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Abstract. Increasing volumes of livestock waste have created a growing demand
for efficient biotechnological methods for its management. Properly processed
animal waste can not only reduce organic matter accumulation but also serve
as an effective substitute for mineral fertilizers, thereby improving soil fertility.
This study aimed to investigate the use of various organic substrates in the
fermentation of animal waste for the production of biohumus. Thermophilic
microorganisms capable of growth at 50°C were isolated from cattle manure
samples. All isolates were identified as members of the genus Bacillus. Enzymatic
activities were evaluated using qualitative assays for cellulase, protease, amylase,
and urease, along with biochemical tests for catalase and oxidase. The range
of proteolytic index values produced by isolates with protease potential varied
from 0.12 to 1.5. Amylase enzyme was detected in isolates I, II, and IV, with the
highest activity observed in isolate IV (Al = 1.1). Among them, isolates I and
II showed strong enzymatic activity across all investigated substrates, forming
distinct hydrolysis zones that indicated efficient degradation of complex organic
matter. The most active strains, characterized by high viable cell concentrations,
are recommended for incorporation into biopreparations designed to accelerate
organic waste fermentation and improve biohumus quality.

Keywords: livestock waste, fermentation, organic substrates, thermophilic
microorganisms, microbial activity, biohumus

Introduction

Global agricultural production continues to expand each year in response to population
growth, making effective management an increasingly urgent priority [1]. According to the
2023 census, there were more than 8.185 million cattle in Kazakhstan, which is 4.3 percent
more than the previous year, according to the National Bureau of Statistics. In January of that
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year, the livestock population increased further, reaching 8.264 million head. The majority of
cattle are kept on private subsidiary farms (52.4%), followed by farms (38.2%), and agricultural
enterprises (9.4%). Approximately 4.8 million cattle of this, 58.8% are used for dairy farming
[2]. Such an increase in the number of farm animals leads to an increase in the volume of organic
waste, which in turn creates problems of biological safety.

Animal waste can be broadly divided into two main categories: biodegradable and non-
biodegradable. Biodegradable waste consists of solid materials that can be naturally broken
down by microorganisms over time, reducing long-term pollution. Examples include animal
waste such as paper products, plant residues, carrion, feces, and poultry by-products [3].

Biodegradable waste decomposes relatively quickly, it often produces an unpleasant odor
and negatively affects the visual appeal of the environment. In addition, it can contaminate soil
and water sources in urban areas, as it is a favorable environment for the growth of pathogenic
microorganisms (Figure 1) [4].
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Figure 1. Biosecurity issues arising from the accumulation of animal waste. (This image was created
using the BioRender scientific illustration platform)

Furthermore, a substantial amount of ammonia (NH3), nitrous oxide (N,0), "knox" (a
mixture of NO,, NO, and NO,), methane (CH,), and carbon dioxide (CO,) are also released
into the atmosphere by the agricultural sector. Nonetheless, it is well known that nitrogenous
gaseous molecules (NOy, N,0, and NH3) can result in serious biological issues. NOy helps create
ozone in the troposphere, N, O is a greenhouse gas that contributes to the loss of stratospheric
ozone, and ammonia can cause soil acidification and eutrophication of water systems. Methane,
with a global warming potential (GWP) of 21, is a potent greenhouse gas that influences the
climate directly through interactions with long-wave infrared radiation and indirectly through
atmospheric oxidation processes. Methane accounts for around 18% of the greenhouse effect
and is the second most important greenhouse gas after CO [5].

However, assuming proper application of animal waste resources can not only decrease the
amounts of waste but also effectively replace mineral fertilizers, traditional fodder, and cooking
gas [6]. By breaking down organic waste into simpler compounds like carbon dioxide (CO;),
methane (CO,), hydrogen (H;), hydrogen sulfide (H,S), and water (H,0), microorganisms are
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able to receive the energy they require for growth and reproduction. They aid in the breakdown
of organic matter; the soil's capacity to clean itself, the development of its fertility, the conversion
of humus, and the preservation of the mineral and cellulose balance. Furthermore, it is well
known that microorganisms actively participate in the removal of different organic pollutants
from the environment [7-8]. Thus, recycling animal waste not only produces energy and organic
fertilizers but also reduces the pollution problems associated with such waste. By treating waste
as a potential resource rather than a harmful element, air, water, and soil pollution, as well as
the spread of toxic substances, can be prevented [9].

In addition, poor soil and erosion can lead to the need to increase its fertility, which in turn
opens up the possibility of rational use of livestock waste. The use of agricultural waste based
on the bioenzymatic activity of microorganisms that improve soil fertility is an economically
rational solution.

