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ANNEX 

Table 4. Relative dispersion of export unit price, by food industry sector, in Romania and EU 

Year 2017 2018 2019 

Specification/Indicator 
Deviation 

against 
average 

EUR/kg 
Deviation 

against 
average 

EUR/kg 
Deviation 

against 
average 

EUR/kg 

–  MEAT PRODUCTS 
Romania -0.1 2.09     -0.01 2.11 -0.1       2.11 
EU-28, Average 0.0 2.16     0.0 2.12 0.0 2.22 

- Dispersion   3.03   1.02   1.55 
–  PRODUCTS OF FISH 
Romania     1.1      4.78      1.2     4.93    1.4   5.33 
EU-28        0.0     3.71 0.0     3.69       0.0   3.95 

- Dispersion      3.01      2.71    3.58 
–  FRUIT AND VEGETABLE PREPARATIONS 
Romania 0.7       2.24 0.3    1.81       0.6 2.09 
EU-28, Average 0.0       1.50 0.0    1.46       0.0 1.44 

- Dispersion        1.77     1.66  1.18 
–  OILS AND FATS 
Romania -0.4 0.38  -0.4 0.36 -0.3 0.38 
EU-28, Average 0.0 0.81   0.0 0.76 0.0 0.72 

- Dispersion  0.52  0.46  0.51 
–  DAIRY PRODUCTS 
Romania -0.8       1.02        -0.7     1.10       -0.6       1.29 
EU-28, Average 0.0       1.85 0.0     1.85        0.0       1.90 

- Dispersion        1.20      1.22        1.32 
–  MILLING PRODUCTS 
Romania -0.2       0.49 0.0       0.62  -0.1 0.58 
EU-28, Average 0.0       0.64 0.0       0.66  0.0 0.69 

- Dispersion       -0.28       -0.31  -0.33 
–  BAKERY PRODUCTS 
Romania -0.2 1.98        -0.1       2.12 0.0 2.24 
EU-28, Average  0.0 2.17 0.0       2.20 0.0 2.21 

- Dispersion  0.49        0.47  0.45 
– SUGAR, COCOA AND OTHER PRODUCTS 
Romania -1.0       1.12    -0.6  1.37  -0.4 1.76 
EU-28, Average   0.0       2.14   0.0       1.97 0.0 2.19 

- Dispersion        0.80        0.79  0.81 
– FOOD FOR ANIMAL FEED 
Romania   2.3 3.82          2.0       3.44 1.4       2.96 
EU-28, Average   0.0 1.48  0.0       1.48 0.0       1.55 

- Dispersion  0.96        1.05        1.08 
Source: Author’s calculation and processing of data from Eurostat. 
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Abstract 
 
In this research the screening of several higher fungi - basidiomycetes cultures for the presence of collagenolytic 
activity was carried out. The highest collagenase activity was detected in submerged culture of higher fungus Coprinus 
lagopides. The enzyme preparation of collagenase was isolated from culture liquid of this producer. The optimum 
temperature and pH of the collagenolytic activity of the enzyme preparation were determined. The selection of nitrogen 
and carbon sources and ratios of carbon and nitrogen sources in the composition of nutrient mediums was carried out 
in order to increase the collagenase activity of fungus submerged culture. In addition to the collagenase activity of 
producers culture the amount of accumulated biomass, pH and protein concentration in the culture liquid of 
basidiomycete were also determined. 
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INTRODUCTION 
 
Proteolytic enzymes today make up about half 
of the production of enzyme preparations in the 
world market. Their efficiency surpasses the 
synthetic catalysts considerably. They are 
highly specific against their substrates and 
accelerate rigorously defined chemical reaction 
without of byproducts formation. These 
characteristics of proteolytic enzymes explain 
their widespread use in the pharmaceutical 
industry, food industry and other industries (De 
Souza et al., 2015). 
As is well known, one of the major problems 
nowadays is the development of waste-free 
technologies. In the food industry it can be 
solved by maximizing the involvement of 
protein secondary resources and wastes of meat 
industry. Ensuring of strong growth in this 
sphere could be achieved by the development 
of new technologies of production of highly 
efficient enzymes preparations. 
Practical application of enzymes preparations 
for the treatment of meat industry wastes shows 
that not all of enzymes which have a high 
proteolytic activity give the required effect 
(Anzani et al., 2017). This is due to the 
presence of proteins in such wastes which are 
difficult to cleave by digestive enzymes. One of 
the main of such hardly cleavable proteins is 

