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Abstract
The presence of microbial biofilms on the surfaces of medical instruments, operating equipment, prostheses, catheters, technological lines in 
the food industry is a fact that contributes to the infection of the macroorganism and contamination of raw materials and products. The aim of 
the work was to investigate the eff ect of disinfecting substances Vantocilu TG and Catamine AB and their combination with enzymes on bacteria 
in biofilms. In the experiments, we used disinfecting substances Vantocil TG (Arch Biocides LTD, Great Britain) and Catamine AB (Intersintez, 
Ukraine). Enzymes: Everlase 16 L and Termamyl 300 L (Novozymes, Denmark). It was found that bacteria in biofilms withstood the minimum 
bactericidal concentration of Vantocil and Catamine, which was set on their planktonic forms. From one mL of wash from the biofilm after 
exposure to Vantocil were isolated from 1.9×103 to 4.3×103 microbial cells, and after treatment with Catamine from 5.6×103 to 1.7×104. At the 
same time, after treatment of biofilms with Vantocil and Catamine together with enzymes, a decrease in the number of Staphylococcus aureus, 
Escherichia coli and Pseudomonas aeruginosa cells was observed, on average by two orders up to 101 CFU/mL, compared with treatment with 
biocides only. That is, there is a clear synergy of enzymes and biocides, which ultimately has a more detrimental eff ect on bacteria in biofilms.
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Dezenfektan Biyositler ve Proteaz ve Amilaz Enzimlerinin 
Biyofilmlerdeki Bakteriler Üzerine Aktivitesi

Öz
Gıda endüstrisinde tıbbi cihazların, ameliyat ekipmanlarının, protezlerin, kateterlerin, teknolojik alanların yüzeylerinde mikrobiyal biyofilmlerin 
varlığı, makroorganizma enfeksiyonlarına ve hammadde ve ürünlerin kontaminasyonuna katkıda bulunan bir gerçektir. Bu çalışmanın amacı, 
dezenfektan maddeler Vantocilu TG ve Catamine AB’nin ve bunların enzimlerle kombinasyonlarının biyofilmlerdeki bakteriler üzerine etkisini 
araştırmaktır. Deneylerde, Vantocil TG (Arch Biocides LTD, İngiltere) ve Catamine AB (Intersintez, Ukrayna) dezenfektan maddeleri ile Everlase 
16 L ve Termamyl 300 L (Novozymes, Danimarka) enzimlerini kullandık. Biyofilmlerdeki bakterilerin, planktonik formlarına karşı uygulanan 
Vantocil ve Catamine’nin minimum bakterisidal konsantrasyonlarına dayanıklılık gösterdiği saptandı. Vantocil ile sağaltımdan sonra bir mL 
biyofilm yıkantısından 1.9x103 ile 4.3x103 arası mikroorganizma ve Catamin ile sağaltımdan sonra 5.6x103 ile 1.7x104 arası mikroorganizma izole 
edildi. Aynı zamanda, biyofilmlerin enzimlerle birlikte Vantocil ve Catamine ile sağaltımından sonra, Staphylococcus aureus, Escherichia coli ve
Pseudomonas aeruginosa bakteri sayılarında sadece biyositlerin kullanıldığı sağaltım ile kıyaslandığında ortalama olarak 101 CFU/mL’ye kadar iki 
kat bir azalma gözlendi. Sonuçta, biyofilmlerdeki bakteriler üzerine daha hasar verici bir etkiye sahip açık bir enzim ve biyosit sinerjisi mevcuttu.

Anahtar sözcükler: Vantocil TG, Catamine AB, Enzimler, Biyofilm degradasyonu
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IntroductIon 

Disinfection, as a component of all hygienic measures, in 
medical, veterinary and food industries is aimed at the 
destruction of opportunistic and infectious pathogen 
microorganisms to prevent infection of humans, animals 
and to produce safe food. Therefore, the pharmaceutical 
industry is constantly working to create ideal disinfectants 
that have a wide range of antimicrobial action in minimal 
concentrations, and not cause resistance in bacteria, are 
non-toxic, non-corrosive, non-allergenic, cheap, etc. [1-4]. 
However, despite the large number of disinfectants on the 
market, an ideal drug does not exist, as microorganisms 
adapt quite quickly to new antibacterial substances [5-7]. 

