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Abstract 

This article presents the study of the morpho-cultural properties and biofilm formation of lactobacilli isolated from lactic 
acid products (irimchik, suzbe, cheese, ashygan kozhe) produced in different districts of the Karaganda region. The species 
of the isolated lactic acid bacillus isolates were identified by using a MALDI-TOF mass spectrometer.  
The evaluation of the resistance of the isolates to various stress factors, such as the ability to survive at low acidic pH values 
and in the presence of bile, made it possible to identify some promising isolates – Lactobacillus helveticus -13 (Lh-13) and 
Lactiplantibacillus plantarum – 5 (Lpl-5), for studying antimicrobial and biofilm-forming activity.   
The antimicrobial activity of Lh-13, Lpl-5 was closely studied. They have a certain level of antibacterial and fungicidal 
activities, which indicates their pronounced inhibition against indicator microorganisms. 
Using a laboratory robot, TecanEVolizer100 (Tecan), the optical density of Lh-13, Lpl-5 was studied in the wells of 
polystyrene plates, reflecting the intensity of biofilm formation along their surface. Using laser capture microdissection, the 
images of cell morphology in biofilm of Lh-13 isolates included in the matrix were obtained. The atomic force microscopy 
made it possible to study the two and three-dimensional morphological images of biofilm-forming isolates of Lh-13.  

Keywords: lactobacilli, mass spectrometry (MALDI-TOF MS), biofilm, laser capture microdissection, atomic force microscopy, 
antimicrobial activity.  
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1. Introduction  

The advances in the sciences of human and animal 
microbiota confirm the beneficial health effects of lactic 
acid foods and probiotics containing probiotic bacteria, 
which can adhere and colonize on the inner wall of the 
intestinal tract, form microbial communities, and regulate 
the balance of intestinal microflora, etc. (Hill et al., 2014; 
George et al., 2018; Yue et al., 2020; Bechelaghem et al., 
2022). 

There are many lactic acid products and probiotics on 
the market right now. They are used to provide alleged 
health benefits based on the probiotic properties of specific 
strains of lactic acid bacteria (Casey et al., 2004; 
Mitropoulou et al., 2013; Singh et al., 2012). The 
effectiveness of probiotic agents and functional food 
products primarily depends on the properties of the species 
of various strains of lactic acid bacteria included in their 
composition. Lactobacilli are a key component of starter 
cultures for such products (Corona-Hernandez et al., 2013; 
Taverniti et al., 2014). Lactobacilli, along with other 
members of the normal microbiota of human and animal 
mucous membranes, plays an important role in the body's 

anti-infectious defense and the formation of 
microorganism colonization resistance (Ghosh et al., 2019; 
Zeng et al., 2020). 

In the modern biomedical practice, they can be used as 
methods of personalized medicine: the probiotic culture of 
lactobacilli exhibits antimicrobial activity against the 
pathogenic flora of the patient as well as stimulates 
antagonism and is not inhibited by pathogens (Ejtahed et 
al., 2017; Torres and Tovar, 2021; Schupack et al., 2022). 

The viability and survival of lactobacilli under stressful 
conditions are the most important parameters for ensuring 
therapeutic functions. This parameter is also considered an 
important criterion for the selection of an active probiotic 
strain. In addition, the beneficial properties of lactobacilli 
are in their ability to form biofilms, which allows them to 
withstand environmental conditions, resulting in successful 
colonization and maintenance of their population (Guarner 
et al., 2005; Son et al., 2017). 

A biofilm, according to current concepts, is a 
community of microorganisms connected by the surface 
and enclosed in a matrix composed of extracellular 
polymeric substances synthesized by them, as well as 
polysaccharides and proteins. Biofilm formation by 
probiotic bacteria such as lactic acid bacteria is considered 

https://doi.org/10.54319/jjbs/160109
http://nazarbayev-univer.rocketfirm.net/


 © 2023  Jordan Journal of Biological Sciences. All rights reserved - Volume 16, Number 1 

 

64 

a beneficial property as it can promote colonization and 
longer persistence in the host mucosa avoiding 
colonization by pathogenic bacteria (Salas-Jara et al., 
2016; Tatsaporn and Kornkanok , 2020). 