The technological parameters of fermentation by microorganisms are aimed at the efficient
transformation of the initial mixture into high-quality, environmentally friendly organic fertilizer
[10]. Understanding the fermentation processes allows for the controlled fermentation of
organic matter, which leads to the production of natural organic fertilizer and the extraction of
humic substances from it [11].

The purpose of this study is to investigate the activity of new strains of thermostable
microorganisms on various substrates, which can be used to optimize fermentation processes
and produce high-quality biohumus.

Materials and research methods

Isolation and selection of thermophilic microorganisms

[solation of pure bacterial cultures included a number of stages: selection of sources, sampling,
inoculation of microorganisms onto solid media by serial dilution, and isolation of pure cultures.

To isolate microorganisms, 1g of cattle manure (Cattle manure samples were collected from
farms in the Akmola region, Kazakhstan) was suspended in sterile NaCl (9%) solution, serially
diluted, and plated onto meat-peptone agar (MPA) using the 2-4-6 method and incubated at
50°C for 48 hours (Figure 2). After incubation, isolated colonies were selected and isolated onto
fresh MPA medium by Gold streaking for further study.
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Figure 2. Isolation of microorganisms using the serial dilution method. (This image was created using
the BioRender scientific illustration platform)
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Cultural and morphological analysis of microbial isolates

Foreachisolatein Petridishes,amorphological study was carried out, depending on the shape,
color, transparency, and bacterial cell ends. Then, Gram staining was performed for microscopic
examination of the morphology of the isolates. First, the suspension of microorganisms was
collected from the Petri dish using a bacteriological loop and transferred onto the surface of a
glass slide containing a drop of distilled water. The smear was then air-dried or heat-fixed by
briefly passing it through a flame. Then the preparation was stained with crystal violet solution
for 1 min. Crystal violet was treated with Lugol's solution (1 min), and after stabilization, it
was decolorized by dropping ethanol or acetone. The preparation is additionally stained with
Safranin solution to give color to Gram-negative bacteria. After each stage, the preparation is
rinsed with water.

The stained preparations are examined using immersion microscopy to study the morphology
of the bacteria.

Study of the biochemistry of microorganisms

(a) The catalase test was performed using 3% hydrogen peroxide (H,0;). A small amount of
24-hour pure culture of bacteria was smeared onto a glass slide using a sterile bacteriological
loop. Then, 3% H,0, solution was dripped onto the test (1-2 drops). As a result, the appearance
of visual gas bubbles was considered a positive reaction [12]. (b) Commercial oxidase discs
(HiMedia, India) were used to conduct the oxidase test. The test was performed according to the
manufacturer's instructions: the oxidase disc was treated with the bacterial culture. The results
were evaluated by the change in the color of the disc to purple within 30 seconds.

Preparation of various substrates for the evaluation of the enzymatic activity of microorganisms

(a) To test the proteolytic activity of microorganisms, a culture medium based on skim milk
was prepared (skim milk agar medium by MicroMaster, prepared according to manufacturer
specifications). The culture medium was prepared by dissolving 3.5 g peptone, 3 g yeast extract,
and 15 gagarin 700 ml distilled water and sterilized in an autoclave at 1 ATM. 300 ml of skim milk
was added to the culture medium after sterilizing in an autoclave at 0.5 ATM and allowed to cool
slightly. The culture medium was poured into Petri dishes. Bacterial isolates were inoculated by
the spot inoculation method and incubated at 50°C for 48 hours. After incubation, the results
were obtained based on the appearance/absence of a clear zone. If the microorganisms are able
to degrade casein (a protein in milk), a transparent zone appears around the areas where the
bacteria have grown.

(b) The culture medium for determining the amylolytic activity of microorganisms was
prepared by dissolving 10 g of peptone, 5 g of KH,PO,, 18 g of agar-agar, and 2 g of starch,
the main substrate, in 1L of distilled water. The culture medium was sterilized in an autoclave
and poured into Petri dishes. A 48-hour culture of bacterial isolates was incubated at 50°C
for 48 hours. To visualize the results, the tests were stained with Lugol's solution (2 ml) after
incubation [13].

(c) The medium for identification of cellulolytic activity was prepared based on NaNO;-
2g, MgS0,4-0.5g, KC1-0.5g, K,HPO,-1g, peptone-0.2g, agar-agar-17g and the substrate CMC-
Na (Sodium Carboxymethyl Cellulose). The medium was sterilized in an autoclave at 1 ATM
and poured into Petri dishes. Bacterial isolates were inoculated using the plaque method and
incubated at 50°C for 48 hours. To visualize the results, the samples were stained with 5ml of
0.1% Congo red solution for 30 minutes after incubation and washed by treating with 1 M NacCl
for 5 minutes [5].
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(d) Urea-degrading microorganisms were studied on a medium based on 25 g urea base agar
and 20 g urea solution in 1L of distilled water. The medium was sterilized in an autoclave and
poured into test tubes in a slanting position. Bacterial isolates were inoculated into test tubes by
streaking and incubated at 50°C. Samples were monitored for 6-24 hours, and the results were
obtained after 72 hours of incubation. Cultivation of microorganisms in this condition is used to
ensure rapid reaction (in the presence of microbial activity, the pH of the medium changes due
to the release of nitrogen from urea, turning it pink) and to reduce urea evaporation. The results
are visually observed by a change in the intensity of the color of the medium [14].

