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Abstract. This paper presents a study aimed at developing a probiotic feed preparation based on a
secondary product of the food industry - homogenised potato mass (HPM). The possibility of using HPC
as a substrate for cultivation of probiotic bacteria Bacillus subtilis and Lactobacillus plantarum was
studied. It was experimentally shown that GCM provides effective growth and multiplication of these
bacteria, and lyophilisation allows to preserve their viability for a long time. The obtained preparation
demonstrated pronounced antibiotic activity against a number of pathogenic microorganisms. This allows
us to conclude that HCM is a promising raw material for the production of cost-effective and efficient
probiotic preparations, which contributes to the development of sustainable animal husbandry and reduces
dependence on antibiotics. The results confirm the possibility of efficient utilisation of secondary raw
materials for the production of probiotics and indicate the importance of further research in this area.

1 Introduction

Modern livestock breeding plays a key role in
providing mankind with food [1]. However,
intensification of production aimed at increasing
productivity often leads to negative consequences, such
as disturbance of the balance of microflora of the
gastrointestinal tract of animals, reduction of their
natural resistance to diseases, and, as a consequence,
reduction of product quality [2]. The widespread use of
antibiotics in animal husbandry as growth stimulants and
prophylactic agents, although giving a temporary
positive effect, leads to the formation of resistance in
pathogenic ~ microorganisms,  dysbacteriosis  and
accumulation of antibiotic residues in animal products,
which not only reduces the quality, but also endangers
human health [3]. Globally, this problem has become so
significant that many countries, including the European
Union, have introduced restrictions or bans on the use of
antibiotics as feed additives. This situation requires the
search for alternative approaches that can ensure
effective and sustainable development of animal
husbandry [4].

One of the promising directions is the development
and use of probiotics. These feed additives containing
live microorganisms capable of restoring and
maintaining the balance of intestinal microflora represent
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a potentially powerful tool for solving many problems
associated with digestive disorders and reduced
immunity of animals. Probiotics can help increase
animal performance by improving nutrient absorption,
stimulating the immune system and reducing the risk of
infectious diseases. The use of probiotics can also reduce
the need for antibiotics, leading to a reduced risk of
resistant pathogens and safer and more environmentally
friendly products. However, there are some drawbacks,
such as the need for careful selection of probiotic
microorganism strains, their ability to remain viable
under different conditions, and the limited shelf life of
many preparations. Some probiotics may be unstable
during storage and lose their efficacy when exposed to
gastric juice, requiring the development of specialised
technologies for their production and delivery to the gut.
Despite these challenges, the use of probiotics remains a
promising area in the development of modern livestock
production.

In light of the above, the research presented in this
paper is highly relevant and important. Modern
biotechnology makes it possible not only to isolate and
study the effects of different strains of probiotic
microorganisms, but also to produce probiotic
preparations using secondary raw materials, i.e. by
recycling low-value waste. This approach is in line with
the principles of zero-waste production and is an
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important step towards sustainable agricultural systems.
In particular, the use of secondary products from the
food industry as a basis for the production of feed
probiotics not only solves the problem of waste disposal,
but also makes it possible to reduce the cost of
production and make probiotic preparations more
affordable for livestock farms [5, 6]. The development of
effective probiotic preparations based on secondary raw
materials and the study of their effect on animal
organisms are key aspects for improving the
sustainability and environmental friendliness of modern
livestock farming.

The aim of this work is to study the possibility of
using a secondary product of the food industry -
homogenised potato mass - for the production of fodder
probiotics, as well as to assess the effect of probiotic
preparations derived from this raw material on the
productivity and health of farm animals. The research is
aimed at creating effective and economically available
probiotic preparations that can make a significant
contribution to the development of sustainable animal
husbandry [7].

2 Method and materials

The experimental work was aimed at the
development of a probiotic preparation for feed purposes
based on secondary raw materials. The research plan
included several stages: selection of probiotic
microorganism strains, cultivation of the selected strains
on the basis of homogenised potato mass, evaluation of
the viability of the obtained preparation, and study of its
effect on animal organism. A range of specialised
equipment based on efficient process planning and
modelling was used for microbiological studies [8].