collagen. One of the most effective ways to 
solve this problem is the use of collagenase - 
unique enzyme which can hydrolyze the 
specific peptide bonds in collagen that are 
resistant to hydrolysis by other enzymes 
(Anzani et al., 2017). 
It should be noted that the field of application 
of collagenolytic enzymes is not limited to the 
meat industry. Due to its ability to cleave 
collagen they may be used in the medical 
industry, as well as in cosmetology (Alipour et 
al., 2016). They are part of many drugs 
intended for wound healing, prevention and 
treatment of post-surgical, traumatic and post-
burn scars and adhesions. 
Collagenases which are used nowadays have 
some significant drawbacks. The most well-
known producer of collagenase - the bacterium 
Clostridium hystoliticum is the causative agent 
of gas gangrene. Therefore, the increased 
requirements are made to the safety at all stages 
of production and sales of this enzyme 
(Demina, 1996). Another well-known enzyme 
with collagenolytic activity is the crab 
collagenase which is isolated from the king 
crab hepatopancreas (Rudenskaya, 2003). It is 
safe for humans, but its production has seasonal 
nature and its enzyme preparations vary 
significantly in the degree of purity and level of 
activity. 
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Thus, the actual problem is to find the 
collagenase producers which wouldn’t have the 
disadvantages referred above. 
To date higher fungi - basidiomycetes are the 
promising objects of biotechnology. It is 
known that basidiomycetes are producers of a 
number of biologically active substances such 
as amino acids, enzymes, polysaccharides, etc. 
(Peralta et al., 2017). The method of deep 
cultivation of fungi is used in modern 
biotechnology production. It gives the 
opportunity to culture producers under 
controlled conditions and environments which 
leads to a relative standardization of products 
and the possibility of enzyme production in 
commercial scale. 
The main aim of this work was to study the 
collagenolytic activity of several higher fungi - 
basidiomycetes. 

 
MATERIALS AND METHODS 
 
The objects of study were basidiomycetes 
strains from the collection of Microbiological 
Synthesis Technology department of St. 
Petersburg State Institute of Technology 
(SPbSIT). Fruiting bodies of these fungi were 
collected in the North-West of Russia. They 
were characterized and isolated in pure 
cultures. The preliminary screening for the 
production of collagenolytic enzyme was 
conducted among 35 cultures of 
basidiomycetes belonging to the genus 
Bjerkandera, Ceriporiopsis, Cerrena, 
Coprinus, Coriolus, Corticium, Flammulina, 
Funalia, Fomes, Fomitopsis, Ganoderma, 
Grifola, Hapalopilus, Hypsiziyns, Irpex, 
Lentinus, Panus, Phellinus, Pleurotus, 
Pyptoporus and Trametes. 
Chemicals and reagents 
Anhydrous glucose, molasses, dairy whey, 
wheat flour, beer wort, dry fermented peptone 
for bacteriological purposes, urea, ammonium 
nitrate and ammonium citrate, sodium chloride, 
potassium dihydrogen phosphate, potassium 
hydrogen phosphate, magnesium sulfate, 
calcium chloride and calcium carbonate, iron 
sulfate heptahydrate, zinc sulfate heptahydrate 
and fodder yeast extract (all from JSC 
“Reactive”, St. Petersburg, Russia) were used 
for the preparation of nutrient mediums.  

Hydroxide, sodium citrate, sodium carbonate, 
copper sulfate pentahydrate, bovine serum 
albumin and Folin-Ciocalteu reagent were used 
in determining of protein in the culture liquid.  
Disodium hydrogen phosphate dihydrate, 
sodium chloride, calcium chloride hexahydrate, 
isopropanol (2-Propanol), ninhydrin, L - 
leucine and collagen were used to determine 
collagenolytic activity. 
In the preparation of the phosphate buffer 
solutions potassium phosphate monobasic, 
sodium phosphate dibasic, sodium hydroxide 
and hydrochloric acid were used. 
Submerged cultivation 
Cultivation of basidiomycetes was carried out 
on the mediums with different ratios of carbon 
and nitrogen sources in nutrient medium 
composition (Table 1). 

 
Table 1. The ratios of carbon and nitrogen sources in 

nutrient medium composition 

Component 
of nutrient 
medium 

Ratio of carbon and nitrogen sources 

1.2:1 1.5:1 3:1 4:1 5:1 6:1 7:1 10:1 15:1 
Carbon 

source, g/l 10 10 10 10 10 10 10 10 10 

Nitrogen 
source, g/l 8.33 6.67 3.33 2.5 2 1.66 1.43 1 0.67 

 
The mineral composition of mediums, g/l: 
NaCl - 0.5, KH2PO4 - 0.6, K2НРO4 - 0.4, 
MgSO4 - 0.5, CaCl2 - 0.05, FeSO4×7H2O - 
0.005, ZnSO4×7H2O - 0.001.  Fodder yeast 
extract was added as the growth factor to all 
mediums in the amount of 2 gram per 1 liter of 
medium. 
At the stage of screening of collagenolytic 
cultivation of enzyme producers was carried 
out on the glucose-peptone nutrient mediums. 
Cultures of higher fungus were grown for 7 
days. Samples of culture liquid were taken on 
the 3, 4, 5, 6 and 7th days of cultivation. pH 
and the amount of accumulated biomass were 
determined. The resulting (native) solution was 
used for further study and determination of 
protein concentration and the total 
collagenolytic activity. 
In the next stage of our study it was 
investigated the effect of different nitrogen and 
carbon sources and their ratios (Table 1) on 
collagenase activity of submerged culture of 
higher fungus which had the highest level of 
collagenolytic activity according to the results 

