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Abstract. Nowadays, dietary supplements are increasingly used in livestock feeding, which are a
valuable source of biologically active substances necessary for their full growth and development,
maintaining the body’s resistance and preventing numerous diseases. The most common
components are proteins, vitamins and carotenoids. Thus, the relevance of scientific research
is to experimentally determine the effectiveness of the newly developed product with a multi-
component composition on the functional state of the animal body. The purpose of the research
was to determine the effect of the new product, the dietary supplement “Wheat germ meal” on
the behaviour, growth rate, and morphological and biochemical parameters of the blood of
white mice. The material of the study was nonlinear white mice in the amount of 60 heads. The
supplement was fed to mice for 60 days. A set of methods was used, including: an assessment of
the microclimate of the laboratory animal housing, the condition of tap water for drinking mice, an
assessment of their general behaviour, and a determination of haematological parameters. It was
proved that during the experiment, the microclimate of the room in which the laboratory animals
were kept and the indicators of tap water for their drinking corresponded to the requirements of
current regulations. It is substantiated that the examined additive increases the body weight of
white mice and their average daily weight gain. Therewith, the weight of the internal organs of the
experimental group (thymus, thyroid gland, kidneys, liver, lacrimal gland) remained unchanged. It
has been established that the component composition of the supplement affects the morphological
parameters of the blood of white mice, namely, it increases the haemoglobin content, the number
of red blood cells and the value of haematocrit. No changes were observed in the blood leukogram
of mice. An increase in the content of total protein and globulins in the blood serum of white mice
was established. A decrease in the albumin content and an increase in the activity of the enzymes
alanine aminotransferase and aspartate aminotransferase occurred within the reference values for
white mice. The materials of the research are of practical value for the possibility of using the
examined dietary supplement in domestic animals to increase muscle strength, improve growth
and development, and strengthen the immune system

Keywords: housing conditions; dietary supplement; growth intensity; blood morphological
parameters; biochemical parameters

Introduction

The successful development of livestock pro-
duction and its specialisation allows obtaining
the maximum amount of high-quality products
at minimal costs (Wang et al., 2022). However,
in the current market conditions, to find re-
source savings to ensure the profitability of the
livestock sector, farms use the latest European
animal husbandry technologies. Thus, the search
for effective, harmless, environmentally friendly
means to ensure the growth, development and
increase of natural resistance of young animals
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for their high preservation is currently relevant
(El-Bahr et al., 2020).

Using various biologically active com-
pounds during the rearing of young animals
will significantly improve the problem of their
safety. For example, vitamin preparations can
ensure intensive growth, development and high
safety of young animals. It has been established
that the protective function of probiotics and vi-
tamin preparations is manifested by immunos-
timulation with increased phagocytosis activity,
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synthesis of secretory IgA, interferon, increased
functional activity of immunocompetent cells,
induction of lymphokines, which positively af-
fects specific and nonspecific factors of natural
resistance in calves of the early postnatal period,
maintaining the body’s homeostasis, ensuring
their normal health (Azarang et al., 2020; Bayat
etal.,2023; Feietal.,2023). Vitamin preparations
stimulate the main stages of metabolism in tis-
sues, and contribute to the processes of restor-
ing the functioning of vital organs (Mahdinloo
et al., 2022; Zaaboul & Liu, 2022).

Currently, a fairly large number of vitamin
preparations have been proposed for animal
husbandry, especially in industrial technologies,
therefore, research on the effectiveness of their
impact on the animal body, the feasibility of
their use and the determination of economic ef-
ficiency of their implementation are of scientific
and practical interest. Therewith, the effective-
ness of biologically active preparations derived
from wheat germ, which are natural medicines
and catalyse cation exchange and adsorption
processes, has not been sufficiently analysed.
Wheat germ is known to be a highly nutritious
by-product of the flour milling industry with a
short shelf life. The shelf life of this product de-
pends on the manufacturing method. Thus, the
process of fermentation of different concentra-
tions of germs reduces the activity of lipase and
lipoxygenase, which are associated with the re-
lease of fatty acids (Khosroshahi et al., 2022).
The method of producing stabilised wheat
germ by mixed fermentation (Lactobacillus
acidophilus and Lactobacillus plantarum) and
electrospraying process actively stabilises the
enzymes (Khosroshabhi et al., 2023).

Since B-carotene is the main carotenoid of
provitamin A found in grains such as sorghum,
and when its concentration is below the tar-
get, biofortification breeding studies are being
conducted (Cruet-Burgos et al., 2023). The ef-
fect of vitamin preparations, including those

containing carotenoids, on the body depends
on the component composition and dosage.
Thus, it is important to evaluate the impact
of the new composition of biologically active
drugs on the animal body. These studies should
begin with laboratory animals. The purpose of
the research — to evaluate the effect of the di-
etary supplement “Wheat germ meal” on the
growth and development of white mice.

Literature Review

Recently, researchers have been paying more
and more attention to natural vitamin prepara-
tions containing carotenoids. Significant scien-
tific and practical interest in these compounds
is explained by their ability to prevent the devel-
opment of many diseases, such as cancer, neu-
rodegenerative diseases such as Alzheimer’s
disease, cerebral ischaemia, diabetes associated
with obesity and hypertension, ophthalmic
diseases, etc. Carotenoids can be used as food
additives — nutraceutical and pharmaceutical
compounds. Therewith, research is required to
explore the availability of these compounds to
the human body (Bhatt & Patel, 2020).

