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The study investigated the conditions for endopolygalacturonase synthesis by the Trametes hirsuta 1569 strain
under submerged cultivation. It was established that the maximum enzyme activity was achieved on the 9th day, after
which a decrease in activity was observed. Among the studied carbon sources, sugar beet pulp proved to be the most
effective, whereas brewer’s spent grain did not induce enzyme synthesis. The optimal concentration of sugar beet pulp
was 10 g/dm?, which ensured a high level of activity without a further saturation effect. Maximum enzyme synthesis was
observed when urea and ammonium sulfate were used as nitrogen sources, with the optimal concentration of (NH4)2SO4
being 1.0 g/dm?®. The most favorable pH value for endopolygalacturonase synthesis was in the range of 57, with a
maximum at pH 6. A moderate agitation rate (120 rpm) and inoculum size of 5 % ensured maximum enzyme synthesis.
The obtained results indicate the feasibility of using lignocellulosic wastes, particularly sugar beet pulp, for
endopolygalacturonase biosynthesis and can be used to optimize biotechnological processes.
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Introduction. Pectinolytic enzymes (pectinases)
are a group of enzymes that catalyze the hydrolysis
of pectic substances, which are important structural
components of plant cell walls and consist mainly of
D-galacturonic acid residues linked by a-1,4-
glycosidic bonds (Patel et al., 2024). This group
includes polygalacturonases, pectin lyases, pectate
lyases, and pectin esterases, which differ in their
mechanism of action on the pectin molecule.
Endopolygalacturonase (EC 3.2.1.15) is of particular
industrial interest, as it catalyzes the hydrolysis of
internal glycosidic bonds in the polygalacturonic
chain, causing pectin depolymerization and a
decrease in the viscosity of pectin solutions (Hao et
al., 2022; Jayani et al., 2010; Sharma et al., 2024).

The main producers of pectinolytic enzymes are
microorganisms, among which microscopic fungi
play a leading role. Their advantage lies in their
ability to secrete a significant portion of the
synthesized enzymes into the culture liquid, which
greatly simplifies their subsequent recovery
(Algahtani et al., 2022; Bassim Atta et al., 2022).
Basidiomycete macromycetes of the genus Trametes
are promising producers of extracellular enzymes
capable of synthesizing a wide range of enzymes
involved in the degradation of plant polymers
(Giouroukou et al., 2026). In our previous studies,
fungi of the genus Trametes demonstrated their
potential as promising producers of pectinolytic
enzymes. Among the studied species (T. versicolor,
T. ochracea, T. hirsuta), the latter, namely T. hirsuta

1569, proved to be the most promising for further
research (P. R. Zubyk et al., 2024).

It is known that the level of pectinase synthesis
largely depends on cultivation conditions. Among
the main factors affecting enzyme production by
Aspergillus spp., Bacillus spp., Streptomyces sp.,
and others are the composition of the nutrient
medium (type and concentration of carbon and
nitrogen sources), medium pH, agitation rate (under
submerged cultivation conditions), cultivation time,
and others. Changes in these parameters can lead to
significant fluctuations in enzyme synthesis levels;
therefore, the selection of optimal cultivation
conditions is one of the key stages in the
development of efficient biotechnological processes
for enzyme production (Fontana et al., 2012; Javaid
Asad M, 2015; Jayani et al., 2010; Rozendo et al.,
2024; Serrat et al., 2004; Shrestha et al., 2023). An
important approach is the use of available plant
substrates, particularly agro-industrial wastes, which
can serve not only as inducers of pectinolytic
enzyme synthesis but also reduce the cost of nutrient
media, which is important for industrial enzyme
production. There are studies demonstrating the
prospects of wusing wastes for the industrial
production of endopolygalacturonase by Aspergillus
spp., Bacillus licheniformis, and other producers
(Jahan et al., 2017; Larios et al., 1989). Studies
devoted to endopolygalacturonase synthesis by
basidiomycete macromycetes are scarce. In
particular, little attention has been paid to the
influence of  cultivation conditions  on
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endopolygalacturonase synthesis in fungi of this
group, including Trametes hirsuta, which determines
the relevance of further research in this area.
Objective of the study: to investigate the
influence of the main cultivation parameters on
endopolygalacturonase synthesis by the fungus
Trametes hirsuta 1569 in submerged culture.
Materials and Methods. Object of study. The
study used the Trametes hirsuta 1569 strain obtained
from the M.G. Kholodny Institute of Botany of the
National Academy of Sciences of Ukraine (IBK)
(Bisko et al., 2024). The culture was maintained on
agarized barley-malt extract (8° Balling) at 4 °C.
Preparation of inoculum. The inoculum was
cultivated in 250 cm® flasks containing 50 cm® of
glucose-peptone-yeast medium  according to
(Bondaruk et al., 2025) at a temperature of
(28 £ 2) °C for 7 days.
Basic cultivation conditions. The basal nutrient
medium consisted of: pectin (Apfelpektin, Germany)
— 10.0 g/dm®, NHs;NOs (supplied by SpheraSim,

