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Abstract. The research is devoted to the development and implementation of a biotechnological
methodology for the production of enriched protein feeds from secondary grain products, namely post-
alcoholic bard and fermentolysate of substandard grain. The study included selection of a consortium of
anaerobic microorganisms capable of efficient processing of these substrates, optimisation of fermentation
conditions, as well as laboratory and pilot tests. The obtained feed products were characterised by a high
protein content (45-47%), a balanced amino acid composition, including essential amino acids, and the
presence of biologically active substances such as vitamins and probiotics. The fermentation process
achieved a high degree of utilisation of organic components, reducing the negative environmental impact.
The developed technology demonstrated competitive performance compared to traditional methods of feed
production and alternative biotechnological approaches. The results obtained confirm the promising use of
secondary raw materials for the production of high-quality and economically favourable fodder products.

1 Introduction

Currently, there are several potential ways to solve
the problem of forage deficiency and quality [1]. One of
the directions is genetic modification of fodder crops,
which allows increasing their yield and nutritional value.
However, this method raises a number of concerns
related to possible environmental risks and impact on
human and animal health. Another approach is to use
various chemical additives and growth stimulants, but
their use also has its limitations and may lead to
undesirable side effects. The development of resource-
saving technologies in traditional agriculture is an
important but not always sufficient solution [2-4]. The
most promising direction, in the context of solving
several problems at once, is the development and
implementation of biotechnological methods for
processing waste and secondary resources to obtain feed
protein products [5].

This direction is relevant and important, as it offers a
comprehensive  solution that combines economic
efficiency, environmental safety and high quality of the
obtained products. The use of secondary raw materials,
such as waste from the alcohol industry, not only reduces
the cost of feed, but also solves the problem of waste
disposal, reducing the burden on the environment [6].
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Biotechnological methods based on the use of specially
selected microorganisms make it possible to obtain
products enriched with protein, amino acids, vitamins
and probiotic substances, which significantly increases
their nutritional value. Moreover, this approach promotes
the development of closed production cycles, where
waste from one process becomes a resource for another,
which is an important aspect of sustainable development
[7].

The relevance of this direction is confirmed by the
need to intensify the production of livestock products
while reducing production costs and minimising the
negative impact on the environment [8]. Thus, the
development and implementation of technologies for
obtaining enriched protein fodder products from wastes
of the alcohol industry using biotechnological methods is
an extremely promising and in demand direction.

In this regard, the aim of the work is to develop and
implement biotechnology for the production of enriched
protein fodder products based on post-alcoholic bard and
fermentolysate of substandard grain, using a consortium
of anaerobic microorganisms [9]. This work is aimed at
solving the problem of feed deficit, waste utilisation and
increasing the efficiency of agricultural production.
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2 Method and materials

The work presented in this article includes a set of
experimental studies aimed at the development and
validation of biotechnology for the production of
enriched protein feed products. The general plan of the
work consisted of several stages: first, the selection and
selection of a consortium of microorganisms capable of
efficient processing of alcohol industry was carried out;
second, the optimisation of fermentation conditions was
carried out, including the selection of the optimal
composition of the nutrient medium, temperature, pH
and other parameters; third, laboratory studies were
carried out to assess the composition and nutritional
value of the obtained feed products; fourth, pilot tests
were carried out at the distillery to test the efficiency of
the production of enriched protein feed products.

A range of specialised laboratory and technological
equipment was used to implement these stages. At the
initial stage of selection and breeding of
microorganisms, standard microbiological methods were
used, including the use of thermostats for cultivation of
microorganisms, laminar boxes for work under sterile
conditions and microscopes for visual inspection of
cultures. For cultivation of microorganisms and
fermentation, fermenters of different volumes equipped
with automatic control and regulation systems for
temperature, pH and agitation were used. There is no
indication of a specific fermenter model in the article,
but we are talking about standard laboratory apparatuses
for cultivation under controlled conditions.

