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Abstract

Background. Modern applied biotechnology is focused on the development and
implementation of fundamentally new multifunctional feed additives in a complex
form. Currently, new approaches to the maintenance of farm animals and aquacul-
ture objects under the influence of environmental factors are being sought, based
on the use of biologically active additives. Intensive antibiotic therapy has become
one of the reasons for the disruption of normal bacteriocenosis and a decrease in
the immunobiological reactivity of animals and fish, the emergence of resistant
strains of pathogens, which reduces the therapeutic effect of antibacterial drugs.
The use of antibiotics leads to the accumulation of microorganisms with complex
antibiotic resistance in the environment, their entry into natural water bodies is al-
most impossible. One of the promising ways to solve these problems is the use of
feed additives with immunomodulatory action. The article examines existing feed
additives with biological activity, provides generalized literature data on the use of
biological additives in animal husbandry and aquaculture.

Purpose. The objective of the present study is to investigate impact of immu-
nomodulatory feed additives on farm animals and fish.

Materials and methods. Feeds play a crucial role in the diet of farm animals
and fish, as they must contain all the necessary nutrients, vitamins and minerals to
ensure healthy growth and development of animals and aquaculture objects. Such
preparations as probiotics (including symbiotics and metabiotics), prebiotics, and
synbiotics, which are actively used in feed production, meet these requirements.
In 1995, Gibson and Robertfroy introduced the concepts that should be classified
as prebiotics and found that these components should be: 1) a selective component
that promotes the metabolic activity or growth of one or more beneficial bacteria;
2) capable of altering the microbiota towards a healthy state; 3) capable of exerting
a systemic or luminal beneficial effect on the host organism; 4) not absorbed and
not hydrolyzed in the upper part of the stomach.
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Results. Current research shows the positive impact of prebiotic use on perfor-
mance, including improved weight gain, improved feed conversion and reduced
disease. Prebiotics promote the growth of beneficial microorganisms such as bi-
fidobacteria and lactobacilli in the intestines of animals. This reduces the con-
centration of pathogens such as salmonella and coliform bacteria, which reduces
the risk of disease and improves the overall health of animals and fish. Research
confirms the possibility of reducing the use of antibiotics in feed through the use
of prebiotics, which is important in the context of the problem of antibiotic re-
sistance. Prebiotics can be used to improve the environmental sustainability of
livestock and aquaculture, as they help to reduce the release of harmful substanc-
es into the environment.

Conclusion. Numerous scientific studies confirm the beneficial effects of
immunomodulatory additives on the health of animals, poultry and aquaculture
objects, especially in terms of protection against pathogens, stimulation of the
immune response and increased productivity. Prebiotics can be used as an al-
ternative or enhance the effect of probiotics. The use of a combination of these
components, demonstrating a synergistic effect, can be even more effective in
stimulating the intestinal microbiota and protecting animal health. One promising
area of research is the use of wheat grain heap as an immunomodulatory additive,
which has high prebiotic properties.

In the future, it is necessary to pay attention to studies of the thermal treat-
ment of grain in the production of feed and feed additives. It should be empha-
sized that the use of feed additives such as probiotics, prebiotics and synbiotics
is safe, does not have a negative impact on the natural environment and reduces
the demand for antibiotic-based growth promoters. However, the mechanisms of
action of probiotic organisms, prebiotics, and their combinations in synbiotics
require further research. In the technology of compound feed production, plant
raw materials, including wheat, are subjected to the extrusion process in order
to increase the nutritional value, during which, during heat treatment, pathogen-
ic microorganisms are killed. Presumably, wheat grain of early ripeness phases
may lose its beneficial properties during heat treatment (extrusion). In this re-
gard, it is advisable to conduct research on the effect of grain processing on its
prebiotic properties.
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NUMMYHOMOAVJINPYIOIINME KOPMOBBIE
JTOBABKH JIJISI CEJIbCKOXO3SIMCTBEHHBIX
ZKUBOTHBIX U PbIb

/I.B. Pyooii, E.H. Ilonomapesa, /1.C. Manzacapan, T.A. Manvueea

Annomauusn

O6ocHoBanue. CoBpeMeHHas IPUKIaaHast OMOTEXHOJIOT S OPUEHTHPOBAHA Ha
pa3paboTKy ¥ BHEAPEHNE MPHHIIMITHAIBHO HOBBIX MHOTO(YHKIIMOHATEHBIX KOPMO-
BBIX 100aBOK B KOMIUIEKCHOU (popMe. B HacTosIIee BpeMs BeACTCS IIONCK HOBBIX
HOJXOJIOB K COJICPIKAHUIO CEIIbCKOXO3SMCTBEHHBIX JKHBOTHBIX U OOBCKTOB aKBa-
KyIBTYpBI B YCIIOBHSIX BO3AEICTBHS (DAKTOPOB OKpPY KAIOIIEH CpejIbl, 0CHOBAHHBIX
Ha MCHOJIb30BaHUHN OMOIIOTHYECKH aKTHBHBIX 00aBOK. [IHTeHCHBHAs aHTHONOTH-
KOTEparnus CTajia OJHOW U3 MPUYHH HapPYIICHUs. HOPMAIbHOTO 0aKTepHOLICHO3a 1
CHIDKEHHS HIMMYHOOHONIOTHYECKON PEaKTHBHOCTU KUBOTHBIX U PHIO, TTOSBICHHS
YCTOHYMBBIX ITaMMOB ITATOT€HHBIX MUKPOOPTAHH3MOB, UTO CHIKAET TEPaIeBTH-
gyeckuit apexT aHTHOAKTepHABHEIX IpernaparoB. [IpuMeHeHe aHTHOMOTHKOB
MPUBOIUT K HAKOIUICHUIO B OKpPY KaroIIell cpesie MUKPOOPTaHU3MOB C KOMITIEKC-
HOIT aHTHOMOTHKOPE3NCTEHTHOCTBIO, X TOTIAIaHNe B IPUPOIHBIC BOJOSMBI IIPaK-
THYECKH HEBO3MOXKHO. OTHIM U3 NEPCHEKTHBHBIX ITyTeH PEIICHUs 3THX IpodiieM
SABJIACTCA UCIIOJIb30BAHUE KOPMOBBIX }106aBOK C UMMYHOMOAYJIHUPYOIIUM )IeﬁCTBH-
eM. B cTaThe paccMOTpPEHBI CyIIeCTBYOIMNE KOPMOBBIE TOOABKH ¢ OMOTOTHICCKOH
aKTHUBHOCTEIO, TIPUBEICHBI 0000IICHHBIC JINTEPATYPHbIC JaHHBIC 110 HCIIOIb30Ba-
HHUIO OMOJIOTUYECKUX JJOOABOK B )KHBOTHOBOJICTBE M AKBAKYJIBTYpE.