of screening. The study was conducted in two 
steps: 
1) culturing of the macromycete in mediums 
containing various nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of nutrient medium, wherein the 
carbon source was glucose; 
2) growing of the basidiomycete in mediums 
containing different carbon sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the nitrogen source was the one which was 
determined on the first step and which provide 
the highest level of collagenase activity of the 
fungus culture. 
We used peptone, urea, ammonium nitrate and 
ammonium citrate as the nitrogen sources in 
the composition of the nutrient mediums for the 
basidiomycete cultivation. 
Carbon sources were molasses, dairy whey, 
wheat flour and beer wort. 
Determination of the amount of 
accumulated biomass 
The culture liquid was separated into the wet 
biomass and native solution by filtration 
through a paper filter. The wet biomass was 
dried at 50°C. Native solution subsequently 
used to determine the pH, protein concentration 
and collagenolytic activity of macromycete 
submerged culture. 
Determination of the protein concentration 
in the native solution  
To determine the amount of protein formed 
during submerged cultivation required for the 
subsequent calculation of the specific activity 
of the enzyme the method of Lowry was used 
(Lowry, 1951).  
Determination of the collagenolytic activity 
of native solution 
Collagenase activity was determined by 
ninhydrin method (Rosen, 1957). The method 
of the activity measuring is based on the ability 
of the enzyme to break down the collagen with 
the release and transfer to a solution the 
products of hydrolysis. Concentration of 
released products is determined 
spectrophotometrically. The amount of enzyme 
(in micrograms) which being exposed to 
collagen for 1 hour obtains the hydrolysis 
products equivalent to 1 µg of L-leucine under 
standard test conditions was adopted as the unit 
of collagenolytic activity (UCA). 

Collagenolytic activity in 1 ml of native 
solution Ак was calculated by the equation (1): 

 
Ак = а×V×2.5,                                         (1) 
where: a is the difference in concentration of 
hydrolysis products in the test Ci and control 
Co solutions (μg/ml) and V is the volume of the 
test solution (ml).  
Specific collagenase activity was calculated as 
the ratio of total collagenolytic activity to the 
protein concentration in the producer culture 
liquid.  
Enzyme preparation 
The enzyme preparation was obtained from the 
deep culture of basidiomycete which had a 
maximum level of collagenolytic activity 
according to the results of screening. 
The culture liquid of basidiomycete was 
separated into native solution and wet biomass 
by filtration through a paper filter. 
Concentration and purification of native 
solution from the low molecular weight 
impurities were carried out by ultrafiltration. 
The process was led on the ultrafiltration 
apparatus of non-flowing type FK 02-200 
having a volume of 200 ml with the membrane 
"MIFIL PA - 20" (Minsk, Belarus) at an 
operating pressure of 0.15 MPa. The resulting 
concentrate was dried by lyophilization. 
Then the pH-optimum and temperature 
optimum of collagenase activity of the obtained 
enzyme preparation were determined. 
Determination of the optimum pH of the 
enzyme preparation  
To determine the optimum pH of collagenase 
activity the 1% preparation solutions in 
phosphate buffer solutions with pH value 
ranges from 4.8 to 8.0 were prepared. Then 
collagenolytic activity was determined for the 
resulting solutions. 
Determination of optimum temperature of 
collagenase activity of the preparation 
When determining the temperature optimum of 
the enzymatic activity 1% solution of the 
preparation in the buffer with optimum value of 
pH was prepared. Then collagenolytic activity 
was measured at temperatures ranging from 20 
to 45℃. 
Statistical analysis 
Statistical analysis of the results was carried 
out by determination of the confidence 
intervals of the obtained values using the 
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Thus, the actual problem is to find the 
collagenase producers which wouldn’t have the 
disadvantages referred above. 
To date higher fungi - basidiomycetes are the 
promising objects of biotechnology. It is 
known that basidiomycetes are producers of a 
number of biologically active substances such 
as amino acids, enzymes, polysaccharides, etc. 
(Peralta et al., 2017). The method of deep 
cultivation of fungi is used in modern 
biotechnology production. It gives the 
opportunity to culture producers under 
controlled conditions and environments which 
leads to a relative standardization of products 
and the possibility of enzyme production in 
commercial scale. 
The main aim of this work was to study the 
collagenolytic activity of several higher fungi - 
basidiomycetes. 