Ukraine) — 1.0g/dm3, KH,PO4 (supplied by
Khimlaborreaktiv, Ukraine) - 1.0 g/dm?,
MgSO4-7H,0  (supplied by Khimlaborreaktiv,

Ukraine) — 0.5 g/dm® FeSO4-7H.O (supplied by
Himreagent, Ukraine) - 5.0 mg/dm?,
ZnS04-7TH,0 (supplied by Labormarket, Ukraine) —
4.4 mg/dm3, CaCl, (supplied by Khimlaborreaktiv,
Ukraine) — 5.5 mg/dm?, initial pH 6.5. The medium
was autoclaved at 121 °C for 15 min (Danylyak et
al., 1989). Submerged cultivation was carried out in
250 cm® Erlenmeyer flasks containing 50 cm® of
medium without agitation at 28 °C.

Selection of cultivation conditions. Cultivation
conditions were selected sequentially using the one-
factor-at-a-time (OFAT) method to maximize
endopolygalacturonase yield (Oumer et al., 2018).
At each stage, only one parameter was varied, while
the other factors were maintained at levels
determined as optimal in the previous stages of the
experiment. The concentrations of salts KHyPOs,
MgSO4‘7H20, FeSO4-7H20, ZnSO4-7H20, CaC|2
and the cultivation temperature were kept at the
initial level. The parameters were varied in the
following order: cultivation time, carbon source, its
concentration and particle size, nitrogen source, its
concentration, initial pH level, agitation rate, and
inoculum size.

Cultivation time. To determine the optimal
cultivation time, the flasks were incubated in the
basal nutrient medium under initial conditions for
24-504 h with a step of 48 h. Further cultivations
were carried out for the optimal duration determined
in this experiment.

Carbon source, its particle size, and
concentration. The qualitative composition of the

carbon source was tested at a concentration of 1 %
(w/v, dry weight). Agricultural and industrial wastes
were evaluated as alternative carbon sources: sugar
beet pulp (Sugar factory in Rokytne, Ukraine), grape
and apple pomaces (Institute of Viticulture and
Winemaking «Magarach» of the National Academy
of Agrarian Sciences of Ukraine, Ukraine),
pomegranate, mandarin and pomelo peels (obtained
from pomegranate, mandarin and pomelo purchased
at the local supermarket Fora), barley-rye and
barley-wheat spent grain (obtained from a by-
product of distillate production from The Institute of
Food Resources of the National Academy of
Agrarian Sciences of Ukraine, Ukraine). Peels and
spend grains were dried at 60 °C. The wastes were
ground to a particle size of 0—1 mm. The selected
optimal carbon source was used for further studies.

