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Abstract. Goat farmingis a promising branch of animal husbandry, as statistics showarapid increase
in global demand for goat milk and meat products. To meet market demand, new methodological
approaches are needed to improve animal productivity while maintaining the quality of the raw
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materials. In this context, this study aims to determine the impact of autonomic nervous system
tone on lipid metabolism in goats. The study involved Saanen goats, with the experimental groups
formed based on the results of variation-pulsometric study and electrocardiography, followed by
the determination of autonomic nervous system tone using the Baevsky method. The serum lipid
profile of goats was studied using a LabLine-010 spectrophotometer. The following indicators were
biochemically analysed in serum samples: content of triacylglycerols, cholesterol, high-density,
low-density, and very-low-density lipoproteins, and the atherogenic index was calculated. It was
established that the content of triacylglycerols was 23% lower (P < 0.05) in sympathotonic animals
and 41% lower (P<0.001) in vagotonic animals compared to normotonic animals. The level of low-
density lipoproteins in the blood serum of sympathotonic animals decreased by 40% (P < 0.05),
and in vagotonic animals — by 76% (P < 0.01), relative to normotonic animals. The content of high-
density lipoproteins in sympathotonic animals increased by 36% (P < 0.001), relative to normotonic
animals. The level of cholesterol in the blood serum of goats differed by 16% (P < 0.01) in
sympathotonic animals and 15% (P <0.01) in vagotonic animals compared to normotonic animals.
A significant influence of autonomic nervous system tone on the processes of maintaining lipid
homeostasis in goats was determined. Taking into account the individual features of the influence
of the autonomic nervous system on lipid metabolism when distributing animals will contribute
to the effective adjustment of diets. After all, each animal has a different tone of the autonomic
nervous system, which significantly affects the features of substance transformation in its body

Keywords: lipid metabolism; cholesterol; lipoproteins of varying density; atherogenic index;
autonomic regulation

Introduction

L. Wang et al. (2024) noted that goat farming
holds a prominent position in global livestock
production. This is attributed to farms produc-
ing milk and meat products with high protein
content and a shorter reproductive cycle than
cattle. As a result, goats are better adapted to
various environmental changes and exhibit ac-
celerated growth rates.

According to S. M’hir et al. (2024), the grow-
ing popularity of goat products in the consumer
market can be attributed to these advantages.
Furthermore, a positive aspect of goat farming
is the increasing consumer preference for goat
products over cow products, especially milk.
Contemporary statistics reveal that a growing
number of people are experiencing food aller-
gies when consuming cow’s milk. Notably, goat’s
milk contains a higher content of unsaturated
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fatty acids, making it a more desirable dietary
option. This issue is being actively researched
as the ratio of saturated to unsaturated fatty
acids in human diets is increasing each year,
playing a significant role in lipid metabolism.

S.A. Allaoua et al. (2021) demonstrated that
society is increasingly interested in evaluating
what they consume and their preferences, par-
ticularly regarding fatty acids such as omega-3
and omega-6. Scientists are paying growing
attention to lipid metabolism and methods for
its regulation. The main challenge lies in in-
creasing the fat content of milk while enriching
it specifically with omega-3 and omega-6 fat-
ty acids. It is also important to note that when
altering the concentration of these fatty acids,
it is essential to maintain their balanced ratio,
as failing to do so can disrupt lipid metabolism.
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H.T. Faisal et al. (2022) found that increasing
the unsaturated fatty acid content in goats is
achieved through the use of various dietary
supplements, which positively affect fatty acid
content. However, changes in diet do not always
yield the desired improvements in indicators.
The range of results often shows minimal dif-
ferences or only slight variations. As a result,
when these figures are consolidated, they lead
to significant errors in the average values.

Z. Antunovi¢ et al. (2020) demonstrat-
ed that this trend persists primarily when at-
tempts are made to adjust baseline lipid me-
tabolism indicators without considering the
factors that regulate metabolism in the body. It
should also be noted that each animal has indi-
vidual characteristics, which are reflected in its
overall metabolism. As a result, the effective-
ness of certain dietary supplements will vary,
and when deriving an overall numerical out-
come, there can be significant discrepancies. To
address this issue, attention should be paid to
the body systems that directly regulate homeo-
stasis. Among the complex mechanisms of neu-
rohumoral regulation, there is a framework for
understanding individual characteristics that
can improve approaches to regulating lipid me-
tabolism. According to T. LeBouef et al. (2023),
the autonomic nervous system is a key factor
in analysing the body’s metabolism. Its primary
role is to maintain homeostasis and to provide
an active response to external influences that
may negatively affect metabolic processes.

