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supporting rabbit immunity. The purpose of the study was to determine the effect of additives to the basic diet
on the haematological status, biochemical and productive parameters of rabbits. Methods used: zootechnical,
haematological, biochemical, statistical. In the experimental groups where enzymes with probiotics were used,
an increase in live weight was observed on the 30th day of the experiment: in the first experimental group by
4.18%, in the second - by 9.69%, in the third - by 18.72%. At the time of reaching the slaughter age, the live
weight of rabbits increased by 5.47%, in the second by 11.0%, and in the third by 12.6%. The average daily
increase in the groups where the complex supplement was used was higher, respectively, by: 6.64%; 12.58%,
32.86%. During the entire period of the experiment, gastrointestinal diseases were observed in three control
rabbits that received treatment. Feed conversion was better in the first experimental group by 90.73 %, in the
second - by 76.58 %, in the third - by 82.92%, compared to the control. In the group where three probiotic
strains were used, an increase in red blood cells by 68.19% (P<0.05), haemoglobin by 28.44%, and white blood
cells by 72.17% was recorded. In rabbits of the experimental groups, lipid metabolism improved against the
background of cholesterol reduction in the first by 25.3%, the second - by 36.6%, and the third - by 39.4%.
Protein and albumin absorption increased in the experimental groups: in the first by 15.33%, in the second - by
24.04%, in the third - by 28.57%. Mineral metabolism improved in animals of the experimental groups due to an
increase in the calcium content in the first by 10.1%, the second - by 8.7%, and the third - by 17.9%. The practical
significance of this study is to increase productivity and reduce gastrointestinal disorders by applying enzymes

and probiotic strains of bacteria to the main diet

Keywords: alternative growth stimulants; live weight gain; feed conversion; morbidity; rabbit metabolism

INTRODUCTION

In countries where the economy has been disrupted,
one of the most important problems is people’s nu-
trition. Rabbits are herbivores that are not demand-
ing on nutrition, can consume waste from process-
ing plant products. In addition, rabbits reproduce
and grow quickly, and can be kept in a limited area
in large numbers. Rabbit meat is characterised by its
high nutritional content (Cullere & Dalle Zotte, 2018)
and dietary properties. To increase the productivity of
rabbits, it is necessary to use safe growth stimulants.
The relevance of the subject matter lies in the use of
enzymes and probiotic strains of microorganisms to
improve rabbit metabolism.

Research by D.Ye et al. (2023) showed that changes
in cold and warm seasons negatively affect intestinal
microflora, immunity, and productivity. Researchers
have proposed strategies to mitigate the effects of
off-season changes, but have not provided a way to
avoid this problem. To maintain immunity in calves and
prevent dysbiosis, V.A. Gryshchenko et al. (2023) used
dietary supplements for basic nutrition. As a result of
the experiment, the epithelium of the empty intestinal
mucosa was restored in calves. The studies have not
clarified the effect of the supplement on the microflora
of the gastrointestinal tract.

An experiment by Z. Wang et al. (2023) on avoid-
ance of coprophagy in rabbits demonstrated a negative
impact on performance. The level of total cholesterol
and triglycerides decreased, and the villi of the cae-
cum were destroyed. The results of the study show the
importance of constant restoration of microflora in the
gastrointestinal tract. Z. Li et al. (2022) analysed the
composition and amount of microflora and cytokines
in the contents of the caecum. Researchers have
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concluded that coprophagy is an analogue of probiotic
therapy and plays an important role in the intestinal
immunity of rabbits.

Research by K.A. Alayande et al. (2020) confirm
that probiotics are a safe alternative to antibiotics to
increase animal productivity. The collected informa-
tion provides the basis for further testing of probiot-
ic strains for use by farm animals. Results obtained in
the paper by M.I. Hossain et al. (2017) have shown the
ability of probiotics to synthesise hydrolytic enzymes to
kill bacterial toxins. Therefore, it is necessary to search
for the most effective probiotic communities for raising
animals. S. Saha et al. (2023) showed that the addition
of probiotics to rabbits’ diets helped increase carcass
weight, improve colour, muscle fibre structure, and
taste. Studies do not provide information on the prop-
erties of probiotic strains, their dosage, administration
method and mechanism of use.

The results obtained by P. Cheng et al. (2018) show
differences in the composition of the gut microbiome
and different levels of cellulose fibre digestion in pigs
of different breeds of Lantang and Duroc. The paper
does not consider the impact of different conditions of
keeping and feeding animals. R. Du et al. (2018) found
that the bacteria of the family Butyricimonas produce
butyrate in the course of their life, which aids diges-
tion in calves. There is a need to investigate what other
microorganisms have a positive effect on the metab-
olism and final live weight of animals. Experiment by
A.Daskalova et al. (2023) proved that an increase in the
bacterial content of Lactobacillus and Bifidobacterium in
the gut microbiome of broiler chickens contributes to
increased productivity and feed conversion. Research-
ers have found that dietary supplements based on




phytobiotics have a positive effect on changes in the
microbial composition and metabolism of animals and
can be used as an alternative to antibiotics.