Hens. Lens nccnenoBanus — N3y9UTh BIASHAE IMMYHOMOYITHPYIOMINX KO-
MOBBIX JJOOABOK Ha CEITbCKOXO3HCTBEHHBIX JKHBOTHBIX H PHIO.

MatepuaJjsl 1 MeTobl. Kopma UrparoT BasKHEHIIYIO POk B PALIOHE CEIIbCKO-
XO3AHCTBEHHBIX JKHBOTHBIX M PBIO, MOCKOIBKY JOIKHBI COAEPKATh BCE HEOOXOH-
MBIE TUTATeTbHbIC BEMIECTBA, BATAMHUHBI 1 MHHEPAIIBI JUIS 00SCTICIEHNUS 30pPOBOTO
pOCTa ¥ pa3BUTHSI )KUBOTHBIX M 00BEKTOB aKBAKYJIBTYPbL. DTUM TPeOOBAHHIM OTBE-
YarT TaKWe Npenaparsl, Kak MpOOHOTUKH (BKITFOYasi CHHOMOTHKY U METaOUOTHKH),
peOHOTHKN ¥ CHHOMOTHKH, KOTOPBIE aKTUBHO UCIIONB3YIOTCS B KOPMOIIPOU3BOI-
cree. B 1995 rogy I'mbcon u Pobepdpya npeactaBuin NOHATUS, KOTOPBIE CIIELyeT
OTHOCUTBH K MPEOHOTHKAM, U HMPHIIHA K BBIBOAY, YTO 3T KOMIOHEHTHI JOKHBI
OBITH: 1) CETEKTUBHBIM KOMIIOHEHTOM, CIOCOOCTBYIOIIINM METa0O0IMYECKOI aKTHB-
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HOCTH WJIM POCTY OJTHOM MJIM HECKOJIbKHUX MOJIC3HBIX OaKTEpHUid; 2) CIIOCOOHBIM U3-
MEHSTh MUKPOOHOTY B CTOPOHY 3/I0POBOTO COCTOSIHHSA; 3) CHOCOOHBIM OKa3bIBATh
CHCTEMHOE MJIH JIFOMUHAIIbHOE OJIaronpusTHOE BO3CHCTBHE HA OPraHN3M X031Ha;
4) He BcachIBAaCTCS U HE THAPOJIM3YETCS B BEPXHEM OTEIIC KeTy/IKa.

Pe3syabrarsl. CoBpeMeHHbIE HCCIIE0BAHMUS TTOKA3bIBAIOT MOJIOKUTEIILHOE BIIU-
SIHUE IPUMEHEHUS IPEOUOTHUKOB Ha ITPOlyKTUBHOCTh, B TOM YHCJIE HA YBEITUYCHUE
Beca, MOBBINICHHE KOHBEPCUU KOPMa U CHIKeHHE 3a0ojeBaeMocTH. [IpeOnoTuku
CIIOCOOCTBYIOT POCTY TOJIE3HBIX MHKPOOPTaHU3MOB, TaKHX Kak Oudumodakrepun
U JIAKTOOAKTEPUH, B KUIIEYHHUKE JKUBOTHBIX. DTO CHHKAECT KOHIIEHTPAIMIO TaTO-
TEHHBIX MHUKPOOPTaHU3MOB, TAKHX KaK CajJbMOHEIUIA U KOTU(POpMHbIE OaKkTepuH,
YTO YMEHBIIACT PUCK 3a00JICBAHUI U YITyUIllaeT 00IIee COCTOSIHUE 37I0POBBS HKHU-
BOTHBIX ¥ pbIO. McciaenoBanus MOATBEPKIAIOT BOSMOXKHOCTh CHUKEHUS UCTIOIb-
30BaHMs aHTHOMOTHKOB B KOPMaXx 3a CUET MPUMEHEHHS IPEOUOTHKOB, YTO BaXKHO
B KOHTEKCTE MPOOJIEMbI YCTOMYMBOCTH K aHTHOMOTHKAM. [IpeOHOTHKH MOYXKHO HC-
10JIb30BATH IS ITOBBIIICHHUS SKOJIOTHYECKONH YCTOHYUBOCTH KHBOTHOBOJICTBA U
AKBaKYJIBTYPhbl, MIOCKOJILKY OHH MOMOTAIOT COKPATUTh BBIOPOC BPEIHBIX BEIICCTB
B OKPYKAOIILYIO CPE/Ly.