Bacterial resistance to biocides may be associated with 
their presence in the biofilm [8-16]. The modern generalized 
term “biofilm” is used to define the set of bacteria and 
products of their metabolism at the interface between  
solid and liquid phases attached to the surface in an  
aqueous or water-saturated medium [14,17]. Today, most 
scientists recognize that a significant number of micro-
organisms in natural and artificial environments exist in 
the form of structured, attached to the surface formations-
biofilms [18-20]. Bacteria in the biofilm are surrounded by 
their own producing matrix (EPS), which consists of poly-
saccharides, proteins, uranium acid and humic sub- 
stances [21-23]. It is due to the matrix, which acts as a barrier 
that protects bacterial cells inside, many antimicrobial 
agents cannot penetrate the biofilm [18,24,25]. 

The presence of bacteria in the biofilm creates serious 
problems with infection of various surfaces in human and 
veterinary medicine and the food industry [26,27]. Bacteria 
in biofilms are much more difficult to destroy with 
antimicrobial drugs, which can potentially lead to the 
accumulation and spread of dangerous pathogens. 
It is reported that the concentration of biocide, which is 
necessary to kill microbial cells in the biofilm, should be 
several times higher than the working for this agent [5,28,29]. 
Therefore, efforts are constantly being made to improve 
the performance of existing disinfectants or to develop 
new ones to affect microorganisms in the biofilm state. 

Studies found that disinfection with chlorine dioxide 
and chlorine-containing agents reduced the number of 
planktonic bacteria in a good way, but had little effect on 
the content of bacteria in biofilms [18,30]. Perumal et al.[31] 
found that disinfectants based on hydrogen peroxide in 
working concentrations did not affect clinical isolates of 
Acinetobacter spp., Klebsiella pneumoniae and Pseudomonas 
aeruginosa, which were in biofilms and were isolated in 
medical institutions. However, planktonic forms of these 
bacteria were sensitive to these biocides. The authors 
argue the need to test the effectiveness of disinfectants 
on biofilm bacteria, rather than planktonic, as this poses 
a threat for the use of such agents to control the spread 
of these pathogens. 

Therefore, given the role of the matrix in protecting 
microbial cells from the action of biocides, researchers 
are looking for different methods for its destruction [32,33]. 
One such method is the use of enzymes to destroy the 
extracellular matrix of the biofilm. Studies have shown 
that enzymes have been significantly effective in reducing 
the density of P. aeruginosa biofilm and its degradation 
from various surfaces [8,34]. In particular, there were used 
synthetic polysaccharides to destroy the matrix of biofilms 
formed by pseudomonads [34-37], used microbial amylase 
and proteases for destruction of biofilms of gram-positive 
and gram-negative bacteria. However, researchers are 
inclined to the opinion that due to the heterogenicity of 
the composition of the biofilm matrix, the use of mono-
enzymes has a limiting potential. 

Therefore, for the effective use of enzyme agents in practice, 
it is necessary to comprehensively study the process of 
growth and development of biofilm in a particular object 
with knowledge of the approximate composition of 
possible microflora. In addition, it is advisable to combine 
different classes of enzymes with biocidal substances for 
better contact of the latter with bacterial cells. Therefore, 
the use of enzymes in combination with antibacterial 
substances to degrade the biofilm and reduce the content 
of microorganisms is promising and important in many 
sectors of the economy. The purpose of the study was 
to investigate the effect of disinfectants Vantocil TG and 
Catamine AB and their combination with enzymes on 
bacteria in biofilms.

MaterIal and Methods 
The study contained disinfectants Vantocil TG-20%-an 
aqueous solution of polyhexamethylenebiguanidine hydro- 
chloride (Arch Biocides LTD, UK) and Catamine AB - a solution 
containing 49-51% of alkyldimethylbenzylammonium 
chloride (Intersynthesis, Ukraine), proteolytic enzyme-
Everlase 16 L and amylolytic enzyme-Termamyl 300 L 
(Novozymes, Denmark), strains of test cultures of Escherichia 
coli (055K59 No.3912/41), Staphylococcus aureus (ATCC 
25923) and P. aeruginosa (27/99). Stainless steel plates of 
the AISI 321 brand in the size of 30×30 mm for cultivation 
of biofilms.

The minimum bactericidal concentration of disinfectants 
was determined by the standard suspension method [3].