Carotenoids are not synthesised in the
body of animals but accumulate from feed or
are partially modified as a result of metabolic
reactions. The carotenoids produced in animals
are diverse in structure and play an important
role as precursors of vitamin A, photoprotec-
tors, and antioxidants, promoting reproduction
and strengthening the immune system (Maoka,
2020). Nowadays, about 600 carotenoid pig-
ments have been isolated from various sources.
The prevalence and diversity of carotenoids in
nature are conditioned upon both the ability
of living systems to biosynthesise them and
their ability to adsorb and metabolise these
substances. Complex vitamin compositions in
different groups and species of living organ-
isms vary both in content and composition.
Natural sources of carotenoids are very diverse:
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a significant amount of them are found in herbs
and green leaves, flower petals, algae, and vari-
ous microorganisms (Foong et al., 2021).

Marine carotenoids (astaxanthin, fucox-
anthin, B-carotene, lutein, and the rare sipho-
naxanthin, sioxanthin, and mixol) have re-
cently demonstrated antioxidant properties in
reducing oxidative stress markers (Geng et al.,
2020). Currently, carotenoids can be obtained
from plant materials by chemical synthe-
sis and biotechnological means (Kalra et al.,
2021). The synthetic production of carotenoids
increases efficiency compared to the natural
metabolic system and is based on the design
of a three-domain enzyme (CrtB, Crtl, CrtY)
that contains the complete (-carotene path-
way (Rabeharindranto et al., 2019). Carotenoids
are of particular interest in commercial poultry
farming, both for high poultry productivity and
for the production of functional food products.
It is known that carotenoids can accumulate
in organs and tissues, stimulating weight gain
in poultry. The positive effect of lycopene on
metabolic processes and live weight gain in
broiler chickens has been demonstrated by
other authors, and their content depends on
the availability of the poultry feed (Marounek
& Pebriansyah, 2018).

Carotenoids - are fat-soluble compounds
with subsequent digestion and absorption in
the gastrointestinal tract. Their absorption
begins with their release from the food matrix
and dissolution in the lipid phase, and then in-
corporation into lipid micelles in the small in-
testine, which is absorbed by the mucous mem-
brane and transported by the lymphatic system
in the form of chylomicrons through the lym-
phatic vessels. Mostly B-carotene accumulated
along the duodenal-iliac axis of the intestine
and was subsequently converted to retinol and
retinyl esters in its proximal section (Reboul,
2023). Natural carotenoids extracted and pu-
rified from the aquacultured marine green
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macroalgae Ulva ohnoi and freshwater green
microalgae Haematococcus pluvialis contributed
to the regulation of the gut microbiota, affecting
gut homeostasis and health (Pratap et al., 2022).

The accumulation of carotenoid lycopene
in tissues depends on gender, genotype and
tissue type. Administration of lycopene to rats
for two weeks had no adverse effect on daily
weight gain, the relative weight of internal or-
gans and serum enzyme activity and total liver
lysosomal enzyme activity (Bradley et al., 2022).
The administration of tomato oil concentrate
to rats decreased the level of triglyceride accu-
mulation in the liver (Kimura et al., 2021) and
led to its faster removal from tissues with a de-
crease in oxidative stress (Sarker et al., 2021;
Akbari et al., 2022) and inflammation. Feed-
ing the algae Dunaliella bardawil to laboratory
mice as the only source of vitamin A reduced
markers of adipose tissue macrophage recruit-
ment and plasma lipid concentrations (Surman
et al., 2020; Melnikov et al., 2022). During the
development of hypercholesterolaemia in rab-
bits and the regression of the process, there
was a decrease in serum cholesterol levels due
to lycopene, accompanied by a decrease in the
concentration of lipid peroxidation products in
tissues (Hassan et al., 2021).

Carotenoids, in particular, lycopene, were
involved in the regulation of lipid metabo-
lism in poultry. Thus, feeding 100, 200 and
400 mg/kg of lycopene to broiler chickens in-
creased body weight, decreased abdominal fat
accumulation, and decrease triglyceride and
total cholesterol levels, and serum low-density
lipoprotein cholesterol in the blood (Wan et al.,
2021; Fathi et al., 2022).

Thus, the data presented indicate that us-
ing biologically active additives containing vita-
min preparations of natural origin and carote-
noids in animals and poultry helped to improve
the clinical condition, immunological status,
and biochemical and physiological parameters
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of the organism, and increased the supply
of fat-soluble vitamins to the animal body.

Materials and Methods

The work was performed based on the problem-
atic laboratory of farm animal immunology of
Bila Tserkva National Agrarian University in the
period from 2020 to 2021. The experiment used
60 heads of laboratory animals — nonlinear white
mice (males) (Mus musculus L), free from patho-
genic microflora, which were kept with barrier
elements in an improved conventional system.
The animals were divided into two groups (30
animals each): control and experimental. The
experimental white mice were fed the dietary
supplement Wheat Germ meal daily for 60 days
at a dose of 2.0 g/head once a day in combina-
tion with the main diet. The main diet of white
mice consisted of freshly crushed wheat grain
and compound feed. Watering was performed
by a nipple drinker.