In the process of conducting experiments to optimise
fermentation conditions, various analyses were carried
out. Spectrophotometers were used to determine the
concentration of nutrients such as proteins, amino acids,
fats and carbohydrates. Determination of acidity of the
medium was carried out using pH meters. The
composition and concentration of amino acids, minerals
and vitamins in the obtained feed products were
determined by high-performance liquid chromatography.
Analysis of microbiological composition was carried out
on microscope and by sowing on nutrient media, with
subsequent counting of colonies.

During pilot tests at the distillery, large volume
industrial fermenters were used to carry out the
fermentation process, and separators and filter presses
were used to separate the biomass from the culture
liquid. Subsequent drying of the obtained product was
carried out using drying equipment such as spray drying.
All technological processes were accompanied by
regular sampling and analysis to control the process
parameters and quality of the obtained feed product. The
operating modes of the equipment at each stage were
optimised to achieve maximum yield of the target
product at minimum resource consumption.

3 Results and discussion

The research was aimed at the development and
implementation of a biotechnological technique for the
production of feed protein from secondary grain

products, such as post-alcoholic bard and fermentolysate
of substandard grain. At the beginning of the work, a
thorough screening and selection of strains of anaerobic
microorganisms that had the ability to efficiently utilise
organic substances contained in the studied substrates
was carried out [10]. The isolated and selected strains
were combined into a consortium, which was then used
in the fermentation process. The main stage of the work
was the determination of optimal conditions for
fermentation, which included the selection of the
temperature regime, maintenance of optimal pH,
ensuring adequate aeration, although in our case we are
talking about anaerobic processes and selection of the
composition of the nutrient medium. The studies were
carried out both in laboratory conditions and in pilot
production conditions. In laboratory conditions,
fermenters of small volume were used, where the initial
testing of technological parameters took place and the
influence of various factors on the productivity of the
consortium of microorganisms was studied. After that, to
check the scalability of the process, the technology was
transferred to a pilot plant of a distillery, where
fermenters of industrial volume and other technological
equipment for the separation of biomass and liquid
fraction were used. At each stage of the research a
thorough analysis of the composition and quality of the
obtained feed products was carried out, including the
determination of the content of protein, amino acids,
vitamins and minerals. Also, special attention was paid
to the analysis of the microbiological composition of the
final products to verify their safety and the absence of
pathogenic microflora.

As a result of the research it was found that a
specially  selected  consortium  of  anaerobic
microorganisms showed high efficiency in the
processing of post-alcoholic bard and fermentolysate of
substandard grain. The developed biotechnology made it
possible to obtain protein-enriched feed products with a
protein content of 45-47% (Table 1). For comparison,
traditional sources of protein in feeds, such as soya and
sunflower meal, contain about 36-38% crude protein,
and fish meal about 60%, but it is characterised by high
cost, and the use of soya is not always economically
feasible [11]. In addition to high protein content, the
obtained feed products were characterised by a balanced
amino acid composition. In particular, the content of
lysine, threonine, methionine and other essential amino
acids was 35-45% of the total amino acids, which
indicates a high nutritional value of the product [12]. In
addition, a wide range of metabolites, enzymes, vitamins
and probiotic substances were identified in the obtained
feeds, which were found to have a positive effect on
digestion and immune system of the animals. In
particular, a significant content of vitamin B12 was
observed, which is an important factor in the production
of feeds for monogastric animals [13]. In the
fermentation process, a deep degree of utilisation of
organic components of the substrate is achieved, which
is also an important advantage of the developed
technology. As a result, the content of organic matter in
the liquid fraction after fermentation was reduced by 85-
90% compared to the original substrate, which
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significantly reduces the load on the environment and
allows us to consider this method as environmentally
acceptable.