The scientifically established phenomenon of the 
protective function of the lactobacilli’s biofilm is 
promising for further use in the medical, pharmaceutical, 
food and agricultural industries, which is a priority for 
Kazakhstan (Aitzhanova et al., 2020).  

In this regard, the above mentioned conditions 
prompted the search for new unique candidates for 
probiotic cultures of lactobacilli with highly active 
probiotic properties having the GRAS status (generally 
recognized as safe) (Wu et al., 2017). 

The search and study of the probiotic properties of 
domestic competitive starter cultures isolated from 
traditionally natural ethnical products, such as those 
traditionally produced, is an effective way to obtain 
genetically stable strains of probiotic cultures as a constant 
source of the strains for the needs of the country to 
improve the quality of microbiological resources in the 
national stocks. 

The present study is aimed at screening the probiotic 
properties (tolerance to acidic pH and bile) of lactic acid 
bacillus isolates isolated from national lactic acid products 
in order to assess the ability to form biofilms and to study 
the morphology of cells in biofilm using laser capture 
microdissection and atomic force microscopy. 

2. Materials and methods 

Materials. For the given study, the isolates of 
lactobacilli isolated from traditional home-made national 
lactic acid products produced in different districts of the 
Karaganda region, Kazakhstan were used  (Table 1). 
Table 1. National lactic acid products and number of samples 
from different regions.   

National 
lactic 
acid 
products 

(Number 
of 
samples) 

Regions  

Karkaraly  Zhanaarka  Aktogay  Bukhar-
Zhyrau  

Osakarov 
district 

Irimchik 2 1 3 2 - 

Suzbe  2 2 3 2 - 

Cheese - - - 3 1 

Ashygan 
kozhe 

1 - 2 - - 

Total  24 

Note: The results of the primary screening are published earlier in 
the given work: «Screening of Antimicrobial and Adhesive 
Activity of Lactobacilli Isolated from the National Food Products 
from Different Districts of the Karaganda Region (Kazakhstan)» 
Open Access Macedonian Journal of Medical Sciences. 2021 Sep 
24; 9(A):827-832. 

2.1. Isolation and identification of lactobacilli from 
dairy products 

One of each sample (irimchik, suzbe, cheese, ashygan 
kozhe) was taken aseptically and transferred to a 10 ml 
phosphate buffered saline and then vortexed. The 1 ml of 

the produced homogenate was then inoculated in a 10 ml 
MRS broth contained in screw caped tube, and incubated 
under anaerobic conditions for 24 hours at 37°C. Further 
on, the serial dilutions prepared from each obtained culture 
were spread over the MRS (deMan, Rogosa, Sharpe) agar-
1 plates and incubated anaerobically for 48 hours at 37° C 
(Lin et al., 2006; Mulaw et al., 2019). After incubation, the 
isolated colonies underwent both the Gram stain and 
catalase test. Only rod-shaped, gram-positive, catalase-
negative isolates were selected for the tests. The individual 
colonies were subcultured in the MRS broth for 48 hours 
at 37°C, and the control smears were taken. The selected 
strains were stored in the MRS broth containing 20% 
glycerol at -22°C for further analysis. The isolates were 
activated in the MRS broth prior to each analysis (Wang et 
al., 2016).  

The pure cultures of lactobacilli were identified using 
MALDI-TOF MS (Matrix Supported Laser Desorption / 
Ionization Flight Time Mass Spectrometry, Bruker, 
Germany). The bacterial spectra were matched against the 
MALDI-TOF MS biotype reference library (Alatoom et 
al., 2011; Schulthess et al., 2014).  