To increase the productivity of rabbits, Z. Li et
al. (2023) tested the addition of a probiotic strain
Clostridium butyricum to the diet. The results obtained
showed a positive effect of live weight gain due to an
increase in lipid synthesis in the liver. The purpose of
the study was to investigate the effect of supplements
with different compositions on metabolism and live
weight gain in rabbits.

MATERIALS AND METHODS

The rabbits were kept for 36 days in accordance with
animal welfare requirements. The experiment was con-
ducted in November-December 2023 in the vivarium
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of the Faculty of Veterinary Medicine of Sumy National
Agrarian University. The object of the study was rabbits
(Californian breed) aged 14 days in the amount of 10
units in each group. Variants of samples of experimen-
tal enzyme and probiotic complexes (EPC) were provid-
ed by Kronos Agro. The first experimental group was fed
with enzyme-based EPC (xylanase, phytase, cellulase)
and probiotic strains of microorganisms of the bac-
terium Enterococcus spp. For the second experimental
group, EPCwas based on enzymes and Lactobacillus spp.
The enzyme and probiotic complex for Group 3 of the
study consisted of enzymes and three probiotic strains
of bacteria. EPC presented in powder form was given
to rabbits with feed at the rate of 250 g per 1 tonne of
feed, starting from the age of 14 days. The experimen-
tal design is shown in Table 1.

Table 1. Experiment design

Groups

Characteristics of groups, dosage

experimental 1

EPC: enzymes + Enterococcus spp.

experimental 2

EPC: enzymes + Lactobacillus spp.

experimental 3

EPC: enzymes + Enterococcus spp., Lactobacillus spp., B. coagulans

control

Feed without additives

Source: compiled by the authors

During the studies, rabbits did not receive any drugs
other than the above.

Research of productive indicators in rabbits. The live
weight of rabbits was studied by weighing on the 30"
and 60" days of the experiment. Feed conversion, abso-
lute and average daily growth, and rabbit survivability
were calculated.

Determination of haematological parameters of blood.
Onday60,rabbit blood tests were determined:red blood
cells, white blood cells, haemoglobin, lymphocytes,
monocytes, neutrophils, eosinophils using an automat-
ic analyser (Shenzhen Mindray BC3000 plus, China).

Investigation of the metabolic status of rabbits. Me-
tabolites were determined on the 60" day of in rabbit
blood serum: enzyme activity: aspartate aminotrans-
ferase (SOP-BP-09-2017), alanine aminotransferase
and alkaline phosphatase (SOP-BP-08-2017), total pro-
tein,including albumin and globulin (SOP-BP-02-2017),
total cholesterol (SOP-BP-07-2017), direct and indirect
bilirubin, total calcium (sop-BP-05-2017), glucose.

Study of the composition of the rabbit gastrointestinal
microbiome. Faecal masses were taken from rabbits of
three experimental and control groups at the end of the
experiment on 60 day. Faecal samples were examined
by bacteriological methods to determine the quantita-
tive composition of intestinal microorganisms in ani-
mals. The number of bacterial species was determined:
Coprococcus sp., Ruminococcaceae sp., Akkermansia sp.,
Lachnospiraceae sp., Clostridium sp., Subdoligranulum sp.,
Firmicutes sp., Bacteroidetes sp., Cyanobacteria sp., Verru-
comicrobia sp., Proteobacteria sp., Tenericutes sp. Faecal

samples were diluted 1: 10 and inoculated on nutrient
selective media. The media used were from Farmaktiv
LLC (Ukraine) and Himedia Laboratories Prv. Limited
(India). The species affiliation of microbial cultures and
their number were determined using the R-biopharm
test system, namely RIDA ® COUNT, RIDA CHECK. Lumit-
esterPD-20; LuciPacPen, RIDASCREENVerotoxin, RIDAS-
CREENSETA, B, C, D, (ENISO 16140), RIDASCREENCam-
pylobacter, SureFoodBAC.

Investigation of antagonistic properties of enzyme and
probiotic complex. The agar well diffusion method was
used. The size of the demarcation zone in mm around
the different composition of the enzyme and probiotic
complex was visually determined on Petri dishes with
the corresponding microorganism, as previously men-
tioned, for three experimental variants and a control
(Garkavenko et al., 2021). Each dish with meat-peptone
agar was inoculated with the appropriate EPC and left
for a day in a thermostat for incubation at 37°C. The
size of the demarcation zone in mm around the wells
with experimental EPC was determined.