The particle size of the selected carbon source
was determined using the following fractions: 0-
1 mm, 1-3 mm, 3-5mm, 5-7 mm, and 7-10 mm.
The determined optimal particle size of the carbon
source was used in further studies.

The concentration of the selected carbon source
was determined by cultivating the basidiomycete
macromycete on a nutrient medium with different
contents of this component: from 5g/dm® to
35g/dm® with a step of 5g/dm® The optimal
concentration of the carbon source was used in
further studies.

Nitrogen source and concentration. The
qualitative composition of the nitrogen source was
tested at a concentration of 1 % (w/v). In this study,
the following substances were used: KNOs (supplied
by SpheraSim, Ukraine), (NH.).SO4 (supplied by
Labormarket, Ukraine), NH4NOs; (supplied by
Labormarket, Ukraine), Ca(NOs), (supplied by
Khimlaborreaktiv, Ukraine), casein (supplied by
Kharkov Torg, Ukraine), urea (supplied by
Khimlaborreaktiv, Ukraine), yeast extract (supplied
by Khimlaborreaktiv, Ukraine), and peptone
(supplied by Khimlaborreaktiv, Ukraine).

The concentration of the selected nitrogen source
was determined by cultivating the basidiomycete
macromycete on a nutrient medium with different
contents of this component: from 0.5 g/dm® to
3.0 g/dm® with a step of 0.5 g/dm®. The optimal
concentration of the nitrogen source was used in
further studies.

Medium pH. The initial pH value of the nutrient
medium after autoclaving was adjusted from 3.0 to
9.0 with a step of 1.0 using the optimal medium
composition. The determined optimal pH value was
used in further studies.

Agitation rate. The agitation rate was varied from
100 rpm to 200 rpm with a step of 20 rpm using an
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orbital shaker. The determined optimal agitation rate
was used in further studies.

Inoculum size. The inoculum was added in
amounts of 1 %, 2.5 %, 5%, 7.5 %, and 10 % (v/v).
The optimal inoculum size was determined.

Determination of enzyme activity.
Endopolygalacturonase activity (EndoPG, EC
3.2.1.171) was determined by the degree of pectin
viscosity reduction using the method described in
(Dudka et al., 1982). The reaction mixture
containing culture liquid and a 0.5 % solution of
apple pectin (pH 5.0) was incubated at 30 °C for
10 min in an Ostwald viscometer (d =0.73 mm,
Labexpert). One unit of endopolygalacturonase
activity (EndoPGA, U) was defined as the amount of
enzyme that reduces the viscosity of the pectin
solution by 30 %.

After that, the relative endopolygalacturonase
activity was calculated using the formula (Oumer et
al., 2018):

EndoPGA
max (EndoPGA)

Statistical analysis. Statistical analysis of the data
was performed using Duncan’s test. All experiments
were carried out in triplicate, and the results are
presented as M £ m (mean value + standard
deviation) obtained from three measurements (n=3).
The results were considered statistically significant
at p-value < 0.05. Letters a, b, c, d, etc. indicate
differences between strains: p < 0.05 according to
Duncan’s test.

Data processing and graph plotting were
performed using Excel software (USA).

Results and Discussion. The dynamics of
endopolygalacturonase  synthesis by Trametes
hirsuta 1569 were studied over 504 h of cultivation
in the basal nutrient medium (Fig. 1).
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Fig. 1. Dynamics of endopolygalacturonase synthesis by Trametes hirsuta 1569

Enzyme activity gradually increased during
myecelial growth and reached a maximum on the 9th
day of cultivation (61.09 + 8.68 U/cm?). This value
did not differ significantly from that obtained on the
7th day (58.10 £ 4.02 U/cm?®) according to Duncan’s
test (p < 0.05). Further extension of the cultivation
period was accompanied by a decrease in enzyme
activity, and after the 15th day it remained at a
consistently low level (p > 0.05) until the end of the
experiment. Based on the obtained results and
unpublished data on our other enzymes of the
pectinolytic complex, the cultivation time for further
studies was set at 9 days.