2.2. Tolerance to acidic pH and bile  

The acid resistance of the bacterial isolate was 
observed by incubating lactobacilli at pH3 in the MRS 
broth. 9 ml of the acidified MRS broth (adjusted to pH3 by 
5N HCl) and 1 ml of the MRS broth containing 109 
CFU/ml of the test isolate of lactobacilli were added to 
each tube. The tubes with the suspension were further 
incubated at 37°C for 24 hours under anaerobic conditions. 
The growth of the isolates was monitored for 0h, 3h and 6h 
by measuring the absorbance of the culture broth at 492 
nm using a spectrophotometer. The growth of lactobacilli 
in the MRS broth without HCl was used as a control (Kim 
et al., 2019). The experiment was repeated three times. 

The isolated isolates were tested for bile tolerance. To 
study the tolerance of lactic acid bacillus isolates to bile, a 
medicinal bile preparation containing natural gallbladder 
bile of cattle was used. Bile medicine tolerance of the 
isolated bacteria was examined by inoculating the freshly 
cultured isolates at 107 CFU / ml into the MRS broth 
containing bile medicine at different concentrations (0.3%; 
0.5%; 1%). The medium was then incubated at 37°C in 
anaerobic conditions. The growth of the isolates was 
monitored at 0h and 3h by measuring the absorbance of the 
culture broth at 492 nm using a spectrophotometer. The 
growth of lactobacilli in the MRS broth without bile was 
used as a control (Tambekar and Bhutada, 2010). The 
experiment was repeated three times. 

2.3. Antimicrobial properties isolates against indicator 
microorganisms  

The study of the bactericidal and antifungal activity of 
antagonist strains in relation to test strains to opportunistic 
microorganisms of different groups was determined by the 
deferred-antagonism method (Bohora et al., 2019).   

The antimicrobial activity of the isolated lactic acid 
bacillus isolates was assessed using indicator 
microorganisms: Staphylococcus aureus NCTC 12973, 
Escherichia coli NCTC 12923, Salmonella typhimurium 
NCTC 12023  and Candida albicans NCPF 3179 (test 
strains from the Laboratory of Human Microbiome and 
Longevity “National Laboratory Astana”, Nazarbayev 
University (Nur-Sultan, Kazakhstan). The antimicrobial 
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activity was assessed by the zone of no growth of test 
strains around the colony of the tested isolate of 
lactobacilli; the studies were repeated three times with the 
results expressed as an arithmetic mean. 

2.4. Study of biofilm formation of strains 

The ability of each individual strain to form a biofilm 
was assessed using the O’Toole method (O’Toole, 2010).  
The biofilm - synthesizing ability of Lh-13, Lpl-5 was 
determined by a 96-well polystyrene plate (flat-bottomed, 
transparent, sterile, U-shaped bottom) for enzyme 
immunoassay. The sterile plastic plates were used. The 
150 μl of the MRS broth and the prepared bacterial culture 
of lactobacilli were added to each well. The initial optical 
density of bacterial cultures in the medium was 0.1 unit 
(OD (490nm) = 0.1). At the same time, each strain was 
introduced into 4 wells, 50 μl each. The 50 μl of the MRS 
broth was used for further control.  It was incubated for 48 
hours at 37°C under anaerobic conditions. To assess the 
state of biofilms, the contents of the wells were removed 
by phosphate buffer pH = 7.2 three times, and dried in a 
thermostat at 60°C for 60 minutes. Further on, it was 
stained with a solution of gentian violet (2% crystal violet) 
in the volume = 150 μl for 15 minutes at room 
temperature. Afterwards, the dye solution was sucked out, 
washed off under a stream of distilled water, shake out and 
dried in the air at room temperature. The dye was eluted 
with 95% ethyl alcohol (150 μl per well). The plate was 
covered with a lid, left for 30 minutes and measured by a 
TecanEVolizer100 laboratory robot (Tecan) at a 
wavelength of 490 nm.  

The results were interpreted in accordance with the 
optical density of the colored solvent. The efficiency of 
biofilm formation was assessed by the method (Stepanović 
et al., 2007). The biofilm biomass formation: ODc≤ ~ ≤ 
2*Odc – no/weak; 2*ODc <~ ≤ 4*Odc – moderate; > 
4*Odc – dense. The experiment was repeated three times. 