Statistical analysis. For statistical analysis of the
results, the Fischer-Student method (Mosteller & Fish-
er, 1948) was used, and data from control and exper-
imental groups were compared with a probability of
more than 95% (p<0.05). The studies were conducted in
accordance with DSTU EN ISO/IEC 17025:2019 (2019),
in compliance with the Rules of Bioethics and Humane
Treatment of Vertebrates 2010/63/EU (Hartung, 2010)
of the European Convention (1986) and Law of Ukraine
No. 249 (2012).
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RESULTS

Results of the study of productive indicators in rabbits.
The first stage of the study was to determine the

productivity of rabbits when growing with the use of
enzyme and probiotic complex (Table 2).

Table 2. Comparative data on rabbit growth (M*m,n=10)

Research groups

Indicators Control
1 2 3
Number of animals, units 10 10
Initial live weight (14 days), kg 0.25+0.08 0.25+0.05 0.25+0.13 0.26%0.07
Live weight (30 days), kg 0.59£0.06 0.62+0.11 0.65+0.09 0.71+0.12
% to control - 418 9.69 18.72
Live weight (60 days), kg 1.28+0.02 1.35+0.23 141+0.14 1.62%0.32*
% to control - 5.47 10.15 61.60
Absolute gain, kg 1.03£0.36 1.10£0.38 1.16£0.27 1.37+0.56
Average daily gain, g 28.62%1.34 30.53%£1.50 32.20£2.53 38.03£2.10"
% to control - 6.64 12.58 32.86
Morbidity, units 3 - - -
Feed consumption, kg 13.02 13.61 13.52 12.15
Feed consumption per 1 kg of
live weight gain, kg 2.05 1.86 1.70 1.57
% to control 100.00 90.73 82.92 76.58

Note: *P<0.05 - relative to the control
Source: compiled by the authors

During the experiment, the live weight of one
rabbit in 30 days was increased by 4.18% in the first
experimental group, in the second - by 9.69%, in the
third - by 18.72%, compared to the control group. On
the 60™ day of the study, the live weight of rabbits in
the first experimental group was 5.47% higher, in the
second - 11.0%, and in the third - 12.6% (p < 0.05), re-
spectively, compared to the control. The average daily
increase by group was higher, respectively, by: 6.64%,;
12.58%, 32.86% (P <0.05) compared to the control.

The morbidity for the entire period of the experi-
ment was three animals in the control group. Gastro-
intestinal disorders were observed in rabbits, so three
animals received timely treatment. The animals were

isolated from the main group and treated with antimi-
crobial agents. The feed intake of rabbits was higher
in the control group. Feed consumption was as fol-
lows: in the first experimental group - 90.73%, in the
second - 76.58%, in the third - 82.92%, compared to
control. The study shows that the average daily gain
of rabbits was higher in the third experimental group,
where enzymes with three probiotics were added to
the feed of rabbits. However, feed consumption per
1 kg of live weight gain was lower in the third exper-
imental group.

Results of haematological parameters of blood.
Changes in haematological status in rabbits were de-
termined during the experiment (Table 3).

Table 3. Haematological status of rabbits, (m*m, n=10)

Indicators Experimental

Experimental

Experimental Reference values

Control

group 1 group 2 group 3 of laboratory
Red blood cells, 10¢/ml 5.85+0.12 5.78+0.18 7.72+0.10" 4.59+0.25 5.3-7.1
White blood cells, 103/ml 6.90%0.15 8.73+0.23 10.52+0.24* 6.11+0.13 5.1-10.7
Haemoglobin, g/dl 10.91#0.19 11.75%0.20 12.78+0.25* 9.95+0.24 9.8-14.0
Lymphocytes, 10%/ml 3.84%0.11 4.42+0.05 5.83+0.06 4.73+0.09 3.3-6.5
Monocytes, 10%/ml 0.39+0.02 0.36+0.04 0.28+0.01 0.44+0.03 0-0.5
Neutrophils, 10%/ml 1.31£0.04 2.14%0.06 1.82+0.07 1.64+0.09 1.5-2.3
Eosinophils, 10%/ml 0.04%0.05 0.03+0.05 0.02+0.01 0.02+0.01 0-0.05

Note: *P<0.05 - relative to the control
Source: compiled by the authors

A significant increase in red blood cells at the end
of the experiment was recorded in the third experi-
mental group by 68.19% (P < 0.05), compared to the
control group. However, the haemoglobin content in
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the blood was also higher in rabbits of this experi-
mental group by 28.44% (P < 0.05). The use of three
probiotics in rabbits of the third group had a posi-
tive effect on immunity in animals. Thus, the absolute




number of white blood cells on the 60" day of the
study was significantly (P < 0.05) higher in rabbits of
the third experimental group by 72.17%, compared to
the control group. The first and second experimental
groups also showed an increase in red blood cells and
haemoglobin compared to the control group, but the
difference was not reliable. Studies have shown that
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the use of an enzyme and probiotic complex in rabbits
as part of the basic diet has a positive effect on immu-
nity and erythrocytopoiesis.