The density of microbial biofilms and the effect of 
disinfectants and enzymes on them were determined 
according to the guidelines [16]. Briefly: Biofilms of bacterial 
test cultures were grown on sterile stainless-steel plates 
in petri dishes for 24 h in plain broth with 1% glucose 
concentration. The plates with biofilms were then washed 
three times with sterile phosphate buffer to remove 
planktonic cells and the plates were dried. Disinfectants  
or enzymes were added to petri dishes with plates and 
kept for 15 min. The plates were removed, washed with 
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phosphate buffer and the biofilms were fixed with 96° 
ethyl alcohol for 10 min. Then the biofilms were stained 
with a solution of crystalline violet for 10 min. After that, 
the plates with biofilms were washed three times with 
phosphate buffer to remove paint residues. Then 5.0 
cm3 of 96º ethyl alcohol was added to a petri dish with 
a plate and left for 20-30 min, shaking periodically. The 
optical density of the alcohol solution was measured 
spectrophotometrically at a wavelength of 570 nm. At  
the optical density of the washing solution up to 0.5 units, 
the density of the formed biofilm was considered low, 
from 0.5 to 1.0 units -average and at a density of solution 
more than 1.0 units the density of the formed biofilm was 
considered high [19].

To determine the number of bacteria in the biofilm after 
exposure to biocides and enzymes, washes were removed 
from the plates using a sterile swab. Ten-fold dilutions of 
the wash were then prepared and 1.0 cm3 of each dilution 
was sown in petri dishes, plated with plain broth and 
incubated at 37°C for 24-48 h. Before use, the enzymes 
were dissolved in 0.1 M phosphate buffer, pH 8.3.

Statistical Analysis 

Statistical processing of the results was carried out using 
methods of variation statistics using the program Statistica 
9.0 (StatSoft Inc., USA). Non-parametric methods of research 
were used (Wilcoxon-Mann-Whitney test). The arithmetic 
mean (x) and the standard error of the mean (SE) were 
determined. The difference between the comparable values 
was considered to be significant for P<0.05. 

results 

At the first stage of the study, we determined the 
minimum bactericidal concentration of Vantocil TG and 
Catamine AB in the suspension method on planktonic 
forms of bacteria during 15 min of action at a solution 
temperature of 20±1°C. It was found (Table 1) that Vantocil 
TG showed a better antimicrobial effect on gram-negative 
bacteria (E. coli and P. aeruginosa), compared with gram-
positive bacteria (S. aureus). In particular, the minimum 
bactericidal concentration of Vantocil against S. aureus was 
4.5 times higher, compared with test cultures of E. coli and 
P. aeruginosa.

At the same time, Catamine AB had a better effect on gram-
positive microflora than on gram-negative. The minimum 
bactericidal concentration of Catamine relative to test 
cultures of S. aureus was 2.0 times lower compared to the 
cultures of E. coli and 4.0 times compared to P. aeruginosa.

It was also found that Vantocil TG acts bactericidal in much 
lower concentrations compared to Catamine. In particular, 
the minimum bactericidal concentration of Vantocil relative 
to test cultures of S. aureus was 6.9 times lower than that 
of Catamine. To inhibit E. coli and P. aeruginosa cells, the 

minimum bactericidal concentration of Vantocil was 62 
and 125 times lower, respectively, than the concentration 
of Catamine.

It is believed that the planktonic state of bacteria is intended 
for the colonization of other surfaces or substrates, and 
microorganisms are mainly in the biofilm state in the 
synthesized matrix, which performs a protective function. 
In fact, the presence of bacteria in the peptide glycolytic 
matrix of the biofilm and in the depressions of the surface 
roughness prevents the penetration of disinfectants into 
the cells [16,18]. Therefore, for effective antimicrobial action 
of biocides, it is necessary to destroy the bacterial biofilm 
and ensure maximum contact of the microbial cell with 
the disinfectant [25]. Given this phenomenon, the next step 
in our work was to investigate the effect of disinfectants 
Vantocil TG and Catamine AB in combination with enzymes 
on bacteria in biofilms. Vantocil TG and Catamine AB were 
used in concentrations that provided a bactericidal effect 
on planktonic bacteria (Table 1). Enzymes were used at a 
concentration that provided maximum proteolytic and 
amylolytic activity at a temperature of +20±1°C for 15 min 
of exposure.

The results of studies of the effect of Vantocil TG and 
enzymes on biofilms formed by S. аureus are shown in Fig. 1. 

It was found that under the action of Vantocil the matrix 
of the S. aureus biofilm was destroyed, which is indicated 
by a 1.5-fold decrease (P<0.05) in the optical density of 
the biofilm washing solutions. However, the biofilm was 
still of high density - more than 1.0 unit. Treatment of the 
biofilm with the proteolytic enzyme Everlase 16 L more 
intensively destroyed the matrix compared to Vantocil, as 
the density decreased by 2.4 times (P<0.05), i.e. to medium 
density. This indicates the presence in the matrix of the 
biofilm of a significant number of peptide components. 
The effect on biofilms with amylase Termamyl 300 L also 
significantly destroyed the matrix, its density decreased by 
2.1 times (P<0.05) relative to the average density. However, 
the degradation of the biofilm under the influence of 
Vantocil in combination with the enzymes Everlase 16 L 
and Termamyl 300 L was the most intensive - the optical 
density of the washing solutions decreased 4.1 times 
(P<0.05) and the biofilm was considered of low density 
(less than 0.5 units).

Table 1. Minimum bactericidal concentration of Vantocil TG and Catamine 
AB on test cultures of S. aureus, E. coli, P. aeruginosa at an exposure of 15 
min and a solution temperature of 20±1°C 

Test Cultures
Concentration of Solutions, %

Vantocil TG Catamine АB

S. aureus 0.009 0.062

E. coli 0.002 0.125

P. aeruginosa 0.002 0.250

n =15
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The study of the effect of Vantocil TG and enzymes on 
biofilms formed by E. coli is shown in Fig. 2.

A more intensive degradation process of E. coli biofilm 
under the influence of Vantocil and enzymes than 
S. aureus biofilm was revealed. In particular, under the 
action of Vantocil, the optical density of the biofilm 
decreased 1.6 times (P<0.05), and under the infl uence of 
enzymes Everlase 16 L and Termamyl 300 L 2.8 and 2.4 
times (P<0.05), respectively. In this case, after the action 
of enzymes, the biofilms became of medium density. 
However, the greatest degradation of the matrix of the 
biofilm of E. coli was observed under the simultaneous 
infl uence of Vantocil and enzymes - the optical density of 

solutions from the biofilm decreased by 4.8 times (P<0.05) 
and the biofilms became of low density.

The eff ect of Vantocil TG and enzymes on biofilms formed 
by P. aeruginosa (Fig. 3) showed a similar pattern as the 
eff ect on biofilms of S. aureus and E. coli. However, the 
matrix of the biofilm of P. aeruginosa was more susceptible 
to destruction than S. aureus and E. coli. In particular, under 
the infl uence of Vantocil, the optical density of biofilm 
solutions decreased 1.7 times (P<0.05), and under the action 
of proteolytic and amylolytic enzymes 3.0 and 2.8 times 
(P<0.05), respectively. However, biofilms of P. aeruginosa
became of low density only when simultaneously treated 
with Vantocil and enzymes - 0.34±0.2 units.

Fig 1. The effect of Vantocil TG and enzymes on 
biofilms formed by S. aureus (action for 15 min at a 
solution temperature of 20±1°C)

Fig 2. The eff ect of Vantocil TG and enzymes on biofilms 
formed by E. coli (action for 15 min at a solution 
temperature of 20±1°C)

Fig 3. The effect of Vantocil TG and enzymes on 
biofilms formed by P. aeruginosa (action for 15 min at 
a solution temperature of 20±1°C)
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Therefore, the obtained experimental data indicate that 
the disinfectant Vantocil TG weakly destroys the matrix 
of biofilms formed by bacteria S. aureus, E. coli and P. 
aeruginosa. At the same time, the simultaneous use of 
Vantocil with proteolytic and glycolytic enzymes leads 
to significant degradation of the biofilm in the studied 
bacteria.

In addition to disinfectants based on polyhexamethylen-
ebiguanide hydrochloride, drugs, containing quaternary 
ammonium compounds, in particular Catamine AB, are 
widely used in Ukraine and abroad. Therefore, the next 

part of the work was to determine the eff ect of Catamine 
and its action with enzymes on microbial biofilms. The 
results of the study are shown in Fig. 4, 5, 6.