3akuouenne. MHOroYHcII€HHbIC HAYYHbIE HCCIIEIOBAHUS OATBEPXKIAIOT OJla-
TOTBOPHOE BIMSIHHE UMMYHOMOJYJIMPYIOIIUX T00AaBOK Ha 370pPOBbE JKUBOTHBIX,
NITHIIBI 1 OOBEKTOB aKBAKYJIBTYPbI, 0COOCHHO B IJIAHE 3aIIUTHI OT ATOTCHOB, CTH-
MYJISIIMK UMMYHHOTO OTBETA U MOBBIIICHUS ITPOLYKTUBHOCTH. [Ipebuotuku moryT
UCIIOIb30BATHCS B KAYECTBE AJIFTEPHATUBBI MIIN YCUIIUBATH ICHCTBUE IPOOMOTHKOB.
Hcnonb3oBaHre KOMOWHAIIMKA 3TUX KOMIIOHEHTOB, IEMOHCTPUPYIOIICH CHHEpTe-
Trdeckuii 3pdhekt, MoxkeT ObITh ere Oosiee 3PHEKTUBHBIM B CTUMYJIUPOBAHHUHN KH-
LIEYHOI MUKPOOUOTHI U 3aIUTE 310POBbs KUBOTHBIX. OHUM M3 NEPCIEKTHUBHBIX
HaTpaBJICHUI UCCIICIOBAHUI SIBIISICTCS MCIIONB30BAaHUE B KAUECTBE MMMYHOMOTY-
JIUPYIONICH T00aBKH 3¢PHOBOTO BOPOXa MIIICHHIIBI, KOTOPBIH 001a1aeT BEICOKHMU
peOMOTHYECKUMHU CBOWCTBaMHU. B nasnbHelieM HeoOX0AUMO yAeIUTh BHUMAaHUE
HCCIICIOBAHUSM TEPMHUUYECKOH 00pabOTKH 3epHa MPU IPOU3BOICTBE KOPMOB M KOP-
MOBBIX J100aBOK. ClielyeT NOAYePKHYTh, YTO UCIIOJIh30BAHHE TAKUX KOPMOBBIX J10-
0aBOK, KaK POOHMOTHKH, IPEONOTUKH U CUHOMOTHUKH, ABJISETCS OS30MacHbIM, HE
OKa3bIBAET HETATUBHOTO BIMSHUS HAa OKPYKAIOIIYIO CPEy ¥ CHUKAET MOTPEOHOCTh
B CTUMYJIATOpPAX POCTa Ha OCHOBE aHTHOMOTHKOB. OJTHAKO MEXaHU3MBI JICHCTBUS
MIPOOMOTHYECKUX OPraHU3MOB, NPEOMOTHKOB U UX KOMOMHAIMK B CHHOMOTHKAX
TpeOYyIOT JaIbHEHIIIEro U3yUeHHUs. B TEXHOIOr MK MPOU3BOICTBa KOMOMKOPMOB pac-
TUTEJIBHOE ChIPhE, B TOM YHCIIC MIICHHIIA, JIJIsI TIOBBIIICHUS ITUTATEIbHON IICHHOCTH
[OJIBEpraeTcs Mpoleccy 3KCTPY3HH, B X0JIe KOTOPOTo IIPU TepMUYECKOi 00paboTke
YHHYTOXKAIOTCS TATOTCHHBIE MUKPOOPTaHU3Mbl. [IpeanonokuTenbHo, 3epHO MIie-



656 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

HUILBI paHHUX (ha3 CIIENIOCTH MOXKET MOTEPSATH CBOU OJIE3HbIE CBOICTBA B IpoLiecce
TEII0BOI 00paboTKU (3KCTPy3HH). B CBsI3M ¢ 3TUM 1esiecoo0pa3Ho MPOBECTH HC-
ClJIe/IOBaHUE BIUSHUS 00pabOTKH 3epHA Ha ero NpeOMOTUYEeCKHe CBOMCTBA.

KiroueBble ci10Ba: poOHOTHKH; TPEOUOTHUKH; CHHOMOTHKH; KOMOUKOPM; 3€PHO

Jns uuruposanus. Pynoi, /[. B., [Tonomapesa, E. H., Manracapsn, 1. C., &
Mausiiesa, T. A. (2025). UMMyHOMOAYIMPYIOILFE KOPMOBBIE I0OABKHU IS CEITLCKO-
XO3SIMCTBEHHBIX )KUBOTHBIX U PBIO. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 652-668. https://doi.org/10.12731/2658-6649-2025-17-6-2-1590

Introduction

The agribusiness is a dynamically developing sector with significant poten-
tial in relation to the strategy of ensuring food security of any country. Howev-
er, technological problems arise on the way to a stable increase in production
volumes in the country and providing the population with high-quality, diverse
and affordable agricultural products. First of all, these include:

— diseases of cultivated objects that reduce productivity and marketability
of goods;

— lack of effective systems for monitoring and rapid diagnostics of patho-
gens;

— environmental issues related to the quality of the environment for grow-
ing aquatic organisms;

— lack of sufficient assortment and high cost of specialized domestically
produced compound feeds, etc.

The problem of ensuring food security for the population is becoming in-
creasingly important. One of the important aspects in this matter is providing
livestock with high-quality and balanced compound feed. The global volume
of compound feed products is growing every year. Compared to 2023, global
production of compound feed increased by 1% and amounted to 1187.7 million
tons (FAO Cereal Supply and Demand Brief, 2024) (Fig. 1) [1]. This is primar-
ily due to the increase in the world’s population and the increase in demand for
animal and plant products. Along with the increase in the volume of feed pro-
duction, their prices are also rising [2]. In this regard, increasing the volume of
feed raw materials is an urgent task.