Results of the study of the metabolic status of rab-
bits. During the experiment, the level of metabolism
in the blood of experimental animals was established
(Table 4).

Table 4. Biochemical analysis of blood serum, (M*m, n=10)

Experimental Experimental

Experimental Reference values

Indicators Control
group 1 group 2 group 3 of laboratory
AST, IU/L 64.92+3.15 54.80%5.65 72.8+3.15 92.22+355 20-120
ALT, 1U/L 45.62+2.67 48.53+3.26 46.00£4.52 4745336 25-120
GGT, 1U/L 6.61+0.23 7.14+0.35 6.51+0.24 6.73+0.42 0-7
Alkaline phosphatase, 1U/L 6.23+0.56 5.04%0.20 5.22+0.17 7.03%0.30 0-8.6
Total bilirubin, umol/L 5.56+0.2 4.65%1.15 5.39+1.22 5.84%0.32 0-6.8
B Direct, umol/L 1.43+0.15 1.23+0.83 1.24%0.56 1.71+0.16 0-1.7
B [ndirect, umol/L 4.13£0.35 3.42%0.42 4.15+£0.81 4.13£0.66 0-5.12
Creatinine, umol/L 65.12+3.45 59.04+4.38 56.22%+4.26 78.34+3.34 50-100
Urea, mmol/L 3.52+0.22 3.74%0.35 2.50+0.20 4.21£0.15 2.18-5.5
Total cholesterol, g/l 0.53+0.05 0.45+0.08 0.43+0.05* 0.71%%0.20 0-0.75
Total protein, g/l 57.72%4.25 65.10+0.52" 74.43+4.16" 55.40£5.81 54-82
Albumins, g/l 33.50%2.72 35.60%£2.01" 36.9+3.52" 28.72%2.67 25-37
Globulin, g/L 26.85+2.23 27.76+1.34 32.31%£2.18 25.30%+2.34 23-50
Calcium, mmol/L 3.14+0.23 3.10%0.56 3.36+0.32" 2.85+0.12 2.4-4.2

Note: *P<0.05 - relative to the control
Source: compiled by the authors

The conducted studies show that the activity of
enzymes (aspartate aminotransphenase, alanine ami-
notransferase,gamma-glutamate transferase and alka-
line phosphatase) was within the physiological norm
in animals of the experimental and control groups.
The activity of the enzyme aspartate aminotransferase
was studied to determine the toxic effect of the en-
zyme and probiotic complex on the rabbit myocardium.
Studies have shown that the level of AST in the first
experimental group was significantly lower by 29.60%,
in the second - by 40.57%, in the third - by 21.01%,
compared to the control. The content of the enzyme
alanine aminotransferase in the blood demonstrates
the effect of experimental EPC on the liver and kidneys
of animals. ALT activity in the first experimental group
was less by 3.85% and the third - by 3.05%, more in the
second - by 2.27%.

An increase in the activity of the enzyme gam-
ma-glutamate transferase indicates damage to haepat-
ocytes and bile ducts. According to the results of the
study, it was found that GGT activity in the first exper-
imental group was less by 1.78%, in the second - by
6.09%, in the third - by 3.26%, compared to the control.
Alkaline phosphatase activity was also determined in
the blood serum of rabbits to find out the effect of EPC
on lipid metabolism. It was found that the activity of the
alkaline phosphatase enzyme in the first experimental
group was less by 11.38%, in the second - by 28.30%, in
the third - by 25.74%, compared to the control.

The content of total bilirubin in the blood was inter-
related with the activity of the enzymes ALT, GGT, and al-
kaline phosphatase.As a result of the conducted studies,
it was found that total bilirubin, including direct and in-
direct, did not have a significant difference between the
groups. The level of creatinine and urea in the blood se-
rum corresponded to the reference indicators in rabbits
of the experimental and control groups, which indicates
the absence of toxic effects of EPC on the body of rab-
bits. The blood creatinine content of rabbits in the first
experimental group was lower by 16.87%, in the sec-
ond - by 24.30%, in the third — by 28.24%, compared to
the control. The level of urea was lower in the blood se-
rum of rabbits of the first experimental group by 16.38%,
in the second - by 11.16%, in the third - by 40.61%.