Y. Huang et al. (2023a) argued that the
study of lipid metabolism is a crucial issue in
the development of goat farming. According
to him, these animals, during foetal develop-
ment, early lactation, and periods of intensive
milk production, expend a significant amount
of energy-rich substances. Such intense metab-
olism, without certain adjustments in the diet,
can lead to an imbalance in energy, which, as a
consequence, will result in economic losses. An

example of this, according to Y. Huang (2023b),
is the low birth weight of newborn kids. A de-
ficiency of high-energy compounds during the
period of active foetal growth often leads to the
birth of newborn kids with reduced weight. In
the future, these animals will have a lower sur-
vival rate at a young age and, as adults, will be
prone to metabolic disorders.

D. Wang et al. (2023) noted that the active
growth of young animals and their productiv-
ity largely depend on sufficient levels of ami-
no acids and lipids in the body. Based on their
own research, the authors assert that the rates
of development vary depending on the indi-
vidual characteristics of goats, as evidenced by
the metabolic profile of their blood. Analysis
of lipid metabolism is crucial as it can facil-
itate effective modulation and improve the
quality of milk and meat. J. Wu et al. (2023a;
2023b) in their research highlighted the sig-
nificant importance of goat milk as a source
of bioactive components in the form of pol-
yunsaturated fatty acids and emphasised the
importance of studying lipid metabolism to
better regulate the mechanisms of synthesis
of these same fatty acids. Given this, the value
of goat products is increasing daily, prompt-
ing scientists to seek methods to increase the
productivity of these animals and improve the
quality of goat products.

To enhance productivity and balance li-
pid metabolism, researchers have employed
various methods. For instance, Y. Zhang et
al. (2023) supplemented goat diets with copper
to improve weight gain in meat breeds by in-
fluencing lipid metabolism. According to their
hypothesis, copper supplementation in goat di-
ets reduces the content of mRNA for enzymes
involved in the oxidation of long-chain fatty
acids. F. Zamuner et al. (2020) utilised infusions
of glucose, insulin, and adrenocorticotropin to
stimulate milk production and improve met-
abolic transformations. S. Liu et al. (2021) in-
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vestigated the effects of soybean oil as a sup-
plement to enhance milk production in goats.
Specifically, the use of this supplement provid-
ed an increase in lipid content in goats while
simultaneously increasing the fat percentage
in milk, and evaluated the animals’ ability to
counteract heat stress by compensating for en-
ergy expenditure under its influence. The appli-
cation of plant-based lipid supplements with a
high content of polyunsaturated fatty acids to
improve goat productivity by stimulating fat
accumulation in the mammary gland, leading to
an increase in its percentage and the consum-
er value of dairy products, has been explored.

This study aimed to investigate the sympa-
thovagal balance in goats to better understand
metabolic processes, particularly lipid metab-
olism. This understanding is essential for the
formation of technological groups of animals
based on their individual characteristics.

Materials and Methods

The biological material for this study was ob-
tained from Saanen goats at a farm in the vil-
lage of Knyahynynok, Lutsk District, Volyn Re-
gion, during the years 2023-2024. Samples were
taken from animals in experimental groups,
with 5 animals in each group. The formation
of these groups was based on the results of the
variation-pulsometric study conducted using
the methodology of R.M. Baevsky et al. (2001).
Based on the results obtained, three experi-
mental groups of animals were formed: nor-
motonics, sympathotonics, and vagotonics.
During the experimental studies, all manip-
ulations with the goats involved in the study
were carried out following the basic principles
of bioethics, in compliance with the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Sci-
entific Purposes (1986) and the Procedure for
Conducting Research and Experiments on An-
imals by Scientific Institutions (2012).
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For the biochemical analysis, blood serum
was obtained by allowing native blood samples
to stand and incubating them for one hour in a
thermostat at 37°C.

A LabLine-010 spectrophotometer (Aus-
tria) was used to determine cholesterol content.
A test system from LLC “Granum Laboratory”,
Kharkiv, was used to determine total protein
content. Measurement conditions: wavelength
505 (500-550) nm, cuvette with an optical path
length of 1 cm, temperature 15-25°C.

The obtained results were calculated using
the formula:

Eexp
Coxp =7~

xXp — Esta X Cstd) (1)

where C, is the cholesterol concentration in
the experimental sample, mmol/L; E, is the
optical density of the experimental sample,
ODU; E_, is the optical density of the stand-
ard, ODU; C_, is the cholesterol content in the
standard, 5.16 mmol/L.

