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Abstract. The article presents the results of an experimental assessment of the bactericidal
activity and stability of the biocidal agent “Krezonid,” whose main active ingredient is meta-cresol
(3-methylphenol). The study was conducted to substantiate the effectiveness of the biocidal agent
and confirm the preservation of its antimicrobial properties during long-term storage in accordance
with the requirements. Bactericidal activity was evaluated using a quantitative suspension method
with determination of the number of viable microorganisms (CFU) after exposure to the
preparation. Streptococcus faecalis and Salmonella enteritidis strains were used as test cultures.
The preparation was studied at concentrations of 0.1, 0.5, and 1.0% with exposure times of 10—
30 minutes. The stability of the biocidal agent was studied under real storage conditions for 30
months by monitoring organoleptic indicators, pH values, and the preservation of bactericidal
activity. It was found that the biocidal agent “Krezonid” exhibits pronounced bactericidal activity
against both test microorganism cultures.

Complete inactivation of Streptococcus faecalis and Salmonella enteritidis was achieved at a
concentration of 0.5% and exposure of 20 minutes. During storage, the drug “Krezonid” retained
its physicochemical homogeneity, stable pH value, and complete bactericidal activity throughout
the observation period. The results obtained indicate the high efficacy and stability of the biocidal
agent Krezonid, which justifies its use in veterinary practice and the possibility of establishing a
shelf life of at least 24 months under regulated storage conditions.
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Prevention and control of infectious diseases in animal husbandry are fundamental
components of the epizootic welfare system and ensuring the safety of food products of animal
origin. The effectiveness of sanitary and hygienic measures largely depends on the use of biocidal
agents capable of ensuring a stable reduction in the number of pathogenic and conditionally
pathogenic microorganisms in the external environment (Maillard, 2024).

Among chemical compounds with proven antimicrobial activity, phenolic derivatives
occupy a special place, characterized by their ability to disrupt the structural and functional
integrity of microbial cell membranes. The mechanism of antimicrobial action of phenols consists
in destabilizing the lipid layer of the cytoplasmic membrane, denaturing protein structures, and
disrupting energy metabolism, which leads to the death of the bacterial cell (Russell, 2002; Rutala,
2019).

Modern experimental studies confirm the high effectiveness of phenolic compounds
against Gram-positive and Gram-negative bacteria. In particular, phenolic disinfectants provide a
pronounced bactericidal effect at relatively low working concentrations, maintaining their activity
even in difficult conditions of exposure to organic impurities. Similar conclusions regarding the
promise of phenolic compounds as biocides are cited by Oulahal (2022), emphasizing their
stability and broad spectrum of antimicrobial activity.

One of the important representatives of phenolic compounds used in disinfectants and
biocidal agents is meta-cresol (3-methylphenol). According to Maillard, J.-Y., Pascoe, M., and
Russell, meta-cresol exhibits bactericidal activity by disrupting the permeability of the cytoplasmic
membrane and inhibiting key enzymatic processes in microbial cells. An important advantage of
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phenolic biocides, in particular meta-cresol, is the preservation of antimicrobial activity in
conditions of organic contamination, which is of fundamental importance for veterinary practice
(Maillard, 2024; Russell, 2002).

In the biocidal product “Krezonid,” meta-cresol is the main active ingredient, while auxiliary
ingredients ensure the stability of the composition, maintain optimal pH, and reproduce
bactericidal activity throughout the entire storage period. This approach to the formulation of
biocidal products is in line with current recommendations for the creation of effective veterinary
disinfectants, as outlined in the works of Tyski (2019) and Wales (2020).

According to current requirements for state registration of veterinary biocidal products,
experimental evaluation should include not only confirmation of bactericidal activity, but also
monitoring of the stability of the active substance during storage using quantitative microbiological
indicators. The need for such an approach is indicated by (Tarka, 2021), as well as (Wales, 2020),
who emphasize the importance of determining the logarithmic reduction of viable microorganisms
to justify the effectiveness of biocides (Ponomarenko, 2020).

Aim of the study was to experimentally investigate the bactericidal activity and stability
of the biocidal agent “Krezonid,” whose main active ingredient is meta-cresol, using quantitative
microbiological methods in accordance with current requirements.

Materials and methods. The object of the study was the biocidal agent “Krezonid” — a
composite preparation based on meta-cresol with the addition of auxiliary components that
ensure the stability and technological properties of the preparation. The studies were conducted
at the laboratory of the Institute of Veterinary Medicine of the National Academy of Agrarian
Sciences of Ukraine. Standard test strains of microorganisms were used in the studies:
Streptococcus faecalis; Salmonella enteritidis.