The effects of different lignocellulosic wastes as
carbon sources, its concentration and particle size on
endopolygalacturonase  synthesis by  Trametes
hirsuta 1569 are shown in Fig. 2).
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The highest EndoPG activity (Fig.2.A) was
recorded when sugar beet pulp was used (29.38 =+
2.94 U/cm?®), which was statistically higher than the
values obtained for most of the tested substrates (p <
0.05). High activity values were also observed when
mandarin peels (17.88 + 1.94 U/cm®) and pomelo
peels (16.77 = 1.82 U/cm®) were used; however,
they did not differ significantly from each other.
Significantly lower levels of enzymatic activity were
recorded when grape and apple pomace, corn bran,
and pomegranate peels were used (10-40 % of the
maximum value). At the same time, when brewer’s
spent grain (barley-rye and barley-wheat) was used,
endopolygalacturonase synthesis practically did not
occur.

The obtained results indicate that sugar beet pulp
is the most effective inducer of
endopolygalacturonase synthesis by T. hirsuta 1569
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among the tested substrates; therefore, it was used as
the carbon source in further experiments.

After determining the optimal carbon source, the
optimal concentration of sugar beet pulp was
determined (Fig. 2.B). It was established that an
increase in substrate concentration was accompanied
by an increase in EndoPG enzymatic activity. The
maximum EndoPGA value was recorded at a

concentration of 25 g/dm?® (30.65 £+ 2.99 U/cm?®). At
lower concentrations, the activity was reduced; in
particular, at 5 g/dm® it was about 60% of the
maximum value. At the same time, within the range
of 10-35 g/dm?, the activity values did not differ
significantly according to Duncan’s test (p < 0.05).
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Fig. 2. Effect of carbon source type (A), it concentration (B) and particle size (C) on endopolygalacturonase

synthesis by Trametes hirsuta 1569

Note: MPI — mandarin peels; GPc — grape pomace; Apc — apple pomace; CH — corn husk; BSGb — brewer’s spent grain
(barley); BGbw — brewer’s spent grain (wheat); PmPI — pomelo peels; PgPl — pomegranate peels; SBP — sugar beet pulp

A further increase in substrate concentration
above 10 g/dm?® did not lead to a significant increase
in enzyme activity. Taking these results into
account, a sugar beet pulp concentration of 10 g/dm?3
was selected as optimal for further studies.

The enzymatic activity of Trametes hirsuta 1569
depended on the particle size of the substrate
(Fig. 2.C). The maximum EndoPGA value was
recorded when particles of 1-3mm were used
(33.26 £ 1.22 U/cm®). The activity values for the 3—
5 mm fraction did not differ significantly according
to Duncan’s test (p < 0.05), although the mean
EndoPGA value was about 15 % lower.

When smaller (0-1 mm) or larger substrate
fractions (5-10 mm) were used, a decrease in
enzymatic activity of approximately 20-35 % was
observed. The obtained results indicate that the use
of sugar beet pulp with a particle size of 1-3 mm
provides favorable conditions for
endopolygalacturonase synthesis by T. hirsuta 1569;
therefore, this fraction was selected for further
studies.

It was established that the level of enzymatic
activity strongly depended on the nitrogen source
(Fig. 3.A). The highest EndoPGA activity was
recorded when urea was used (34.71 + 1.48 U/cm?3).
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High activity values were also observed when
ammonium salts, calcium nitrate, and peptone were
used (77-95 % of the maximum value, p < 0.05
according to Duncan’s test).

Lower levels of enzymatic activity were recorded
when organic nitrogen sources — casein and yeast
extract — were used (about 60 % of the maximum
value). The lowest level of endopolygalacturonase
synthesis was observed when KNO; was used (2.70
+0.26 U/cm?).