“Wheat germ meal” dietary supplement
was developed by “Bilotserkivkhliboprodukt”
collective enterprise, Bila Tserkva, Kyiv region.
This supplement is a grey powdery substance
obtained from wheat germ by alcohol extrac-
tion. The supplement contains a complex of
biologically active substances, namely: amino
acids: lysine, histidine, arginine, threonine,
serine, glutamic and aspartic acid, proline,
glycine, alanine, cystine, valine, methionine,
isoleucine, leucine, tyrosine, phenylalanine, B
vitamins, vitamin E, PP and carotenoids (1 g of
the product contains B vitamins, namely vita-
min B1 - 0.16 mcg/g; B2 - 0.19 mcg/g; B12 -

0.0015 mcg/g; carotenoids 4.0 mcg/g; vitamin
E - 2.0 mcg/g).

At the first stage of the study, the micro-
climate of the room where the white mice were
kept was assessed (SOU 85.2-37-736:2011...,
2011). The temperature in the room was meas-
ured by a mercury thermometer in degrees
Celsius; relative humidity, % - by a hygrom-
eter psychrometric VIT-2 (Ukraine); air ve-
locity, m/s — by a balloon catathermometer
(Ukraine); concentration of harmful gases:
carbon dioxide, %; ammonia, hydrogen sulfide,
mg/m? — by a gas analyser UG-2 (Ukraine); arti-
ficial illumination (W/m?), lux — by a Benetech
GM1010 luxmeter (Japan). The study of indoor
microclimate indicators was conducted three
times (before the start and on days 30 and 60 of
the study) during the research period.

The microclimate indicators in the room
where research laboratory animals are kept
must be within the limits that meet the require-
ments of the applicable documents throughout
the day and regardless of the season (SOU 85.2-
37-736:2011..., 2011). Failure to comply with
the requirements of regulations on indoor mi-
croclimate indicators can cause overheating of
laboratory animals, loss of activity, decreased
appetite and resistance. These clinical signs
are not permissible during experimental stud-
ies and may result in the termination of further
research. During the study, the microclimate
of the room where the experimental animals —
white mice — were kept was monitored. The av-
erage values of microclimate parameters for the
research period are presented in Table 1.

Table 1. Microclimate parameters of the room for keeping white mice

Indicators
Temperature, °C
Relative humidity, %
Air velocity, m/s
CO, concentration, %

NH; concentration, mg/m?

Sanitary and hygiene standards

Actual indicator

20-24 21.3*1.14
55.0£2.0 54.6+3.09
0.3 0.25%0.01
0.15 0.14+0.002
10 0.05%0.02
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Indicators
H,S concentration, mg/m®
Iluminance, lux (1 m from floor)
Photoperiod, h (light: dark)
Air exchange (frequency/hour)

Source: author’s development

According to the indicators in Table 1, the
microclimate parameters of the room met the
sanitary and hygienic requirements (SOU 85.2-
37-736:2011..., 2011). It used natural and arti-
ficial lighting — fluorescent lamps. Ventilation
in the room where the animals were kept was
natural, through open doors and windows.

At the second stage of the study, the tap
water used to feed the laboratory animals was
evaluated. These studies were conducted at
the State Enterprise “Kyiv Regional Research
and Production Centre for Standardisation,
Metrology and Certification” according to the
methodology On the approval of State sanitary
norms and rules “Hygienic requirements for

Sanitary and hygiene standards

Table 1. Continued

Actual indicator

5 0.002+0.02
200 196.4+10.04
12:12 12:12
10-15 10

drinking water intended for human consump-
tion” (2022).

The welfare of the experimental animals
depended on the quality and safety of the water
they were drinking. According to the require-
ments of regulations, drinking water must be
safe from an epidemiological standpoint, harm-
less in terms of organoleptic and physicochem-
ical characteristics. Thus, it was crucial to ex-
amine these indicators for compliance with the
requirements of the On the approval of State
sanitary norms and rules “Hygienic require-
ments for drinking water intended for human
consumption” (2022). The results are presented
in Table 2.

Table 2. Physical, chemical and epidemiological safety indicators of tap water, n=3

Sanitary and
Indicator Unit of measurement epidemiological In fact
standards 2.2.4-171-10
1. Organoleptic characteristics
Odour (per t=20°C) points <2 1.0%0.04
Turbidity mg/dm3 <1.0 0.5+0.01
Colour deg <20.0 6.0+0.03
Flavour and aftertaste points <2 1.0£1.25
2. Physicochemical indicators
Hydrogen indicator Units pH 6.5-8.5 7.5+0.06
Total stiffness mmol/dm?3 <7.0 7.5%£0.06
Iron total mg/dm3 <0.2 0.05%0.001
Chlorides mg/dm? <250 150.0£5.6
Copper mg/dm3 <1.0
Iron total mg/dm? <0.2
Zinc mg/dm? <1.0 0.5+0.04
Manganese mg/dm? 0.1 0.05%0.002
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Table 2. Continued

Sanitary and
Indicator Unit of measurement epidemiological In fact
standards 2.2.4-171-10
Sulphates mg/dm3 <250 27.6*1.5
3. Epidemic safety indicators
Total coliforms CFU/100 cm3 absence absence
Intestinal helminths Gl e Bl absence absence

50 dm?®

Source: author’s development

Table 2 demonstrates that for all examined
indicators of quality and safety, tap water cor-
responded to the requirements of the current
regulation (On the approval...., 2022). In the
third stage of the study, the general behaviour
of the animals was monitored: the “open field”
test was used to measure horizontal motor ac-
tivity (the number of squares crossed), vertical
motor activity (the number of vertical stands)
and exploratory activity (the number of times
the animals peered into the “holes” - the bur-
rowing reflex).