Cultivation of probiotic microorganisms was carried
out in laboratory bioreactors. Applikon bioreactors,
model ADI 1030, with a volume of 5 litres were used.
This equipment allows precise control of temperature,
pH, stirring speed and aeration level, which is critical for
optimising microbial growth and reproduction. The role
of automation in these processes is noteworthy [9, 10].
During cultivation, the bioreactors were kept at 37°C, pH
was maintained at 6.8-7.0, and constant agitation was
provided at 200 rpm, aeration was performed using a
sterile air supply with a flow rate of 10 litres/hour. A
Shimadzu spectrophotometer, model UV-1800, was used
to monitor the cell concentration throughout the entire
cultivation process, and measurements were performed
at a wavelength of 600 nm.

The obtained microbial biomass was lyophilised to
increase the shelf life and convenience of storage and
use of the preparation. Lyophilisation was carried out on
a Christ brand freeze dryer, model Alpha 1-4 LD plus,
for 24 hours at -50 °C and 0.1 mbar pressure. This
equipment allows the removal of water from the biomass
by sublimation, while retaining all the biological
properties of the microorganisms.

During the study, an Olympus microscope, model
BX53, equipped with a digital camera was used to assess
the total number of microorganisms and their viability.

Live cells were counted by Vishnyakov's staining
method. For preparation of preparations from microbial
biomass and its staining we used laboratory centrifuge
‘Eppendorf’, model 5430R, centrifugation was carried
out for 10 minutes at a speed of 5000 rpm. The results
obtained were evaluated by colony forming units per
gram (CFU/g) after cultivation, lyophilisation and
storage. To determine the antibiotic activity of the
isolated strains, the agar diffusion method was used. For
the studies we used the Binder thermostat, model BD 56,
where incubation of Petri dishes at 37 °C for 24-48 hours
was carried out.

3 Results and discussion

The experimental work was aimed at studying the
possibility of using homogenised potato mass (HPM) - a
secondary product of potato mash production - as a
substrate for the cultivation of probiotic microorganisms,
and developing a probiotic preparation based on it.
During the study, initially, the most promising bacterial
strains that showed high potential as probiotics were
selected. Then, the selected strains were cultured on a
medium based on HCM. This allowed us to evaluate
how effectively this raw material was suitable for the
growth and multiplication of probiotic bacteria. After
successful culturing, the resulting microbial biomass was
lyophilised to ensure viability and ease of further use. At
the next stage, studies were carried out to investigate the
viability of the obtained probiotic preparation as well as
its effect on animal organism.

The results obtained in the course of the research
indicate a high prospectivity of the chosen approach to
the creation of a fodder probiotic preparation based on
homogenised potato mass (HCM). This secondary raw
material demonstrated itself as an effective and
economical substrate for the cultivation of probiotic
bacteria. In particular, the analysis of microorganisms
growth on the medium with GCM showed that this raw
material is not only not inferior, but in some cases even
superior to traditional nutrient media, both in terms of
growth rate and final cell concentration. During the
experiments, several bacterial strains were tested, among
which Bacillus subtilis and Lactobacillus plantarum,
known for their probiotic properties, stood out. Bacillus
subtilis is a spore-forming Gram-positive bacterium
widely used in biotechnology due to its resistance to
unfavourable conditions and its ability to produce a wide
range of enzymes and antibiotic substances.
Lactobacillus plantarum, in turn, is a Gram-positive
lactic acid bacterium with a marked ability to colonise
the gut and compete with pathogens, as well as the
ability to synthesise a range of B vitamins and organic
acids to improve digestion. At the start of the
experiment, for each strain a culture with an initial cell
concentration of 105 CFU/ml was prepared and then
added to bioreactors filled with HCM medium.

In the process of cultivation on GCM, active growth
of bacteria of both species was observed, and by the end
of the 24-hour process the concentration of viable cells
of Bacillus subtilis averaged 2.4 x 108 CFU/ml, and
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Lactobacillus plantarum - 1.8 x 10® CFU/ml, which
indicates a sufficiently high nutritional value of this
substrate for these microorganisms. The increase in the
number of bacteria occurred at an intensive rate, which is
confirmed by measuring the optical density of the culture
liquid on a spectrophotometer. The initial lag phase was
only 2-3 hours, followed by an exponential phase lasting
up to 18-20 hours, with a population doubling period of
about 2 hours for Bacillus subtilis and 2.5 hours for
Lactobacillus plantarum. This indicates that HCM
provides the necessary conditions for rapid and efficient
multiplication of probiotic bacteria [11, 12]. At the same
time, the use of HCM not only provided active growth of
probiotic bacteria, but also significantly reduced the
production cost of probiotic preparation. According to
calculations, the cost of nutrient medium based on HCM
was 30-35% lower than the cost of traditional nutrient
media such as meat-peptone agar or MRS medium. This
was possible due to the low cost of HCM as a secondary
product of mashed potato production.

To increase the stability and extend the shelf life of
the preparation, the probiotic bacterial biomass was
lyophilised. Immediately after freeze drying, the number
of CFU in the preparation of Bacillus subtilis was 9.1 x
107 CFU/g, and Lactobacillus plantarum - 8.7 x 107
CFU/g. After 3 months of storage at room temperature,
the CFU count was 7.4 x 107 CFU/g for Bacillus subtilis
and 6.8x107 CFU/g for Lactobacillus plantarum,
indicating that the microorganisms were resistant to
lyophilisation and storage conditions. The loss of viable
cells during 3 months of storage was less than 20%,
which is considered quite acceptable for lyophilised
probiotic preparations. These studies show that the
lyophilisation process used in the work provides good
preservation of the bacterial biomass.

During the study of antibiotic activity, it was found
that the bacterial strains studied have a pronounced
ability to inhibit the growth of a number of pathogenic
and opportunistic microorganisms. In particular, Bacillus
subtilis demonstrated antagonistic activity against
Escherichia coli, Salmonella enterica, and
Staphylococcus aureus, which is confirmed by the
formation of growth inhibition zones around bacterial
colonies on Petri dishes. Similar studies were conducted
in mountainous conditions [13].

The diameter of inhibition zones for E.coli was 12-14
mm, for Salmonella enterica - 10-12 mm, and for
Staphylococcus aureus 13-15 mm. Lactobacillus
plantarum showed the highest activity against
Clostridium perfringens and Candida albicans, the
diameter of the inhibition zones for C. perfringens was
11-13 mm and for C. albicans 9-10 mm. These results
indicate that the isolated bacterial strains have a wide
range of antibiotic activity, which is due to their
production of a number of antimicrobial substances such
as bacteriocins and organic acids. This allows us to
expect a positive effect from the use of the developed
preparation as a prophylactic agent against intestinal
infections and dysbacteriosis caused by these pathogens,
which is especially important to reduce the use of
antibiotics in animal husbandry.

Summarising the results of the experimental work,
we can conclude that the proposed methodology for the
production of probiotic preparation based on GCM is
quite promising. Firstly, GCM proved to be a suitable
substrate for the growth and multiplication of probiotic
bacteria, which provided a high concentration of cells in
the obtained preparation. Secondly, lyophilisation
allowed to preserve the viability of microorganisms in
the preparation for a long time, which simplifies its
storage and use. Thirdly, the obtained probiotic
preparation demonstrated pronounced antagonistic
activity against pathogenic microorganisms, which may
be an important factor for the prevention and treatment
of intestinal diseases. In general, these results are
consistent with the results of other similar studies. For
example, works on the use of food industry by-products
such as whey and molasses as a substrate for probiotic
production have also reported their high efficiency and
economic feasibility, which is important when using
mining waste in the formation of tailings ponds [14, 15].