The cultures were grown on meat-peptone agar at a temperature of 37+1°C for 18-24
hours.

The bactericidal activity of the preparation was determined by a quantitative suspension
test in accordance with the generally accepted approaches used in EN 1040 and EN 1656
standards for evaluating the action of chemical disinfectants (Harkavenko et al., 2020).

Working suspensions of microorganisms were prepared at a concentration of 107-108
CFU/cm3. The drug “Krezonid” was studied at working concentrations of 0.1%, 0.5%, and 1.0%
for exposure times of 10, 20, and 30 minutes at a temperature of 37£1°C.

After exposure, the effect of the preparation was neutralized, serial dilutions were
performed, and the preparation was seeded onto a nutrient medium, followed by counting the
number of colonies (CFU). Samples without the addition of a biocidal agent served as controls.

The stability of the biocidal agent was evaluated under real storage conditions for 24
months. The preparation was stored in a hermetically sealed factory container at a temperature
of 5 to 25°C in a place protected from light.

Stability control was carried out after 0, 6, 12, 24, and 30 months of storage by: evaluating
organoleptic indicators (appearance, color, smell, presence of sediment or stratification);
determining pH values; re-determining bactericidal activity using generally accepted methods
(Kovalenko, 2011).

Results. Experimental studies have shown that the drug “Krezonid” exhibits pronounced
bactericidal activity even at low concentrations. At a concentration of 0.1% and exposure of 10
minutes, the number of viable Streptococcus faecalis cells decreased from 1.2x10%® CFU/cm? to
4.6%10° CFU/cm3, indicating a pronounced but incomplete reduction in the microbial population.
Increasing the exposure time to 20 minutes at the same concentration led to a further decrease
in the number of CFU/cm? to 1.3x10%, which can be characterized as a significant suppression
of bacterial viability (Table 1).

When the concentration is increased to 0.5% and the exposure time is 20 minutes,
Streptococcus faecalis is completely inactivated, as no colonies were found in the test samples.
This indicates that a working concentration of 0.5% is optimal for effective destruction of bacteria
in a short period of time. Complete inactivation is also observed at a concentration of 1.0% and
an exposure time of 30 minutes, confirming a direct relationship between concentration, exposure
time, and product efficacy.
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Table 1
Bactericidal activity of the biocidal agent “Krezonid” against Streptococcus faecalis
Concentration of Exposition, min hgﬁﬁgrrngf CFU/cm?® Decrease
the drug, % ’ ' (test) CFU/cm?
(control)
0,1 10 1,2x108 4 6%x10° pronounced
0,1 20 1,2x108 1,3x10* significant
0,5 20 1,2%108 Not detected complete
1,0 30 1,2x108 Not detected complete

The results obtained are consistent with the literature data (Russell, 2002) on the effect of
phenolic compounds on Gram-positive bacteria: the mechanism of action consists in disrupting
the integrity of the cell membrane and denaturing proteins, which leads to the rapid death of
microorganisms.

Salmonella enteritidis showed slightly higher resistance to the drug than Streptococcus
faecalis, which corresponds to the known properties of Gram-negative bacteria with an outer
membrane that provides an additional barrier against chemical agents (Table 2). At a
concentration of 0.1% and an exposure time of 10 minutes, the number of viable cells decreased
from 9.8 x 107 CFU/cm?to 6.1 x 10° CFU/cm?3, i.e., there was a marked but incomplete inhibition.
Increasing the exposure to 20 minutes reduced the CFU/cm? to 2.4 x 10%, which can be assessed
as a significant but not complete inhibition of bacterial viability.

Table 2

Bactericidal activity of the biocidal agent “Krezonid” against Salmonella enteritidis

Concentration of | Exposition, Number of Concentration Exposition,
the drug, % min. CFU/cm? of the drug, % min.
0,1 10 9,8x107 6,1x10° pronounced
0,1 20 9,8x107 2,4x104 significant
0,5 20 9,8x107 Not detected complete
1,0 30 9,8x107 Not detected complete

The use of a concentration of 0.5% and an exposure time of 20 minutes ensured complete
inactivation of Salmonella enteritidis, similar to Streptococcus faecalis. A concentration of 1.0%
and an exposure time of 30 minutes also ensured complete destruction of the bacteria.

These results confirm that Krezonid is effective against both test strains, but for Gram-
negative bacteria such as Salmonella enteritidis, a minimum working concentration of 0.5% with
an exposure time of at least 20 minutes is recommended to achieve complete bactericidal action.