A decrease in cholesterol levels was observed in
rabbits of the first experimental group by 25.3%, the
second - by 36.6%, the third - by 39.4% (p <0.05), com-
pared to the control group. There was also a significant
increase in the level of total protein in animals of the
experimental groups: in the first by 4.18%, in the sec-
ond - by 17.5%, in the third - by 34.35% (P < 0.05). A
positive result can also be considered an increase in al-
bumin in the first experimental group by 15.33%, in the
second - by 24.04%, in the third — by 28.57%, compared
to the control. The level of globulins in the blood serum
of rabbits of the experimental and control groups was
within the normal range, which indicates the absence
of a negative reaction to EPC from the immune system.

Scientific Horizons, 2024, Vol. 27, No. 5
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In rabbits of the first experimental group, the globulin
content was higher by 6.26%, in the second - by 9.72%,
in the third - by 27.70%, compared to the control.

An important indicator of metabolism is the level of
calcium, which was higher in the blood of experimental
animals by 10.1%, the second - by 8.7%, the third - by
17.9% (p<0.05),compared to the control. The results ob-
tained showed that the use of the enzyme and probiotic
complex affected the biochemical and haematological
parametersinrabbits.Addition of EPCto the feed also had
a positive effect on the increase in live weight of rabbits.

Results of the study of the composition of the microbi-
ome of the gastrointestinal tract of rabbits. Studies were
conducted to determine the effect of the enzyme and
probiotic complex on the microflora of the gastrointes-
tinal tract of rabbits. It is known that a violation of the
normal composition of the microbiome can lead to dys-
biosis. As a result, diarrhaea, impaired food absorption,
weight loss, intoxication, and death of the animal occur.
The results obtained will affect the final version of the
EPC composition, which will be proposed for use in rab-
bit breeding (Fig. 1).

Spectrum of microflora of the gastrointestinal tract of rabbits
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Figure 1. Spectrum of microflora of the gastrointestinal tract
of rabbits when using an enzyme and probiotic supplement

Source: compiled by the authors

According to the results of the study, it was estab-
lished that the content of Coprococcus sp. was higher in
the first experimental group by 32.89 %, in the second
experimental group - by 61.04%, in the third experi-
mental group - by 202.78%, compared to the control.
The content of Ruminococcaceae sp. in the first experi-
mental group was 2.60% higher, in the second - 22.27%,
in the third - 227.64%. Number of bacteria of the spe-
cies Akkermansia sp. was less in the first experimental
group by 19.70%, in the second - by 12.85%, in the
third - by 30.84%, compared to the control group. The
content of bacteria of the species Lachnospiraceae sp.
in rabbits of the first experimental group was 21.97%
higher, in the second - 24.62 %, in the third - 186.17%.
The content of Clostridium sp. tended to decrease com-
pared to the control in the first experimental group by
21.51%, in the second - by 27.42%, in the third - by
56.73%.The content of Subdoligranulum sp. in the intes-
tine did not differ significantly between experimental
and control animals and ranged from 3.38-7.18 CFU/g
of faecal mass. However, the content of Firmicutes sp.
was lower in the first experimental group by 35.55%, in
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the second - by 47.96%, in the third - by 60.64%, com-
pared to the control. The addition of an enzyme and
probiotic complex does not directly change the compo-
sition of the rabbit gut microbiome, but it does affect
the amount of bacteria of the same species.

The content of Bacteroidetes sp. in the first exper-
imental group was 63.47% higher, in the second - by
36.52%, in the third - by 134.23%. The level of Cy-
anobacteria sp. was less in rabbits of the first experi-
mental group by 27.44%, in the second - by 38.00%,
in the third - by 48.27% on the 60th day of research.
The content of Verrucomicrobia sp. was not affected by
the addition of EPC. So in the first experimental group,
Verrucomicrobia sp. was less by 14.54%, in the second
and third -more by 3.43-52.28%, respectively. The con-
tent of Proteobacteria sp. in the first experimental group
exceeded the indicators of rabbits in the control group
by 39.64%, in the second - by 41.01%, in the third -
by 375.58%. The level of Tenericutes sp. was higher by
31.60% in the first experimental group, in the second -
by 35.33%, in the third - by 65.80%, compared to the
control. Thus, the same types of microorganisms were




isolated in all animals of the experimental and control
groups, but in different quantities. The study proves
that the composition of the gut microbiome affects the
productivity and metabolism of rabbits.

Investigation of antagonistic properties of enzyme and
probiotic complex. The antagonistic activity of EPC was
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determined against microorganisms that were isolated
from the faecal masses of rabbits. Isolates of microor-
ganisms that are not pathogens were selected, but an
increase in their content can lead to diseases in rabbits
in the form of metabolic disorders and gastrointestinal
disorders (Table 5).

