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Influence of autonomic nervous system tone...

body of goats, which will improve the understanding of individual metabolic characteristics in
these animals. The use of established blood markers will make it possible to analyse the state of
lipid metabolism in the body of goats and ensure an increase in the effectiveness of methods of
its correction. The purpose of this study was to determine the specific features of the autonomic
nervous system influence on the relative content of unsaturated fatty acids in goat plasma lipids.
The experiment involved goats of the Zaanenska breed, of which, using electrocardiographic
analysis according to the Baevsky method and depending on the tone of the autonomic
nervous system, three experimental groups were formed: normotonics, sympathotonics, and
vagotonics. The method of gas-liquid chromatography was used to determine the percentage of
unsaturated fatty acids in goat plasma lipids. Thus, in goats with sympathotonics, which have a
predominance of sympathetic nervous system activity, a high percentage of the following lipids
in blood plasma was noted: linolenic (P <0.01), cis-4, 7, 10, 13, 16, 19-docosahexaenoic (P < 0.05),
docosahexapentaenoic (P < 0.001), and arachidonic acids (P <0.001) compared to normotonics.
These animals also had a lower content of palmitoleic (P < 0.05) and oleic acids (P < 0.01) in
plasma lipids against the background of normotonics. In vagotonic goats, in which the influence
of the parasympathetic nervous system predominates, the relative content of cis-4, 7, 10, 13, 16,
19-docosahexaenoic (P < 0.05), linoleic (P <0.001) and arachidonic acids (P <0.001) and high cis-
11-eicosenoic acid (P<0.01) in blood plasma lipids was found to be low compared to normotonic
goats. The established features suggest a substantial influence of the tone of the autonomic nervous
system on the quantitative redistribution of unsaturated fatty acids in the composition of goat
blood plasma lipids and the need to consider them when analysing the state of the corresponding
metabolism in the body, which will substantially improve not only the effectiveness of scientific
research, but also its reliability
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Introduction

Globally, dairy products form an integral part of
the diet of most people. In terms of global con-
sumption, cow’s milk is the leader, followed by
buffalo, and goat’s milk, which is rapidly gaining
momentum (Monllor et al., 2020). According to
A.Maslyuk et al. (2020), goat breeding is rapidly
beginning to catch up with previous favourites
in consumer choice. This can be explained by
the fact that people are increasingly faced with
the impossibility of consuming cow’s milk due
to the loss of its full absorption or the devel-
opment of an allergic reaction. In such situa-
tions, goat’s milk is a good alternative for con-
sumers. The biological value of goat products is
not inferior to that of dairy cattle, and in some

respects is even better. According to H. Sedilo et
al. (2020), this contributes to the intensive de-
velopment of goat milk production enterprises.

As a result, farm owners are faced with the
question of how to improve milk quality at a
lower economic cost. The question of the need
to enrich milk with essential fatty acids is often
raised. Products with a high content of these
components, namely omega 3, omega 6, and
omega 9 fatty acids, improve the metabolism
of mammals, especially lipids. According to
]. Djordjevic et al. (2019), considering the quali-
ty indicators of dairy products, one of the most
key factors for evaluation is the study of their
fatty acid content, specifically, unsaturated
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fatty acids. Today, scientists are actively in-
vestigating the issues related to increasing the
content of essential fatty acids in dairy prod-
ucts, which creates different avenues for solv-
ing them. For this, the introduction of unsatu-
rated fatty acids into the body of goats with the
help of various plant-based additives is widely
used. Therewith, there were slight changes in
the content of fatty acids in the blood against
the background of substantial disorders of
scarred digestion. Few people pay attention to
the fact that not only the diet consumed by the
animal will play a role in the concentration of
unsaturated fatty acids in the blood and milk.
N. Ghavipanje et al. (2022) believe that meta-
bolic processes in the body itself and systems
that substantially affect homeostasis in general
should be considered. This implies the signif-
icant role of the autonomic nervous system,
which forms an integral part of the centralised
system that regulates the synthesis and break-
down of nutrients.