To quantitatively assess proteolytic, amylolytic, and cellulolytic activity, an additional
hydrolysis index (I) was calculated according to the following formula (2) [15]:

_ Dz —Dc (2)
Dc

I

Where:

[-activity index

D -diameter of the hydrolysis zone
D -diameter of the colony

Identification of microorganisms

Pure cultures, which were re-examined microscopically, were grown in the medium for
24 hours at 50°C. After incubation, the samples were sent to a specialized laboratory for
identification by MALDI-TOF mass spectrometry, performed according to standard protocols.

Checking the viability of microorganisms

Serial dilutions of the test sample are prepared using the Miles and Misra method. The
bacterial culture is serially diluted up to 107*° in physiological saline (0.9% NaCl). Then the
agar in a Petri dish is divided into eight equal sectors. Starting from the third dilution (1073),
the resulting test was inoculated in the form of drops on the surface of solid culture medium.
The cultures are then incubated to allow the growth of colonies. Colony counting is carried out
in the drop zones that show the highest number of discrete colonies that do not coalesce after
appropriate incubation. The samples were incubated at 50°C for 24 h. After a specified time,
the presence and density of colonies in each sector are assessed, which allows determining the
viability of bacteria at different dilution levels.

Statistical analysis

All experiments were performed in quadruplicate, and the results are presented as mean *
standard deviation (SD). Statistical significance of differences among isolates was evaluated
using one-way analysis of variance (ANOVA) followed by Tukey’s honest significant difference
(HSD) test at a significance level of P < 0.05. All analyses were performed using Jump (version 8).

Results

Isolation and selection of thermophilic microorganisms

Microorganisms were isolated by the serial dilution method based on samples taken from
cattle feces. As a result of incubation on meat-peptone agar (MPA) at a temperature of 50°C for
48 hours, numerous colonies with different morphological features were formed.

After incubation, individual colonies that differed in macroscopic characteristics were
selected from the colonies formed. As a result of pure cultures obtained by re-inoculation by
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the Gold method, 15 different thermophilic bacterial isolates were obtained. These isolates had
different colony morphology and strains were selected from them for further study.

Among the isolates obtained, five strains demonstrating the highest enzymatic activity were
selected for further analysis.

Colony description

The colonies of the selected strains grown on nutrient media had different morphological
characteristics (Figure 3):

Colonies of isolate I were shiny, yellowish, with a dry shell, had a complex shape, and were
distinguished by a convex structure, teardrop-like elevations, and crater-like formations.

[solate Il formed yellowish colored colonies with a dry surface; their edges were rhizoid, and
their structure was flat.

Colonies of isolate III were flat, shiny, and round, with irregular, jagged ends.

[solate IV produced dark, flat colonies with a yellow-orange hue and a structure resembling
concentric rings.

[solate V developed flat, dark-yellowish colonies with a round shape and clearly irregular
ends.

10cm

Figure 3. Colonies of microorganisms. I-V-correspond to isolates numbers; Scale bar = 10cm

Microscopic description

When examining the microscopic appearance of microorganisms, it was found that all the
isolates studied were gram-positive, round rods with pointed ends (Figure 4). Spores were
observed in all isolates. They are often located on the outside, but also inside the bacteria. The
morphology of bacteria differs from each other in shape and length of the rods.

Gram +, short rods with rounded ends, spores on the outside and in the middle.

Gram +, short rods with rounded ends, rare spores on the outside and in the middle of the
rods

Gram +, short rods with rounded ends, many spores, located on the outside and inside (in
the middle)
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Gram +, short rods, "microphone"-shaped rods are often found, spores are located separately.
Gram +, short, thin rods with rounded ends, few spores, "microphone"-shaped rods are found.

Figure 4. Microscopic morphology of bacterial isolates. I-V corresponds to isolates numbers;
Scale bar = 10 um.

Biochemical assay results

Assays performed to characterize the biochemical properties of the bacterial isolates, all
tested isolates exhibited positive activity for both enzymes. However, the intensity of the oxidase
test showed lower indicators.