2.5. Study of biofilm formation by a laser capture 
microdissection 

To visually assess the ability of Lh-13 to form biofilms 
on the surface of the slide, the sterile Petri dishes with a 
diameter of 100 mm were used. A sterile glass slide was 
placed in the dish (Lenz et al., 2008), a bacterial 
suspension with a density of 1.0 McF and a volume of 1 
ml was applied to a sterile glass slide and placed in a 
thermostat at 37°C and kept for 4 hours for the cells to 
bind, then 5 ml MRS broth was added after 4 hours and 
incubated at 37°C for 24h and 48h respectively. 

In 24 hours and 48 hours after incubation, the culture 
medium was carefully removed with a dispenser, the glass 
surface was washed three times with 1.15 M phosphate 
buffer, fixed with 96°alcohol, dried, stained with gentian 
violet solution (2% crystal violet) (Azeredo et al., 2017) 
for 2 minutes at room temperature, after which washed 
with a phosphate buffer. After staining, the samples were 
covered with coverslips and embedded in the vitrogel 
mounting medium (12–005, Biovitrum). Further on, the 
samples were microscoped by laser capture 
microdissection ArcturusXT ™ LaserCapture 
Microdissection (LCM) in the Differential Interference 
Contrast mode.  

The laser capture microdissection studies were carried 
out in the shared laboratory of the NCJSC Medical 
University of Karaganda. After obtaining the images of the 
cell surface, the data was processed using Arcturus XT 
software. 

2.6. Study of biofilm formation by an atomic force 
microscope (AFM) 

A microscope slide was used as a support. The Lh-13 
isolate was cultivated on a glass slide according to the 
above-mentioned method, the material was fixed using a 
2.5% glutaraldehyde solution (Chao et al., 2011) with an 
exposure for 2 hours at a temperature of 4°C, after which 
the prepared agent was thoroughly washed with bi-distilled 
water and dried in the air at room temperature. The biofilm 
formation ability of Lh-13 isolate isolated from lactic acid 
products of the Karaganda region was assessed using the 
method of atomic force microscopy in a semi-contact 
mode. The advantage of the semi-contact scanning method 
is that a cantilever does not touch its surface for the most 
of the oscillation period and, therefore, does not damage 
the object under study. 

The atomic force microscope was used to carry out the 
research in the laboratory of solid-state Physics of the 
Astana branch of the Institute of Nuclear Physics. The 
AFM samples were measured using an AIST-NT 
SmartSPM microscope in a semi-contact mode with an 
amplitude of 50 nm. The high-resolution silicon AFM 
cantilevers of the NSG10 series with a resonance 
frequency of about 210 kHz were used as a probe. After 
obtaining images of the cell surface, the data was 
processed using the IAPro 3.2.2 software. 

2.7.  Statistical analysis   

The obtained results are presented as mean ± standard 
error, obtained as a result of three-fold repetition of the 
experiment (Statistica 8.0 software was used) (Kabanikhin 
et al., 2021).  

3. Results 

3.1. Isolation of lactobacilli and identification 

Thirteen isolates of lactobacilli were isolated from 24 
samples of irimchik, suzbe, cheese, ashygan kozhe 
produced by the traditional home-made method from 
different districts of the Karaganda region (Kazakhstan).  
All 13 isolated isolates are gram-positive with the cells 
located: singly, in pairs, chain-shaped. The isolates are 
immobile and catalase-negative. They do not form spores 
(lactobacilli do not have catalase thus, no gas formation in 
the sample with hydrogen peroxide was observed). On the 
MRS agar-1, the colonies are small, white, round, not 
pigmented, with the smooth edges, 1-3 mm in diameter, 
grow well at 37°C for 48 hours under anaerobic 
conditions. The figure illustrates the morphological 
(Figure 1 a, b, c, d) and cultural (Figure 1. e, f, g, h) 
characteristics of some isolated lactobaccili isolates.   