 
MATERIALS AND METHODS 
 
The objects of study were basidiomycetes 
strains from the collection of Microbiological 
Synthesis Technology department of St. 
Petersburg State Institute of Technology 
(SPbSIT). Fruiting bodies of these fungi were 
collected in the North-West of Russia. They 
were characterized and isolated in pure 
cultures. The preliminary screening for the 
production of collagenolytic enzyme was 
conducted among 35 cultures of 
basidiomycetes belonging to the genus 
Bjerkandera, Ceriporiopsis, Cerrena, 
Coprinus, Coriolus, Corticium, Flammulina, 
Funalia, Fomes, Fomitopsis, Ganoderma, 
Grifola, Hapalopilus, Hypsiziyns, Irpex, 
Lentinus, Panus, Phellinus, Pleurotus, 
Pyptoporus and Trametes. 
Chemicals and reagents 
Anhydrous glucose, molasses, dairy whey, 
wheat flour, beer wort, dry fermented peptone 
for bacteriological purposes, urea, ammonium 
nitrate and ammonium citrate, sodium chloride, 
potassium dihydrogen phosphate, potassium 
hydrogen phosphate, magnesium sulfate, 
calcium chloride and calcium carbonate, iron 
sulfate heptahydrate, zinc sulfate heptahydrate 
and fodder yeast extract (all from JSC 
“Reactive”, St. Petersburg, Russia) were used 
for the preparation of nutrient mediums.  

Hydroxide, sodium citrate, sodium carbonate, 
copper sulfate pentahydrate, bovine serum 
albumin and Folin-Ciocalteu reagent were used 
in determining of protein in the culture liquid.  
Disodium hydrogen phosphate dihydrate, 
sodium chloride, calcium chloride hexahydrate, 
isopropanol (2-Propanol), ninhydrin, L - 
leucine and collagen were used to determine 
collagenolytic activity. 
In the preparation of the phosphate buffer 
solutions potassium phosphate monobasic, 
sodium phosphate dibasic, sodium hydroxide 
and hydrochloric acid were used. 
Submerged cultivation 
Cultivation of basidiomycetes was carried out 
on the mediums with different ratios of carbon 
and nitrogen sources in nutrient medium 
composition (Table 1). 

 
Table 1. The ratios of carbon and nitrogen sources in 

nutrient medium composition 

Component 
of nutrient 
medium 

Ratio of carbon and nitrogen sources 

1.2:1 1.5:1 3:1 4:1 5:1 6:1 7:1 10:1 15:1 
Carbon 

source, g/l 10 10 10 10 10 10 10 10 10 

Nitrogen 
source, g/l 8.33 6.67 3.33 2.5 2 1.66 1.43 1 0.67 

 
The mineral composition of mediums, g/l: 
NaCl - 0.5, KH2PO4 - 0.6, K2НРO4 - 0.4, 
MgSO4 - 0.5, CaCl2 - 0.05, FeSO4×7H2O - 
0.005, ZnSO4×7H2O - 0.001.  Fodder yeast 
extract was added as the growth factor to all 
mediums in the amount of 2 gram per 1 liter of 
medium. 
At the stage of screening of collagenolytic 
cultivation of enzyme producers was carried 
out on the glucose-peptone nutrient mediums. 
Cultures of higher fungus were grown for 7 
days. Samples of culture liquid were taken on 
the 3, 4, 5, 6 and 7th days of cultivation. pH 
and the amount of accumulated biomass were 
determined. The resulting (native) solution was 
used for further study and determination of 
protein concentration and the total 
collagenolytic activity. 
In the next stage of our study it was 
investigated the effect of different nitrogen and 
carbon sources and their ratios (Table 1) on 
collagenase activity of submerged culture of 
higher fungus which had the highest level of 
collagenolytic activity according to the results 

of screening. The study was conducted in two 
steps: 
1) culturing of the macromycete in mediums 
containing various nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of nutrient medium, wherein the 
carbon source was glucose; 
2) growing of the basidiomycete in mediums 
containing different carbon sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the nitrogen source was the one which was 
determined on the first step and which provide 
the highest level of collagenase activity of the 
fungus culture. 
We used peptone, urea, ammonium nitrate and 
ammonium citrate as the nitrogen sources in 
the composition of the nutrient mediums for the 
basidiomycete cultivation. 
Carbon sources were molasses, dairy whey, 
wheat flour and beer wort. 
Determination of the amount of 
accumulated biomass 
The culture liquid was separated into the wet 
biomass and native solution by filtration 
through a paper filter. The wet biomass was 
dried at 50°C. Native solution subsequently 
used to determine the pH, protein concentration 
and collagenolytic activity of macromycete 
submerged culture. 
Determination of the protein concentration 
in the native solution  
To determine the amount of protein formed 
during submerged cultivation required for the 
subsequent calculation of the specific activity 
of the enzyme the method of Lowry was used 
(Lowry, 1951).  
Determination of the collagenolytic activity 
of native solution 
Collagenase activity was determined by 
ninhydrin method (Rosen, 1957). The method 
of the activity measuring is based on the ability 
of the enzyme to break down the collagen with 
the release and transfer to a solution the 
products of hydrolysis. Concentration of 
released products is determined 
spectrophotometrically. The amount of enzyme 
(in micrograms) which being exposed to 
collagen for 1 hour obtains the hydrolysis 
products equivalent to 1 µg of L-leucine under 
standard test conditions was adopted as the unit 
of collagenolytic activity (UCA). 