The study of the role of the autonomic
nervous system tone in goats, which is a char-
acteristic of the specific individual features of
the animal depending on the predominance of
the influence of the sympathetic or parasym-
pathetic nervous system, will be a key factor
in the analysis of the content of fatty acids in
blood plasma lipids. Therefore, depending on
the sympatho-vagal balance - normotonia,
vagotonia, sympathotonia — the synthesis and
breakdown of nutrients in the animal body will
differ. Accordingly, the processes of digestion
and absorption of nutrients in the gastrointes-
tinal tract will proceed at different rates. No-
tably, the use of energy-rich substances by the
body’s cells with the corresponding metabolic
rate will also differ. This should be considered
when calculating the diet for goats, but gener-
ally, the general schemes for highly productive
animals should be followed. As a result, differ-
ent indicators are noted in terms of both milk
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fat content and productivity of these animals.
A.K. Verma et al. (2023) argued that it is neces-
sary to increase the dietary intake of essential
fatty acids in goats to enrich their dairy prod-
ucts. Consideration of new facts in the investi-
gation of lipid homeostasis in goats depending
on the sympathetic-vagal balance will be the
basis for ensuring the reliability of scientific re-
sults. As a result, I. Erez & U. Serbester (2023)
noted that scientists in research on improving
the content of unsaturated fatty acids in goat
dairy products need to have additional markers
for effective statistical analysis of the results.

Therefore, the purpose of this study was to
determine the specific features of the quanti-
tative redistribution of unsaturated fatty acids
in blood plasma lipids depending on the sym-
pathetic-vagal balance in the body of clinically
healthy goats.

Literature Review

Over the past 50 years, dairy production from
goats has increased to 53% and continues to
grow. Among the countries most actively de-
veloping in this area, Asia ranks first, followed
by Africa, Europe, and the Americas (Nudda et
al., 2021). The most common products made
from goat’s milk are yoghurts, cottage cheese,
and ryazhanka. A. Mavrommatis et al. (2020)
noted that goat’s milk is a good source of fat
and protein. The farms that supply these prod-
ucts are committed to improving the quality of
their raw materials. A. Lopez et al. (2019) noted
that the key indicator in this area is the fatty
acid content. Comparing milk from cows and
goats, the ratio of saturated and unsaturated
fatty acids differs. According to S. Mitsiopou-
lou et al. (2021) and X. Tian et al. (2022), goat
products are healthier because they contain a
higher amount of polyunsaturated fatty acids,
which ensure the endogenous synthesis of bi-
ologically active substances and prevent the
accumulation of excess cholesterol in the body.
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P. Monllor et al. (2020) developed an entire
scheme of balanced diets with different compo-
sition of plant feeds for goats to improve the in-
take and synthesis of unsaturated fatty acids. In
addition, various mixtures are added to the ani-
mals’ diet in the form of compound feed, which
includes corn, rapeseed, flax, sesame seeds, etc.
The results of using this additional supplement
changed the fatty acid composition of milk.
A. Nudda et al. (2021) noted an increase in the
content of unsaturated fatty acids, especially
polyunsaturated ones, which further increases
the oxidative stability of products. However,
not all methods involving dietary changes im-
proved the ratio of fatty acids; in most cases,
the changes were insubstantial. When using
diets enriched with unsaturated fatty acids, the
researchers also noted the consequences.

One of the most common problems faced
by researchers is the disruption of scar diges-
tion in ruminants. The activity of the microflora
in the stomach is highly dependent on the en-
vironment. Specifically, excessive intake of un-
saturated fatty acids in the stomach can have
negative consequences. Thus, rumen microor-
ganisms are activated to provide biohydrogena-
tion of linoleic acid to reduce unsaturated fatty
acids and increase saturated fatty acid content.
Such processes are explained by the fact that
polyunsaturated fatty acids in excess can cause
changes in the physical and chemical proper-
ties of bacterial cell membranes and provoke
their destruction. According to A. Nudda et
al. (2021), this not only reduces the number of
microorganisms in the rumen, but also increas-
es the content of saturated fatty acids.