Although the obtained results indicate that urea is
the most effective nitrogen source for
endopolygalacturonase synthesis by T. hirsuta 1569,
ammonium sulfate was selected for further studies,
taking into account economic considerations, the
absence of statistically significant differences
between these sources, and our unpublished data on
other enzymes of the pectinolytic complex.

The next step was to determine the optimal
concentration of this salt (Fig. 3.B). The maximum
endopolygalacturonase activity was recorded at an
ammonium sulfate concentration of 1.0 g/dm?® (31.88
+ 5.21 U/em?®), which was statistically higher than
the values obtained at lower (0.5 g/dm?) and higher
(1.5-3.0 g/dm?3) concentrations (p < 0.05).
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Fig. 3. Effect of nitrogen source type (A) and it concentration (B) on endopolygalacturonase synthesis by

Trametes hirsuta 1569

Note: PN — potassium nitrate; AS — ammonium sulfate; AN — ammonium nitrate; CN — calcium nitrate; K — casein;

U — urea; YE — yeast extract; P — peptone

A sharp decrease in EndoPG activity was
observed with increasing nitrogen content in the
nutrient medium. Thus, the optimal concentration of
the selected nitrogen source for enzyme synthesis
was 1.0 g/dm®The next step was to determine the
optimal concentration of this salt (Fig. 3.B). The
maximum endopolygalacturonase activity was
recorded at an ammonium sulfate concentration of
1.0g/dm® (31.88 + 521 U/cm®), which was
statistically higher than the values obtained at lower

EndoPG activity was observed with increasing
nitrogen content in the nutrient medium. Thus, the
optimal concentration of the selected nitrogen source
for enzyme synthesis was 1.0 g/dm?.

The maximum enzymatic activity was recorded
at pH 6 (27.96 = 2.10 U/cmq), which was statistically
higher than the values obtained at more acidic (pH
3-4) and alkaline (pH 8-9) values by 25-75%
(Fig. 4.A). Within the pH range of 5-7, high activity
levels were observed that did not differ significantly

(0.5 g/dm3) and higher (1.5-3.0 g/dm®  according to Duncan’s test (p < 0.05).
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Fig. 4. Effects of initial pH (A), agitation rate (B) and inoculum size (C) on endopolygalacturonase synthesis by

Trametes hirsuta 1569

The obtained results indicate that a slightly acidic
to neutral pH range is optimal for endopoly-
galacturonase synthesis, with a maximum at pH 6,
which was selected for further studies.
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The maximum enzymatic activity (38.16 =+
1.87 U/cm®was observed at 120 rpm (Fig. 4.B);
however, within the range of 0-140 rpm the values
did not differ significantly (p < 0.05). Further
23




increases in agitation rate were accompanied by a
decrease in activity by 30-85%, and at 180-
200 rpm statistically lower values were recorded,
with a minimum at 200 rpm. The obtained results
indicate that a moderate agitation rate is optimal for
endopolygalacturonase synthesis, whereas excessive
agitation negatively affects enzyme production.
Therefore, for further studies, T. hirsuta 1569 was
cultivated at 120 rpm.

Endopolygalacturonase activity depended on the
inoculum size (Fig. 4.C). The maximum enzymatic
activity was observed at an inoculum size of 5%
(44.73 + 3.59 U/cm?®), which was statistically higher
than the values obtained at lower inoculum volumes
(p < 0.05). Within the range of 5-10 %, the activity
remained at a high level and did not differ
significantly between individual variants. When the
inoculum size was reduced to 1-2.5 %, a significant
decrease in enzyme synthesis was observed, by
approximately 45-65%. The obtained results
indicate that the optimal inoculum size for further
studies is 5 %.