Feeds play a crucial role in the diet of farm animals and fish, as they must
contain all the necessary nutrients, vitamins and minerals to ensure healthy
growth and development of animals and aquaculture objects. Such preparations
as probiotics (including symbiotics and metabiotics), prebiotics, and synbiotics,
which are actively used in feed production, meet these requirements. In 1995,
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Gibson and Robertfroy introduced the concepts that should be classified as pre-
biotics and found that these components should be:

1) a selective component that promotes the metabolic activity or growth of
one or more beneficial bacteria;

2) capable of altering the microbiota towards a healthy state;

3) capable of exerting a systemic or luminal beneficial effect on the host
organism;

4) not absorbed and not hydrolyzed in the upper part of the stomach [3].
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Fig. 1. TOP 10 countries by feed production volume, million tons

Currently, immunotropic drugs of different groups are offered for practical
animal husbandry, and there is a need for their extensive industrial testing. For
this purpose, a review of existing additives and their impact on the body of an-
imals, birds and aquaculture objects has been conducted.

The use of prebiotic additives in agriculture helps to normalize the micro-
biocenosis of the organism of farm animals and fish, as well as their resistance
to pathogenic microflora, which ultimately affects the increase in productivity
and quality of goods.

Prebiotics are carbohydrates that are not broken down in the upper gastro-
intestinal tract, and other products that are a source of nutrition for normal in-
testinal microflora. Prebiotics include fructose- and galactose-oligosaccharides,
inulin, lactulose, lactiol, dictary fiber, etc. [4].

Prebiotics are insoluble food ingredients that help stimulate the growth and
activity of beneficial microorganisms in the intestines of animals and fish. These
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feed additives play an important role in regulating the microbiota and metabo-
lism of animals and fish, which affects their health and productivity.

Current research shows the positive impact of prebiotic use on performance,
including improved weight gain, improved feed conversion and reduced disease.
Prebiotics promote the growth of beneficial microorganisms such as bifidobac-
teria and lactobacilli in the intestines of animals. This reduces the concentra-
tion of pathogens such as salmonella and coliform bacteria, which reduces the
risk of disease and improves the overall health of animals and fish. Research
confirms the possibility of reducing the use of antibiotics in feed through the
use of prebiotics, which is important in the context of the problem of antibiotic
resistance. Prebiotics can be used to improve the environmental sustainability
of livestock and aquaculture, as they help to reduce the release of harmful sub-
stances into the environment.

Purpose. The objective of the present study is to investigate impact of im-
munomodulatory feed additives on farm animals and fish.

Materials and methods

For a substance to be classified as a prebiotic, a detailed specification of
its parameters — including origin, purity, and structural characteristics — is an
essential prerequisite. Regulatory acceptance mandates adherence to global
safety protocols, requiring not only a recognized safety status but also a thor-
ough assessment of its toxicological profile, dosage efficacy, and the absence
of adulterants. A fundamental requirement is its confirmed role in promoting
the ecological equilibrium of the gut microbiome [5].

As delineated by Wang [6], the classification of a nutritional component as
a prebiotic is contingent upon satisfying five key criteria (Fig. 2, 3):

1. Resilience to gastric acidity, hydrolysis by mammalian enzymes, and
gastrointestinal absorption.

2. Serving as a selective substrate for colonic microbiota fermentation.

3. Eliciting a beneficial physiological effect on the host’s well-being.

4. Selectively enriching for populations of health-promoting bacteria.

5. Maintaining chemical stability throughout industrial processing and storage.

The fundamental criteria for prebiotic compounds begin with their re-
silience to enzymatic digestion and absorption in the upper gastrointestinal
tract. This indigestibility ensures their intact passage to the colon, where
they serve as substrates for selective fermentation by beneficial commensal
bacteria—constituting the second criterion. The subsequent fermentation me-
tabolites, notably short-chain fatty acids, mediate the third criterion by induc-
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ing beneficial shifts in host metabolism and enhancing immunomodulatory
functions. Furthermore, a definitive prebiotic must demonstrate a selective
stimulation of probiotic bacterial growth (criterion four) and retain stability
through food processing technologies to remain bioavailable within the gut
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The technological process of feed production involves an extrusion process,
as a result of which the digestibility of feed and its organoleptic properties are
increased. In addition, pathogenic microorganisms die during heat treatment,
which ensures the safety of compound feeds. The extrusion process takes place
at temperatures from 120 to 200 °C, so it is important to select such probiotics
that will be resistant to high temperatures [7].

Results

Research on feed additives and poultry health

Most studies related to poultry microbiota and/or prebiotic potential have fo-
cused mainly on the cecum microbiota. The cecum is the most densely populated
and microbiologically diverse region of the poultry gastrointestinal tract, with a di-
gestion time of 12 to 24 hours and a major site for bacterial anaerobic fermentation
and pathogen colonization [8]. Lignin from sugarcane bagasse has been found to
have potential as an animal feed additive when added to feed rations. It promotes
the growth of bifidobacteria, a well-known beneficial bacteria, inhabiting the gut mi-
crobiota, whose activity, among other things, inhibits the growth of pathogenic bac-
teria (e.g. Enterobacteriaceae), which is an important factor for animal husbandry.

The study showed that the inclusion of lignin in broiler diets improved the pop-
ulation of lactobacilli and bifidobacteria in the cecum. This indicates that the inclu-
sion of lignin in poultry feed can potentially promote the growth of bifidobacteria
in the cecum of broilers, thus acting as a prebiotic ingredient in poultry nutrition.