It was found that Catamine in the minimum bactericidal 
concentration for planktonic cultures to a lesser extent 
destroyed the biofilms of S. aureus, E. coli and P. aeruginosa, 
compared with Vantocil. It was found that biofilms of S. 
aureus were more intensively degraded by Catamine than 
biofilms of E. coli and P. aeruginosa. In particular, the optical 
density of solutions from S. aureus biofilms after Catamine 
treatment decreased 1.4 times (P<0.05), and in E. coli 

Fig 4. The eff ect of Catamine AB and its combination 
with enzymes on biofilms formed by S. aureus (action 
for 15 min at a solution temperature of 20±1°C)

Fig 5. The eff ect of Catamine AB and its combination 
with enzymes on biofilms formed by E. coli (action 
for 15 min at a solution temperature of 20±1°C)

Fig 6. The eff ect of Catamine AB and its combination 
with enzymes on biofilms formed by P. aeruginosa
(action for 15 min at a solution temperature of 
20±1°C)
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and P. aeruginosa biofilms 1.3 and 1.2 times, respectively. 
In addition, the biofilms of all bacteria sampled after 
Catamine treatment remained of high density.

The combination of the action of Catamine with enzymes 
Everlase 16 L and Termamyl 300 L significantly increased 
the degradation of the biofilm in both gram-positive and 
gram-negative bacteria. In particular, under this effect on 
the biofilms of S. aureus, the optical density of the washing 
solutions decreased 4.1 times (P<0.05) and the biofilms 
became of low density (0.47±0.2 units). Biofilms of gram-
negative bacteria E. coli and P. aeruginosa degraded less 
even under the influence of Catamine with enzymes than 
biofilms of S. aureus. The decrease in the optical density of 
solutions from biofilms in these bacteria was 3.7 and 3.4 
times, respectively (P<0.05). The density of biofilms was 
on the border between low and medium - 0.54-0.57 units, 
respectively.

In general, the obtained data show that Catamine has a 
weaker effect on the matrix of the biofilm of S. aureus, E. 
coli and P. aeruginosa, compared with Vantocil. However, 
when combining disinfectants Vantocil TG, Catamine AB 
with proteolytic and glycolytic enzymes, synergism is 
manifested in more intensive degradation of biofilms of 
gram-positive and gram-negative bacteria, their density 
decreases from high to low.

It is believed that the concentration of antibacterial 
substance, required for the destruction of bacteria in the 
biofilm, should be several times higher than the minimum 
bactericidal value determined on planktonic bacteria. It 
was important to investigate the effect of disinfectants 
at the minimum bactericidal concentration found on 
planktonic bacteria and in combination with enzymes on 
the quantitative content of microorganisms in the biofilm. 
The research results are given in Table 2.

It was found that bacteria in biofilms withstood the 
minimum bactericidal concentration of Vantocil and 
Catamine, which was established on their planktonic forms. 
From 1.9×103 to 4.3×103 microbial cells were isolated from 
one ml of biofilm wash after exposure to Vantocil, which 
is almost five orders less than in the control. At the same 

time, after the action of Vantocil with enzymes, a decrease 
in the number of S. aureus, E. coli and P. aeruginosa cells was 
observed, on average by two orders up to 5.1×101 CFU/mL, 
compared with treatment with Vantocil alone.

After treatment of biofilms with Catamine, slightly more 
bacteria were isolated than after treatment with Vantocil, 
in particular, the content of S. aureus cells was 1.3 times 
higher (P<0.05), E. coli 3.3 times (P<0.05), and P. aeruginosa 
by almost one order (1.7×104 CFU/mL of wash). The 
simultaneous action of Catamine with enzymes caused 
a decrease in the number of bacteria in the biofilm 
by two orders, compared with the action of Catamine 
alone. However, 101 microbial cells were isolated from 
S. aureus and E. coli biofilms and 102 from P. aeruginosa 
biofilms, indicating less destruction of the biofilm matrix 
by disinfectant and enzymes and protection of cells from 
contact with the biocide.

dIscussIon 

The presence of microbial biofilms on the surfaces of 
medical instruments, operating equipment, prostheses, 
catheters, production lines in the food industry is an 
obvious fact that contributes to microorganism infection 
and contamination of raw materials and products [19,26,27]. 
Therefore, the use of biocides is aimed at the destruction 
of planktonic and biofilm forms of microorganisms on 
various surfaces [1,3,4,8]. However, successful control of 
microorganisms, present in biofilms, is possible with the use 
of disinfectants that destroy the exopolysaccharide matrix 
and promote closer contact of bacteria with the biocide [34]. 
Among the significant range of disinfectants, a significant 
part of them contains as active substances - biguanides 
and quaternary ammonium compounds. In this study, 
we determined the effect of disinfectants Vantocil TG and 
Catamine AB and enzymes Everlase 16 L and Termamyl 300 
L on the degradation of biofilm matrix. It was found that 
Vantocil TG in the minimum bactericidal concentration, 
which was determined on planktonic bacteria, reduced 
the density of the biofilm of S. aureus by 1.5 times, E. 
coli-1.6 times and P. aeruginosa-1.7 times, comparing 
with the control before processing. This indicates that the 