Notably, the mechanisms of ensuring the
homeostasis of lipid metabolism in goats have
individual characteristics. As stated by J. Orzu-
na-Orzuna et al. (2023), many factors affect the
transformation of lipids in tissues, which pro-
vides the necessary conditions for the synthesis
and decomposition of the relevant substances.

Goats are constantly exposed to a variety of fac-
tors that can stimulate or inhibit biochemical
processes. A classic example of a mechanism
for changing the steady course of any type of
metabolism is the development of stress. This
is the most common reason that every animal
faces in its life, and depending on its individual
characteristics, adaptation to it occurs in differ-
ent ways. B. Paszczyk et al. (2020) note that the
consequences of this process are differences in
the absorption and use of the same lipids that
have the highest energy value.

H. Tian et al. (2022) pointed out that lipid
metabolism and the concentration of these
substances in the blood are affected by diet,
conditions of detention, the functional state of
body systems, especially the digestive system,
etc. This study discusses the role of the auto-
nomic nervous system in these processes. As
noted by Jr. Myers et al. (2022), the sympathetic
and parasympathetic parts of the nervous sys-
tem, through their coordinated influence on the
body, correct metabolic processes. The sympa-
thetic nervous system contributes to the body’s
adaptation to a stressful factor by increasing
the activity of the cardiovascular system, en-
hancing the processes of nutrient breakdown,
etc. The parasympathetic system has the oppo-
site function - it slows down the activity of the
cardiovascular system, activates digestion, and
endogenous synthesis of substances important
for the body. These systems work in concert
to ensure that the body adapts to endogenous
changes and changing environmental condi-
tions. At the same time, each animal has specif-
ic individual features in terms of the function-
ing of adaptation mechanisms. This implies a
significant regulatory role for the tone of the
autonomic nervous system, which, depending
on the predominance of the sympathetic and
parasympathetic nervous system, can divide
all animals into three groups: normotonics,
sympathotonics, and vagotonics. According to
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D. Goldstein (2020) and A. Lima et al. (2022),
the specific features of the influence of the au-
tonomic nervous system tone should be consid-
ered when analysing homeostasis indicators.

Materials and Methods

The material for the study was collected from
goats of the Zaanenska breed based on a pri-
vate dairy farm in the village of Kniahynynok,
Lutsk district, Volyn region, in 2022-2023. For
the study, animals of the same age were pre-se-
lected, and a clinical examination was carried
out to confirm the health status of 60 goats. The
next stage was the formation of research groups
from the selected livestock that met the criteria
for the experiment.

Experimental groups of animals were
formed by means of a variational pulse oxime-
try study according to the method of R.M. Bae-
vsky et al. (2001). The goats were divided into
three experimental groups of five each accord-
ingto the tone of autonomic nervous regulation:
sympathotonics, vagotonics, and normotonics.
This division was based on an electrocardiolog-
ical study considering the following indicators:
mode (Mo), mode amplitude (AMo), variation
range (Ax), autonomic rhythm index (ARI), au-
tonomic balance index (ABI), and voltage index
(VI) (Baevsky et al., 2001). According to the re-
sults of the variational pulse study, it was found
that normotonics have a balanced influence of
the sympathetic and parasympathetic nervous
systems; vagotonics have a predominant influ-
ence of the parasympathetic nervous system;
and sympathotonics have a predominant in-
fluence of the sympathetic nervous system. As
a result, three experimental groups of animals
were formed with different tones of the auto-
nomic nervous system, reflecting the individual
characteristics of their organism.