Another study determined the effect of plant feed supplement and prebiot-
ic on plant protein diet in broiler chickens. A total of 90 chickens (Cobb-500)
were weighed and randomly assigned to three treatment groups supplemented
with either plant feed supplement or prebiotic and raised for 28 days [9]. The
results showed that significant increase in body weight of broiler chickens was
observed in both plant feed supplement and prebiotic groups compared to the
control group at 4 weeks of age. No significant differences were found in body
weight gain between treatment groups at weekly intervals throughout the ex-
perimental period. However, significant differences were evident in cumulative
weight gain at 3 and 4 weeks of age. The addition of plant protein with a plant
feed additive or a prebiotic showed a positive effect of the additive on feed
efficiency throughout the entire experimental period compared to the control
diet without additives. The authors of the article recommended the use of plant
protein as an important source of protein in broiler diets [10].

On the other hand, studies [11] by scientists from the Institute of Animal
Reproduction and Food Research of the Polish Academy of Sciences showed
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that fructooligosaccharides (organophosphorus compounds) administered to
commercial male turkeys for 8 weeks did not affect the productivity of the an-
imals. The organophosphorus compounds used were assessed in terms of their
effectiveness in terms of productivity and physiological response of the diges-
tive tract. Particular attention was paid to the metabolism of the cecum. The
following levels were used in the diet: 0.5, 1 and 2%. After 8 weeks of exper-
imental feeding, diet intake, body weight and feed efficiency were the same in
all examined groups. The pH of the ileum and cecum contents was reduced as
a result of dietary procedures, especially when using 2% dietary organophos-
phorus compounds. The experimental treatment did not statistically affect the
activity of bacterial enzymes; However, after taking the organophosphorus com-
pounds preparation, a slight beneficial decrease in the activity of f-glucosidase
and B-glucuronidase was observed. Addition of organophosphorus compounds
to the diet did not affect the growth and productivity of animals.

Another example of a beneficial effect on the intestinal microflora of broil-
ers is a study by scientists from the Institute of Bacteriology and Mycology,
Veterinary Faculty of the University of Leipzig [13]. The team conducted a
field trial to evaluate the effect of a fructan-containing syrup (0.5%) diluted in
drinking water on bacterial activity levels, endotoxin values, as well as body
weight and relative organ weights. Fructan resulted in a significant reduction
in total aerobes, Enterobacteriaceae and C. perfringens counts, as well as in
lower blood endotoxin levels compared to control birds. An increase in body
weight as a result of consumption was observed on day 35 of the study period
(P < 0.05). These results indicate that drinking water containing fructan has a
beneficial effect on growth performance, reduces bacterial endotoxin levels and
suppresses potential pathogens in the intestine of broilers.

Sims M.D. and co-authors [14] fed crossbred male turkeys to 18 weeks of
age for a subsequent comparison of growth promoters. Four dietary treatments
were used in the study: negative control (CON), bacitracin methylene disalic-
ylate (BMD) at 55 mg/kg up to 6 weeks and 27.5 mg/kg thereafter, mannan
oligosaccharide (MOS) at 0.1% up to 6 weeks and 0.05% thereafter, and BMD
and MOS at the concentrations listed above.

Research on feed additives on pig health

Various feed additives are used in studies of the effects of prebiotics on the
gastrointestinal microbiota and overall health of pigs.

M.R. Smiricky-Tjardes and co-authors evaluated the effect of galactooli-
gosaccharides (GALOS) supplementation in pig diets on nutrient digestibility,
ileal and fecal bacterial populations, and ileal short-chain fatty acid (SCFA)
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production and determined their effect on ileal enzymatic performance in vitro.
The galactooligosaccharides used in this study were prebiotics that increased in
vivo beneficial bacteria and SCFA concentrations both in vivo and in vitro. Pigs
were fed 35 g/kg TOS for 6 weeks. A significant increase in fecal bifidobacteria
and lactobacilli was found compared to the control group.

Studies of feed additives on the health status of aquaculture objects. In addi-
tion to the production of animal feed, there is also a need to increase the volume
of food fish products, which in turn requires an increase in the growth of feed
production for aquaculture facilities. The growth of aquaculture is hampered
by a growing number of problems, primarily infectious diseases and improper
or irrational fish nutrition. Therefore, it is essential to develop new prevention
strategies to minimize infectious diseases and pharmaceutical interventions.
Nutritional problems and health of fish can be improved by regulating their gut
microbiota. Microbiomes can play a critical role in fish physiology, especially
in digestion, by metabolizing largely indigestible components of feed for the
host or synthesizing essential micronutrients. In addition to their nutritional role,
microbiomes are considered the first line of defense against pathogens [17].

Scientists from the Don State Technical University, together with the As-
trakhan State Technical University, the Southern Scientific Center of the Rus-
sian Academy of Sciences, and the Agricultural Research Center "Donskoy",
conducted research on the effect of feed with probiotics B-1895 and Subtilis-S
on the growth and physiological state of sterlet producers [24-26]. Experiments
with B-1895 and Subtilis-S based on Bacillus subtilis on sterlet producers grown
in a recirculating aquaculture system revealed their positive effect on the stud-
ied fish. Compared to the control, the body weight gain in the first experimental
group ("B-1895") was 13.3% higher, and in the second group ("Subtilis-S") - by
53.3%. At the same time, an improvement in the physiological state of the exper-
imental fish was recorded, expressed in stabilization and moderate reduction of
physiological and biochemical parameters of the blood, in contrast to the control
group of fish, in which they either remained unchanged or remained unchanged.
increased slightly. In the protein system, the most positive changes were noted
in the second group of experimental fish with the greatest weight gain. From the
obtained results of the conducted studies, it follows that the most positive effect
of the studied probiotics in feeding fish was provided by the drug "Subtilis-S".