Determination of triacylglycerol content
in blood serum using a LabLine-010 (Austria)
spectrophotometer. Measurements were taken
at a wavelength of 490-550 nm in 1 cm cuvettes.

The obtained results were calculated using

the formula:

E,
exp o
Esta

Coxp = Csta, (2
where C,  is the triglycerides concentration in
the experimental sample, mmol/L; E,  is the
optical density of the experimental sample,
ODU; E_, is the optical density of the stand-
ard, ODU; C_, is the triglycerides content in the
standard, 2.25 mmol/L.

The content of low-density lipoproteins
(LDL) was determined using the LabLine-010
(Austria). Measurements were taken at a wave-
length of 590-700 nm in 1 cm cuvettes.

The obtained results were calculated using
the formula:
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Eexp
Coxp =7~

xp Esta

X Cstd’ (3)

where C, is the low-density lipoproteins con-
centration in the experimental sample, mmol/L;
E,, is the optical density of the experimental
sample, ODU; E_, is the optical density of the
standard, ODU; C_, is the low-density lipopro-
teins content in the standard, 5.17 mmol/L.
The determination of high-density lipo-
proteins (HDL) was carried out using the La-
bLine-010 (Austria). Measurements were taken

at a wavelength of 550-650 nm in 1 cm cuvettes.

Coxp = 122 % Coray @
where C, is the high-density lipoproteins con-
centration in the experimental sample, mmol/L;
E,, is the optical density of the experimental
sample, ODU; E_, is the optical density of the
standard, ODU; C_, is the high-density lipopro-
teins content in the standard, 2.585 mmol/L.
The content of very low-density lipopro-
teins (VLDL) was determined using Friede-

wald’s formula:

VLDL=TotalChol - (HDL+LDL).  (5)

The atherogenic index was calculated us-
ing the formula:

AI=(TotalChol - HDL)/LDL. 6)

Reagents from LLC “Granum Labora-
tory”, Kharkiv, were used to determine the
above-mentioned lipid metabolism parameters.

Statistical analysis of the obtained re-
sults was carried out using Microsoft Excel
software. The probability of the difference be-
tween the obtained indicators was calculated
using Student’s t-test. Differences between the
compared indicators were considered signifi-
cant at a significance level of P<0.05, P<0.01,
P<0.001.

Results and Discussion

According to the results of the biochemical
analysis of the blood serum of goats, the lipid
profile indicators for the vagotonic experimen-
tal group were established (Table 1).

Table 1. Lipid profile indicators of blood serum of vagotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.26 0.02 -0.08 0.23 0.28
VLDL, mmol/L 5 0.01 0.13 0.02 -0.58 0.10 0.14
LDL, mmol/L 5 0.02 0.44 0.03 -0.04 04 0.47
HDL, mmol/L 5 0.02 1.22 0.04 -0.41 1.16 1.27
Cholesterol, mmol/L 5 0.02 1.79 0.04 0.27 1.76 1.84
Atherogenic index 5 0.02 0.47 0.04 -1.34 0.39 0.50

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the study results, the triglyc-
eride levels in the blood serum of vagotonic
goats displayed minimal variation between
the minimum and maximum values, amount-
ing to 0.05 mmol/L, which ensured low stand-
ard deviation and standard error values. The

concentration of very low-density lipopro-
teins in animals with a predominance of the
parasympathetic nervous system showed a
difference of 0.04 mmol/L between the min-
imum and maximum values, accompanied by
low standard deviation and standard error.
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The low-density lipoproteins in this group
of animals exhibited a range difference of
0.07 mmol/L, with similarly low standard de-
viation and standard error values. The con-
centration of high-density lipoproteins in the
goats characterised by a predominance of the
parasympathetic nervous system indicated a
range difference of 0.11 mmol/L between min-
imum and maximum values, with low standard
deviation and standard error. The cholesterol
level in the blood serum of vagotonic goats

fluctuated between minimum and maximum
values by 0.08 mmol/L, also accompanied by
low standard deviation and standard error. The
atherogenic index in the vagotonic animals re-
vealed a difference of 0.11 mmol/L between
the minimum and maximum values, with low
standard deviation and standard error.
According to the results of the biochemical
analysis of the blood serum of goats, the lipid
profile indicators for the normotonic experi-
mental group were established (Table 2).