As aresult of the catalase reaction (1), the decomposition of hydrogen peroxide on the surface
of the glass slide by the catalase enzyme led to the formation of 02 gas bubbles (Figure 5a):

2H.0,~> 2H.0+0.1 (1)

Apositive result of the oxidase test confirms that the bacteria possess the cytochrome C oxidase
enzyme, which uses oxygen as an electron donor in the final stage of the respiratory chain. The
result of the reaction can be observed by the color change of the cytochrome-C oxidase enzyme
when it interacts with a chemical indicator on the oxidase disk (Figure 5b).

Figure 5. Biochemical (a) catalase and (b) oxidase tests. k-indicates control
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Evaluation of the enzymatic activity of microorganisms based on various substrates

The qualitative assessment of four enzymatic activities: proteolytic, amylolytic, cellulolytic,
and urease, was performed on the isolated microorganisms, representing a key component of
the experimental work. The results were observed due to the appearance of transparent zones
around the colony or a change in the color of the culture medium. The clear zones formed in the
activity test qualitatively indicate the ability of bacterial isolates to produce hydrolysis enzymes.
It is believed that the larger the formed transparent zone, the more positively it correlates with
the ability of these isolates to produce the corresponding enzymes.

Calculating the activity index allowed us to compare the efficiency of enzymatic activity
between different isolates, since it took into account not only the presence of the zone, but also
the ratio of the hydrolysis zone diameter to the diameter of the bacterial colony itself. A higher
ratio indicates a greater enzymatic activity exhibited by the microorganism.

Proteolytic activity was determined on a medium containing casein proteins. In this
study, the appearance of transparent zones around the colonies indicates the area of protein
degradation. Hydrolysis by the protease enzyme was shown by isolates [, II, IV, and V (Figure 6).
The proteolytic activity index values are shown in Table 1 and Figure 7. The range of proteolytic
index values produced by isolates with protease potential varied from 0.12 to 1.5. Isolate No. V
showed the most pronounced proteolytic activity in terms of the volume of the hydrolysis zone
and the calculated index.

10cm

Figure 6. Proteolytic activity. I, II, IV, V correspond to isolates numbers; Scale bar = 10cm

Table 1
Average proteolytic index (PI) of thermophilic bacteria isolated from cattle manure (n-4)
Ne Isolate Diameter Diameter of the hydrolysis zone | Proteolytic Index
of the colony (mm) (mm) (PI)
1 [ 13 17 0.30
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Figure 7. Comparison of proteolytic activity (PI) among thermophilic isolates. Bars represent mean *
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)

Amylolytic bacteria break down starch and glycogen using amylases, including o- and
-amylases. The resulting hydrolysis products, such as glucose, serve as a source of carbon and
energy for microorganisms and a source of nutrients for plants [16].

Therefore, amylolytic activity was assessed on a starch-based medium. The results were
visualized, and the area of hydrolysis was stained with iodine solution, an indicator of starch.
Clear zones around the colonies indicate starch degradation. Amylase enzyme was detected in
isolates [, I, and IV, with very high activity observed in isolate IV (Al=1.1). The results are shown
in Figure 8, and the amylolytic index is shown in Table 2 and Figure 9.
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10cm

Figure 8. Amylolytic activity. I, I, IV correspond to isolates numbers; Scale bar = 10cm

Table 2
Average amylolytic index (AI) of thermophilic bacteria isolated from cattle manure (n-4)

Ne Isolate Diameter of the Diameter of the hydrolysis Proteolytic Index
colony (mm) zone (mm) (PI)
1 I 24 30 0.25
20 32 0.6
23 28 0.30
27 34 0.26
2 11 27 35 0.29
33 35 0.06
28 30 0.07
28 30 0.07
3 IV 11 21 0.9
10 20 1
9 19 1.1
10 20 1

0,8

0,6

Amylolytic Index (Al)

0,4

0,2

Ll v
Isolates
Figure 9. Comparison of amylolytic activity (Al) among thermophilic isolates. Bars represent mean *
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)
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Cellulolytic activity was studied in a medium containing sodium carboxymethylcellulose
(CMC-Na). Degradation was visualized as decolorized zones surrounding the colonies following
staining of the medium with Congo red solution. Cellulolytic activity was detected in isolates
I, II, I1I, and V (Figure 10). However, the hydrolytic activity exhibited by isolates Il and V was
markedly low (Table 3, Figure 11).

Figure 10. Cellulolytic activity. I, II, IIl, V correspond to isolates numbers; Scale bar = 10cm

Table 3
Average cellulolytic index (CI) of thermophilic bacteria isolated from cattle manure (n-4)

Ne Isolate Diameter of the Diameter of the hydrolysis Proteolytic Index

colony (mm) zone (mm) (PI)

1 I 18 30 0.66
16 28 0.75

17 29 0.70

17 30 0.76

2 II 18 25 0.39

20 33 0.65

19 27 0.63

20 33 0.65

3 IV 5 7 0.4
5 7 0.4

6 8 0.33

4 5 0.25

4 \' 4 5 0.25

4 5 0.25

3 4 0.33

4 5.5 0.375
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Figure 11. Comparison of cellulolytic activity (CI) among thermophilic isolates. Bars represent mean +
SD (n = 4). Different letters indicate significant differences between isolates (Tukey’s HSD, P < 0.05)

Urease enzyme activity was assessed by the color change of a medium containing urea and
red phenol as a pH indicator. The results were interpreted in terms of the intensity of the pink
color change of the medium, which occurred due to the formation of ammonia during the
decomposition of urea and the increase in the pH of the medium. Isolates I, 11, III, and IV, shown
in Figure 12, showed very high urease activity.

A culture of Klebsiella pneumoniae, known for its high urease activity, was used as a positive
control, which caused the medium to turn a deep pink color. As a negative control, E. Coli, which
does not show urease activity, was inoculated, resulting in a yellow coloration. Also, as a control,
the pure medium without inoculation retained its original orange color.

IT

Note: Klebsiella-positive control, Empty-clean medium without microorganisms, E. Coli-negative
control

Figure 12. Urease Activity Assay. I, I1, III, IV correspond to isolates numbers

Currently, microbial enzymes have almost completely replaced synthetic analogues in a
number of industrial sectors [17]. Thus, the obtained results showed that most of the isolates
studied had several types of enzymatic activity. Isolates I and II exhibited positive results across
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all four tested enzymatic activities, demonstrating notable activity potential. Based on their
high enzymatic performance, these isolates were selected for further investigation.

Identification of microorganisms

To determine the taxonomic affiliation of the isolated microorganisms, identification was
carried out using MALDI-TOF mass spectrometry. The results of the analysis of protein profiles
showed that all the isolates studied belong to the genus Bacillus.

As a result of the identification, it was determined that the isolates studied belong to the
species Bacillus licheniformis, Aeribacillus pallidus, Geobacillus thermodenitrificans, and Lysinibacillus
sphaericus (Table 4). All of these species are microorganisms with high enzymatic activity,
the ability to decompose complex organic compounds, and have valuable properties from a
biotechnological point of view.

Table 4
Taxonomic affiliation of the studied isolates

Ne Isolate Genus Species

1 | Bacillus B. licheniformis

2 I1 Bacillus B. licheniformis

3 1 Aeribacillus A. pallidus

4 IV Geobacillus G. thermodenitrificans
5 \ Lysinibacillus L. sphaericus

Assessment of microbial viability

To assess the viability of microorganisms, a tenfold dilution series of the test samples was
performed up to the 10 level. 10 pl of the sample from each dilution was evenly dropped
onto the surface of the solid medium in separate sectors of a Petri dish. After incubation under
optimal conditions, the number of colonies grown was counted.

Since the droplet volume used was 10 pl (i.e., 1/100 of 1 ml), the following formula (3) was
used to convert the obtained data to a standard unit of measurement (CFU/ml) [18]:

CFU/ml=Number of coloniesx100xDilution level (3)

Where:

Number of colonies - the number of colonies grown in 10 pl of suspension,
100 - the conversion factor for 1 ml of solution,

Dilution level - takes into account the dilution of the original sample.

Thus, each cultured colony showed the presence of one viable cell per drop of the test dilution,
and the final re-counting allowed us to determine the total number of viable microorganisms in
the original sample (Table 5).

Table 5
Determination of the viability of isolates
Ne Isolates Dilution degree Number of colonies CFU/ml
1 I 107 no separate colony > 10 CFU/ml
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2 11 10° 2 2x108 CFU/ml
3 II 10°® 20 2x10° CFU/ml
4 IV 10°® 9 9x10® CFU/ml
5 \' 10° 5 5x10% CFU/ml

The obtained data show that the viability of microorganisms was maintained in all studied
samples to the order of 107 and 1077 (Figure 13), and the concentration of viable cells varied
from 5x10% to 10,, CFU/ml. In the first sample, the concentration of viable cells was so high
that it was not possible to separate colonies even at a dilution of 1077, which indicates that the
permissible limit of standard counting was exceeded. The viability of samples II, III, IV, and V
ranged from 5x10® to 2x10° CFU/ml. These values confirm the presence of a large number of
viable microorganisms in the studied samples.

Figure 13. Bacterial viability. I-V correspond to isolates numbers; Scale bar = 10cm
Discussion

Cattlefecesarearich source of microbial diversity,as evidenced by theisolation ofthermophilic
microorganisms from them. The obtained isolates show potential for biotechnological appli-
cations, particularly in the context of fermenting organic waste.