As a result of the identification of isolates on the mass 
spectrometer, the following isolates were detected:  
Lactobacillus helveticus (6 strains), Lacticaseibacillus 
rhamnosus (2 strains), Lactiplantibacillus plantarum (1 
strains), Lacticaseibacillus paracasei (3 strains), 
Limosilactobacillus fermentum (1 strains).  
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Figure 1. Morphological (100x objective) and cultural properties of the isolated lactobacilli: a-е) Lpc-5/1; b-f) Lpl-5; c-g) Lh-13; d-h) Lrh-
24.

3.2. Tolerance to low acidic pH and bile salts  

All thirteen lactobacilli isolates were tested for acidic 
pH resistance. As a result of the experiment, not all strains 
were resistant to acidic pH. The results demonstrated that  
9 of 13 lactic acid bacillus isolates showed resistance to 
pH 3 for 0h, 3h and 6h despite differences in viability 
(growth with marked turbidity of the broth).  

The isolates of Lactobacillus helveticus-13 (Lh-13), 
Limosilactobacillus fermentum-18 (Lf-18), 
Lacticaseibacillus rhamnosus-24 (Lrh-24), 
Lacticaseibacillus paracasei -5/1 (Lpc-5/1), 
Lactiplantibacillus plantarum -5 (Lpl-5) were found to be 
more resistant to acid stress. However, the isolates 
Lactobacillus helveticus-14 (Lh-14), Lactobacillus 
helveticus -22 (Lh-22), Lacticaseibacillus paracasei -12 
(Lpc-12), Lacticaseibacillus paracasei – 44 (Lpc-44) did 
not tolerate low pH, yet some growth of isolates was 
observed (Figure 2).   

The results of experimental studies have shown that the 
degree of resistance to acidic pH does not depend on the 
species; they differ among strains of the same species. 
These results are consistent with those obtained in the 
previous similar in vitro studies. The previous studies 
showed the ability of strains of lactobacilli to maintain 
their viability when exposed to the pH values of 3 (Mishra 
and Prasad , 2005; Guo et al., 2010; Grosu-Tudor et al., 
2012; Menconi et al., 2014).   

 
Figure 2. Acid resistance of lactobacilli isolates (mean±SD, three 
replicates). 

 

The survival of 5 isolates of lactobacilli in the MRS 
broth containing 0.3, 0.5, 1% bovine bile was studied after 
incubation for 3 hours, and the results of optical density 
(OD) varied. According to the results (refer to Figure 3), 
lactic acid bacillus isolates retained their viability after 
exposure to 0.3-0.5% bovine bile for 3 hours (which 
reflects the time spent in the small intestine). The isolates 
of Lh-13, Lpl-5 showed maximum growth at 0.3-0.5% 
bovine bile concentration compared to Lf-18, Lrh-24, Lpc-
5/1 (despite their acid resistance).  

 
Figure 3. Survival of selected Lh-13, Lf-18, Lrh-24, Lpc-5/1, Lpl-
5 isolates in the MRS broth supplemented with  0.3%, 0.5%, 1.0%  
bovine bile (mean±SD, three replicates). 

One could observe stable growth in Lh-13, Lpl-5 at 1% 
bovine bile concentration, and optical density (OD) varied 
slightly. Despite the observed properties, such as acid 
resistance, the growth rate of the isolates of Lf-18, Lrh-24, 
Lpc-5/1 decreased with an increase in the concentration of 
1% bovine bile.  

As a result of screening, Lh-13, Lpl-5 have shown 
resistance to bovine bile and have been further tested for 
probiotic properties in vitro.   