Table 2. Lipid profile indicators of blood serum of normotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.42 0.02 0.60 0.40 0.47
VLDL, mmol/L 5 0.01 0.16 0.02 -0.08 0.14 0.19
LDL, mmol/L 5 0.01 0.26 0.03 -1.67 0.21 0.27
HDL, mmol/L 5 0.01 1.15 0.03 -1.34 1.10 1.17
Cholesterol, mmol/L 5 0.01 1.56 0.03 -0.04 1.52 1.59
Atherogenic index 5 0.02 0.36 0.04 2.00 0.34 0.44

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the results of the lipid pro-
file analysis of the serum in normotonic goats,
the concentration of triacylglycerols ranged
between the minimum and maximum values
of 0.07 mmol/L, which indicated low values
of standard deviation and standard error. The
concentration of very low-density lipopro-
teins in animals with a balanced influence of
the sympathetic and parasympathetic nervous
systems demonstrated a difference in the range
of values between the minimum and maxi-
mum indicators of 0.05 mmol/L, also ensur-
ing low parameters of standard deviation and
standard error. The levels of low-density lipo-
proteins in normotonic animals showed a dif-
ference between the minimum and maximum
values of 0.06 mmol/L, which again reflected
low values of standard deviation and stand-
ard error. The concentration of high-density
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lipoproteins in goats with a balanced influ-
ence of the sympathetic and parasympathet-
ic nervous systems was characterised by a
difference between the minimum and max-
imum values of 0.07 mmol/L, ensuring low
values of standard deviation and standard
error. The cholesterol level in the serum of
normotonic animals revealed a difference be-
tween the minimum and maximum values of
0.07 mmol/L, which also indicated low values
of standard deviation and standard error. The
atherogenic index exhibited a difference be-
tween the minimum and maximum values of
0.10 mmol/L, confirming low values of stand-
ard deviation and standard error.

According to the results of the biochem-
ical analysis of the blood serum of goats, the
lipid profile indicators for the sympathotonic
experimental group were established (Table 3).
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Table 3. Lipid profile indicators of blood serum of sympathotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.34 0.02 0.24 0.32 0.37
VLDL, mmol/L 5 0.01 0.15 0.02 0.59 0.13 0.18
LDL, mmol/L 5 0.01 0.35 0.02 -0.01 0.33 0.37
HDL, mmol/L 5 0.01 0.84 0.02 -0.55 0.82 0.86
Cholesterol, mmol/L 5 0.02 1.35 0.04 -1.53 1.27 1.38
Atherogenic index 5 0.02 0.59 0.04 0.17 0.54 0.63

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the results of the lipid pro-
file analysis of serum in sympathotonic goats,
the concentration of triacylglycerols showed
a difference between the minimum and maxi-
mum values of 0.05 mmol/L, which resulted in
low values of standard deviation and standard
error. The concentration of very low-density
lipoproteins in animals with a predominance
of the sympathetic nervous system exhibited
discrepancies between the minimum and max-
imum values of 0.05 mmol/L, which accounted
for low values of standard deviation and stand-
ard error. The levels of low-density lipoproteins
in sympathotonic goats displayed differences
between the minimum and maximum values
of 0.05 mmol/L, again ensuring low values of
standard deviation and standard error. The con-
centration of high-density lipoproteins in ani-
mals with a predominance of the sympathetic
nervous system corresponded to a difference
between the minimum and maximum values of
0.04 mmol/L, which provided low parameters of
standard deviation and standard error. The cho-
lesterol concentration in the serum of sympa-
thotonic goats was characterised by differences
between the minimum and maximum values of
0.11 mmol/L, reflecting low values of standard
deviation and standard error. The atherogenic
index in this group of animals exhibited dif-
ferences between the minimum and maximum
values of 0.09 mmol/L, ensuring low values of
standard deviation and standard error.

When comparing the concentration of tri-
acylglycerols in the serum of goats from dif-
ferent experimental groups with varying auto-
nomic nervous system tones, some differences
were identified. In comparison with the normo-
tonic experimental group, it was found that the
concentration of triacylglycerols in sympatho-
tonic goats was 23% lower (P < 0.05), while in
the vagotonic experimental group, it was 41%
lower (P<0.001). Consequently, the normotonic
experimental group had higher triacylglycerol
levels, reflecting the intensity of fatty acid me-
tabolism in the goats (Fig. 1).

When analysing the concentration of
low-density lipoproteins, it was established
that, in relation to the normotonic experimental
group, characterised by a balanced sympathova-
gal balance, sympathotonic goats exhibited val-
ues that were 40% higher (P<0.05), while the an-
imals in the vagotonic experimental group had
values that were 76% higher (P <0.01) (Fig. 2).