The researchers tested a new prebiotic mixture (Selectovit) consisting of

1,3/1,6-beta-glucans, mannan oligosaccharides, nucleic acids, nucleotides, me-
diumchain fatty acids and single-chain fatty acids at different inclusion levels (0.0;
0.5; 1.0; 2.0 g/kg) in the diet of Atlantic salmon (Salmo salar). Using experimental
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feed trials and microbiome profiling with 16 S rRNA, the effects of the prebiotic
mixture on fish growth and the microbial community in both the gastrointestinal
tract and skin were assessed. Overall, the supplementation did not significantly
affect growth. However, the prebiotic could significantly affect the number of mi-
croorganisms in the distal gut and skin. Several potentially beneficial bacteria, such
as Bacillus and Mycoplasma spp. were significantly more numerous in the prebi-
otic-fed groups compared to the control. In contrast, putative pathogenic bacteria
were less numerous in salmon fed the prebiotic mixture. The supplement caused
more changes in the skin than in the intestine. In fish, there is increasing evidence of
very complex interactions between microorganisms in the digestive system and the
external mucosa, as well as with the immune system. Further research in this area
may lead to the development of new bacterial biomarkers and new non-invasive
strategies for monitoring the health of the fish digestive system [18].

Manufacturers of herbal supplements: Delacon Biotechnik, Biomin Phyto-
genics, Phytobiotics Futterzusatzstoffe, Pancosma, EW Nutrition, Dostofarm,
Nutriad International, Ropapharm International, Himalaya Drug Company,
Tanin Sevnica and others [22].

Conclusion

Numerous scientific studies confirm the beneficial effects of immunomod-
ulatory additives on the health of animals, poultry and aquaculture objects, es-
pecially in terms of protection against pathogens, stimulation of the immune
response and increased productivity. Prebiotics can be used as an alternative
or enhance the effect of probiotics. The use of a combination of these compo-
nents, demonstrating a synergistic effect, can be even more effective in stim-
ulating the intestinal microbiota and protecting animal health. One promising
area of research is the use of wheat grain heap as an immunomodulatory ad-
ditive, which has high prebiotic properties. In the future, it is necessary to pay
attention to studies of the thermal treatment of grain in the production of feed
and feed additives. It should be emphasized that the use of feed additives such
as probiotics, prebiotics and synbiotics is safe, does not have a negative im-
pact on the natural environment and reduces the demand for antibiotic-based
growth promoters. However, the mechanisms of action of probiotic organisms,
prebiotics, and their combinations in synbiotics require further research. In the
technology of compound feed production, plant raw materials, including wheat,
are subjected to the extrusion process in order to increase the nutritional value,
during which, during heat treatment, pathogenic microorganisms are killed.
Presumably, wheat grain of early ripeness phases may lose its beneficial prop-
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erties during heat treatment (extrusion). In this regard, it is advisable to conduct
research on the effect of grain processing on its prebiotic properties.

Conflict of interest information. The authors declare that they have no
conflict of interest.

Sponsorship information. The work is carried out as part of the project “Devel-
opment of personalized feeds of a new generation with plant and probiotic additives
to increase the survival rate and improve the health of fish” (FZNE-2023-0003).

References / Cnucok aumepamypul

1. Baumgirtner, S., James, J., & Ellison, A. (2022). The supplementation of a
prebiotic improves the microbial community in the gut and the skin of At-
lantic salmon (Salmo salar). Aquaculture Reports, 25, 101204. https://doi.
org/10.1016/j.aqrep.2022.101204. EDN: https://elibrary.ru/XQGEQS

2. Binda, S., Hill, C., Johansen, E., Obis, D., Pot, B., Sanders, M. E., Tremblay, A.,
& Ouwehand, A. C. (2020). Criteria to qualify microorganisms as “probiotic”
in foods and dietary supplements. Frontiers in Microbiology, 11, 1662. https://
doi.org/10.3389/fmicb.2020.01662. EDN: https://elibrary.ru/BTYBTR

3. Ceslovas, J., Vigilijus, J., & Almantas, S. (2005). The effect of probiotic and phytobi-
otics on meat properties and quality in pigs. Veterinarija ir Zootechnika, 29, 80-84.

4. D’Agaro, E., Gibertoni, P., & Esposito, S. (2022). Recent trends and economic
aspects in the rainbow trout (Oncorhynchus mykiss) sector. Applied Sciences,
12(17), 8773. https://doi.org/10.3390/app12178773. EDN: https://elibrary.ru/
KLOQEP

5. Fangueiro, J. F., Carvalho, N. M., Antunes, F., et al. (2023). Lignin from sug-
arcane bagasse as a prebiotic additive for poultry feed. International Journal
of Biological Macromolecules, 239, 124262. https://doi.org/10.1016/j.ijbio-
mac.2023.124262. EDN: https://elibrary.ru/HKDPNR

6. FAO. (2024). Cereal supply and demand brief: Reduced maize harvest drives
a modest decline in global cereal production in 2024. Retrieved from https://
www.fao.org/worldfoodsituation/csdb/en (accessed on 24 September 2024).

7. Fuller, R. (1989). Probiotics in man and animals. Journal of Applied Bacteriol-
ogy, 66(5), 365-378.

8. Gibson, G., Hutkins, R., Sanders, M., et al. (2017). Expert consensus document:
The International Scientific Association for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of prebiotics. Nature Reviews
Gastroenterology & Hepatology, 14, 491-502. https://doi.org/10.1038/nrgas-
tro.2017.75. EDN: https://elibrary.ru/YACKZJ



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-2, 2025 665

10.

11.

12.

13.

14.

15.

16.

17

18.

19.

Grigoriev, V., Kovaleva, A., Geraskin, P., Sorokina, M., Korchunov, A., Rudoy,
D., & Olshevskaya, A. (2023). Use of compound feed with the probiotic feed
supplement based on Bacillus bacteria for sterlet producers. E3S Web of Con-
ferences, 381, 01073. https://doi.org/10.1051/e3sconf/202338101073. EDN:
https://elibrary.ru/GDXWAE

Holzapfel, W. H., & Schillinger, U. (2002). Introduction to pre- and probiotics.
Food Research International, 35, 109-116.