Table 5. Antagonistic properties of EPC,(M*m),n=10

Enzyme and probiotic complex

experiment 1 (enzymes +
Microbial cultures P (enzy

experiment 2 (enzymes +

experiment 3 (enzymes + Enterococcus spp.,

15

Enterococcus spp.) Lactobacillus spp.) Lactobacillus spp., B. coagulans)
Size of the growth retardation zone, mm
Coprococcus sp. 3.34£0.04 6.50+0.07 6.45%0.15
Firmicutes sp. 9.25+0.04 11.15+0.02 26.33+1.22*
Clostridium sp. 3.45+0.03 5.87%0.12 25.38+1.18"
Cyanobacteria sp. 4.76+0.15 5.50+0.10 5.49+0.20
Subdoligranulum sp. 3.45+0.06 5.36+0.08 8.89+0.12
Akkermansia sp. 8.36+0.08 9.15+0.15 22.50+1.45*
Note: *P<0.05 - relative to experiment 1
Source: compiled by the authors
Based on the results obtained, it was found that in DISCUSSION

Petri dishes with the bacterium Coprococcus sp. in the
second experiment, the growth retardation zone was
4.61 % larger, in the third - by 3.11%, compared to the
first experiment. That is, the growth retardation zone in
all EPC prototypes was almost the same. Demarcation
zone in Petri dishes with Firmicutes sp. it was higher in
the second experiment - by 20.54% and in the third -
by 184.65% (P < 0.05). In the second experiment with
Clostridium sp. growth retardation zone, it was an in-
crease of 29.85%, in the third - by 635.65% (P <0.05).
In the dishes with Cyanobacteria sp., the growth retar-
dation zone was almost the same in all experiments
and ranged from 4.76 to 5.49 CFU/g. Demarcation zone
with bacteria Subdoligranulum sp. in the second group
was 55.36% more, in the third - by 157.68%, compared
to the first experiment. A significant proportion of
the rabbit gut microbiome is made up of the species
shown in Table 5, but an increase in any bacteria at
the expense of other beneficial microflora has a neg-
ative impact on gut health and performance. Thus, the
demarcation zone of Akkermansia sp. growth retarda-
tion in the second experiment was 9.45% larger and
169.13% larger in the third experiment (P <0.05) com-
pared to the first experiment.

Notably, in all experiments with EPC, despite the
difference in the constituent components, antagonistic
properties were manifested. The maximum antagonistic
effect was achieved in the third experiment, where the
EPC included three probiotic strains: Enterococcus spp.,
Lactobacillus spp., B. coagulans. The conducted studies
have proven that the use of an enzyme and probiotic
complex is aimed at improving metabolism, haemato-
logical parameters, restoring gastrointestinal microflo-
ra, and increasing the live weight of rabbits.

The use of an enzyme and probiotic complex for rabbits
had a positive effect on the increase in live weight at
days 30 and 60.This result is associated with better ab-
sorption of nutrients through the use of enzymes. Pro-
biotic strains of bacteria also help maintain microflora
in the gastrointestinal tract. In rabbits of the experi-
mental groups, a decrease in feed intake was observed
against the background of an increase in live weight
gain, compared with the control.

Research by M.M.Y. Elghandour et al. (2020) proved
positive impact of Saccharomyces cerevisiae on the gut
microbiota and an increase in the number of white
blood cells. The study by O. Shkromada et al. (2022)
found that adding B. megaterium to the diet of cows
reduced the inflammatory process in the udder and in-
creased protein absorption. A study of the haematolog-
ical status of rabbits showed a significant increase in
red blood cells, haemoglobin, and white blood cells in
the study group, which used enzymes and three strains
of probiotics. According to L. Kadja et al. (2021), when
using three probiotic strains, a similar result was ob-
tained to increase the productivity of rabbits and im-
prove haematological parameters.

Gastrointestinal disorders were observed in only 3
animals of the control group during the entire study
period. The result shows a positive effect on the im-
munity of rabbits and intestinal microflora. K. Amoah et
al. (2019) and S.S. Xing et al. (2019) found that the use
of probiotic strains as a supplement to the main diet of
animals reduces gastrointestinal diseases in young an-
imals. In addition, the study by C. Maltecca et al. (2020)
confirmed that the composition of the intestinal micro-
flora is an important indicator that affects animal feed
intake and metabolism. Consequently, the relationship
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between the composition of the gut microbiome and
the final weight of rabbits can be traced.

The study of the biochemical composition of the
blood serum showed the activity of enzymes (aspartate
aminotransferase, alanine aminotransferase and alka-
line phosphatase) within the physiological norm, indi-
cating no toxic effects on the body. The positive effect of
EPCwas manifested in lowering cholesterol levels in all
research groups.An increase in the level of total protein
and albumins was observed in all experimental groups
compared to the control group. A.A. Abdel-Wareth et
al. (2021) have shown that the use of probiotics in
rabbits together with fenugreek seeds contributed
to protein absorption and increased carcass weight.