The levels of high-density lipoproteins in
the normotonic experimental group of goats
were found to be 36% higher (P <0.001) when
compared with the sympathotonic goats, which
exhibited a predominance of the sympathetic
nervous system. In relation to the vagotonic ex-
perimental group, characterised by a predomi-
nance of the parasympathetic nervous system,
the levels of high-density lipoproteins showed
minor differences compared to the normotonic

group (Fig. 3).
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Figure 1. The concentration of triacylglycerols in the serum
of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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Figure 2. The concentration of low-density lipoproteins in the serum
of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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Figure 3. The concentration of high-density lipoproteins in the serum

of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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The total cholesterol concentration in the se-
rum of normotonic goats was 16% higher (P<0.01)
compared to that of sympathotonic goats. When
comparing the cholesterol levels between the

Vagotonic; 1;
1.79

Vagotonic; 25
1.77

e NOTMoOtoNIC; 1;

Vagotonic; 3;
1.76

normotonic animals and the vagotonic experi-
mental group, it was established that the concen-
tration in vagotonic goats was 15% higher com-
pared to the normotonic goats (P <0.01) (Fig. 4).
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Figure 4. The concentration of cholesterol in the serum

of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively

Sourse: authors' development

Analysis of the atherogenic index revealed
that in normotonic goats, compared to sympa-
thotonic goats with a predominance of the sym-
pathetic nervous system, the atherogenic index

was 38% lower (P<0.01). Inrelation to the vago-
tonic experimental group, the values of the ath-
erogenic index showed minor differences when
compared with the normotonic group (Fig. 5).
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Figure 5. Atherogenic index values in goats with different autonomic regulation tones
Note: colours indicate different tones of the autonomic nervous system, respectively

Sourse: authors' development

The atherogenic index values in the sym-
pathotonic experimental group were characte-
rised by high values, indicating a low level of high-
density lipoproteins relative to total cholesterol

parameters. The normotonic goats had the low-
est atherogenic index values, reflecting a higher
concentration of high-density lipoproteins rel-
ative to total cholesterol concentration.
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Analysis of the lipid composition in goats
is crucial. For high-yielding animals, a deficien-
cy in energy-rich substances can become a key
factor in the further development of their or-
ganism, which will be reflected in future pro-
ductivity. In addition, it is worth conducting a
risk assessment for these ruminants. The issue
of the stress factor is always relevant due to
its diversity and frequency of occurrence. Even
though, at first glance, the threat of a stressful
state of an animal carries insignificant shifts
in the body, over time this problem can grow,
which will be reflected in lipid metabolism and,
as a consequence, in productivity. The question
of improving metabolism in this case is quite
relevant since with an increase in the content of
energy-rich substances, an acceleration of the
growth and development of goats will be noted,
which will subsequently be reflected in produc-
tivity (Fougere et al., 2021).

To improve lipid metabolism, researchers
have developed various approaches primarily
focused on adjusting the levels of fats and fat-
ty acids in the body through different dietary
supplements. The aim of introducing addition-
al nutrients into the diet is to influence the en-
zymatic pathway, provide an additional source
of lipids, and correct the antioxidant system,
among other factors. Q. Li et al. (2024) analysed
the biochemical composition of goat serum at
different stages of their development. Their
study found that from the age of 180 days, the
intensity of lipid metabolism in goats was sig-
nificantly lower compared to other periods of
young animal development. It is important to
note that the aforementioned authors empha-
sised the significance of lipid metabolism for
ensuring adequate growth and development
in goats. Analysing the data obtained by these
researchers, it can be noted that the lipid pro-
file indicators are similar, but due to the dis-
tribution of animals according to the tone of
the autonomic nervous system, the error of the
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data in the presented material is significantly
reduced. This will substantially enhance the
analysis of lipid metabolism research results
for scientists, as the obtained indicators have
a smaller margin of error and take individual
characteristics into account.

A.Tanni et al. (2021) conducted a study in-
vestigating the effects of an olive leaf dietary
supplement on the lipid profile of goats. The
experimental group of goats fed a diet sup-
plemented with olive leaves, had a 9% lower
cholesterol content in their milk compared
to the control group. More significantly, the
blood cholesterol content was 20% lower in
the experimental group compared to the con-
trol. However, these results had a considerable
margin of error, which adversely affected the
values of the variation error. Such findings in-
dicated that the animals were not categorised
according to their individual characteristics,
resulting in disparate indicators with signifi-
cant errors. The results of this study highlight
the necessity of distributing animals according
to their individual traits, which would facili-
tate a more accurate analysis of lipid metabolic
transformations.

