano-SiO2 aggregates and penetrate into the hydrogel structure. Survival of 
lyophilized control drugs was better than drugs immobilizated in the hydrogel 

structure. But immobilization of probiotic cultures of B. longum and St. 

thermophilus in the hydrogel provided better resistance of these cultures to the 
conditions of the gastrointestinal tract: after 3 h the number of viable cells B. 

longum decreased by 4-5 orders of magnitude, while for cells immobilized in 
methyl silicic acid hydrogel, a decrease in survival by 2-3 orders of magnitude 

was observed.  

The preparation of immobilized in hydrogel culture S. thermophilus allows 
increasing the effective viscosity with the help of fermented products by (12.1-

27.9)%. The clots were more resistant to mechanical damage and had high 

thixotropy.   
The method of immobilization provides the required level (107–108 CFU / g) of 

probiotic cultures in the product. Biotechnological parameters of fermented milk 

yoghurt based on S. thermophilus confirmed that the culture after sorption on 
Enterosgel remained quite functional, although the duration of milk fermentation 

increased by 2-2.5 hours. 
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