Collagenolytic activity in 1 ml of native 
solution Ак was calculated by the equation (1): 

 
Ак = а×V×2.5,                                         (1) 
where: a is the difference in concentration of 
hydrolysis products in the test Ci and control 
Co solutions (μg/ml) and V is the volume of the 
test solution (ml).  
Specific collagenase activity was calculated as 
the ratio of total collagenolytic activity to the 
protein concentration in the producer culture 
liquid.  
Enzyme preparation 
The enzyme preparation was obtained from the 
deep culture of basidiomycete which had a 
maximum level of collagenolytic activity 
according to the results of screening. 
The culture liquid of basidiomycete was 
separated into native solution and wet biomass 
by filtration through a paper filter. 
Concentration and purification of native 
solution from the low molecular weight 
impurities were carried out by ultrafiltration. 
The process was led on the ultrafiltration 
apparatus of non-flowing type FK 02-200 
having a volume of 200 ml with the membrane 
"MIFIL PA - 20" (Minsk, Belarus) at an 
operating pressure of 0.15 MPa. The resulting 
concentrate was dried by lyophilization. 
Then the pH-optimum and temperature 
optimum of collagenase activity of the obtained 
enzyme preparation were determined. 
Determination of the optimum pH of the 
enzyme preparation  
To determine the optimum pH of collagenase 
activity the 1% preparation solutions in 
phosphate buffer solutions with pH value 
ranges from 4.8 to 8.0 were prepared. Then 
collagenolytic activity was determined for the 
resulting solutions. 
Determination of optimum temperature of 
collagenase activity of the preparation 
When determining the temperature optimum of 
the enzymatic activity 1% solution of the 
preparation in the buffer with optimum value of 
pH was prepared. Then collagenolytic activity 
was measured at temperatures ranging from 20 
to 45℃. 
Statistical analysis 
Statistical analysis of the results was carried 
out by determination of the confidence 
intervals of the obtained values using the 
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Student's coefficient in the Microsoft Office 
Excel 2007. Deviations from the mean values 
considered statistically significant if the 
confidence level was greater than or equal to 
95%. Number of replicates in all dimensions 
was varied (from 4 or more). The experimental 
results were expressed as mean value ± 
standard deviation.  

 
RESULTS AND DISCUSSIONS 
 
The screening of collagenolytic enzyme 
producers was conducted among 35 cultures of 
basidiomycetes from the collection of 
Microbiological Synthesis Technology 
department of SPbSIT. It has shown that the 
highest level of collagenase activity has a deep 
culture of higher fungus Coprinus spp. 
(Coprinus lagopides) on the 7th day of 
cultivation in the glucose-peptone nutrient 
medium with a ratio of carbon and nitrogen 
sources 1.5:1. The literature reports as highest 
collagenase producers the fungal gender 
belonging to Aspergillus, Cladosporium, 
Penicillium and Alternaria (Wanderley et al., 
2017). Few reports on collagenase are reported 
in relation to the basidiomycetaes, and the most 
studied gender was Pleurotus (Hu et al., 2017). 
Regarding Coprinus spp., for the enzymatic 
activity, mainly it was reported for its 
amylolytic activity (Frantz et al., 2019). Also, 
some milk-clotting properties, due to its 
protelotyic activity was reported (Shamtsyan et 
al., 2014). 
The culture liquid of basidiomycete Coprinus 
spp. was concentrated in 2.5 times by 
ultrafiltration. The level of purification was 2 
times. The concentrate was dried by 
lyophilization. The specific activity of obtained 
enzyme preparation of collagenase is 1242 
UCA/µg of protein. 
For the obtained preparation the optimum pH 
and the temperature of the enzymatic activity 
were determined as folows: the optimum pH is 
in the range of pH 7.5-7.6 (Figure 1), optimum 
temperature lies in the range of 35-38℃ 
(Figure 2).  
On the first step of study of the effect of 
different carbon and nitrogen sources and their 
ratios on collagenase activity of deep culture of 
higher fungus Coprinus spp. was performed the 
cultivation of macromycete on the mediums 

containing different nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the source of carbon was glucose. 
 

 
Figure 1. Dependence of collagenolytic activity on the 

pH of the preparation solution 
 

 
Figure 2. Dependence of collagenolytic activity on the 

temperature of preparation solution 
 

According to the data obtained in the first step 
of study it can be concluded that culturing on 
the mediums with urea is accomplished with 
strong alkalization while the use of ammonium 
nitrate as a nitrogen source leads to strong 
acidification of the mediums. pH of submerge 
culture obtained in the medium containing 
ammonium citrate was slightly acidic. 
Cultivation of fungi in glucose-peptone nutrient 
mediums accompanied by a transition pH from 
a weakly acidic to weakly alkaline.  
The greatest amount of fungal biomass 
accumulates on the 4th day of cultivation in 
glucose-peptone medium with the ratio of 
carbon and nitrogen sources 1.5:1 while the 
smallest amount of biomass accumulates on the 
mediums with urea. 
The results of the quantitative determination of 
collagenolytic activity of macromycetes 
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submerged culture in the first step of the study 
are represented on the Figures 3-6. 
Figures 3-6 shows that the basidiomycete deep 
culture produces the highest level of total 
collagenolytic activity on the 7th day of 
cultivation in the medium where urea is used as 
nitrogen source at a ratio of carbon and 
nitrogen sources 14:1 and 15:1. 
 