In addition, according to the third stage of
the study, the effect of the biological activity
of wheat germ meal components was assessed
by the dynamics of body weight of white mice
(initial body weight 14.0 g) and organ weight
(thymus, thyroid gland, kidneys, liver, lacri-
mal gland) by weighing them on a laboratory
balance HC220MS (Japan). The growth rate of
white mice was calculated by the average daily
growth using standard methods.

At the fourth stage of the study, the mor-
phological parameters and leukocyte blood
count and biochemical indicators of the blood
serum of white mice were determined. The ma-
terial for morphological and biochemical stud-
ies was peripheral blood, which was collected
from white mice by decapitation with a guillo-
tine knife under preliminary anaesthesia. Blood
was taken in the morning before feeding the
animals on day 60 of the research. For the as-
sessment of morphological parameters, blood
was collected in special tubes with Trilon B,

and for biochemical analysis, whole blood was
collected, settled and centrifuged to obtain se-
rum. The automatic haematological analyser
MINDRAY BC-2300 (USA) was used to determine
red blood cell count (RBC, 10'%/L), haemoglobin
(HGB, g/L), haematocrit (HCT, %), white blood
cell count (WBC, 10%L), neutrophils (NEUT, %),
basophils (BASO, %), lymphocytes (LYMPH, %),
eosinophils (EO, %) and monocytes (MONO, %).
Serum biochemical indicators were assessed us-
ing an automatic biochemical analyser AS-120
(Japan) and a test system — Global Scietific (USA).

During the research, the provisions of the
“General Ethical Principles for Animal Experi-
ments” adopted by the First National Congress
on Bioethics (Kyiv, 2001) were followed. The
entire experimental part of the research was
conducted according to the requirements of
the international principles of the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific
Purposes (1986) and the relevant Law of Ukraine
No. 3447-1V “On Protection of Animals from Cru-
elty” (2006, February).

The obtained digital indicators were pro-
cessed statistically using the Microsoft Excel
software package with the calculation of the
arithmetic mean and its error (M*m), the level
of reliability (P) by Student’s t-test (P<0.05;
P<0.01; P<0.001).

Results and Discussion
Changes in the behaviour of laboratory animals
of the experimental group and the dynamics of
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their body weight compared to the control are
important indicators for assessing the impact

of exogenous and endogenous environmental
factors (Table 3).

Table 3. Integral assessment of behavioural parameters in white mice, M*m, n=30

Group
Indicator

experimental control

Body temperature, °C 38.00%0.85 38.2+1.01
Horizontal movement activity 32.20%1.41 32.1%1.12
Vertical movement activity 17.4+1.3 17.1+1.2
“Burrowing reflex” 12.40%+1.05 12.00+1.20
Integral activity 64.0£2.0 64.1%1.9

Source: author’s development

According to the results presented (Ta-
ble 3), there were no changes in body temper-
ature, horizontal, vertical, integral activity,
and the “burrowing reflex” in the animals of
the experimental group compared to the con-
trol group (Labunets, 2020). Changes in body

weight, average daily weight gain, and weights
of some organs of experimental animals are
very important indicators, the violation of
which indicates the degree of pathological
condition of organs and impairment of specific
body functions (Table 4).

Table 4. Weight and average daily weight gain of white mice, M*m, n=30

Indicator Start of research
. 14.0+0.85
Body weight, g 14.00 64

Average daily weight gain,
mg

Day of research
14 30 60
15.00+0.44 18.00£0.84 20.10+1.03
16.56+0.55"4 20.38+0.59" 23.27%1.04"
210.00£1.02 209.00£2.72 210.00%£2.86
230.00+1.30™ 230.0£2.04™ 240.00+1.40™

Notes: 'P<0.05; “P<0.001 compared to the control group. *P<0.01; *P<0.001 compared to the indicator at the
beginning of the research. Numerator — control group; denominator — experimental group

Source: author’s development

As a result of experimental researches, it
was established (Table 4) that on day 14 after
feeding the supplement, the body weight of
mice of the experimental group increased by
10.4% (P<0.05), on day 30 - by 13.2% (P<0.05),
and on day 60 - by 15.8% (P<0.05) compared to
the control group. Therewith, the body weight
of mice in the experimental group increased by
18.3% (P<0.01) on day 14, by 45.6% (P<0.001)
on day 30, and by 66.2% (P<0.001) on day 60
compared to the beginning of the research.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

Animals actively ate feed both from the main
diet and feed additives.

The results of researches on the increase
in body weight, in particular of Japanese quail,
from the consumption of natural plant compo-
nents of spirulina rich in vitamin A are presented
by Abdel-Wahab et al. (2023). In addition, im-
provements in liver function, total lipid profile,
antioxidant parameters, and immune response
have been demonstrated. Therewith, Gopal
et al. (2023) established that experimental
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administration of lutein to laboratory mice sig-
nificantly reduced the weight of epididymal and
abdominal adipose tissue and decreased serum
cholesterol levels and low-density lipoprotein
cholesterol concentrations. Another carote-
noid, siphonaxanthin, significantly accumu-
lated in the mesenteric adipose tissue of male
mice, but not in the epididymal and peri-renal
tissue. Thus, this carotenoid effectively regulated
adipogenesis and suppressed lipid accumula-
tion (Li et al., 2015).

The results presented in Table 4 demon-
strate that on day 14 of the study, the average
daily weight gain of mice in the experimental
group increased by 9.5% (P<0.001), on day 30 —
by 10.0% (P<0.001), and on day 60 - by 14.3%
(P<0.001) compared to the control group. Dur-
ing the entire study period, the animals of the
experimental group actively ate feed.