These strains were distinguished by their ability to accelerate the decomposition of substrates
and were recognized as promising for future use as the main components of a bioconsortium in
the production of biopreparations.
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Recent research highlighting the significance of thermophilic bacterial strains in high-
temperature composting and waste bioconversion is consistent with the isolation and
characterization of these organisms from cattle manure. Temperatures between 50 and
80°C promote the growth of thermophilic microorganisms during the thermogenic phase of
composting, especially spore-forming Gram-positive bacteria like those in the Bacillus genus,
which predominate microbial communities and play a major role in the breakdown of organic
matter [19].

The tests showed that the isolates exhibit various enzymatic activities, indicating their role
in organic matter decomposition. Studies by T. A. Ogunnusi and O. Olorunfemi have shown that
cattle manure is arich substrate for the growth and activity of proteolytic microorganisms due to
the high content of organic compounds, including proteins. The protein components of manure
serve as a source of amino acids and peptides formed as a result of enzymatic decomposition
[20]. Protein hydrolysis in this substrate is carried out due to the activity of bacteria that
synthesize proteases capable of breaking down casein and other complex protein structures.

The observed amylase activity, especially pronounced in isolate IV, indicates that these
microorganisms are capable of efficient starch degradation. Such enzymatic potential not only
reflects their adaptability but also points to their possible role in enhancing nutrient cycling
and soil fertility. Amylolytic activity has also been reported in other Bacillus strains isolated
from cattle manure. For example, Bacillus subtilis CM3 produces thermostable a-amylase
with an optimum at 50-70°C and pH 5-9, making it highly relevant for composting and feed
bioconversion applications [21].

Cellulose can be degraded by cellulases produced by thermophilic bacteria, mainly Bacillus
spp., effectively hydrolyzing cellulose even at temperatures up to 70°C and under variable pH
conditions [22].

Cellulose is the most abundant renewable organic resource in nature, comprising
approximately 45% of the dry weight of wood. The microbial degradation of cellulose has been
extensively studied for decades. The function of cellulase is to hydrolyze cellulose by breaking
the a-1,4-glycosidic bond in the main structural polysaccharide of plants. The mechanisms of
cellulose degradation are constrained by many factors, including the complexity of the substrate
and the number of enzymes involved [23].

Recent data show that thermotolerant Bacillus inoculation increased cellulose degradation
rates up to 57% in composting systems, supporting the reliability of our observed enzymatic
potential [24].

Several isolates demonstrated cellulolytic potential, consistent with previous findings
that thermophilic Bacillus strains are key degraders of cellulose in compost environments.
Nevertheless, the hydrolyticindex of isolates I1l and V is significantly lower than other indicators.
Notably, the third isolate demonstrates weak cellulase activity and have no detectable proteolytic,
amylolytic or catalase functions. However, it showed strong urease activity, indicating that,
despite its low enzymatic activity, this isolate could still contribute to nitrogen cycling during
organic matter decomposition.

The main source of nitrogen in animal waste is urea, which is converted to ammonia by the
enzyme urease [25]. Urease is highly specific and catalyzes the breakdown of urea to unstable
ammonium carbonate, which then decomposes to form ammonia and carbon dioxide [26].
Supporting our findings on urease activity and nitrogen-cycle involvement of isolates, Cao et
al. (2024) reported significant enhancement of nitrification gene abundances and nitrogen
retention in manure composts inoculated with Bacillus strains [27].
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The results of the oxidase and catalase tests, in addition to serving as indicators of the
biochemical characteristics of the studied isolates, provide essential preliminary data for their
further identification. These enzymatic assays offer insight into the physiological properties of
the bacterial strains and contribute to their classification within specific taxonomic groups.

Catalases are one of the ROS defense enzymes, which can decompose harmful oxygen
compounds such as hydrogen peroxide (H,0;) [28]. Therefore, this property proves that they
are adapted to live in aerobic or facultative anaerobic environments.

Oxidative activity indicates that the bacteria use oxygen for energy metabolism, which
confirms that they belong to aerobic or facultative aerobic organisms. However, the weak
reaction may indicate low enzymatic activity in the studied bacteria.

The above-mentioned species belonging to Bacillus genus are considered promising agents for
the creation of bioconsortiums and their use in various application areas, such as environmental
biotechnology, agriculture, and organic waste processing. Choudhary & Johri (2009) and
Ubani et al. (2016) found that 87% of randomly selected colonies in the thermophilic phase of
compost belonged to the genus Bacillus [29, 30]. Then, Nayara Noreen et al. (2019) reported
similar results. The abundance of thermotolerant and thermophilic Bacillus species in compost
samples is due to the thick spore walls of these microorganisms, which are characterized by
their high adaptability to extreme conditions [31].