 
Figure 3. Collagenolytic activity level of basidiomycete 

Coprinus sp. deep culture in case of using glucose-
peptone nutrient mediums 

 

 
Figure 4. Collagenolytic activity level of macromycete 

deep culture in case of growth in the mediums with urea 
 

 
Figure 5. Collagenolytic activity level of producer 

culture in case of using mediums with ammonium nitrate 

 
Figure 6. Collagenolytic activity level of basidiomycete 
deep culture in case of growth in the nutrient mediums 

with ammonium citrate 
 
The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
was observed on the 7th day of cultivation in 
the medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
Thus, for the subsequent study of the influence 
of different carbon sources in nutrient mediums 
composition on the enzymatic activity of 
producer deep culture urea was used as a 
nitrogen source. 
According to the results obtained in the second 
step of the study the cultivation of 
macromycete in all carbon sources was 
accompanied by a strong medium alkalization, 
however, a lesser alkalization was registered in 
the mediums with beer wort. 
The highest amount of accumulated biomass 
the fungus culture produces on the 4-5th days of 
growth in medium with beer wort at a ratio of 
carbon and nitrogen sources 1.5:1, but it is 
considerably lower than in the case of using 
glucose-peptone medium. The smallest amount 
of biomass the fungus culture accumulates on 
the 3-5th days of cultivation in medium with 
molasses at the ratios of carbon and nitrogen 
sources 10:1 and 15:1. 
The results of the quantitative determination of 
collagenolytic activity of fungus submerged 
culture in the second step of the study are 
shown on the Figures 7-10. 
Figures 7-10 shows that the highest total 
collagenolytic activity of basidiomycete 
Coprinus sp. deep culture is registered in case 
of using the nutrient medium where dairy whey 
is used as the carbon source. 
In order to increase the collagenase activity of 
producer culture the pH of dairy whey 
mediums was changed by: (1) the adjustment 
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Student's coefficient in the Microsoft Office 
Excel 2007. Deviations from the mean values 
considered statistically significant if the 
confidence level was greater than or equal to 
95%. Number of replicates in all dimensions 
was varied (from 4 or more). The experimental 
results were expressed as mean value ± 
standard deviation.  

 
RESULTS AND DISCUSSIONS 
 
The screening of collagenolytic enzyme 
producers was conducted among 35 cultures of 
basidiomycetes from the collection of 
Microbiological Synthesis Technology 
department of SPbSIT. It has shown that the 
highest level of collagenase activity has a deep 
culture of higher fungus Coprinus spp. 
(Coprinus lagopides) on the 7th day of 
cultivation in the glucose-peptone nutrient 
medium with a ratio of carbon and nitrogen 
sources 1.5:1. The literature reports as highest 
collagenase producers the fungal gender 
belonging to Aspergillus, Cladosporium, 
Penicillium and Alternaria (Wanderley et al., 
2017). Few reports on collagenase are reported 
in relation to the basidiomycetaes, and the most 
studied gender was Pleurotus (Hu et al., 2017). 
Regarding Coprinus spp., for the enzymatic 
activity, mainly it was reported for its 
amylolytic activity (Frantz et al., 2019). Also, 
some milk-clotting properties, due to its 
protelotyic activity was reported (Shamtsyan et 
al., 2014). 
The culture liquid of basidiomycete Coprinus 
spp. was concentrated in 2.5 times by 
ultrafiltration. The level of purification was 2 
times. The concentrate was dried by 
lyophilization. The specific activity of obtained 
enzyme preparation of collagenase is 1242 
UCA/µg of protein. 
For the obtained preparation the optimum pH 
and the temperature of the enzymatic activity 
were determined as folows: the optimum pH is 
in the range of pH 7.5-7.6 (Figure 1), optimum 
temperature lies in the range of 35-38℃ 
(Figure 2).  
On the first step of study of the effect of 
different carbon and nitrogen sources and their 
ratios on collagenase activity of deep culture of 
higher fungus Coprinus spp. was performed the 
cultivation of macromycete on the mediums 

containing different nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the source of carbon was glucose. 
 