The dynamics of the weight of the internal
organs of white mice on day 60 of the experi-
ment is presented in Table 5.

Table 5. Weight of internal organs of white mice, M*m, n=30

Internal organ
Thymus, mg
Liver, g
Spleen, g
Thyroid gland, mg
Kidneys, g

Source: author’s development

According to the results obtained (Table 5),
there was no statistically significant difference
in the weight of internal organs of mice in the
experimental and control groups.

Thus, based on the increase in body weight,
average daily weight gain of mice and the
weight of their internal organs, it was assumed
that the growth of experimental animals was
improved by increasing muscle tissue. Other
researchers have found that adipose tissue hy-
pertrophy and inflammatory processes in mice
occur when there is a deficiency of B-carote-
noids, an enzyme that catalyses carotenoids in
the inner mitochondrial membrane (Wu et al.,
2021). In addition, the efficiency of B-carotene
conversion to vitamin A is higher in male rats
than in females (Borel et al., 2021).

In addition, it is essential to evalu-
ate the combined effect of the supplement
components on different parts of haemo-
poiesis. Ashrafizadeh et al. (2022) explored

Experimental group

Control group

33.0+2.3 31.0£3.0
1.21#0.05 1.15%0.04
0.18+0.02 0.18+0.03
4.00+0.06 4.00+0.05
0.15%0.03 0.15+0.07

Haematococcus Pluvialis, a green algae that is a
source of astaxanthin (a beta-carotenoid com-
pound). This compound has several biological
and pharmacological properties, including an-
tioxidant, anti-inflammatory, anti-tumour, an-
ti-diabetic, hepatoprotective and neuroprotec-
tive effects. The authors have proven the effect
of each of these properties of the supplement
based on the study of the molecular mechanisms
of the Nrf2 signalling pathway, which is responsi-
ble for maintaining the redox balance in the phys-
iological state and the effect of astaxanthin on it.

In addition, Bachir et al. (2020) established
that feeding rats with the algae Spirulina plat-
ensis, which contains carotenoids, leads to a
slight increase in the number of leukocytes.
Therewith, there was a tendency to decrease
the level of neutrophils and lymphocytes.

The effect of the components of the dietary
supplement “Wheat germ meal” on blood mor-
phological indicators is presented in Table 6.
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Lyasota et al.

Table 6. Morphological indicators and leukocyte blood formula of white mice, M*m, n=30

Indicator

Haemoglobin (HGB), g/L
Red blood cells (RBC), 10'%/L.
Haematocrit (HCT), %
White blood cells (WBC), 10°/L
Nucleated neutrophils (NEUT), %
Segmented neutrophils (NEUT), %
Basophils (BASO), %
Lymphocytes (LYMPH), %
Eosinophils (EO), %
Monocytes (MONO), %

Group
experimental control
94.30+1.53* 86.90+2.18
8.60%0.14™* 8.00+0.12
45.20+1.06* 41.60%1.09
6.40%0.50 6.50%0.40
3.10+0.18 3.00+0.25
19.80%2.60 20.10+1.80
0.20+0.004 0.20+0.003
56.30+2.09 55.0+3.01
2.45%0.16 2.98+0.24
5.60+1.02 5.90+2.45

Notes: *P<0.05; **P<0.01 compared to the control group of animals

Source: author’s development

Using the supplement promoted the acti-
vation of erythropoiesis in the body of labora-
tory mice. It was demonstrated by an increase
in haemoglobin level by 8.51% (P<0.05) and red
blood cell count by 7.5% (P<0.01) and haemat-
ocrit by 3.6% (P<0.05).

Gunal et al. (2021) established that one of
the functions of carotenoids, in particular lu-
tein and zeaxanthin, is to improve mitochon-
drial function by reducing inflammation and
activating the erythroid link of haemopoiesis.
Kadek et al. (2021) theorised that vitamin A, E
and B-carotene deficiency adversely affects calf
health and increases mortality due to low levels
of a-tocopherol and B-carotene. The authors
proved that the paranteral administration of
vitamins A and E and B-carotene to pregnant
cows increased the haemoglobin content, hae-
matocrit and red blood cell count in calves. In
addition, it was established that beta-carotene
is an effective antioxidant for the protection of
red blood cells and has a specific effect on the
level of phospholipids. It intensifies metabolic
processes in the body by increasing the plas-
ticity of cell membranes and cell membrane
organoids. It is due to the antagonistic effect of
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phospholipids on cholesterol, which causes the
stiffness and stability of the cell membrane.

It is known that white blood cells and their
subpopulations are biomarkers of inflammatory
reactions in the body, and their determination
in the experiment is mandatory (Agbuduwe
& Basu, 2020). In this study, leukocytes and
their populations were determined using an
automatic haematology analyser. Nowadays,
it is a modern research method. For example,
Hofmann & Schmucker (2021) determined the
number of leukocytes using automatic differ-
entiation, which allowed obtaining results for
three or five or more populations. By measur-
ing the volume of leukocytes, they were di-
vided into three populations and differentiated
into fractions of neutrophils and lymphocytes,
and fractions of medium-sized blood cells. It
is more difficult to methodically differentiate
leukocytes into five populations. The authors
found that by combining flow cytometry with
an assessment of the physicochemical and bi-
ochemical properties of leukocytes, this result
can be achieved.