Blood was collected in the morning 4 hours
after feeding from the jugular vein using a ster-
ile heparin syringe at the rate of 3 drops of 1%
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heparin solution per 10 mL of blood. The sam-
ples were transported in a thermal container at
+4°C. To obtain plasma, blood with anticoagu-
lant was centrifuged at 2,000 rpm for 10 min. Li-
pid extraction from goat plasma was performed
according to the method of J. Folch et al. (1957).
Blood plasma was introduced into a flask with
a lapped lid, then a mixture of methanol and
chloroform was added to it in a ratio of 2:1 and
to the test material in a ratio of 1:20. Subse-
quently, the flask was closed and the contents
were shaken thoroughly, leaving them over-
night for extraction. The next day, the mixture
was filtered and 0.74% KCl was added to the
filtrate in such a concentration that its content
corresponded to one fifth of the total volume.
Then it was settled overnight to separate the
mixture into two phases. The lower phase was
taken off and chloroform was extracted using
an extractor, while the lipid residue was used for
chromatographic analysis (Folch et al., 1957).

The chromatographic study was performed
using a Trace GC Ultra chromatograph (USA)
with a flame ionisation detector. Chromatog-
raphy of the samples was performed at the
following parameters: detector temperature
+260°C, column temperature +140-240°C. A
1 uL sample was injected into the chromato-
graph using a TriPlus autosampler. The analysis
time for one test sample was 65 min. A stand-
ard sample of Supelco 37 Component FAME
Mix (USA) was used to identify the results of a
chromatographic study to determine the fatty
acid composition of plasma lipids in goats. The
study was conducted in three parallel groups.
The analysis of the chromatographic display
of the components of the material under study
was determined considering the following
characteristics: peak retention time, peak base,
peak area, peak height, peak width, and peak
half-width. The chromatograph software auto-
matically processes the results in the following
steps: noise filtering, peak marking, qualitative
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analysis with peak identification, and quantita-
tive analysis of the area or height of the peaks.
The results obtained during the distribution of
the extracted lipids in the chromatograph col-
umn were compared with the standard for the
identification of fatty acids in the sample.

Procedures for sampling biological materi-
al from goats for subsequent fatty acid analysis
of plasma lipids were carried out following AR-
RIVE recommendations without violating the
main provisions of EUs Directive 2010/63/EU
“On the Protection of Animals Used for Scien-
tific Purposes” (2010).

The statistical processing of the study re-
sults involved the use of Microsoft Excel with
an assessment of the significance of the differ-

ence in assessment indicators according to Stu-
dent’s t-test and P<0.05, P<0.01, P<0.001.

Results and Discussion

The statistical analysis of the chromatograph-
ic results revealed differences in the content of
unsaturated fatty acids depending on the tone
of autonomic nervous regulation (Table 1).
The relative content of omega-3, omega-6, and
omega-9 acids in goat plasma lipids was deter-
mined among the essential fatty acids. Animals
with different tone of the autonomic nervous
system — normotonics, vagotonics, and sympa-
thotonics - differed in the relative content of
unsaturated fatty acids compared to that of the
experimental group (normotonics).

Table 1. Content of unsaturated fatty acids in plasma lipids
in goats depending on the tone of autonomic nervous regulation (M*m; n=5, %)

Unsaturated fatty acid Normotonics  Sympathotonics Vagotonics
Myristoleic C14:1 0.18+0.01 0.15+0.01 0.23+0.01**
Palmitoleic C16:109 0.44+0.03 0.34%0.02* 0.51+0.04
Oleic C18:109 18.89+0.14 18.02£0.20%* 18.46+0.10*
Linoleic C18:206 24.54+0.51 24.65+0.43 20.69+0.19%**
Linolenic C18:303 1.04+0.06 1.33+0.05** 1.03+0.05
Cis-11-eicosenoic, C20:109 0.47+0.01 0.51+0.01* 0.53+0.01**
Cis-8,11,14-eicosatrienoic C20:306 0.07+0.01 0.11+0.01* 0.15+0.01%**
Arachidonic C20:406 6.75+0.14 7.75+0.15%** 5.58+0.11%**
Docosapentaenoic C22:503 0.22%0.01 0.34+0.01%*** 0.24%0.01
Cis-4,7,10,13,16,19-docosahexaenoic C22:6w3 0.76+0.05 0.94%0.04* 0.64+0.01*