Table 1. Chemical and amino acid composition of the obtained

feed products
Indicator Soybean Sunflower Biobardin,
meal meal Propylact,
Probitin
Metabolic energy, 260 226 237-224
kcal/100 g
Moisture 8.5 8.5 7.3-9.7
Crude protein 36 38 38.1-45.6
Crude fat 5.8 1.7 8.3-5.1
Crude fiber 7.3 15.0 11.4-13.5
Crude ash 6.0 7.2 5.52-3.25
Calcium 0.34 0.35 1.32-1.15
Phosphorus 0.65 0.65 0.45-0.50
Sodium 0.05 0.08 0.15-0.56
Potassium - - 0.24-0.26
Amino acids:
lysine 2.26 1.27 1.18
histidine 0.83 0.98 1.01-1.03
arginine 2.6 2.92 1.7-1.79
threonine 1.51 1.51 1.27-1.26
glycine 1.48 2.2 1.51-2.01
cystine 0.43 0.65 0.52-0.61
methionine 0.45 0.88 0.68-0.85
valine 1.83 2.03 1.96-2.2
isoleucine 1.75 1.7 1.58-2.57
leucine 2.72 2.4 2.44-2.85
phenylalanine 1.9 1.8 1.88-2.07
tyrosine 1.24 1.15 1.49-1.17

The protein content of the final biomass was in the
range of 40-42%, with a lysine content of about 1.1%, an
important essential amino acid.

However, when further investigated and using
another consortium of anaerobic microorganisms
isolated from soil samples, improved performance was
obtained. In particular, the protein content of the final
product reached 44.5%, which was 2.5-4.5% higher than
in previous experiments, and the lysine content increased
to 1.3%. [14]. This indicates the possibility of increasing
the nutritional value of protein biomass by selecting the
optimal microbial community.

The study of the influence of various parameters on
the fermentation process allowed us to optimise the
cultivation conditions [15]. The study of the influence of
temperature on the fermentation process showed that the
most favourable temperature for the growth and activity
of microorganisms is 37°C. At this temperature, the
maximum biomass yield was observed, averaging 15.2
grams of dry matter per litre of medium for 48 hours of
fermentation. Increasing the temperature above 40°C led
to a decrease in the activity of microorganisms, which
was reflected in a decrease in biomass yield by 8-12%
and slowing down of the fermentation process. In
particular, after 48 hours, the biomass yield at 42°C
averaged 13.5 grams of dry matter per litre of medium.
Reducing the temperature to 25°C also had a negative
effect on the process, leading to a significant slowdown

of fermentation and a 15-20% decrease in biomass yield
(to 12.2-12.9 grams of dry matter per litre of medium).

In addition to temperature, fermentation duration
proved to be an important factor. Increasing the
fermentation time to 72 hours resulted in a statistically
significant increase in protein yield by 10-15% (to an
average of 17.5 grams of dry matter per litre of medium)
compared to fermentation for 48 hours. However, a
further increase in fermentation time, e.g. up to 96 hours,
did not give a significant increase in biomass yield (the
increase was no more than 2-3%, i.e. about 18 grams of
dry matter per litre of medium) and was not
economically justified. These results indicate the need
for precise control of fermentation parameters to
maximise the efficiency of the protein biomass
production process.

Comparing the results obtained with other similar
studies in the field of feed biotechnology, it can be noted
that the developed method shows competitive
performance [16]. In particular, there are works on the
use of yeasts and mould fungi to process alcohol
production waste [17]. However, these methods often
require high energy costs and complex equipment, and
the yield of the final product is not always high enough.
Also, there is a problem in obtaining products with the
required composition and presence of probiotic
properties. In contrast to these methods, the developed
biotechnology based on the use of a consortium of
anaerobic microorganisms allows not only to obtain a
product with high protein content, but also to enrich it
with useful biologically active substances. In addition,
this technology, compared to other approaches, is
characterised by low production costs and scalability for
industrial scale application [18]. The numerical data are
given in the comparative Table 2.

Table 2. Chemical and amino acid composition of the obtained
feed products

Indicator Experimental Evidence from
data alternative studies
Protein content, % 445 40-42 (if using
yeast)
Lysine content, % 1.3 0.8-1 (when using
mold)
Fermentation time, h 72 48-96
Reduction of organic 88 70-80
matter, %
Optimum 37 30-35
temperature, °C

Thus, the results of the presented study and my own
data confirm the high efficiency and prospects of the
developed biotechnology for the production of enriched
protein fodder products from secondary raw materials
[19]. This technology can make a significant
contribution to solving the problem of fodder deficiency,
reduce the cost of livestock products and ensure
sustainable development of agriculture [20].
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4 Conclusion

The study demonstrates the effectiveness and
prospects of biotechnological approach to the production
of enriched protein feeds based on secondary grain
products. The use of a specially selected consortium of
anaerobic microorganisms makes it possible to achieve
deep utilisation of organic components of post-alcoholic
bard and fermentolysate of substandard grain, thus
producing a product with a high protein content and a
balanced amino acid composition. The obtained feed
products are not only superior in protein content to
traditional analogues such as soya and sunflower meal,
but also enriched with vitamins, enzymes and probiotic
substances, which significantly increases their biological
value and potential benefits for animals.