Y. Shen et al. (2022) conducted a study in-
volving the addition of resveratrol supplements
to the diet of goats to enhance animal growth
and improve lipid metabolism. The biochemical
analysis of the blood serum revealed the impact
of the resveratrol dietary supplement on the
levels of triglycerides, as well as high-density
and low-density lipoproteins. Compared to the
control group, it was found that the triglyceride
content significantly decreased by 55% in goats
receiving a high concentration of resveratrol,
with a dosage of 600 mg per kilogram of body
weight. The levels of high-density lipoproteins
increased by 1.5 times in animals receiving
this dietary supplement relative to the control
group, while the low-density lipoprotein levels
decreased by 2.5 times compared to the control
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group. There was also an increase in the athero-
genic index. Despite these significant differenc-
es, it is worth noting that during the study, the
methodology for correcting lipid metabolism
and improving lipid levels exhibited consider-
able discrepancies in the results. Consequently,
there was a lack of variation in the triglyceride
levels and LDL (P >0.05), as well as a weak cor-
relation when comparing the total cholesterol
and HDL (P <0.05). In comparing these results,
it can be concluded that distinguishing the ex-
perimental groups of animals according to the
activity of the autonomic nervous system would
enhance the effectiveness of the biochemical
analysis of lipid metabolism and reduce the in-
itial error in the statistical data.

M. Zheng et al. (2021) investigated the im-
pact of zinc supplements, including zinc sul-
phate, zinc methionine, and zinc glycinate, on
lipid metabolism. The aim of their study was to
determine the effects of these dietary supple-
ments on the performance indicators of goats
during the growth period. The highest lipid
content in blood serum was observed in ani-
mals fed zinc sulphate and zinc glycinate sup-
plements. The lowest lipid content was noted
in goats that consumed zinc methionine. It is
worth noting that although differences in in-
dicators were found in the three experimental
groups of animals, not all the results obtained
showed a correlation between lipid metabolism
indicators and the additional administration of
zinc supplements to these animals. This indi-
cates a significant discrepancy in the obtained
results, which confirms the need to divide the
experimental groups of animals according to
their individual characteristics. This can be
ensured by taking into account the tone of the
autonomic nervous system, as confirmed by the
results described in this material.

L. Min et al. (2023) investigated the im-
pact of dietary supplements consisting of Ag-
uilaria sinensis leaves on lipid metabolism in

goats. The aim of their research was to improve
productivity, specifically meat quality and
weight gain. Their research suggests that diets
supplemented with Aquilaria sinensis leaves
offer a viable alternative for improving lipid
metabolism and meat quality. This affordable
ingredient promotes balanced weight gain in
goats and enriches their bodies with polyun-
saturated fatty acids, thereby enhancing the
quality of the meat. The use of this dietary sup-
plement also contributed to a decrease in blood
cholesterol levels and an increase in high-den-
sity lipoprotein levels in goats. An analysis of
the data from the study suggests the need to
categorise animals based on the influence of
the divisions of the autonomic nervous system.
This is because not all lipid metabolism indica-
tors showed significant results when comparing
animals from the experimental group with the
control group. It is worth noting that, according
to the results obtained, animals have different
intensities of lipid metabolism under different
tones of the autonomic nervous system, which
provides new information for studying the im-
provement of organic substance metabolism.
S.Liu et al. (2021) used dietary supplements
in the form of flaxseed oil and heated flaxseed.
This resulted in a decrease in total levels of tria-
cylglycerols, cholesterol, and low-density lipo-
proteins in goats, which was significantly low-
er compared to diets using flaxseed oil alone.
However, when assessing the reliability of the
results, it was found that although the obtained
indicators showed some changes in plasma li-
pids, the difference between the values in the
experimental and control groups was quite
insignificant. Comparing with the results de-
scribed in this research, it should be noted that
the informativeness of such indicators signifi-
cantly depends on the body systems that control
and directly influence metabolism. To obtain
reliable results, it is recommended that animals
be divided into experimental groups according
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to their sympathovagal balance, which would
simplify the analysis of the results for scientists.

Having analysed various studies on im-
proving lipid metabolism in goats, it is evident
that the data showing changes in serum lipid
profiles exhibit significant numerical discrep-
ancies. This is corroborated by statistical anal-
ysis results, which lie at the lower boundary of
acceptability (Rawat et al., 2021). Several factors
can account for these discrepancies. Firstly, the
formation of experimental and control groups
can be a significant issue. Farmers do not always
consider the individual characteristics of each
animal, which is crucial as metabolic processes
vary from one organism to another. These over-
sights can lead to significant discrepancies in
biochemical analysis results. Secondly, differ-
ent animals may react differently to changes in
feeding strategies. The introduction of various
dietary supplements can have both positive and
negative effects, as alterations in diet composi-
tion can modify metabolic processes. This once
again highlights the need to consider individual
animal characteristics (Singh et al., 2023).