Notes: *P<0.05, **P<0.01, ***P<0.001 - relative to the data in the experimental group (normotonic)

Source: developed by the author of this study

Analysing the relative content of unsatu-
rated fatty acids in goat plasma lipids, it was
found that the most significant total volume
is made up of such acids as oleic, linoleic, li-
nolenic, arachidonic, and cis-4, 7, 10, 13, 16,
19-docosahexaenoic. The highest content of
omega-3 fatty acids was recorded in sympa-
thotonics. Thus, in sympathotonics, the level of
linolenic acid in the blood plasma is 1.3 times
higher than in normotonic goats, which is
1.33+0.05% (P<0.01). Furthermore, the highest

percentage of sympathotonics was observed
for docosapentaenoic acid (1.6 times), which
was 0.34%0.01% (P<0.001). The content of cis-
4,7, 10, 13, 16, 19-docosahexaenoic acid was
1.2 times higher in goats with sympathotonia
0.94+0.04% (P<0.05) compared to normotonics
and 1.5 times higher in vagotonics 0.64+0.01%
(P <0.05). Thus, animals with a predominance
of sympathetic nervous system processes had
the highest levels of unsaturated fatty acids be-
longing to the omega-3 fatty acid family (Fig. 1).
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Omega-3
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Figure 1. The content of omega-3 fatty acids (%)
in blood plasma lipids in goats of experimental groups

Sourse: developed by the author of this study

The high content of omega-3 fatty acids in
sympathotonic goats with a predominance of
sympathetic nervous system activity indicat-
ed a more pronounced intensity of metabolic
processes in the body. This is explained by the
functional characteristics of this part of the
autonomic nervous system. The sympathetic
nervous system stimulates the breakdown of
nutrients to provide the body with the neces-
sary energy, which is important for maintain-
ing homeostasis. This was reflected in the in-
crease in the content of omega-3 fatty acids in
the blood plasma, which indicated an increase
in the intensity of metabolism in the body of
these animals. Furthermore, goats with a pre-
dominance of sympathetic nervous system ac-
tivity have a more excitable nervous system. In
confirmation of this, sympathotonic goats had
a higher content of docosahexaenoic acid com-
pared to animals in other experimental groups,

which plays an essential role in ensuring the
transmission of nerve impulses.

Considering the percentage of omega-6
fatty acids, it was found that the content of lin-
oleic acid in the blood plasma of vagotonic goats
was the lowest among all experimental groups
(P<0.001) and amounted to 20.69%0.19%. The
level of arachidonic acid in the blood plasma
of goats compared to animals of the normo-
tonic group was 1.2 times higher in sympa-
thotonics (7.75£0.15, P<0.001) and 1.2 times
lower in vagotonics (5.58 = 0.11, P < 0.001).
Cis-8,11,14-eicosatrienoic acid had the highest
percentage in goats with vagotonia by 2.1 times
(0.15£0.01%, P <0.001) compared to normo-
tonics. Indicators of unsaturated fatty acids in
animals with a predominance of the parasym-
pathetic nervous system, primarily omega-6
fatty acids in plasma lipids, were the lowest
among other experimental groups (Fig. 2).

Omega-6

30.00
25.00
20.00
15.00
10.00

5.00

0.00

24.54 24.65
20.69

C18:2w6

Normotonics

B Sympathotonics
6.75 775 5 5

C20:4w6

M Vagotonics

Figure 2. The content of linoleic and arachidonic acid
in plasma lipids of goats of experimental groups, %

Sourse: developed by the author of this study
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Analysing the results on the content of
omega-6 fatty acids, it was found that animals
with a more pronounced activity of the parasym-
pathetic nervous system had the lowest content
of these acids in the blood plasma. