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Abstract
The biostability of organic film-formers of paints and varnishes intended for staining wood to the action of the fungus As-

pergillus niger was studied. It was found that in Sabouraud’s environment on days 7, 14 and 21 from the beginning of infection, the 
epoxy hardener is characterized by the minimum level of damage, respectively, 1, 1.6 and 2.4 points; alkyd film former has 2 points, 
and in subsequent time intervals 3.7 points; epoxy resin on day 7 is characterized by a lesion level of 1.7 points, on the following days 
of exposure – 4 points; pentaphthalic film former, respectively, 2.7, 3.7 and 4 points. According to the degree of resistance in the Sa-
bouraud environment, organic film-formers of wood paints can be ranked as follows: epoxy (hardener)>alkyd>epoxy resin>pentaph-
thalic>organosilicon. It is shown that in the environment of Czapek on 7, 14 and 21 days from the beginning of infection, the minimum 
level of damage is characterized by an epoxy hardener, respectively, 2, 2.3 and 3 points; pentaphthalic film former, respectively, 2 and 
3 points; alkyd film former, respectively, 2.4, 3.7 and 4 points; epoxy resin on day 7 is characterized by a lesion level of 3 points, on 
the following days of exposure – 4 points. According to the degree of resistance in the environment of Czapek, organic film-forming 
agents for wood paints can be ranked as follows: epoxy (hardener)>pentaphthalic>alkyd>epoxy resin>organosilicon. Organosilicon 
film-formers were most intensively affected by the fungus both 7 days after exposure and at a later time, reaching the maximum values 
of the lesions – 4 points. During the test period, no zones of mycelium growth inhibition were observed in the studied organic bases.
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1. Introduction 
The main factors causing biological damage to wood are the microscopic fungi growing 

on wood and the insects. In temperate latitudes, fungal lesions account for about 90 % of all wood 
bio-damage [1, 2]. Biological damage to wood occurs mainly as a result of the use of cellulose, 
lignin and other wood components by fungi and insects as a source of nutrition [3, 4]. Bacteria, 
in comparison to fungi and insects which directly destroy the wood fibers, cause less damage and 
have an indirect damage effect.

Among the fungi that cause biological damage to wood, there are three main groups: fungi of 
surface mold (mold-like); wood-coloring; wood-destroying. The greatest damage to wood is caused 
by wood-destroying fungi. Кthese include fungi of the genera Scrpula, Coriolus, Fomitopsis, Serpula,  
Chaetomium, etc. [4]. Wood-destroying fungi destroy the structural components – the cell walls of 
wood. They affect living wood, wet and dump wooden materials and products made from them. 

According to [5, 6], paints and varnishes and coatings can undergo microbiological damage 
in conditions favorable for the development and growth of molds, bacteria and other microorganisms.  
Typical signs of their manifestation are gray-green, dark spots, molds, bacterial mucus on painted 
surfaces. This is especially noticeable in places with high humidity. As a result of such lesions, 
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cracking, peeling, flaking, the formation of tubercles and holes are noticeable on the surface of the 
paintwork material [7]. 

Microscopic fungi, as well as hydrocarbon-oxidizing and sulfate-reducing microorganisms, 
play an important role in the processes of biocorrosion of paint-and-varnish coatings [8]. Fungi that 
destroy polymers produce a complex of amino acids, organic acids and a number of enzymes that 
act on the substrate; cellulose-destroying fungi are especially active against polymer materials. 
Bacterial lesions are less common and appear as a colorless or colored mucosal plaque. Among 
the microorganisms affecting (that damage) the varnish-and-paint coatings (VPCs), fungi of the 
genera Aspergillus, Penicillum, Fusarium, Trichoderma, Alternaria, Cephalosponum, Pullularia, 
and bacteria of the genera Pseudomonas, Flavobacterium, are often found. The species composi-
tion of fungi that damage the VPMs is specific for different soil climatic zones. It is formed from 
the species that make up the community that is characteristic of the soils of a particular zone [8, 9].

The development of fungi on paintwork occurs either due to the use of the components that 
make up the coating, or due to substances that contaminate the surface of the paintwork. The de-
struction of paintwork is carried out as a result of the mechanical action of the mycelium of molds 
on the coating and under the influence of metabolites secreted by micromycetes in the course of 
their vital activity (organic acids, amino acids, enzymes, etc.) [10, 11]. The latter cause a decrease 
in the physical and mechanical properties of the paintwork, such as the modulus of elasticity, ten-
sile stresses and elongation at break. Cracks, peeling, swelling of the paintwork can be caused by 
microorganisms on the surface or under the paintwork film. The growth of fungi and their deve-
lopment under the film is accompanied by gas formation and an increase in pressure sufficient for 
peeling and swelling of the paintwork [12, 13].

Film-forming substances determine the biostability of paintwork materials and protective 
coatings based on them. The decisive factor of biostability is the chemical structure of the poly-
mer film-former and the manifestation of its properties in the uncured and in the hardened state.  
A relationship has been established between the chemical structure of the used film-formers and 
the growth rate of a number of common fungal strains [14]. 

Among the studied film-forming substances, the synthetic film-forming polymers demonstrate 
the best biostability. The fungal resistance of these coatings decreases in the following order: epoxy, 
polyurethane, melamine-alkyd, organosilicon, pentaphthalic [15, 16]. An increase in the hardening 
rate of the film-forming substance, and a decrease in water absorption, roughness and porosity of the 
film, facilitate an increase in fungal resistance. Smooth, shiny and even films are more biostable due to 
the fact that fungal spores are more difficult to adsorb on them, thus they become less contaminated.

Most of the well-known works in this direction have a biochemical orientation, therefore, 
in our opinion, our relevance has a practical orientation and consists in studying the biostability of 
organic bases of wood paints for their resistance to the effects of contaminated wood with wood 
destructive fungi.

From the analysis of literary sources, no studies on the selected research problem have been 
identified.

The aim of research is to determine the resistance of organic paint bases when dyeing wood 
and products based on it, infected with the fungus Aspergillus niger.

The objectives of research are to determine the level of damage and zones of growth in-
hibition of the mycelium of the fungus Aspergillus niger in the nutrient media of Sabouraud and 
Czapek organic bases of paints in the period of 7, 14 and 21 days from the moment of infection.

2. Materials and methods of research
Industrial paints were used as starting materials for painting wooden products and structures.  

The following paints were studied: 
a) based on polymer film formers – two-component epoxy paint ADLER-WARK Lackfab-

rik (Germany); 
b) alkyd enamel PF-115P «Polisan» (Ukraine); 
c) pentaphthalic enamel Silica, modified with silicone; 
d) organosilicon enamel KO-814K «Korona-2000» (Ukraine). 
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Out of the variety of methods for assessing biostability [17, 18], VPMs were studied in ac-
cordance with the requirements of the standards DSTU EN 15457:2015 [REF] (EN 15457:2014, 
IDT), ISO/IEC 17025:2017 [REF] and DSTU EN 1275: 2004 [REF] (EN 1275: 1997, IDT). Proce-
dure for performing an experiment to determine biostability:

1) samples of coating materials were selected in accordance with the standard EN ISO 
1513 [REF];

2) to check the contamination, the samples of coating materials were placed in Petri dishes 
with Czapek and Sabouraud media for 5 days at a temperature of 23 ± 2 °C and relative humidity 
of 50 ± 5 % according to EN 23270 [REF]. The result of contamination is that the samples of the 
coating materials are not infected by pathogenic flora and fungi;

3) 6 discs of filter paper with a diameter of 55 mm are prepared for each paint sample. Prior 
to application, the discs were sterilized with gamma radiation >10 kGy;

4) Czapek and Sabouraud media were placed in the prepared and sterilized (see above) Petri 
dishes, 3 for each. Composition of nutrient media for microbiological analysis: potato-glucose agar –  
PGA (g/L): potatoes – 200.0; glucose – 20.0; agar-agar – 20.0; distilled water (Czapek-Dox me-
dium with agar (g/L): KН2РО4 - 0.7; K2НРО4 - 0.3; MgSO4⋅7Н2О - 0.5; NaNO3 - 2.0; KCl - 0.5;  
FeSO4⋅7Н2О - 0.01; sucrose - 30.0; distilled water; Sabouraud medium (g/L): glucose - 40.0; pep-
tones - 10.0; agar-agar - 20.0; distilled water);

5) a test was performed for sowing mold cultures of Aspergillus niger in Wort agar 6 % Ba-
linga and Chaetómium globósum in PGA with filter paper at a temperature of 24 ± 2 °C for 7 days; 
result – Aspergillus niger sprouted, Chaetómium globósum did not sprout;

6) a suspension of spores of Aspergillus niger with a concentration of 106 spores/mL  
was prepared;

7) Petri dishes were contaminated with the medium in which the pain samples applied  
to the filter paper were located. 3 drops were applied to the disc and 3 to the medium, approxima-
tely 0.5×106 spores per dish;

8) Petri dishes with samples were placed in a thermostat with a temperature of 24 ± 2 °C  
for 21 days;

9) fixation of the changes was performed on 7, 14, and 21 days of testing;
10) the assessment of the degree of damage was determined in points, according to the re-

quirements of the standard: the ratio of the level of contamination to the points: 0 % - 0; up to 10 % - 1;  
from 10 to 30 % - 2; from 30 to 50 % - 3 and from 50 % - 4.

3. Results and discussion
Considering the fact that the coloring of products made from substandard and partially con-

taminated pine wood, it is advisable to study the resistance of organic paint bases to the influence 
of the mold fungus Aspergillus niger. 