 
Figure 1. Dependence of collagenolytic activity on the 

pH of the preparation solution 
 

 
Figure 2. Dependence of collagenolytic activity on the 

temperature of preparation solution 
 

According to the data obtained in the first step 
of study it can be concluded that culturing on 
the mediums with urea is accomplished with 
strong alkalization while the use of ammonium 
nitrate as a nitrogen source leads to strong 
acidification of the mediums. pH of submerge 
culture obtained in the medium containing 
ammonium citrate was slightly acidic. 
Cultivation of fungi in glucose-peptone nutrient 
mediums accompanied by a transition pH from 
a weakly acidic to weakly alkaline.  
The greatest amount of fungal biomass 
accumulates on the 4th day of cultivation in 
glucose-peptone medium with the ratio of 
carbon and nitrogen sources 1.5:1 while the 
smallest amount of biomass accumulates on the 
mediums with urea. 
The results of the quantitative determination of 
collagenolytic activity of macromycetes 
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submerged culture in the first step of the study 
are represented on the Figures 3-6. 
Figures 3-6 shows that the basidiomycete deep 
culture produces the highest level of total 
collagenolytic activity on the 7th day of 
cultivation in the medium where urea is used as 
nitrogen source at a ratio of carbon and 
nitrogen sources 14:1 and 15:1. 
 

 
Figure 3. Collagenolytic activity level of basidiomycete 

Coprinus sp. deep culture in case of using glucose-
peptone nutrient mediums 

 

 
Figure 4. Collagenolytic activity level of macromycete 

deep culture in case of growth in the mediums with urea 
 

 
Figure 5. Collagenolytic activity level of producer 

culture in case of using mediums with ammonium nitrate 

 
Figure 6. Collagenolytic activity level of basidiomycete 
deep culture in case of growth in the nutrient mediums 

with ammonium citrate 
 
The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
was observed on the 7th day of cultivation in 
the medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
Thus, for the subsequent study of the influence 
of different carbon sources in nutrient mediums 
composition on the enzymatic activity of 
producer deep culture urea was used as a 
nitrogen source. 
According to the results obtained in the second 
step of the study the cultivation of 
macromycete in all carbon sources was 
accompanied by a strong medium alkalization, 
however, a lesser alkalization was registered in 
the mediums with beer wort. 
The highest amount of accumulated biomass 
the fungus culture produces on the 4-5th days of 
growth in medium with beer wort at a ratio of 
carbon and nitrogen sources 1.5:1, but it is 
considerably lower than in the case of using 
glucose-peptone medium. The smallest amount 
of biomass the fungus culture accumulates on 
the 3-5th days of cultivation in medium with 
molasses at the ratios of carbon and nitrogen 
sources 10:1 and 15:1. 
The results of the quantitative determination of 
collagenolytic activity of fungus submerged 
culture in the second step of the study are 
shown on the Figures 7-10. 
Figures 7-10 shows that the highest total 
collagenolytic activity of basidiomycete 
Coprinus sp. deep culture is registered in case 
of using the nutrient medium where dairy whey 
is used as the carbon source. 
In order to increase the collagenase activity of 
producer culture the pH of dairy whey 
mediums was changed by: (1) the adjustment 
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of mediums pH to 6.5 by 0.1M NaOH; (2) 
addition of calcium carbonate in the amount of 
10 g/l. 
The results of the quantitative determination of 
collagenolytic activity of the fungus deep 
culture in case of pH updating of dairy whey 
mediums are shown on the Figures 11 and 12. 
 

 
Figure 7. Collagenolytic activity level of basidiomycete 
culture in case of growth in the mediums with molasses 

 

 
Figure 8. Collagenolytic activity level of the fungus 

culture in the mediums containing dairy whey 
 

 
Figure 9. Collagenolytic activity level of Coprinus spp. 

deep culture in case of using the mediums  
with wheat flour 

 
Figure 10. Collagenolytic activity level of producer 

culture in the mediums with beer wort 
 

 
Figure 11. Collagenolytic activity level of basidiomycete 
culture in case of adjustment of dairy whey mediums pH 

to 6.5 by 0.1M NaOH 
 

 
Figure 12. Collagenolytic activity level of producer 

culture in case of growth in the dairy whey mediums 
with the addition of 1% of calcium carbonate 

 
According to the data obtained the highest total 
collagenolytic activity is achieved by growing 
of producer in medium containing whey and 

1% of calcium carbonate on the 7th day of 
cultivation at the ratios of carbon and nitrogen 
sources 5:1 and 7:1, and on the 6-7th days of 
cultivation at a ratio of carbon and nitrogen 
sources 10:1. The change of dairy whey 
mediums pH by 0.1M NaOH reduces 
collagenase activity of producer culture in 
comparison with the using of dairy whey 
mediums without any pH correction. 
The maximum level of specific collagenolytic 
activity was observed on the 7th day of fungus 
cultivation in the medium containing dairy 
whey at a ratio of carbon and nitrogen sources 
15:1, but it is considerably lower than the level 
achieved in the medium with glucose and urea. 
 