3.3. Detection of antibacterial activity of the isolates 

The isolates of Lh-13, Lpl-5 were tested for 
antimicrobial activity against gram-positive, gram-
negative and yeast indicator microorganisms. The carried-
out studies made it possible to establish that the Lh-13, 
Lpl-5 showed antibacterial activity against indicator 
microorganisms, but the zone of inhibition of the test 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/broths
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strains varied. The antifungal activity was found in 
only one Lh-13 isolate (Table 2).   
Table 2. Antibacterial and antifungal activity of Lh-13, Lpl-5 
isolates   

Isolated 
Lactobacilli 
isolates 
(symbols) 

S. 
aureus 
NCTC 
12973 

E. coli   

NCTC  

12923 

S. 
typhimurium 

NCTC  

12023 

C. 
albicans 

 NCPF  

3179 

Zone of inhibition (diameter in mm) 

Lh-13 13.0±1.0 17.0±2.0 15.0±2.0 8.0±2.6 

Lpl-5 14.0±3.0 15.0±2.0 16.0±1.0 0±0 

Note: the diameters of inhibition zones (in mm) are presented as 
mean + SD, the research is repeated three times. 

 Thus, Lh-13 possesses a certain level of antibacterial 
and fungicidal activity, which indicates their pronounced 
antimicrobial properties in relation to some opportunistic 
test strains. 

3.4. Study of biofilm formation of isolated isolates 

According to the study, the tested Lh-13, Lpl-5 after 48 
hours of incubation at 37°C in the standard MRS broth 
medium used to form biofilms on lactic acid bacteria on 
plastic plates varied in optical density (Figure 4). 

 

 
Figure 4.  Assessment of the optical density of biofilm on plastic 
plates: Average optical density of the dye in the wells of 
polystyrene plates, reflecting the intensity of biofilm formation on 
their surface, by Lh-13, Lpl-5  strains isolated from the national 
lactic acid products of the Karaganda region (mean±SD, three 
replicates).  

According to the studied parameters, the intensity of 
biofilm formation shown by the Lpl-5  (OD490nm-2.686) 
expressed moderate intensity, and the one shown by the 
Lh-13 strain expressed high intensity.  

Microscopy is the simplest and fastest method to 
observe morphology of microorganisms attached to a 
surface. This observation allows researchers to compare 
the morphology of bacteria in a biofilm. In this regard, 
indicators reflecting the high intensity of Lh-13 (OD490nm-
4.672) biofilm formation strains were studied by using a 
laser capture microdissection and an atomic force 
microscope.  

3.5. Microscopy of the morphology of lactobacilli cells 
in biofilm using a laser capture microdissection 

As a result of the study, in the morphology of the cells 
in the biofilm of the Lh-13 by a laser capture 
microdissection in the DIC mode after 24 hours of 
incubation, one can observe some adhesion of single rod-

shaped bacteria (Figure 5a). The bacteria adhere to a glass 
slide the most intensively with further compact 
microcolonies formed as they are united by an 
extracellular polymer matrix-mucus. Microcolonies 
gradually increase in size. 

After 48 hours, homogeneous (rod-shaped) microbial 
communities were observed in the preparation; the 
structure on the outside is presented in the form of a 
protective film that unites all cells into a single system 
(Figure 5b). The increased thickness of the biofilm formed 
its specific structures, namely depressions and voids 
between them.   

 
Figure 5. Cell morphology of Lh-13 isolate in the biofilm (a) Lh-
13 after 24-hour incubation, (b) Lh-13 after 48-hour incubation, a 
laser capture microdissection microscopy, homogeneous (rod-
shaped) microbial communities, 60x objective. 

Thus, using the resources of the laser capture 
microdissection allowed viewing the images of 
microcolony morphology and macro-colony of Lh-13 
isolate. 

3.6. Study of the morphology of lactobacillus cells in the 
biofilm using an atomic force microscopy (AFM) 

The AFM images obtained by scanning in the semi-
contact mode made it possible to establish the morphology 
of cells in the biofilm. The advantage of the semi-contact 
scanning method of the sample is that a cantilever does not 
touch its surface for most of the oscillation period and, 
therefore, does not damage the object under study.  

As a result of the study, one could observe adhesion to 
the surface of the glass slide and the distribution of the cell 
mass of the L. hel-13 isolate after 24 hours. The bacterial 
cells are rod-shaped, homogeneously accumulated with 
sharp dips, which refer to depressions and voids between 
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them (Figure 6a).  After 48 hours of incubation, one could 
observe some dense accumulations of rod-shaped biomass 
of Lh-13 cells linked to each other. The architectonics of 
the adhered cells of the Lh-13 isolate is supported by an 
exopolysaccharide matrix of microcolonies accompanied 
by the formation of clusters with the round channels 
around them. The microcolonies got increased largely 
(Figure 6c). 