Imperial, I. C. V. J., & Ibana, J. A. (2016). Addressing the antibiotic resistance
problem with probiotics: reducing the risk of its double-edged sword effect.
Frontiers in Microbiology, 7, 1983.

Jeong, J. S., & Kim, I. H. (2014). Effect of Bacillus subtilis C-3102 spores as a
probiotic feed supplement on growth performance, noxious gas emission, and
intestinal microflora in broilers. Poultry Science, 93(12), 3097-3103. https://
doi.org/10.3382/ps.2014-04086

Jung, S.J., Houde, R., Baurhoo, B., Zhao, X., & Lee, B. H. (2008). Effects of
galacto-oligosaccharides and a Bifidobacteria lactis-based probiotic strain on
the growth performance and fecal microflora of broiler chickens. Poultry Sci-
ence, 87(9), 1694-1699. https://doi.org/10.3382/ps.2007-00489

Juskiewicz, J., Jankowski, J., Zdunczyk, Z., & Mikulski, D. (2006). Perfor-
mance and gastrointestinal tract metabolism of turkeys fed diets with different
contents of fructooligosaccharides. Poultry Science, 85(5), 886—891. https://doi.
org/10.1093/ps/85.5.886

Kim, J. S., Ingale, S. L., Kim, Y. W,, et al. (2012). Effect of supplementation of
multi-microbe probiotic product on growth performance, apparent digestibility,
cecal microbiota and small intestinal morphology of broilers. Journal of Ani-
mal Physiology and Animal Nutrition, 96(4), 618—626. https://doi.org/10.1111/
j-1439-0396.2011.01187.x

Lachuga, Yu. F., Meskhi, B. Ch., Pakhomov, V. L., Rudoy, D. V., Kambulov,
S. I., & Maltseva, T. A. (2023). Study of changes in the amino acid composition
of spiked cereals during the ripening process. Engineering Technologies and
Systems, 33(4), 508-523. https://doi.org/10.15507/2658-4123.033.202304.508-
523. EDN: https://elibrary.ru/KFLTHG

. Lee, Y. K. (2009). Handbook of probiotics and prebiotics (pp. 177-187). New

Jersey: Wiley.

Liao, S. F., & Nyachoti, M. (2017). Using probiotics to improve swine gut health
and nutrient utilization. Animal Nutrition, 3(4), 331-343.

Ma, N., Guo, P., Zhang, J., He, T., Kim, S. W., Zhang, G., & Ma, X. (2018).
Nutrients mediate intestinal bacteria-mucosal immune crosstalk. Frontiers in



666 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

20.

21.

22.

23.

24.

25.

26.

27.

Immunology, 9, 5. https://doi.org/10.3389/fimmu.2018.00005. EDN: https://eli-
brary.ru/YFLUHJ

Maiorano, G., Stadnicka, K., Tavaniello, S., et al. (2017). In ovo validation
model to assess the efficacy of commercial prebiotics on broiler performance
and oxidative stability of meat. Poultry Science, 96(2), 511-518.

Maiorano, G., Stadnicka, K., Tavaniello, S., et al. (2017). In ovo validation
model to assess the efficacy of commercial prebiotics on broiler performance
and oxidative stability of meat. Poultry Science, 96(2), 511-518.

Markowiak, P., & Slizewska, K. (2018). The role of probiotics, prebiotics and
synbiotics in animal nutrition. Gut Pathogens, 10, 21. https://doi.org/10.1186/
$13099-018-0250-0. EDN: https://elibrary.ru/UVHZSH

Mookiah, S., Sieo, C. C., Ramasamy, K., Abdullah, N., & Ho, Y. W. (2014). Effects
of dietary prebiotics, probiotic and synbiotics on performance, caecal bacterial pop-
ulations and caecal fermentation concentrations of broiler chickens. Journal of the
Science of Food and Agriculture, 94(2), 341-348. https://doi.org/10.1002/jsfa.6365
Olesen, 1., Bonaldo, A., Farina, R., et al. (2023). Moving beyond agriculture
and aquaculture to integrated sustainable food systems as part of a circular
bioeconomy. Frontiers in Marine Science, 10, 2023. https://doi.org/10.3389/
fmars.2023.1178014. EDN: https://elibrary.rut/EMOFTI

Rudoy, D. V., Pakhomov, V. 1., Braginets, S. V., Maltseva, T. A., & Sarkisyan,
D. S. (2023). Study of the content of vitamins and minerals in wheat grain
at different stages of ripeness. Bulletin of the Ryazan State Agrotechnological
University named after P. A. Kostychev, 15(3), 38—44. https://doi.org/10.36508/
RSATU.2023.20.14.006. EDN: https://elibrary.ru/XDHALC

Rudoy, D. V. (2023). Results of testing compound feed with a grain heap of
wheat of early maturity phases. Polythematic Network Electronic Scientific
Journal of the Kuban State Agrarian University, 04(188), 1882304013. https:/
doi.org/10.21515/1990-4665-188-013

Rudoy, D. V. (2023). Study of the nutritional value of grain at different stages of
maturity. Polythematic Network Electronic Scientific Journal of the Kuban State
Agrarian University, 06(190), 1902306016. https://doi.org/10.21515/1990-
4665-190-016. EDN: https://elibrary.ru/GYOPYL

AUTHOR CONTRIBUTIONS

The authors contributed equally to this article.

BKJIAZL ABTOPOB

Bce aBTOpHI ciemany S5KBUBAICHTHBIH BKIJIA]T B ITOITOTOBKY CTATHH IS ITy OJTKALIHH.