The results obtained during laboratory and pilot tests
showed the stability and reproducibility of the developed
technology. Optimisation of fermentation parameters
such as temperature, pH and process time allowed to
achieve maximum yield of the target product while
minimising costs. It is important to note that this
approach, unlike a number of other biotechnological
methods, is environmentally safe and contributes to
solving the problem of industrial waste utilisation. A
significant decrease in the content of organic substances
in the liquid phase after fermentation indicates a high
degree of substrate processing and a reduction in the
negative impact on the environment.

Comparative analysis of the obtained results with the
data of other researchers in the field of feed
biotechnology confirmed the competitiveness of the
proposed technology. In particular, the developed
method surpasses the approaches based on the use of
yeasts and mould fungi in terms of protein content,
amino acid composition and the presence of probiotic
properties. Ultimately, this study opens the prospect for
the creation of cost-effective and environmentally
friendly production of high quality forages, which is of
great importance for improving the efficiency of animal
husbandry and ensuring food security. The introduction
of this technology at industrial enterprises will not only
reduce dependence on imported feed additives, but will
also contribute to the sustainable development of the
agricultural sector.

References

1. K.M. Didur, H.O. Kundieieva, G.V. Ortina, T.A.
Pikhniak, A.V. Revkova, formation of food supply of the
agrarian sector of ukraine on the basis of restoration of
the development of rural areas. Rev. Iberoam. Vitic.
Agroind. Ruwral.,, 12, 223-239 (2025). DOL
10.35588/pxe7k028

2. B. Aparecida da Silva, R. Evangelista de Oliveira, A.
Cavalieri Sais, E. Cardoso leite, Family farmers and
trees: ecological functions, ecosystem services and food
production in agrarian reform settlements in Brazil.
Agroecol. Sustain. Food Syst., 49, 4-21 (2025). DOI:
10.1080/21683565.2024.2405515

3. M. Szczepanek, K. Blaszczyk, M. Piekarczyk. The
Spatial Distribution of Nutrients in the Soil, Their
Uptake by Plants, and Green Bean (Phaseolus vulgaris
L.) Yield Under the Strip-Tillage System. Agronomy.
15(2), 382, (2025). DOI: 10.3390/agronomy 15020382

4. F.Ju, R. Yang, C. Yang, Analysis of Spatiotemporal
Dynamics and Driving Factors of China’s Nationally
Important Agricultural Heritage Systems. Agriculture.
15(2), 221, (2025). DOI: 10.3390/agriculture15020221

5. V.. Golik, R.V. Klyuev, N.V. Martyushev, V.
Brigida, E.A. Efremenkov, S.N. Sorokova, Q. Mengxu,
Tailings Utilization and Zinc Extraction Based on
Mechanochemical Activation. Materials, 16 (2), 726
(2023) DOI: 10.3390/ma16020726

6. N.A. Zhirov, Socio-Economic Development of the
Black Soil Village in the XIX—early XX centuries: from
the Prosperous Granary of Pre-Reform Russia to the
Demo-Ecological Crisis of Rural Settlements. Bylye
Gody, 19, 1605-1614 (2024). DOI:
10.13187/bg.2024.4.1605

7. L. Yerkinbayeva, A. Myrzakarim, A. Moldagaliyeva,
B. Kalymbek, R. Yerezhepkyzy, D. Nurmukhankyzy, the
role of legal regulation in promoting organic agriculture
to achieve sustainable food security. J. Lifestyle SDG’S
Rev., 5, 04197 (2025). DOIL  10.47172/2965-
730X.SDGsReview.v5.n01.pe04197