An analysis of serum lipid profiles in goats
with varying autonomic nervous system tones
revealed differences between animals in dif-
ferent experimental groups. These differences
reflect the metabolic processes occurring at
different intensities. The activity of the sym-
pathetic and parasympathetic nervous systems
is a key factor in this study. Each animal has a
specific sympathovagal balance, characterised
by varying activity of the divisions of the au-
tonomic nervous system (Metz et al., 2022). By
classifying goats based on individual character-
istics, three groups were formed: normotonics,
vagotonics, and sympathotonics. Each group of
animals was characterised by the different ac-
tivity of the sympathetic and parasympathetic
nervous systems, and consequently differ-
ent intensities of metabolic processes. This is
confirmed by the research results, which
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showed high levels of triacylglycerols in nor-
motonic animals, high levels of low-density li-
poproteins in vagotonic animals, and low levels
of high-density lipoproteins in sympathotonic
animals. Considering this, it becomes possible
to better understand the picture of lipid metab-
olism in goats.

By incorporating these characteristics in
methods to improve lipid metabolism in goats,
scientists will gain an additional reference
point. This is because, according to the ob-
tained data, there are already differences in the
content of cholesterol, lipoproteins of various
densities, and triacylglycerols without the ad-
dition of dietary supplements. These indicators
are quite important in assessing not only lipid
metabolism but also overall metabolic process-
es and goat productivity. Therefore, consider-
ing this criterion when forming experimental
animal groups will help scientists better eval-
uate the obtained results. This can elevate the
value of dietary supplements used to improve
lipid metabolism to a new level.

Considering environmental factors, an an-
imal can be subjected to a stressor at any given
time. Primarily, under these circumstances, the
stability of the body’s homeostasis will suffer,
as it will significantly mobilise energy reserves
to counteract these changes. One of the main
systems that respond to stress is the autonomic
nervous system, which, depending on individual
characteristics, will have a different tone (Duro-
saro et al.,, 2023). As a result, metabolic pro-
cesses in each goat will shift differently. Conse-
quences of this, if left unaddressed, may include
decreased productivity and economic losses.

Conclusions

The influence of autonomic nervous system
tone on serum lipid profiles in goats has been
established. Differences in lipid metabolism
indicators in these animals have been deter-
mined depending on the different tones of
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the autonomic nervous system: normotonics,
vagotonics, or sympathotonics. In particular,
in the serum lipid profile of goats, differences
have been found in indicators such as choles-
terol content, high-density and low-density
lipoproteins, triacylglycerols, and atherogenic
index values with different autonomic nervous
system tones.

It was determined that the content of tri-
acylglycerols in the blood serum of normoton-
ic goats was the highest compared to the ex-
perimental groups of sympathotonic animals
(P <0.05) and vagotonic animals (P < 0.001). It
was established that the level of low-density
lipoproteins was lowest in normotonic animals
compared to the experimental groups of sym-
pathotonic (P < 0.05) and vagotonic (P < 0.01)
animals. It was determined that the content
of high-density lipoproteins was the lowest in
goats of the sympathotonic experimental group
compared to the normotonic experimental
group (P <0.001). It was established that the

(P<0.01). The value of the atherogenic index in
the experimental group of normotonic animals
was the lowest compared to the experimental
group of sympathotonic animals (P <0.01) and
animals of the vagotonic experimental group
(P<0.05). It was established that depending on
the individual characteristics of the goat’s or-
ganism, reflected in the form of sympathovagal
balance, in which the influence of the sympa-
thetic or parasympathetic nervous system pre-
dominates or there is a balanced interaction of
the sympathetic and parasympathetic nervous
systems, lipid metabolism processes differ.

The prospect of further research involves
the use of dietary supplements in goat feed,
formulated based on the tone of the autonomic
nervous system. This approach is expected to
significantly enhance the effectiveness of these
supplements and contribute to improving lipid
metabolism in goats, ultimately leading to in-
creased productivity.