CONCLUSIONS 
 
The use of higher fungi as the producers of 
collagenase provides an opportunity to realize 
production of this enzyme under controlled 
conditions and environments which leads to a 
relative standardization of product and the 
possibility of production of sustainable enzyme 
in commercial scale. 
At Microbiological Synthesis Technology 
department of St. Petersburg State Institute of 
Technology screening of number of 
basidiomycetes for the presence of 
collagenolytic activity was held. It was shown 
that the deep culture of basidiomycete 
Coprinus spp. has a high level of collagenase 
activity. Thus, highest fungus Coprinus spp. is 
a promising producer of highly active 
collagenase. 
The lyophilized enzyme preparation was 
obtained from the culture liquid of 
basidiomycete Coprinus spp. Its specific 
collagenolytic activity is 1242 UCA/µg of 
protein. The optimum pH and temperature of 
its enzymatic activity were determined as  a pH 
of 7.5-7.6, respectively an optimal temperature 
raging in 35-38oC. 
In order to improve the collagenolytic activity 
of producer submerged culture the selection of 
carbon and nitrogen sources and their ratios in 
the composition of nutrient medium was 
carried out. According to the information 
received, the highest total collagenolytic 
activity is achieved in case of growth of the 
producer in medium containing urea and dairy 
whey with addition of 1% of calcium carbonate 

on the 7th day of cultivation at the ratios of 
carbon and nitrogen sources 5:1 and 7:1, and 
on the 6-7th days of cultivation at a ratio of 
carbon and nitrogen sources 10:1.  
The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
is observed on the 7th day of cultivation in the 
medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
It should be noted that the replacement of 
traditionally used expensive carbon (glucose) 
and nitrogen (peptone) sources in the 
composition of the nutrient medium by the 
cheaper ones (dairy whey and urea) will permit 
us not only to increase the output of the final 
product - fungal collagenase, but also will 
significantly reduce the cost of the obtained 
enzyme preparation. At the same time, it will 
permit us to use the wastes of cheese and curds 
productions instead of food product - glucose. 
Thus, in this study we have discovered the 
basidiomycete - producer of collagenolytic 
enzyme which has not only technological, but 
also economic advantages in comparison with 
today’s existing preparations of clostridial and 
crab collagenases. 
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Abstract  
 
A technology for obtaining a new lyophilized functional product with healthy qualities - "FucoSTEM" has been created. 
Its composition includes sources of useful and biologically active ingredients of various origins. The bioformula of the 
new bioproduct was complied with the requirements for physiological activity, harmlessness and microbial stability. 
The main parameters of the process of freeze-drying of 4 main components of the composition of the product - 
colostrum, chokeberry juice, beta-glucans and fructooligosaccharides were established, and their phase behavior at 
low and high temperatures was studied. Analysis of the thermal curves, obtained by differential scanning calorimetry, 
provides information on enthalpy, melting temperatures and crystallization, thus proving that an endothermic 
phenomenon between -5°C and -40°C is observed, which corresponds to the melting of the samples.  
 
Key words: lyophilized product, buffalo colostrum, freeze drying. 
 
INTRODUCTION  
 
Modern guidelines in the science of nutrition 
are characterized by a emphasized orientation 
on the to increasingly widespread application 
of natural remedies of protecting human health 
in the form of functional foods, probiotics, 
biological stimulators, regulators and more. 
Biologically active foods are a new and 
promising direction. These are foods, enriched 
with dietary fiber, oligosaccharides, various 
probiotic bacteria, vitamins, mineral substances 
and other useful ingredients, which regulate 
functions in the organism and improve the 
health status of the consumers. In modern 
industry more and more diverse in recipe 
composition biologically active foods are being 
developed (Ferronatto et al., 2021; Cerda-
Opazo et al., 2021; Segura-Badilla et al., 2020; 
Ivanova et al., 2020; Tondt and Bays, 2022; 
Tran et al., 2022).  
The method of freeze-drying (lyophilization) is 
used for the production of most of them. It 
combines two methods of preservation - 
freezing and drying under vacuum at 
temperatures that do not disturb the micro and 
macrostructure of the product. The increased 
interest in lyophilized foods is explained by the 
high quality of the final product, with their 

fully preserved taste qualities, color, aroma, 
nutritional and biological value, their lightness, 
long-term storage and convenience in 
transportation and marketing (Moayyedi et al., 
2018; Achouri et al., 2021; Xin et al., 2022). 
Buffalo colostrum represents a natural raw 
material with valuable qualities, that can be 
used to obtain various functional foods. There 
are data in the literature on scientific 
developments related to colostrum from cows, 
goats, but there is not enough information 
about buffalo colostrum. There is no 
information on the development and/or 
existence of functional foods and other 
bioproducts based on this type of colostrum. In 
recent years, results have been published on the 
presence of active substances in buffalo 
colostrum that have a protective effect (Rohit et 
al., 2012; Ashok & Aparna, 2017). 
Aronia fruit is among the richest sources of 
polyphenols and has a high antioxidant 
potential (Llorent-Martínez et al., 2013; Štepec 
et al., 2020; Sidor & Gramza-Michałowska, 
2019). It has been found to contain many other 
useful nutrients - antioxidants, vitamins, etc., 
which is why it is included to the so-called 
"superfoods" with unique health qualities. 
The authors present a technology for the 
production of a new lyophilized bioproduct 