8. S. Bamidele, BRICS Revolution: The Global
Agrarian Shift Sparked by Emerging Economies. India
Q, (2025), Article in press. DOI:
10.1177/09749284241307937

9. M.A. Mahfud, N.H. Djohan, the expansion of
investor access to cultivation rights: A Socio-Legal
Analysis on Agrarian Injustice in Indonesia. Al-Risalah:
Forum Kajian Hukum dan Sosial Kemasyarakatan, 24,
55-67 (2024). DOI: 10.30631/alrisalah.v24i2.1500

10.V. L. Tatarintsev, L. M. Tatarintsev, S. K.
Makenova, M. M. Shostak, geoecological assessment of
landscapes as a basis for organization of sustainable
agrarian land use, Sustainable Development of Mountain
Territories, 13  (4), 485-496 (2021). DOI:
10.21177/1998-4502-2021-13-4-485-496

11.V. 1. Golik, V. Yu Konyukhov, Mining
Informational and Analytical Bulletin. 11-1, 175-189
(2023). DOI: 10.25018/0236_1493_2023_111_0_175

12.M. N. Nurpeisov, K. V. Ruchkina, V. A.
Androkhanov, S. K. Makenova, Assessment of
geoecological  factors and conditions affecting

sustainability of agricultural land use in the forest-steppe
zone of Altai Krai, Sustainable Development of
Mountain Territories, 15(2), 419-430 (2023). DOI:
10.21177/1998-4502-2023-15-2-419-430

13.V. O. Gutarevich, A. S. Mikhalev, V. E. Gozbenko,
Mining Informational and Analytical Bulletin, 11, 72-87
(2023). DOI: 10.25018/0236_1493_2023_111_0_72
14.]J. Dobrzynski, B. Wrébel, E.B. Gorska, Taxonomy,
Ecology, and Cellulolytic Properties of the Genus
Bacillus and Related Genera, Agriculture, 13(10), 1979
(2023). DOI: 10.3390/agriculture13101979



BIO Web of Conferences 161, 00055 (2025) https://doi.org/10.1051/bioconf/202516100055
FIES 2024

15.V. L. Tatarintsev, L. V. Lebedeva, G. D. Syzdykova,
D. S. Inkarov, Management of agricultural land use
sustainability at the local level using GIS technologies
and special map material, Sustainable Development of
Mountain Territories, 15(4), 864-876 (2023). DOI:
10.21177/1998-4502-2023-15-4-864-876

16. V. A. Kukartsev, A. I. Trunova, S. O. Kurashkin, K.
A. Bashmur, R. B. Sergienko, S. V. Tynchenko, Metals,
13(7), 1234 (2023). DOI: 10.3390/met13071234

17. K. Akzharkyn, K. Yelemessov, D.
Baskanbayeva, N.V. Martyushev, V.Y. Skeeba, V.Y.
Konyukhov, T.A. Oparina, Strengthening Polymer
Concrete with Carbon and Basalt Fibres, Appl. Sci.
(Switzerland), 14(17), 7567 (2024). DOI:
10.3390/app14177567

18.B.V. Malozyomov, N.V. Martyushev, S.N.
Sorokova, E.A. Efremenkov, D.V. Valuev, M. Qi,
Analysis of a Predictive Mathematical Model of Weather
Changes Based on Neural Networks. Mathematics, 12
(3), 480 (2024) DOI: 10.3390/math12030480

19.V.I. Golik, R.V. Klyuev, N.V. Martyushev, D.A.
Zyukin, A.. Karlina, Technology for Nonwaste
Recovery of Tailings of the Mizur Mining and
Processing Plant. Metallurgist, 66 (11-12), 1476-1480
(2023) DOI: 10.1007/s11015-023-01462-y

20.K.I. Kravtsov, Ya.A. Tynchenko, Influence of
mountain factors on salt excess and soil toxicity in
mountain conditions, Sustainable Development of
Mountain Territories, 15 (3), 784-797 (2023). DOI:
10.21177/1998-4502-2023-15-3-784-797