These isolates were recovered from cattle manure in the Akmola region, which to our
knowledge has not been previously reported for thermophilic Bacillus strains applied in
biohumus production, thereby representing a locally-adapted candidate set for industrial
waste-fermentation applications. In this context, the genus Bacillus includes a wide range of
species with important biotechnological properties, such as enzymatic activity, antagonism to
pathogensandtheability tobiodegrade complex compounds. Therefore, the combined enzymatic
potential (proteolytic, amylolytic, cellulolytic, and ureolytic activity), together with oxidative
stress resistance and high adaptability, suggests that Bacillus isolates from cattle manure are
excellent candidates for industrial bioprocesses, compost enhancement, and sustainable waste
valorization strategies. What makes them useful for the formation of bioconsortiums and
further biotechnological applications.

Conclusion

The development of microbial technologies that allow the reuse of organic waste as
fertilizer ensures the efficient use of valuable biological resources [32]. Thermophilic bacteria
are particularly promising in the management of livestock waste, since their activity at high
temperatures allows for significantly reducing the fermentation time and obtaining a product
with high agrotechnical properties. Therefore, in the context of the present study, thermophilic
bacterial cultures belonging to the Bacillus genus were isolated from cattle manure, which
are distinguished by high viability and enzymatic activity. The study of their activity on four
different organic substrates showed that a number of isolated microorganisms exhibited stable
activity on all tested substrates. This indicates their ability to effectively decompose complex
organic compounds into simpler forms, which significantly improves the availability of nutrients
to plants. The results obtained confirm the prospects for further study of the isolated strains.
Since this study is part of a larger scientific project aimed at creating a biopreparation based on
thermophilicbacteria, itis planned to further study the antagonistic activity and biocompatibility
of the isolated strains in order to create an effective bioconsortium for obtaining an industrial
biopreparation in the future. Thus, the practical significance of the conducted studies, in turn,
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opens prospects for environmentally safe processing of livestock waste and contributes to
solving the problems of increasing soil fertility in conditions of sustainable agriculture.
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2Pecny6.1uKa/iblK MUKpoopaaHusmoep scuHarsl, AcmaHa, Kazakcman

Avpaarna. KaHyapsiap KaJIABIKTapbIHBIH, ©Cill KeJjie »KaTKaH KeJieMi OHbl OHJAEeYAiH THIMAI
OGUOTEXHOJIOTUSIIBIK dJiCTepiHe CYpaHBICTBIH apTyblHA 9Kesin cofajbl. MyHJall KaJaJbIKTap Te3
BI/IbIpai/ibl, XXUi KaFbIMChI3 MiCTepAi WIbIFapajbl KoHe KopllaFaH OPTaHbIH 3CTETHUKAJbIK CalacblH
HauapJsaTazabl. COHbIMEH KaTap, TONbIPaK MeH CYAbIH JIaCTaHybl MAaTOTE€H/iK MUKPOOPTaHU3MAEPAiH
KebeloiHe KoJal/bl xKaFaal 60Jibln TabbLIaAbl. Mas 1apyalllblIbIFbl KaJAbIKTapblH AYPbIC 6HAEY
OpraHUKaJblK3aTTapAblHXXUHAKTa/JyblHa3aUThIN KAHA KOMMail, MUHEPaJIIbl ThIHAUTKbIIITapAbl THIM /i
QJIMaCTBIPBII, TOMBIPAK, KYHAPJIbLIBIFBIH apTThIpaAbl. By 3epTTeyaiH MakcaThl GUOTYMYC OHAIPY YIIiH
*KaHyapJap Ka/JbIKTapblH alllbITy/la 9PTYPJii OpraHUKaJbIK Cy6CTpaTTapAbl NailjjasaHyibl 3epTTeY
6oJibin TabbL1aAbL. Ipi Kapa Mau keHi yarisepineH 50°C TeMmnepaTypaja ecyre KabineTTi TepModuiabai
MHUKpoopraHnuaMmep 6eJiiHin anblHAbl. bapablk usonsattap Bacillus TybICbIHBIH 6KijiAepi peTiHze
a"bIKTaAIbl. PepMeHTTIK GesiceHALTIK 1e/l0/1a3a, NpoTeasa, aMU/Ias3a KoHe ypeasa YIIiH camasbl
TaJiiay/iap JKoHe KaTasia3a MeH OKCH/ia3a OGMOXUMHUSJIBIK, ChIHAKTaphl apKbLJIbl OaFajaH/bl. OMipileH,
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»KacylajapbIHbIH KOHLIEHTPAIHSCHI )KOFaphl, eH 6eJICeH/ i MTaMMap OpraHUKaIbIK KaJabIKTapIblH,
bepMeHTaIUSChIH XKeIeJIIeTYTe KoHe 6UOTYMYC calachlH apTThIpyFa apHaJIiFaH GUoIpenapaTTap/bIH,
KypaMbIHa eHTi3y YIIiH YChIHbLIA/bL.