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-2, 2025 667

DATA ABOUT THE AUTHORS

Dmitry V. Rudoy, Doctor of Engineering Sciences, Head of the Specialized or-
ganization of the territorial cluster “Dolina Dona” of the Rostov region,
Dean of the Faculty “Agribusiness”, Chief Researcher of the Research lab-
oratory “Agrobiotechnology Center”, Associate Professor of the Depart-
ment “Technologies and Equipment for Processing Agricultural Products”
Don State Technical University
1, Gagarin Sq., Rostov-on-Don, 344000, Russian Federation
dmitriyrudoi@gmail.com
ORCID: https://orcid.org/0000-0002-1916-8570
Scopus Author ID: 57212389828

Elena N. Ponomareva, Professor of the Department ““Technical Means of Aquaculture”
Don State Technical University
1, Gagarin Sq., Rostov-on-Don, 344000, Russian Federation
enponomareva@donstu.ru
ORCID: https://orcid.org/0000-0002-7129-6676

Dzhuletta S. Mangasaryan, Engineer of the Development center of the terri-
torial cluster “Dolina Dona”, Lecturer of the Department “Food Produc-
tion Equipment and Technologies”

Don State Technical University

1, Gagarin Sq., Rostov-on-Don, 344000, Russian Federation
Juliasarkisyanl6@yandex.ru

ORCID: https.//orcid.org/0000-0001-6491-2656

Scopus Author ID: 57220954111

Tatyana A. Maltseva, Senior Researcher of the Development center of the ter-
ritorial cluster “Dolina Dona”, Associate Professor of the Department
“Technologies and Equipment for Processing Agricultural Products”
Don State Technical University
1, Gagarin Sq., Rostov-on-Don, 344000, Russian Federation
tamalceva@donstu.ru
ORCID: https://orcid.org/0000-0002-3973-6846
Scopus Author ID: 57219444434

JAHHBIE OB ABTOPAX
Pynoii Imutpnii BraguMupoBu4, TOKTOp TEXHUUECKHX HAyK, PYKOBOIUTENb
CrelaTU3UPOBaHHON OpraHu3ali TEPPUTOPUATIBHOIO KilacTepa «/lomHa



668

Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

Jona» PocroBckoii o0acTH, AekaH (akyabTeTa « ATponpOMBIIIICHHBIN,
IVIAaBHBIM HAyYHBIH COTPYAHHK Hay4YHO-HCCIIEI0BATEIBLCKOM JlabopaTtopuu
«eHTp arpoOMOTEXHOIOT U, TOLICHT Kadeapbl « TeXHOIOrHU 1 000PyI0-
BaHHUE TIePepaOOTKH MPOIYKIMH arpOIPOMBIILICHHOTO KOMITICKCa)
@edepanvroe 2ocydapcmeentoe 0r0dicemnoe 00pa308amenbHoe Yu-
pedrcoenue gvicuie2o 00pazo6anus «/JOHCKol 20cyOapcmeeHHblil mex-
HUYeCKUll YHUBEPCUMEeNn)

nn. Taeapuna, 1, 2. Pocmos-na-/{ony, 344000, Poccuiickas @edepayus
dmitriyrudoi@gmail.com

IMonomapesa Esiena HukosaeBna, npodeccop kadenpol « TexHuueckue cpe-

CTBa aKBaKyJIBTYPBI»
Dedepanvroe 2ocydapcmeennoe 61002cemnoe 0opazoeamenbHoe yu-
pedrcoenue gvicuieco 06pazoeanus «/JoHCKol 20cyOapcmeeHHblil mex-
HUYeCKUll YHUGEepCUmen»

ni. Taeapuna, 1, 2. Pocmos-na-/{ony, 344000, Poccutickas @edepayus
enponomareva@donstu.ru

Mamnracapsan [Lxynserta C1aBuKoBHA, HHKeHep LleHTpa pa3BUTHS TEPPUTO-

puansHOTO Ki1actepa «lomnHa J{onay, mpenomgaBatens kadeapsl « Tex-
HHKa M TEXHOJIOTUH MHIIEBBIX TPOU3BOACTBY

Dedepanvroe cocyoapcmeentoe 0100xicemHoe 0bpa3oeamenvHoe yu-
pedicoenue gvlcuie2o 06pasosanus «/[oHCKOU 20CyOoapcmeeHHblil mex-
HUYeCKull yHUgepcumen »

nn. Taeapuna, 1, 2. Pocmos-ua-/{ony, 344000, Poccuiickas @edepayus
Juliasarkisyanl6@yandex.ru

MaabueBa TaTbiHa AJleKCaHAPOBHA, CTAPIINIl HayuHBIN coTpyaHUK Llen-

Tpa pa3BUTHs TEPPUTOPHATHHOTO KiacTepa «JlonmmHa JfoHa», nOueHT
kadenpsr «TexHOIOTHU U 00OPYIOBaHUE TIEPEPAOOTKH MPOLYKITUH ar-
POTIPOMBIIIIICHHOTO KOMILIEKCa)

Dedepanvroe 2ocyoapcmeennoe 0100icemnoe 00pa308amenbHoe yu-
pedcoeHue blculeco 0bpazosanus «{oHCKoU 20cy0apcmeentbill mex-
HUYeCKUil yHugepcumemy

ni. Taeapuna, 1, . Pocmos-na-/{ony, 344000, Poccuitickas @edepayus
tamalceva@donstu.ru

Iocrymuna 07.07.2025 Received 07.07.2025
[Tocne penensuposanus 29.08.2025 Revised 29.08.2025
[punsra 01.10.2025 Accepted 01.10.2025