As can be observed from Table 6, the num-
ber of leukocytes, neutrophils, basophils and
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lymphocytes in the blood of experimental mice
did not differ statistically from the number of
these cells in the blood of animals of the con-
trol group. Therewith, the number of leuko-
cytes in the blood of experimental mice de-
creased slightly. Shevchenko et al. (2021) found
that feeding carotenoids such as lycopene and
astaxanthin to laying hens led to a decrease
in the number of leukocytes and haemoglobin
content in the blood.

The state of metabolic regulation is as-
sessed by determining the concentration of
individual components. For this purpose, a
biochemical analysis of blood serum was per-
formed and the indicators that can be used to
determine the state of liver and immune system
functioning were determined. Studies on the
effect of “Wheat germ meal” on the biochemi-
cal indicators of the blood serum of white mice
on day 60 of the study are presented in Table 7.

Table 7. Biochemical indicators of blood serum of white mice, M+m, n=30

Indicators, units.
Total protein (T-Pro), g/L
Albumin (ALB), %
Globulins (Glob), %
Alanine aminotransferase (ALT), [U/L
Aspartate aminotransferase (AST), [U/L

Total cholesterol, mmol/L

Notes: *P<0.05 compared to the control group
Source: author’s development

The dietary supplement examined “Wheat
germ meal” is a powerful source of protein.
According to the research, wheat germ has a
higher protein content than flour. [usan (2022)
determined that proteins are more balanced in
terms of the amino acid spectrum (close to the
reference value), while flour and grains contain
proteins with an unbalanced composition of es-
sential amino acids.

The total content of proteins in the blood
serum indicates the state of protein metabo-
lism in the body of experimental mice. Accord-
ing to the results presented in Table 7, it was
established that under the influence of a bio-
logically active dietary supplement, the content
of total protein increased by 7.7% (P<0.05) and
globulins by 7.0% (P<0.05). It can be assumed
that a significant increase in these indicators
is the main factor in increasing the intensity of
growth and development of laboratory animals.

Experiment Control
66.0+1.02* 61.3+1.48
51.0+2.10 58.0+3.18
49.0+1.83* 42.0£2.64
112.46*14.76 102.8+16.57
161.30+15.28 158.6=17.89
2.0+1.1 2.0£1.2

Thus, the tested additive affects the immune
properties of the mice.

In addition, other researchers have found
a similar effect of various carotenoids on the
antioxidant status and immunity of animals.
Thus, Plaza et al. (2020) concluded that the
concentration of carotenoids (xanthophylls)
correlated with the concentration of a-, B-, and
y-globulins in the blood. Aziz et al. (2023) sub-
stantiated a significant increase in the content
of total protein and globulins, improvement of
antioxidant status and immunity under the in-
fluence of carotenoids.

Lin et al. (2016) proved that such a power-
ful antioxidant carotenoid as axanthactin plays
an important role in modelling the immune re-
sponse. In this case, the researchers used pri-
mary cultured mouse lymphocytes both in vitro
and ex vivo to assess the immunomodulatory
effect of astaxanthin on cytokine production.
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Treatment of mice with astaxanthin signifi-
cantly increased the production of interferon
and interleukin. It indicated the ability of as-
taxanthin to modulate the immune response of
lymphocytes in vitro and that it partially exerts
its immunomodulatory effect ex vivo by increas-
ing the production of interferon and interleu-
kin without inducing cytotoxicity.

Hassan et al. (2022) proved the effect of
dietary supplementation with an extract of a
tomato by-product containing carotenoids on
increasing total plasma protein and globulins.
In general, this supplementation had a positive
effect on growth intensity, increased antioxi-
dant status of the studied animals and reduced
mortality.

Durge et al. (2022) established the impor-
tance of carotenoids for animals living in ar-
tificial conditions. Feeding these animals with
lutein supplements caused an increase in su-
peroxide dismutase activity and immunoglob-
ulin concentration in the blood serum and a
decrease in malondialdehyde and cortisol. The
researchers concluded that this improved the
antioxidant status and immunity and reduced
stress in the experimental animals.

According to the results of the experiment,
the hepatoprotective effect of the studied sup-
plement was proved. This effect was manifested
in the activation of transamination processes,
as there was an increase in serum aspartate and
alanine aminotransferase activity, which indi-
cates an improvement in the energy and plastic
functions of the body, the development of the
main metabolic pathways of its functioning.
Therewith, there was no statistically significant
difference between the activity of aspartate and
alanine aminotransferase in the blood of mice
of the experimental and control groups.

Therewith, Shibabaw et al. (2019) found
that an increase in hepatic marker enzymes
above the reference values occurs in the event
of metabolic disorders, as the liver plays a key
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role in regulating the metabolism of carbo-
hydrates, lipids and proteins. However, the
hepatoprotective effect of carotenoids has been
proven in the case of toxic effects on the body
of animals. For example, El-Beltagi et al. (2020)
used crude spirulina extract and pomegranate
juice in a rat experiment to prevent carbon
tetrachloride-induced hepatotoxicity. The au-
thors established that the infusion of a toxic
substance caused a significant increase in the
activity of liver marker enzymes. In the case of
Spirulina platensis and pomegranate juice ad-
ministration to animals, a decrease in the ac-
tivity of liver marker enzymes was observed.

In addition, El-Baz et al. (2020) admin-
istered equal doses of Dunaliella salina, a mi-
croalgae rich in carotenoids, to rats with in-
duced liver fibrosis. These researchers found a
significant decrease in serum aspartate and ala-
nine aminotransferase activity. As a result, the
development of fibrosis, centrilobular necrosis
and inflammatory cell infiltration of the rat
liver was suppressed. Thus, this study of the
toxic effect of wheat germ meal components
proved the improvement of the functional
state of the liver.