The dynamics of endopolygalacturonase
synthesis by  Trametes  hirsuta 1569  are
characterized by a rapid increase in activity during
the first 7-9 days with a peak on the 9th day,
followed by a decrease after 15 days, which is
associated with the transition to the stationary phase,
myecelial autolysis, and degradation of proteins in the
culture liquid, including enzymes (Liu et al., 2014;
Vasina et al., 2016). A similar trend is observed for
other fungal pectinases; however, the absolute time
values may differ significantly depending on the
organism studied. In particular, for Lentinus tigrinus,
the maximum polygalacturonase production was
achieved on the 9th day of cultivation, which is
comparable with the obtained results (dos Santos et
al., 2024). At the same time, for other fungi, for
example Piriformospora indica, the maximum
activity was observed already on the 6th day, that is,
earlier than in the present study (Heidarizadeh et al.,
2018). Such differences may be caused by variations
in growth rate or regulation of enzyme synthesis and
are likely to be strain-specific for T. hirsuta 15609.

The obtained results regarding the effect of the
carbon source showed the advantage of sugar beet
pulp as an inducer of enzyme synthesis. In general,
this is consistent with data indicating that pectin-
containing agro-industrial wastes (for example,
citrus or fruit residues) effectively stimulate
polygalacturonase production in fungi (Samreen et
al., 2019). In a study with Thermoascus aurantiacus,
the highest enzyme production was also observed
when juice-processing wastes were used as a
substrate (Martins et al., 2012). At the same time,
the literature notes that the effectiveness of different

wastes may vary significantly depending on their
chemical composition, particularly the pectin
content and associated components (Bevilaqua et al.,
2026; P. Zubyk et al., 2025). This may explain why
in the present study some substrates (for example,
grape pomace, pomegranate peels, etc.) showed
lower activity, while brewer’s spent grain did not
induce endopolygalacturonase synthesis regardless
of its composition. Grape and apple pomace,
pomegranate, pomelo, and mandarin peels contain
higher amounts of phenolic compounds, which
likely inhibit the accumulation of pectinolytic
enzymes due to their effect on biomass yield (P.
Zubyk et al., 2025).

The dependence of enzyme activity on substrate
concentration in this study showed a saturation
pattern. After reaching a sugar beet pulp
concentration of 10 g/dm?®, further increases in its
amount did not lead to a significant increase in
activity. A similar trend has been described in the
literature, where excessively high concentrations of
the carbon source may lead to inhibition or
inefficient substrate utilization (Fontana et al.,
2012). In Aspergillus niger, during optimization of
submerged cultivation for pectinase production, the
activity peak was observed in the inducer range of
30-35¢g/L, after which repression of enzyme
synthesis also occurred (El Enshasy et al., 2018).

It is known that particle size determines the
surface area-to-volume ratio, substrate porosity, and
the efficiency of mass and heat transfer, which
directly affects mycelial growth and enzyme
secretion (Bocchini Martins et al., 2011; Patidar et
al., 2018). On the one hand, reducing particle size
increases substrate availability for enzyme action
due to the increased specific surface area, which
promotes intensification of metabolic processes.
However, excessive grinding leads to substrate
compaction, decreased porosity, and reduced
aeration, which limits oxygen diffusion and
metabolic heat removal, resulting in decreased
enzyme production (Ibrahim et al., 2013; Singh nee’
Nigam et al., 2009). On the other hand, increasing
particle size is accompanied by a decrease in
specific surface area and limited access of
microorganisms to nutrients, which also negatively
affects enzyme activity (Alcantara et al., 2013).

Regarding the nitrogen source, it was found that
inorganic compounds provided a higher level of
enzyme synthesis compared to some organic
sources. The literature also emphasizes that the
composition of nitrogen nutrition significantly
affects pectinase production; however, no universal
pattern exists, and different strains may respond
differently to organic and inorganic sources
(Mathew et al., 2008).
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The effect of pH showed that the optimum for
endopolygalacturonase synthesis lies in the slightly
acidic range. The literature typically reports pH
optima for polygalacturonases in the range of
approximately 3-7, with a maximum in the acidic
region (Anand et al., 2017; Shrestha et al., 2023).
For example, in Aspergillus niger, the optimum
activity is around pH 4 (Bennamoun et al., 2016). At
the same time, in some cases more neutral values
have been reported: for the pectinolytic extract of
Aspergillus brasiliensis, maximum activity was
observed at pH 7, while activity remained high in
the range of pH 5-6 (Falcdo et al., 2024).