Mineral metabolism in animals is also a very impor-
tant indicator. Studies have shown that in the experi-
mental groups where the enzyme and probiotic complex
was used, the level of calcium was higher compared to
the control. Microbiological studies have established
that the amount of beneficial microflora: Coprococcus
sp., Ruminococcaceae sp., Lachnospiraceae sp., Cyanobac-
teria sp., Proteobacteria sp. in the gastrointestinal tract
of rabbits, was most common in the third experimental
group, where rabbits received enzymes and Enterococ-
cus spp., Lactobacillus spp., B. coagulans.

Research by AJ. Wolf and D.M. Underhill (2018)
proved that the content of microorganisms Coprococ-
cus, Ruminococcus and Lachnospiraceae in the gastroin-
testinal tract of rabbits, have a direct correlation with
the productivity and growth of rabbits of meat breeds.
These results are confirmed by S. Dabbou et al. (2020)
who reported that a sufficient content of Ruminococcus
microorganisms in the gut of rabbits has a positive ef-
fect on their resistance. On the contrary the number of
bacteria Akkermansia sp. in the intestinal contents were
significantly lower in rabbits of the experimental groups.
A. Bohatko and M. Utechenko (2024) found that an el-
evated content of Akkermansia sp. in the gastrointesti-
nal tract negatively affects the final weight of rabbits.

S.Y. Chen et al. (2019) proved that the types of Cy-
anobacteria, Firmicutes, Bacteroidetes, Verrucomicrobia,
Proteobacteria are the most dominant bacteria in the
rabbit microbiome, regardless of breed. In addition,
M. Velasco-Galilea et al. (2020) showed that incom-
plete feeding and the use of antibiotics directly affect
the content of microflora in the gastrointestinal tract.
The studies revealed an increase in the content of Bac-
teroidetes sp. in the faeces of rabbits treated with the
enzyme and probiotic complex, which coincides with
the results obtained by N. Grosu and L. Caisin (2020).
In research groups, the level of Firmicutes sp. was lower
than in the animals of the control group, which proves
the positive effect of EPC on rabbit metabolism. This is
confirmed by the results of the study by K.A.O. Gandy et
al. (2019), which shows that an increased content of the
bacterium Firmicutes sp. is responsible for obesity and
lipid metabolism disorders.

Scientific Horizons, 2024, Vol. 27, No. 5

The relative number of the main types of bacteria
did not differ between different study groups of rabbits,
which were added to the main diet of an enzyme and
probiotic complex based on enzymes and probiotic mi-
croorganisms. This can be explained by changes in the
quantitative composition of microorganisms that make
up the microbiome of the rabbit gastrointestinal tract,
since they are influenced by nutritional factors, which is
confirmed by Z.Wu et al. (2019). According to the results
of the experiment, the positive effect of the enzyme
and probiotic complex on haematological parameters,
metabolism, microflora of the gastrointestinal tract,
and productivity of rabbits.

CONCLUSIONS

Studies have established an increase in the live weight
of one rabbit unitin 30 days in the experimental groups:
in the first - by 4.18%, in the second - by 9.69%, in the
third - by 18.72%. At the end of the experiment, the live
weight of rabbits in the first experimental group was
5.47% higher, in the second - 11.0%, and in the third -
12.6%.The average daily growth by group was increased
by 6.64%;12.58%,32.86%,respectively,compared to the
control. Feed conversion compared to the control group
was 90.73% in the first experimental group, 76.58%
in the second group, and 82.92% in the third group.

The use of an enzyme and probiotic complex with
three probioticsinrabbits contributed to a likelyincrease
in the content of red blood cells by 68.19 %, white blood
cells by 72.17%, and haemoglobin by 28.44% (P < 0.05).
The use of the enzyme and probiotic complex in rab-
bits showed no negative effect on metabolites. Enzyme
activity, total bilirubin, creatinine, and urea within the
reference level in experimental and control animals.
There was an improvement in the lipid profile due to a
decrease in cholesterol levels in the first experimental
group by 25.3%, the second - by 36.6%, the third — by
39.4% (P <0.05). Protein uptake increased in the exper-
imental groups: in the first by 4.18%, in the second - by
17.5%, in the third - by 34.35% (P <0.05) and albumin
by 15.33%, 24.04%, and 28.57%, respectively. The level
of calcium in the blood of rabbits in the experimen-
tal groups was correspondingly higher by 10.1%, 8.7%,
and 17.9% (P < 0.05) compared to the control group.