Fig. 1–4 shows photographs of the growth zones of the mycelium of the fungus Aspergillus 
niger in culture media of Czapek and Sabouraud on organic paint bases on days 7, 14 and 21 from 
the beginning of contamination.

Fig. 5, 6 show the levels of contamination by the mycelium of the fungus Aspergillus niger 
on organic bases of paints 7, 14 and 21 days from the beginning of infection.

On the 7th day of the test, the growth of the mycelium of the fungus Aspergillus niger in 
the resin (Fig. 1, a). In the Sabouraud and Czapek media, the lesion level reaches 1.7 and 3 points, 
respectively (Fig. 5, 6).

The hardener is affected up to 1 and 2 points in the Sabouraud and Czapek media, respec-
tively (Fig. 5, 6). There were no growth delay zones of the fungus mycelium. Apparently, the harde-
ner contains compounds that inhibit mycelium growth in both media by 1.85 times, compared to 
resin. In the alkyd film former, compared to the epoxy film former, on the 7th day from the moment  
of infection, there is an increase by 1.8 times and a decrease by 1.3 times in the average lesion level 
in the Sabouraud and Czapek medium, respectively (Fig. 2, a, 5, 6). 

In the paint on the pentaphthalic film former on the 7th day from the beginning of the infec-
tion, there is an increase in the level of damage in the Sabouraud medium by 1.6 times compared  
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to resin, and by 1.4 times compared to the alkyd film former (Fig. 3, a, 5). The organosilicon 
film former, regardless of the media, already has the highest infection level score on the 7th day 
from the beginning of the infection – 4 (Fig. 4, a). This trend is observed both on the 14th and  
21st day (Fig. 4, b, c, 5, 6).

Fig. 1. Zones of growth of the fungus Aspergillus niger in nutrient media Czapek (top)  
and Sabouraud (bottom) from the beginning of contamination of epoxy film former, days:  

a - 7; b - 14; с - 21; on the left – resin; on the right – hardener

Fig. 2. Zones of growth of the fungus Aspergillus niger in nutrient media Czapek (top)  
and Sabouraud (bottom) from the beginning of contamination of alkyd film former, days:  

а – 7; b – 14: с - 21
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The level of growth delay of the mycelium of the fungus Aspergillus niger was not detected. 
In comparison to the previous film formers, the infection of the organosilicon one occurs 1.52 times 
more intensively.

After 14 days from the beginning of the infection, the resin film former (Fig. 1, b, 5, 6) be-
came completely infected by the mycelium of the fungus in both the Sabouraud and Czapek media.  
The lesion level is 4 points. During the same period, the hardener (Fig. 1, b) in the Sabouraud 
medium exhibits greater resistance to lesion (damage) by the mycelium of the fungus Aspergillus 
niger (Fig. 5, 6).

In the Czapek medium, the lesion level of risen is 2.3 points, which is 1.2–1.7 times higher 
compared to 7 days after the beginning of infection. 

In the case of the alkyd film former on the 14th day in the Sabouraud and Czapek media, the 
lesion levels increase (Fig. 2, b). The values reach up to 3.7 points, which is 1.61–1.85 times higher 
compared to the previous period (Fig. 2, a, 5, 6). No mycelial growth delay zones were observed 
in both media.

In the pentaphthalic film former of the paint Silica, modified with silicone, on the 14th day 
from the moment of infection, an increase in the damage of the paint by the mycelium of the fungus 
is noted. The level of lesion in the Sabouraud medium is up to 3.7 points, and in the Czapek medium 
up to 3 points (Fig. 3, b, 5, 6). These values of lesion levels are 1.37–1.5 times higher compared to 
the samples aged for 7 days (Fig. 3, a). 

Fig. 3. Zones of growth of the fungus Aspergillus niger in nutrient media Czapek (top)  
and Sabouraud (bottom) from the beginning of contamination of pentaphthalic film former, days: 

а – 7; b – 14: с - 21

Fig. 4. Zones of growth of the fungus Aspergillus niger in nutrient media Czapek (top)  
and Sabouraud (bottom) from the beginning of contamination of organosilicon film former, days: 

а – 7; b – 14: с - 21

On the 14th day from the moment of infection, the organosilicon film former of the 
KO-814K paint is completely infected. The lesion level is maximum, the value of which is  
4 points (Fig. 4, b, 5, 6). No zones of mycelial growth delay were noted.
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After 21 days from the beginning of infection, the risen film former Eposi Harter (Fig. 1, c) 
was completely infected with the mycelium of the fungus both in Sabouraud and Czapek media.  
The lesion level is 4 points. The lesion level of the hardener Eposi Grund (Fig. 1, c) in the Sa-
bouraud and Czapek medium is 2.3 and 3 points, respectively (Fig. 5, 6). These values are  
1.3–1.35 times higher compared to the values on the 14th day after the infection and 2.3 and 1.5 
times higher compared to the to the values on the 7th day after infection. In both media and on both 
film formers, no delay in the growth of the mycelium of the fungus Aspergillus niger was observed.