To assess the stability of “Krezonid”, monitoring was carried out for 30 months under real
storage conditions (at a temperature of 5 to 25°C, protected from light, in sealed containers)
(Table 3). The results showed that the product retains: A uniform appearance without sediment
or separation at all stages of observation.

Table 3
Stability indicators of the biocidal agent “Krezonid” during storage
Term of External ap- Sediment / pH Meta- Density Bacteri-
storage, pearance stratification 5,8— cresol 1.10-1.20 | cidal activ-
months 6,2 content g/lcm? ity
0 homogeneous absent 6,0 5,15 1,12 Safed
6 homogeneous absent 5,9 5,10 1,11 Safed
12 homogeneous absent 6,1 5,09 1,13 Safed
24 homogeneous absent 6,0 5,02 1,14 Safed
30 homogeneous absent 5,8 4,85 1,15 Safed
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The pH level was within the range of 5.8—6.2, with changes not exceeding 0.2 units, which
does not affect antimicrobial activity. Complete bactericidal activity against both test
microorganisms was observed even after 30 months.

However, the meta-cresol content decreased to 4.85 after 30 months, which gives reason
to recommend the product for a shelf life of 24 months.

These data indicate the high physicochemical stability of the product, which ensures a
long shelf life and effectiveness in practical application.

Experiments to control activity after storage showed (Tables 4 and 5) that Streptococcus
faecalis and Salmonella enteritidis are completely inactivated at a concentration of 0.5% and
exposure of 20 minutes at all stages of storage (6, 12, 24, 30 months). This confirms that the
active components of the preparation do not degrade during storage and that the physicochemical
properties remain stable.

Table 4
Bactericidal activity of “Krezonid” against Streptococcus faecalis during storage
Term of storage, | Concentration, Exposition, Number of Evaluation of the
months % min. CFU/cm? action
6 0,5 20 Not detected Full
12 0,5 20 Not detected Full
24 0,5 20 Not detected Full
30 0,5 20 Not detected Full

Thus, “Krezonid” meets modern requirements for veterinary biocidal products:
preservation of bactericidal activity, stability of composition, and optimal operating parameters.

Table 5
Bactericidal activity of “Krezonid” against Salmonella enteritidis during storage
Term of storage, | Concentration, Exposition, min Number of Evaluation of the
months % ’ CFU/cm3 action

6 0,5 20 Not detected Full
12 0,5 20 Not detected Full
24 0,5 20 Not detected Full
30 0,5 20 Not detected Full

Analysis of the experimental data presented in Tables 3—5 shows that the biocidal agent
“Krezonid” retains its physicochemical homogeneity and bactericidal activity throughout the entire
study period. The pH value changed by no more than 0.2 units, which is not critical for the stability
of phenolic biocidal compositions.

Quantitative microbiological studies showed that after 6, 12, 24, and 30 months of storage,
the preparation at a working concentration of 0.5% ensured complete inactivation of test
microorganisms without the detection of viable cells during sowing. The absence of a decrease
in bactericidal activity confirms the stability of the active components of the preparation and
justifies the establishment of a shelf life of at least 24 months.

The results obtained are of practical importance for the biocidal agent “Krezonid”, as they
demonstrate the compliance of the preparation with the requirements for stability and
effectiveness during storage.

Discussion. The results obtained are consistent with the literature data on the high
antimicrobial activity of phenolic compounds, in particular meta-cresol, which has a bactericidal
effect by disrupting the integrity of cell membranes and denaturing the protein structures of
microorganisms.

An important characteristic of biocidal agents intended for veterinary use is the stability of
their properties during storage. The results of the studies show that the composition of the agent
“Krezonid” ensures the preservation of physicochemical parameters and bactericidal activity for
at least 24 months of actual storage, which meets the requirements for drugs submitted for state
registration (Rutala, 2019).
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Scientific publications and regulatory documents indicate that the effectiveness of phe-
nolic veterinary disinfectants and combined biocides is largely determined by the concentration
of active ingredients, duration of exposure, and stability of the product during storage. According
to Wales et al., phenolic disinfectants provide rapid bactericidal action against Gram-positive and
Gram-negative bacteria in the concentration range of 0.5-1.0% and exposure time of 15-30
minutes (Wales, 2020)

The works of Russell and Boyce show that combined biocidal compositions, which
combine phenolic compounds with other active components, in particular quaternary ammonium
compounds, are characterized by a broader spectrum of antimicrobial activity and greater
resistance to organic contaminants. Similar preparations used in the veterinary and food
industries demonstrate complete inactivation of Streptococcus faecalis and Salmonella enteritidis
after 20—30 minutes of exposure at concentrations of at least 0.5% (Russell, 2002; Boyce, 2023).