Table 2. Influence of disinfectants and enzymes on the quantitative content of microbial cells in biofilm (action for 15 min at a solution temperature 
of 20±1°C)

Studied Bacteria Bacterial Status

Bacterial Count in 1 cm3 Suspension from Biofilm, CFU

Control Vantocil
Vantocil with 

Enzymes
Catamine АB

Catamine АB with 
Enzymes

S. aureus
plankton 1.1±0.1×107 0 0 0 0

biofilm 5.2±0.2×108 4.3×103* 5.1×101* 5.6×103* 4.4×101* 

E. coli
plankton 3.4±0.2×107 0 0 0 0

biofilm 4.9±0.1×108 2.5×103* 1.7×101* 8.2×103 7.8×101*

P. aeruginosa plankton 2.8±0.1×107 0 0 0 0

* − P< 0.05 – concerning control 
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exopolysaccharide matrix of biofilms contains components 
that are poorly degraded by this biocide. At the same 
time, treatment of biofilms with proteolytic and amylolytic 
enzymes significantly reduced their density. In particular, 
after treatment with enzyme Everlase 16 L, the density 
of the biofilm of S. aureus decreased 2.4 times, E. coli - 2.8 
times and P. aeruginosa - 3.0 times. Matrix degradation 
was less effective with Termamyl 300 L biofilms than with 
Everlase 16 L. In particular, the density of S. aureus, E. coli, 
and P. aeruginosa biofilms decreased 2.1, 2.4, and 2.8 times, 
respectively. This indicates the heterogeneous chemical 
composition of the biofilm in different bacteria and for 
their destruction it is necessary to use enzymes of different 
classes [34,35]. According to [14,17,21-23] the composition of the 
biofilm matrix depends on many factors, the availability 
of nutrients, species composition of microflora, pH of the 
medium, type of surface, etc. Due to this, the protective 
function of even one species of bacteria in the biofilm 
will be different. In addition, a study [36] reported that the 
degradation of the biofilm of P. aeruginosa by the Savinase 
enzyme was stronger than with Alphamylase treatment, 
with better proteolytic enzyme matrix destruction. When 
treating biofilms with Vantocil with enzymes revealed a 
synergism of action, in particular, the optical density of 
solutions from biofilms of S. aureus, E. coli and P. aeruginosa 
decreased by 4.1, 4.8, 5.6 times compared with the control, 
and the biofilms became of low density. Synergism of 
different enzymes in the fight against heterogeneous 
biofilms was reported [21-23,34]. Despite the fact that 
Catamine in the minimum bactericidal concentration for 
planktonic cultures destroyed the biofilms of S. aureus, E. 
coli and P.  aeruginosa to a lesser extent, compared with 
Vantocil, the general patterns of exposure to biofilms of 
Catamine with enzymes were the same as for treatment 
with Vantocil. 

During the study of the effect of disinfectants on the 
quantitative content of microorganisms in the biofilm, 
it was found that from one mL of wash from the biofilm 
after exposure to Vantocil were isolated from 1.9×103 to 
4.3×103 microbial cells, and after treatment with Catamine-
from 5.6×103 to 1.7×104. The results confirm the data of 
many researchers [18,28-31] that the determined minimum 
bactericidal concentration on planktonic bacteria does 
not have a bactericidal effect on biofilm forms. At the 
same time, after treatment of biofilms with Vantocil and 
Catamine together with enzymes, a decrease in the number 
of S. aureus, E. coli and P. aeruginosa cells was observed, 
on average by two orders to 101 CFU/mL, compared with 
treatment with biocides only. 

There is a clear synergy of enzymes and biocides, which 
ultimately has a more detrimental effect on bacteria in 
biofilms. In this case, it can be argued that enzymes destroy 
the matrix of the biofilm, which promotes better contact 
of antibacterial substances with target cells. Therefore, we 
believe that the combination of antibacterial substances 

with enzymes is a good prospect in the fight against 
bacteria in biofilms on the surfaces of various materials. 
When choosing a disinfectant, it is necessary to evaluate its 
effectiveness against bacteria in biofilms under conditions 
close to production.
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