In the alkyd film former of the PF-115P paint, on the 21st day, the lesion level in the Sabou-
raud media remains at the level of the one observed on the 14th day, i.e. 3.7 points (Fig. 2, c, 5, 6), 
which is 1.1 times higher than in the previous period. No zones of mycelium growth delay were 
observed in both media.

In the pentaphthalic film former of the Silica paint, modified with silicone, on the 21st day 
from the moment of infection (Fig. 3, c, 5, 6) in the Sabouraud medium, the lesion level is 4 points, 
which is 1.1 times higher than in the previous period. In the Czapek medium, the lesion level is 
3 points and remains at the level of the previous induction period.

Fig. 5. The level of infection by the fungus Aspergillus niger of organic paint base  
in the of Sabouraud medium after 7, 14 and 21 days from the beginning of infection

Fig. 6. The level of infection by the fungus Aspergillus niger of organic base paint  
in the of Czapek medium after 7, 14 and 21 days from the beginning of infection

On the 21st day from the moment of infection, the organosilicon film former of the  
KO-814K paint is completely infected. The lesion level is maximum, the value of which is  
4 points (Fig. 4, c, 5, 6). No zones of delayed growth of the mycelium were noted.

Results regarding the biostability of film formers of varnish-and-paint materials against the 
action of wood-destroying mold fungi in real time were obtained. The level of damage of the film 
formers caused by the mycelium of the mold fungus was visually assessed. The investigations are 
characterized by limitations that do not allow for making calculations related to the growth rate  
of the mold fungus population and the determination of the lesion level of the varnish-and-paint 
film formers at the macro level. 
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The results obtained are interesting from a practical point of view. The limitations 
that are inherent in the research method chosen in the work are visualization and compe-
tence in carrying out work in this direction and are limited by the requirements of standards  
DSTU EN 15457:2015 [REF] (EN 15457:2014, IDT), ISO/IEC 17025:2017 [REF] and DSTU  
EN 1275:2004 [REF] (EN 1275:1997, IDT).

The manifestation of the destructive activity of micromycetes of the genus Aspergillus in 
relation to the considered organic bases occurs in the pH range from 4 to 6.7, the values of which are 
optimal for the growth and development of molds, which is confirmed by the data of works [19, 20].

From a biochemical point of view, the high destructive activity of micromycetes of the 
genus Aspergillus is explained by a powerful enzymatic apparatus, manifested in the release 
of citric, gluconic and oxalic acids. The damaging effect of these acids on the organic bases of 
paints and varnishes considered in the work is manifested even at rather low concentrations of  
0.09–0.4 % [19, 20]. The destructive effect is also exerted by the pH of the bases themselves, which 
ranges from 4 to 6.7. These pH values are optimal for the development of micromycetes of the ge-
nus Aspergillus, while the upper limit of their vital activity lies in the range of pH 7.0–7.5 [19, 20].

From a scientific point of view, the development of this study can be carried out through the im-
plementation of a mathematical model for assessing the biological damage to wood in natural conditions.  
Difficulties that may arise will be in assessing UV doses as well as moisture saturation of the samples. 
In the process of performing research, it is necessary to focus on maintaining the bearing capacity of 
structural elements made of wood. The model can be realized analytically using the apparatus of fuzzy 
mathematics or by visualization in the ANSYS mathematical environment (Ansys Inc., USA).

4. Conclusions
As a result of the investigation, the biostability of organic film formers of varnish-and-paint 

materials, intended for wood dyeing, to the effect of the fungus Aspergillus niger, was studied.  
It was shown that with an increase in the exposure time, an increase of the level of damage (lesion 
level) of organic film formers of paints by the mycelium of the fungus occurs in the Sabouraud 
and Czapek media. Further, no zones of mycelial growth delay were observed. The organic film 
formers were most intensively affected by the fungus both after 7 days of exposure, and at later 
time, reaching the maximum values of lesions, i.e. 4 points. According to the degree of stability, the 
organic film formers can be ranked in the following order: pentaphthalic>epoxy (Eposi Grund)>al-
kyd>organosilicon; the above-mentioned film formers show the greatest resistance (stability) in the 
Czapek medium, the average level of damage (lesion) is 3.7 points.

The practical applicability of the results obtained is as follows, namely: before painting 
wood and products based on it, it is possible to inspect the products, highlight areas with contami-
nation and treat them with impregnation or primer containing a film fungicide. After that, depend-
ing on the operating conditions, paint the wood and products based on it with paints that are most 
resistant to the influence of the fungus Aspergillus niger.
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