It was found that the use of an enzyme and probiot-
ic complex in rabbits does not change the composition
of the microbiome, but it affects the quantitative con-
tent of various types of bacteria. Thus, the use of three
probiotics in the diet significantly increases the content
of species: Coprococcus sp., Ruminococcaceae sp., Lachno-
spiraceae sp., Bacteroidetes sp., Proteobacteria sp. and Te-
nericutes sp. The antagonistic properties of the enzyme
and probiotic complex, which includes three probiotics,
showed the maximum effect on Firmicutes sp., Clostridi-
um sp. Akkermansia sp. The prospect of further research
is to investigate the effect of the enzyme and probiotic
complex on rabbits in production conditions.
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AHotauis. lig yac BianyyeHHs BiA KponemaTku BiabyBaeTbCs BMPOOHWMUMIA Ta KOPMOBMI CTPEC Y KPOJEHST, B
pe3ynbTaTi 4YOoro 3HUXKYETbCS PE3UCTEHTHICTb OpraHiaMy. MonofgHsaK y nepexigHuWi nepiog 4acto Mae po3nagu
LUTYHKOBO-KMLUKOBOFO TPaKTy Ta 3HA4Hy BTpaTty Baru. [pobioTWYHI WTAaMM MiKpOOpraHiamMiB Ta (QepMeHTU €
6e3neyHol0 anbTepHaTMBOK AN CTUMYAALil pocTy Ta MIATPUMKM IMYHITETY KpOnuKiB. MeTo AocnigxeHHs 6yno
BM3HAYMTU BMNIMB LOOABOK 40 OCHOBHOIO paLioHy Ha reMaTonorivyHuiA CTaTyc, 6ioxXiMiyHi Ta NPOLYKTMBHI NOKA3HWUKM
Kponis. BUKOpUCTaHi MeToAM: 300TEXHIYHUI, reMaToNOriYHNUIA, BiOXIMIYHMIA, CTAaTUCTMYHUIA. B mocnigHux rpynax, ae
3aCTOCOBYBanu epMeHTU 3 NpobioTnkamu, cnocTepiranu 30inblieHHs xuBoi Barn Ha 30 poby ekcnepuMeEHTY: y
nepwin gocnigHin rpyni Ha 4,18 %,y npyrin — Ha 9,69 %,y TpeTit — Ha 18,72 %. Ha MOMeHT focarHeHHs 3abiiHoro
BiKY y KponiB uMBa Bara 36inbwmnace Ha 5,47 %,y apyrii Ha - 11,0 %, Ta y TpeTiit Ha — 12,6 %. CepenHboao60Bui
npupicTy rpynax, e BUKOPUCTOBYBaM KOMMIEKCHY A,00aBKy, OyB BinbLue BiANOBiAHO Ha: 6,64 %; 12,58 %,32,86 %.3a
BeCb rnepiof NpOBEAEHHS eKCNepUMEHTY 3aXBOPIOBAHHSA LWTYHKOBO-KMLLKOBOIO TPAKTy COCTEpiranu y TpbOoX KponiB
KOHTPOJIbHOI Fpynu, IKi 0TpMManu nikyBaHHs. KoHBepcis kopMy byna kpawa y nepuwin gocnigHin rpyni Ha 90,73 %,
y Opyriv — Ha 76,58 %,y TpeTii — Ha 82,92 %, nopiBHAHO [0 KOHTpO. Y rpyni, e 3aCcTOCOBYBaAM TpU NPOBiOTUYHI
WwTaMu, 3adikcoBaHo 30inbweHHs eputpoumTiB Ha 68,19 % (P<0,05), reMmornobiHy Ha 28,44 %, nerkoumMTiB Ha
72,17 %.Y kponis [ocnigHMX rpyn Biabynocb MOKpaLLeHHs NiniAHOro 06MiHy Ha QOHI 3HMXKEHHS XONecTepuHy y
nepwin Ha 25,3 %, npyroi — Ha 36,6 %, TpeTboi — Ha 39,4 %. 36iNbLUMNOCH 3ACBOEHHSA BiNKY Ta anbOyMiHY y LOCTIAHUX
rpynax: y nepwin Ha 15,33 %, y opyri — Ha 24,04 %, y TpeTiii — Ha 28,57 %. [MokpawmBCsa MiHepanbHWiA 06MiH y
TBapWH JOCNIAHUX FPYN 3@ paxyHOK MiABULLEHHS BMICTY KanbLito y nepwii Ha 10,1 %, apyroi - Ha 8,7 %, TpeTboi — Ha
17,9 %. lNpakTU4HO LiHHICTIO pOo6OTH € 36iNblUEHHS NPOAYKTUBHOCTI Ta 3HUXKEHHS LUTYHKOBO-KULIKOBMX PO3N13aAiB
3@ paxyHOK 3aCTOCYBaHHA (pepMeHTIB Ta NPobiOTUYHKMX WTaMiB BakTepii o OCHOBHOIO paLioHy

KntouoBi cnoBa: anbTepHaTUBHI CTUMYNATOPU POCTY; MPUPICT XMBOT MacK; KOHBEPCiS KOPMY; 3aXBOPHBAHICTb;
MeTaboniam Kponis
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