As can be observed from Table 7, there was
no statistically significant difference in the
content of total cholesterol in the blood serum
of experimental mice with that in the control
group. It indicated activation of metabolism
due to anabolic processes. In general, choles-
terol in the body of animals is synthesised both
independently and with feed and is established
during the synthesis of corticosteroid hor-
mones, bile acids and vitamin D. It is a poly-
cyclic lipophilic compound found in cells that
affects the permeability of cell membranes. The
reference limits of this component in the blood
serum for white mice are 1.0-3.4 mmol/L. The
results are consistent with those of Kawamura
et al. (2021), who proved the effect of anabolic
nutrient-rich foods (astaxanthin, B-carotene,
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and resveratrol) on muscle mass gain. It ap-
peared to be a consequence of activation of the
mTOR/p70S6K protein signalling in muscle tis-
sue, which increased muscle mass rather than
adipose tissue.

Thus, carotenoids in the mammalian body
are involved in the regulation of adipose tis-
sue metabolism and inflammation, affect the
reduction of body weight and total cholesterol
levels and increase high-density lipoprotein
content, as found in the study by Dutta et al.
(2023). In addition, Cao et al. (2021) proved
that the carotenoid astaxanthin, which is asso-
ciated with the regulation of redox reactions,
helps reduce oxidative stress, inflammation,
and cell death, and increases lipid metabolism.
Melnikov et al. (2022) proved that the adminis-
tration of a high-fat diet to male mice and the
simultaneous introduction of pB-carotene led to
a 30% reduction in plasma cholesterol and tria-
cylglycerol concentrations compared to a group
of mice supplemented with vitamin A alone.
According to the study by Soltani et al. (2021)
macrophages originating from specific white
blood cells, monocytes, affect reducing se-
rum cholesterol levels. They were catalysed by
the components of phytochemicals, including
polyphenols, alkaloids and carotenoids, which
were used in preclinical studies. In other words,
macrophages provided both nonspecific pro-
tection (or innate immunity) and specific pro-
tection (or acquired immunity) in vertebrates.

The effect of the examined additive on the
natural resistance of animals can be explained
based on the fact that it contains a complex of
biologically active substances, namely amino
acids, vitamins and carotenoids, which have a
tonic, adaptogenic and antioxidant effect. Since
the supplement contains the most carotenoids
among other components — 4.0 mcg/g — it was
assumed that the beneficial intestinal micro-
flora of mice was regulated, competing with
strains of opportunistic bacteria. Therewith,

it is possible that conditionally pathogenic
microflora was displaced from the intestinal
microbial population and the development of
pathogenic microorganisms was restrained.
The assumptions made are consistent with
the results of Yang et al. (2021) based on the
study of the intestinal microbiota of mice. The
authors have demonstrated that B-carotene
increases the relative abundance of the gen-
era Akkermansia, Candidatus Stoqueficus and
Faecalibaculum, but reduces the relative abun-
dance of Alloprevotella and Helicobacter. In
addition, Pratap et al. (2022) determined that
significant changes with an increase in the bac-
terial classes Bacteroidia, Bacilli, Clostridia and
Verrucomicrobia were observed after feeding
mice with ulvan and astaxanthin. Kuang et al.
(2022) proved that high levels of beneficial bac-
teria such as Clostridiaceae were present in the
intestinal microflora of sensitised mice after
B-carotene administration, while the number
of pathogenic bacteria such as Streptococcaceae
decreased. The authors substantiated that after
the administration of B-carotene to mice, there
was a stimulation of recovery processes in the
intestinal mucosa and normalisation of the in-
testinal microbiota.

Thus, the anti-inflammatory effect of
B-carotene, its ability to regulate immune sys-
tem and improve intestinal microflora of ani-
mals have been experimentally confirmed.

Conclusions
In the experimental study of the dietary supple-
ment Wheat Germ Bran at a dose of 2.0 g/head,
a positive effect of its components, in particular
carotenoids, on the growth and development of
white laboratory mice was proved. The micro-
climate parameters in the laboratory animal
housing, physical and chemical parameters,
and indicators of epidemiological safety of tap
water corresponded to the requirements of reg-
ulations. Feeding “Wheat germ meal” at a dose
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of 2.0 g/head did not cause adverse reactions in
mice, promoted the activation of transamination
processes, which improved the metabolism of
the animal body, intensified muscle growth, and,
as a result, provided an increase in body growth
energy. The experimental animals consumed
food and water well, and their behaviour was
characterised by activity and mobility. The body
weight of mice fed with the dietary supplement
increased during the experiment both in com-
parison with the control group of animals (day
14 - by 10.4%; day 30 — by 13.2%; day 60 — by
15.8%) and with the baseline values at the be-
ginning of the study: 14th day - by 18.3%; 30th

erythrocytopoiesis. The haemoglobin level in-
creased by 8.51%, the number of red blood cells -
by 7.5% and the haematocrit value - by 3.6%. The
number of leukocytes, neutrophils, basophils,
lymphocytes, eosinophils and monocytes in the
blood of animals fed the supplement did not
change. The components of the dietary supple-
ment increased serum total protein by 7.7% and
globulins by 7.0%, and increased metabolic rate
against the background of activation of anabolic
processes. In the future, it is planned to explore
the components of the intestinal microbiota of
white mice fed this dietary supplement.