values of total cholesterol in the blood serum Acknowledgements
of normotonic animals were higher compared  None.
to the experimental group of sympathotonic
animals (P<0.01) and lower when compared to Conflict of Interest
the experimental group of vagotonic animals  None.
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AHoTtanis. Ko3iBHUIITBO € TIepCIIeKTUBHOIO rajy3310 TBAPUHHUIITBA, OCKIJIBKY 32 CTATUCTUKOIO
MONUT Ha CIOXMBAHHS MOJOYHOI i M’ICHOi Mponykiii Ki3 Ha CBITOBMX pPMHKax CTPiMKO
3pocrae. [T HacMUeHHS PUHKY HeoOXiTHOI KiabKiCTIO mpomykilii moTpibHi HOBI MeTomuuHi
MigXOnM 3 MOKpalleHHS MPOAYKTUBHOCTI TBAPMH 3i 36epekeHHSIM SIKOCTi BUXiTHOI CMPOBUHM.
V 3B’43Ky 3 LIMM, METOIO AOCTiKeHHST OY/I0 BM3HAUEHHS BIUIMBY TOHYCY aBTOHOMHOI HEPBOBO1
cucTeMM Ha OOMIH JIiMigiB B opraHi3mi Ki3. s OOCTiAKeHHS BMKOPUCTOBYBAIM TBapUH
rmopoay 3aaHeHCbKa, GOPMyBaHHS JOCTIZHMUX TPYI MPOBOIMUIOCH 3 YpaxyBaHHIM pe3y/lIbTaTiB
BapialiifHO-ITyJIbCOMETPUYHOTO MNOCTIIKEHHSI 1 JaHMX ejeKTpokapniorpadii 3 mnomaabIIiMm
BM3HAUeHHSIM TOHYCY aBTOHOMHOI HEpBOBOI CUCTeMM 32 MeTOAMKO0 baeBcbkoro. JocmigkeHHS
nimigorpamu cMpoBaTKM KPOBi Ki3 37iicHIOBaIM 3a JomoMorolo criekrpodoromertpa LabLine-010.
V 3pa3Kkax CMpOBATKM KpPOBi 3miiicHIOBasM GiOXiMiuHMIT aHasi3 HACTYITHUX MMOKAa3HMUKIB: BMIiCTy
TPUALMITIILIEPOJTiB, XOJIECTEPOJTY, JTIMOIPOTEiHIB BMCOKO1, HM3bKOI i Ty’ke HM3bKOI IIi/IbHOCTI Ta
pPO3paxoBYBa/IM BeIMUMHY iHIEKCY aTepOreHHOCTi. BcTaHOB/IEHO, 10 BMICT TPUAIMITTILEPOTiB
HabyBaB 3HaueHb MeHIMX Ha 23% (P < 0,05) y cuMaToToHiKiB Ta Ha 41% (P < 0,001) B TBapuH
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BAaroOTOHIKiB TIOPiBHSHO 3 HOPMOTOHiKamu. PiBeHb JMOMpPOTeiHiB HM3bKOI MLIITBHOCTI Yy
CMUpOBATIIi KPOBi CUMMITATOTOHIKiB 3MeHIIryBaBcst Ha 40% (P < 0,05), a y BaroToHikiB — Ha 76%
(P<0,01), BigzHOCHO HOPMOTOHIKiIB. YMICT JIIMONPOTEiHiB BUCOKOI IIiTBHOCTi Y CMMIIaTOTOHIKiB
36inbiuryBaBcs Ha 36% (P<0,001), BiZHOCHO HOPMOTOHIKiB. PiBeHb X0/1eCcTeposy B CMPOBATIi KPOBi
Ki3 BigpisHsSBcs 3HaueHHsIMM BuinuMu Ha 16% (P <0,01) y cumnaToToHikiB Ta Ha 15% (P <0,01)
Yy BaroTOHiKiB MOPiBHSIHO 3 HOPMOTOHiKaMu. Bu3HaueHO iCTOTHMIT BIUIMB TOHYCY aBTOHOMHOIL
HEpPBOBOI CHCTeMM Ha IIPOLIeCH MiATPUMAaHHSI JITiAHOTO TOMe0CTa3y B OpraHi3mi Ki3. BpaxyBaHHS
iHOMBimyaJIbHMX OCOGAMBOCTE BIUIMBY aBTOHOMHOI HEPBOBOI CMCTEMM Ha MeTaboJi3M JIiMmimiB
TIpY PO3IIOAiJi TBAPUH CIIpUSITUMe eeKTMBHOMY KOPUTYBAaHHIO PallioHiB. All’kKe KOKHA TBapMHA
Ma€ pi3HUI TOHYC aBTOHOMHOI HEpPBOBOI CHUCTeMM, IO iCTOTHO BIUIMBAE HAa OCOGIMBOCTI
IlepeTBOPEHHS PeUOBMH B 11 OpraHismi

KiaiouoBi cimoBa: o6MiH JimifiB; xosmectepos; jinmomporeiHy pi3HOI IMiIbHOCTI; KoedilieHT
aTepOreHHOCTi; aBTOHOMHA PeTYJISIist
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