In particular, the use of dairy whey enriched with
prebiotics for the cultivation of Lactobacillus acidophilus
resulted in a probiotic product with a high concentration
of viable cells (about 109 CFU/ml) and good
organoleptic properties.

The results obtained in this work are also consistent
with the general trend in the field of biotechnology,
aimed at finding alternative sources of raw materials and
creating effective and environmentally friendly
preparations for agriculture [16]. Comparison with other
studies on the use of spore-forming bacteria of the genus
Bacillus as probiotics confirms the prospectivity of this
direction [17]. For example, the use of Bacillus subtilis
as a probiotic for birds showed an increase in
productivity by 10-15%, a decrease in morbidity by 25-
30% and an improvement in feed conversion. The
formulation developed in this work, similarly showed
good antagonistic activity against a wide range of
pathogens including E. coli, Salmonella spp. and
Clostridium perfringens, which is a key factor in the
efficacy of probiotic preparations. It should be noted that
not only economic but also social aspects are important
in land use [18]. In addition, studies show that the use of
probiotics based on Bacillus subtilis can improve
digestive performance, reduce toxins in the intestine and
thus increase the natural resistance of animals. Some
studies have shown that the addition of Bacillus subtilis
to broiler feed can reduce feed intake by 5-7% while
increasing average daily weight gain [19]. These results
are in good agreement with the results presented in this
article, indicating the promising use of HCM for the
production of probiotics based on spore-forming
bacteria.

Thus, the results of the conducted studies confirm the
possibility of effective use of HCM for the production of
probiotic preparations for feed purposes. The developed
preparation is characterised by a high concentration of
viable cells, stability to storage conditions, and a
pronounced antagonistic effect. These results open new
opportunities for reducing costs in animal husbandry and
improving the quality of agricultural products
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4 Conclusion

This study demonstrates the promising application of
homogenised potato mass (HPM) as a basis for the
production of probiotic feed preparations. Experimental
results confirm that HCM is not only economically
favourable, but also a sufficiently nutritious substrate for
the cultivation of probiotic microorganisms such as
Bacillus subtilis and Lactobacillus plantarum. The
obtained data indicate that these bacterial species
actively multiply on the medium with HCM, reaching a
high concentration of viable cells. At the same time, the
use of HCM allows to significantly reduce the cost of
production of probiotics, which makes them more
accessible for use in animal husbandry.

Lyophilisation applied for biomass preservation
provided good preservation of viable microorganisms,
which is confirmed by a slight decrease in CFU count
after 3 months of storage. This is an important factor for
the development of preparations with a long shelf life,
convenient in transport and application. In addition, the
study of antibiotic activity of the obtained probiotic
preparation revealed its ability to inhibit the growth of a
number of pathogenic and opportunistic microorganisms
such as Escherichia coli, Salmonella enterica,
Staphylococcus aureus, Clostridium perfringens and
Candida albicans. This effect is associated with the
release of antimicrobial substances by bacteria, which
makes the developed preparation promising for the
prevention and treatment of intestinal infections and
dysbacteriosis in animals, as well as an alternative to
antibiotics.

Comparative analysis of the results obtained with the
data of other studies shows that the use of by-products of
food industry for the production of probiotics is a
promising direction. Similar results were obtained using
whey and molasses as substrates for the cultivation of
probiotic bacteria, which confirms the general tendency
to search for economically favourable and
environmentally friendly ways of producing feed
additives. The use of Bacillus subtilis as a probiotic for
poultry in other studies has shown increased
productivity, reduced morbidity and improved feed
conversion rates, which is in agreement with the results
obtained in this study. The presence of broad antibiotic
activity against pathogenic microorganisms and the
ability to improve digestion confirms the promising use
of GCM for the production of probiotics based on spore-
forming bacteria.

Thus, a comprehensive study has shown that
homogenised potato mass is a promising raw material for
the production of probiotic preparations. The developed
production technology provides the preparation with
high concentration of viable cells, long shelf life and
expressed antibiotic activity. These results open and
lyophilisation to increase the efficiency and reduce the
cost of probiotics production.
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