The effect of agitation rate demonstrated the
presence of an optimum at moderate values and a
sharp decrease in activity when this value was
exceeded. A similar trend was observed in studies of
submerged cultivation of fungi, where the optimal
agitation rates are usually within the range of 100—
150 rpm, whereas an increase to 180-200 rpm leads
to a decrease in enzyme production. This may be
associated with mechanical damage to the mycelium
or changes in growth morphology (Ravichandran et
al., 2022; Zhou et al., 2012).

Conclusions. As a result of the study, it was
established that the synthesis of endopolyga-
lacturonase by the strain Trametes hirsuta 1569
reaches its maximum on the 9th day of cultivation
(~61 U/lcm?®), after which a decrease in activity is
observed, indicating the impracticality of prolonged
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CKPUHIHI' YMOB KYJIbTUBYBAHHSA TRAMETES HIRSUTA IBK 1569 JJIs1
OTPUMAHHSA EHAONOJIIT AJIAKTYPOHA3U

II. P. 3y0ux, I. P. Kneyak

Hayionanvuuii mexuiunuii ynigepcumem Yxpainu « Kuiecoxuui nonimexniynuil incmumym imeni leopsi Cikopcvko2oy,
eyn. Akademixa HAneens, 3, k. 4, m. Kuis, 03056

e-mail: pv.zubyk@i.ua

Y pobomi 0ocniosceno ymosu cunmesy enoononicarakmyponasu wmamom Trametes hirsuta 1569 npu enubunnomy

Kyibmusygeanni. Bcemanosneno, wo maxkcumanvha axmusHicms epmenmy Oocsieanacsi Ha 9 000y, nicia 4oeo
cnocmepieanocs ii snunxcenns. Ceped OocriddceHux o0gicepen 8yeneyto Haubinbul eQexmusHuM GusABUSCs OYpAKO8ull
JHCOM, MOOI 5K nUBHA OpoduHa He iHOYKysana cunmes epmenmy. OnmumaibHa KOHYEHMpayisi OYypaKoso2o HCOMY
cmanosuna 10 2/0M° wo 3abesneuysano 6uCOKuil pieeHb AKMUBHOCMI 6e3 NOOANbLWO020 e(eKmy HACUYEHHS.
Maxkcumanvhuti cunmes ghepmenny cnocmepieagcs npu GUKOPUCTIANHI CEYOBUHU MA CYyIbdamy amoHilo sk ddcepen
azomy, npuvomy onmumainvHa xonyenmpayis (NH4)2SO4 cmanosuna 1,0 2/0m°. Haticnpusmuusiwe Ona cunmesy
endononizanakmypouasu sHavenus pH cepedosuwa 3mnaxoounoce y medxcax 5—7 3 maxcumymom s3a pH 6. Ilomipna
weuokicmov nepemiuiyeanus (120 06/x8) ma enecennss 5 % nocienozo mamepiany 3a6e3neuyoms MaKCUMATbHULL CUHME3
Gepmenmy. Ompumani pesyromamu c8i04amob NPo OOYLIbHICMb GUKOPUCAHMS IZHOYENIONO3HUX 8i0X00i8, 30Kpema
0ypsK06020 JHcOMY, 05l OIOCUHME3Y eHOONONIANAKMYPOHA3U MA MOXCYMb OYMu GUKOPUCMAHI 011 onmumizayii
OIOMEXHONOSTUHUX NPOYECTE.

Kniouosi crosa: 6iomexnonozis, nekmuHOMMUYHI pepmenmu, napamempu KylbmMugyeans, CKIA0 NONCUBHO20
cepedosuwya, 8uxio gepmenmy.
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