day - by 45.6%; 60th day - by 66.2%. During Acknowledgements
the experiment, the average daily weight gain ~ None.
of mice increased: on day 14 - by 9.5%; on day
30 — by 10.0%; on day 60 — by 14.3%. Using the Conflict of Interest
dietary supplement promoted the activation of = None.
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AHoTanis. HuHi B ToniBIIi CBilfichKMX TBapyUH BCE YaCTillle 3aCTOCOBYIOTh JAi€TUYHI T0OABKU, SKi
€ IiHHUM [I3KepesioM 6ioJIoTiuHO aKTMBHUX PEUYOBUH, HEOOXiTHMX IJIsT X MOBHOIIIHHOTO POCTY
Ta PO3BUTKY, MiATPUMAHHS PE3MCTEHTHOTO CTAHy OpPraHiamy Ta NpodiTakTUKM UMCTeHHUX
3aXBOPIOBaHb. Y IX CK/Ia/li HAMIOMIMPEHI MMM KOMIIOHEHTaMM € 6i/IKM, BiTaMiHM Ta KApOTUHOIIN.
Tomy, aKkTyaJapHICTb HAyKOBOTO [OC/TiPKEHHSI IIOJNSITa€ B eKCIepMMEHTaJbHOMY BM3HAUEeHHI
e(heKTUBHOCTI BIUIMBY HOBOCTBOPEHOTO TMPOAYKTY 3 6GaraTOKOMIIOHETHMM CKJIaZoM Ha
dbyHKIiOHANBHNMIT CTaH OpraHi3My TBapuH. MeTa JOC/TiIKeHHSI CTOCYBajacsl BU3HAUEHHS BIUIMBY
HOBOT'O TMPOMYKTY, Hi€TMUYHOI m06aBku «IIIpoT 3apoKiB MINEHUII» HA TIOBEAIHKY, iHTEHCUBHICTh
pocty, MmopdosoriuHi Ta 6io0XiMiuHi MOKa3HMKY KPOBi Oinnx Muineit. MatepiaJom AOCTiIKEHHS
CJIYTyBaiM HeJiHiHi 6iai Mumii y KigpkocTi 60 romis. Jo6aBKy MuUIIaM 3TO0OBYBaIM BIIPOAOBK 60
Ii6. 3aCTOCOBYBA/IM KOMILJIEKC METOJiB, SIKi BKIIOUA/IN: OIL[iIHKY CTAHY MiKPOK/IIiMAaTy TPUMIIIeHHS
3 YTpUMaHHs J1abopaTOPHMUX TBAPVH, CTAHY BOIOIPOBiIHOT BOAM ISl HATTYBaHHS MUIIIE, OIIiHKY
ix 3arajgpHOI TMOBEMiHKM Ta BU3HAYAJIM IeMaTOJOTIUHi MOKa3HUKU. J[OBEAEHO, IO BIIPOIOBXK
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eKCIIePUMMEHTY MiKpOK/IiMaT MPUMIIIEHHS, B SIKOMY YTPUMYBaauCS J1abopaTOpHi TBapuMHM i
TTOKa3HMKY BOAOIPOBiMHOI BOAM IS iX HAITyBaHHSI, BiAIIOBigaaM BMMOraM UMHHMUX HOPMATUBHUX
IOKyMeHTiB. OGI'pyHTOBAHO, IO JOCTiIKyBaHa Ao6aBKa MPU3BOAUTD 0 36iMbIIeHHST Macyu Tisa
6iMx MuIeit Ta ix cepeqHbOL060BUX MTPUPOCTiB. [Ipy 1[bOMY, Maca BHYTPIlIHIX OpraHiB TBapUH
IOCTigHOI Ipyny (TUMYC, IIMTOTOAiOHA 341038, HUPKM, TTeUiHKa, CJIe3iHKa) 3aauiianacs 6e3 3MiH.
3’COBaHO, 10 KOMITIOHEHTHMI CKjaj H06aBKM BIUIMBAaE€ Ha MOPQOJIOTIUHI MOKasSHUKM KPOBi
6immMx Muien, a came MPU3BOANUTD A0 36iMbIIEHHS BMIiCTy TeéMOIT006iHY, KiIbKOCTi epUTPOLINTIB
i BenmMuMHM TeMaTOKpUTy. Y JeiKkorpami KpoBi muiieil He Bigmiuanocss 3miH. BcraHoBieHo
36iTbIIEHHS BMiCTY 3arajJibHOTO 6ijika Ta IIOGY/iHIB B CMPOBATII KPOBi 61X MU, 3HMKEHHS
BMicTy anbbOyMiHiB 1 mMiIBuUILeHHS aKTUMBHOCTI QepmeHTiB — asaHiHamiHOTpaHcdepasyu Ta
acrapraramiHoTpaHcdepasu BimbyBasocsi B Mexkax pedepeHTHMX 3HAUeHb AJIS OULTMX MUIIENd.
Martepianu CTaTTi CTAHOB/SATD MPAKTUYHY I[iHHICTb JJI51 MOXKJIMBOCTI 3aCTOCYBaHHSI JOCTiIKYBAHOT
JIieTMUHOI Mo6GaBKM CBifiCHKMM TBapMHAaM [JIs1 36iJbIIIeHHST M’SI30BOi CUJIM, TIOKPAIEHHST POCTY i
PO3BUTKY Ta 3MillHEHHSI iMYHITETY
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MMOKA3HMKY KPOBi; 6i0XiMiuHi MOKa3HUKYU
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