TyitiH ce3aep: Mas mapyalbLIbIFbl KaJbIKTaphl, GepMeHTal s, OpraHUKaJibIK Cy6CcTpaTTap, Tep-
MOQUJIB/Ii MUKPOOPTaHU3M/IEP, MUKPOOTHIK 6eJICeHAITIK, GUOryMyc

OnTuMusanus ¢pepMeHTALUN OTXOA0B }KUBOTHOBO/CTBA NMOCPEACTBOM CTPATErNYECKOT0
BbIOOPA OPraHUYeECcKOro cyocrpara

E. Mbip3a6ekkbi3bll, K.B. Teke6aeBa?, A.B. AG:kasesion?, K.A. KymkaHoBa?,
K.M. Bexkmnn?, A.)K. Temupoekora?, /1.0. EBHeeBa?, A.T. AMaHTaeBa?,
A.B. Kypman6aega', XK.K. Macaimmog?, A.B. Temupxanos?, ’K.A. Hyp6ekoBa*!
1Eepa3sutickuli HaYuoHaIbHLIU yHugepcumem um. JI1.H. 'ymuneea, Acmana, Kasaxcmau
‘PecnybaukaHckas KoA/eKyust MUKpoop2aHu3mos, Acmawa, Kazaxcmau

AHHoOTanusA. Pactyuye o6beMbl OTXO/0B >KMBOTHOBOJCTBA CO3JaJM pacTyIUH crnpoc Ha 3dpdek-
THUBHble OMOTEXHOJIOTUYECKHE METO/bl UX MepepaboTKH. Takhe 0TX0Abl OBICTPO pa3/aralTcs, 4acTo
Bbl/leJIs1s1 HENPUSATHbBIE 3alaxy U yXyAllas 3CTeTUUecKoe KauyeCTBO OKpY»Katolell cpefbl. Bosee Toro,
3arpsi3HeHHe MOYBbl M BOJbl CO3/AeT GJIAaroNnpUsTHbIE YCJAOBUSA JJsi PAa3MHOXXEHUS MAaTOTeHHBIX
MHUKPOOPraHu3MoB. [IpaBU/JIbHO mNepepaboOTaHHblE OTXO/bl >KMUBOTHOBOJACTBA MOTYT HE TOJIbKO
CHU3UTb HAaKOIJIeHHEe OPTaHNUYeCKOT0 Bell|eCTBa, HO U CIYKUTb 3¢ eKTUBHON 3aMeHON MUHepa/bHbIX
yA06peHUH, TeM caMbIM OBBIIIAsA JIOJ0POAMe MOUBLI Lles1blo JaHHOT0 HCC/eJ0BaHUA Obl/I0 U3yYeHHe
MCI0JIb30BaHUS Pa3/IMYHbIX OPTaHUYECKHX CYOCTPATOB NPHU pepMeHTaL MU OTXO0/L0B YKUBOTHOBO/CTBA
JJIsl IPOU3BOJICTBA GUoryMmyca. M3 o6pa3ioB HaBo3a KPYMHOIO POraTOro CKOTA ObLIM BblJeJIEHBI
TepModUIbHbIE MUKPOOPTraHU3MBbl, CIOCOOHBIE pacTy npu TeMnepatype 50 °C. Bce u30a4ThI 6bLIH
UJeHTUHULMPOBaHbI KaK NpeAcTaBUTeNU poja Bacillus. PepMeHTaTUBHAs aKTHBHOCTD OLleHHMBaslach
C TOMOIbI0 KayeCTBEHHbIX aHa/M30B Ha LeJUIloJasy, NpoTea3y, aMUJa3dy U ypeasy, a TaKxkKe
OGMOXMMHUYECKUX TECTOB Ha KaTasasy U okcu/asy. Hanbosiee akTUBHBIE LITAMMBI, XapaKTePHU3YIOIHECS
BbICOKOM KOHLIEHTpaluel >KU3HeCNOCOOHBIX KJIETOK, PeKOMeHAYIOTCS [Js1 BKJIYEHUs] B COCTaB
OuoInpenapaToB, INpeJHA3HAYeHHbIX [JisI YCKOpeHHUs ¢GepMeHTAlUHd OpPraHHUYeCcKHX OTXOJ0B U
yJIy4llleHusl KauecTBa 6uoryMyca.

Kiio4deBble c10Ba: OTXO0/[bl XUBOTHOBOACTBA, $epMeHTaLUsl, OpraHuyeckue cybCTpaThl, TEPMO-
bubHbIE MUKPOOPTaHU3Mbl, MUKPOOHasA aKTUBHOCTb, GUOTYMYC
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