The results obtained in this study indicate that the biocidal agent “Krezonid” is not inferior
to well-known phenolic and combined analogues described in the literature in terms of bactericidal
activity and stability. The preservation of full bactericidal activity after 6, 12, 24, and 30 months of
storage distinguishes “Krezonid” favorably from certain biocidal agents, for which publications
note a gradual decrease in effectiveness due to the degradation of active components or changes
in the acidity of the environment.

Thus, a comparative analysis with data from real scientific studies confirms the compliance
of the biocidal agent “Krezonid” with modern requirements for veterinary disinfectants and justifies
the expediency of its use and the establishment of a shelf life of at least 24 months for the biocidal
agent “Krezonid” under regulated storage conditions.

The prospect for future work is to investigate the fungicidal properties of the biocidal agent
“Krezonid”.

Conclusions. The biocidal agent “Krezonid” meets the requirements for veterinary disin-
fectants in terms of bactericidal activity against Streptococcus faecalis and Salmonella enteritidis.
Quantitative microbiological studies confirm an effective reduction in the number of viable micro-
organisms to a level that cannot be determined by the sowing method, in the range of working
concentrations of 0.5-1.0%.

The results of stability testing under real storage conditions for 24 months indicate that the
physicochemical properties and bactericidal activity of the product are preserved.
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Pesrome. Y cmammi HaeedeHO pe3ynbmamu  eKCcriepuMeHmarsbHOi  OUIHKU
bakmepuyudHoi akmusHocmi ma cmabinibHocmi 6ioyudHo2o 3acoby «Kpe30Hid», OCHOBHUM
Oito4UM KOMIMOHEHMOM SIKO20 € Mema-Kpe3os (3-memurigheHorn). [ocnidxeHHs nposedeHo 3
memoro obrpyHmysaHHs egekmusHocmi  bioyudHo20 npernapamy ma nidmeepdKeHHs
36epexeHHsT Uioeo0 aHMuMIKpObHUX eracmueocmel y npoueci mpueanoz2o 36epicaHHS
8i0rnosiOHOo 00 eumoz. bakmepuyudHy akmueHiCmb OUiHI08asIU KifbKICHUM CYCreH3idHUM
MemodoM i3 8U3HAYEHHSIM KiflbKOCMI XXumme3damHux mikpoopeaaHiamie (CFU) nicns ekcriosuuir
npenapamy. 5lk mecm-Kynbmypu eukopucmosyeanu wmamu Streptococcus faecalis ma
Salmonella enteritidis. lNpenapam Odocnidxysanu y koHueHmpauisx 0,1, 0,5 ma 1,0 % 3a
ekcrio3uuii 10-30 xe. CmabinbHicmb bioyudHo20 3acoby eusyqasu 8 ymMosax peasibHO20
36epiezaHHs npomsizom 30 Mic WIsIXOM KOHMPOJIH0 Op2aHOMeNnmMuUYHUX MOKa3HUKI8, 3HaqYeHHs pH
ma 36epexxeHHs1 bakmepulyudHoi akmusHocmi. BecmaHosrneHo, wo bioyudHul 3acié «Kpe3oHid»
nposesnse supaxeHy bakmepuyudHy akmueHicmb w000 060X Kyrbmyp mecm-mikpoopaaHiamie.
lNosHa iHakmueauis Streptococcus faecalis ma Salmonella enteritidis Oocsieanacs npu
koHueHmpauii 0,5 % i ekcrnioauuii 20 x8. Y npoueci 36epiecaHHs ripenapam «Kpe3oHiO» 36epicas
pi3uKko-ximiyHy 0OHOpIOHicmb, cmabinbHe 3Ha4eHHs1 pH ma noeHy 6bakmepuyulHy akmugHicmb
npomsicoM ycbo2o repiody criocmepexeHHs1. OmpumaHi pe3ynbmamu cei04amb rpo BUCOKY
egpekmusHicmb i cmabinbHicmb 6ioyudHo20 3acoby «Kpe3oHid», wo 0brpyHmMogye OouifibHiCMb
lioeo 3acmocyeaHHs y eemepuHapHil fpakmuuyi ma MOXIIU8ICMb 8CMaHOB/IEHHS MepPMiHy
npudamHoOCcmi He MEeHLWE HiX 24 Mic. 3a pearnaMeHmMo8aHUXx ymMoa 3bepicaHHS.
KnwouoBi cnoBa: GioumaHi 3acobu, meTta-kpesos, GaktepuumMgHa akTUBHICTb, CTabINbHICTD,
BeTepuHapHa aesiHdekuisa
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