AFM provides 3D imaging of surface ultrastructures 
with molecular resolution in real time and under 
physiological conditions. Using the AFM resources, it was 
possible to get a clearer visualization to present the sample 

in a 3D image (Figure 6 b, d). The biofilm surface is not 
smooth, having numerous irregularities; Lh-13  isolate is 
located in space randomly, but uniformly. 

With the help of AFM, a biofilm surface roughness 
profile is constructed (Figure 6 e-j). The biofilm surface 
roughness is a set of surface irregularities. The roughness 
parameters were determined from the obtained images of 
surfaces with a microscopic field size of 20 × 20 μm. The 
differences in the roughness of the biofilm surface in their 
linear dimensions are associated with the relative position 
of the cells of the Lh-13 isolate and matrix. 

Figure 6. Cell morphology of Lh-13 isolate in the biofilm, atomic force microscopy: a-b) 2D and 3D images of Lh-13 after 24 hours of 
incubation; c-d) 2D and 3D images of Lh-13 -13 after 48 hours of incubation; e-j) biofilm surface roughness profile. The biofilm surface 
roughness profile was measured by plotting the surface profile along the line: (e, h) directed along the maximum cell length; (f, i) where the 
long biomass of the cell accumulation of Lh-13 is formed; (g, j) where a large number of the Lh-13 aggregates (dense layers) is attached.

Thus, the study of the biofilm by an atomic force 
microscopy made it possible to study the morphology of 
the biofilm-forming strain in 2D and 3D projections, 
displaying the relief and topographic image of the biofilm 
of the Lh-13 isolate. 

4. Discussion  

The isolates isolated by morpho-cultural characters and 
identification (Zheng et al., 2020) by MALDI-TOF MS 
indicate that they refer to: Lactobacillus helveticus (6 
strains), Lacticaseibacillus rhamnosus (2 strains), 
Lactiplantibacillus plantarum (1 strain), 

Lacticaseibacillus paracasei (3 strains), 
Limosilactobacillus fermentum (1 strain).  

The mimicking conditions of the gastrointestinal tract 
made it possible to identify promising isolates of Lh-13, 
Lpl-5 to study antimicrobial and biofilm-forming activity. 
The study of antimicrobial activity under conditions of 
intermicrobial relations enabled to witness the 
antimicrobial activity of Lh-13 as the result the production 
of antimicrobial substances.  

A detailed screening of Lh-13 and Lpl-5 isolates was 
carried out by the TecanEVolizer100 (Tecan) operating 
system. During such screening, Lh-13 showed a high level 
of density (OD490nm-4.672) during biofilm formation in the 
wells of polystyrene plates.  
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There is a large number of methods for visualizing the 
image of the obtained biofilms and studying their 
properties: from measuring the optical density to various 
options for light and electron microscopy (Relucenti et al., 
2021). Thanks to the use of lasers, highly sensitive light 
detectors, digital photography and computer technology, 
the methods of studying the cell’s morphology and biofilm 
formation of bacteria have been transformed to provide 
objective studies in microscopy. A special role in forming 
this methodology was played by computer methods for 
processing and analyzing digital images. They made it 
possible not only to simplify, accelerate and automate 
many of the existing microscopy methods, but also 
ensured the acquisition of previously inaccessible images 
(Chang et al., 2012; Babu and Singh, 2014). 

The specialized microscopy bank made it possible to 
visualize the image and compare two methods: a laser 
capture microdissection and an atomic force microscopy, 
using the example of Lh-13. Both methods recorded the 
homogeneity of morphological properties with equal 
efficiency. The laser capture microdissection showed that 
Lh-13 cells were rod-shaped, and the bacterial cells were 
in the extracellular matrix in the form of a homogeneous 
massive accumulation. Working in the mode of the 
investigated method, a distinctive feature is the use of 
gentian violet staining performed according to the above-
mentioned technique, which gives a volumetric image, 
focusing on the clear lines and boundaries of the 
accumulation of microorganisms as the enveloping effect 
of biofilm.  

The atomic force microscopy allows studying 
biological objects and processes without using complex 
fixation methods as well as obtaining images of bacterial 
cells with high resolution (Alsteens, 2012). By using an 
atomic force microscope, the two and three-dimensional 
morphological relief images were accurately studied, with 
an indication of the profile of surface roughness, a 
homogeneous massive accumulation is visually observed, 
reflecting the active biofilm formation of lactobacilli, 
100% preserving the true topography. 

The microscopic methods used, namely a laser capture 
microdissection and an atomic force microscopy, 
complement each other in the visualization of the 
experiment. 

The expediency of using microscopic research methods 
is based on the fact that only visual control is able to assess 
the morphological state of both the strains of lactobacilli 
themselves and the matrix of biofilms. 

The results of our own research and literature reviews 
(Flemming and Wingender, 2010; Gavrilova et al., 2019) 
allow stating that the biofilm of lactobacilli is a 
community of cells attached to the surface and united by 
the extracellular matrix. In addition to adhesins, mucoid 
capsules and surface polysaccharides of bacterial cell walls 
can stimulate the formation of biofilms on the surface of 
solid substrates. After colonization, bacteria begin to 
actively secrete exopolysaccharides, which ensure the 
formation of a biofilm while filling the intercellular space 
(Spangler et al., 2019; Barzegari et al., 2020). In this case, 
communicative connections are regulated by means of 
special substances released into the environment, namely 
autoregulators with an established chemical structure. It is 
known that microbial cells in biofilms produce 
exopolysaccharides, mainly composed of polysaccharides, 

proteins and nucleic acids, which form a protective gel-
like matrix around the cells (Aoudia et al., 2016). 
According to the literature, the L. helveticus strain has a 
probiotic ability, in particular antimicrobial activity, and is 
able to produce mucus-binding proteins and proteins of the 
surface layer, having the properties of EPS formation and 
cell aggregation, proteolytic activity and bacteriocin 
production (Li et al., 2015; Gómez et al., 2016; Fontana et 
al., 2019).  

It is experimentally confirmed that Lh-13 isolate can 
form biofilms in vitro on the surface of the glass slide, 
indicating their ability to colonize, having tolerance to 
acidic pH and bovine bile, and antimicrobial activity. 

The given study has several limitations. When studying 
the cell morphology of Lh-13 isolate in biofilm using the 
atomic force microscopy (AFM), an integrated approach 
was not taken into consideration. This approach includes 
three methods: semi-contact, mismatch, phase imaging, 
morphometric parameters of the cell (height, width, length, 
diameter), adhesive properties of the substrate, bacteria, 
biofilm (determination of adhesion forces between biofilm 
and substrate, as well as adhesion strength). These studies 
are in perspective. 

We were able to visualize biofilms on a substrate (a 
microscope slide) using atomic force microscopy; due to 
the uniqueness of the biofilm creation approach; the image 
was augmented by a laser microdissection method. 
Because there was no scanning microscope in the lab, a 
stained image of the morphology and topography of the 
Lh-13 cells in both singular and biofilm form was 
obtained. 

This investigation enabled the selection of a 
biologically active (biofilm-forming) Lh-13 isolate with 
antibacterial capabilities as a probiotic candidate; 
nevertheless, further studies of this isolate's probiotic 
properties are required. 

5. Conclusions 

The work's results established the groundwork for 
further study on the probiotic characteristics of isolate Lh-
13. More research is needed to establish how biofilms and 
their active chemicals suppress foodborne pathogens, 
adhesive activity, antibiotic resistance, and so on. 

These physiologically active strains of Lh-13 will 
hopefully be used in vivo as probiotics for the nutritional 
needs of both people and animals in the near future. 
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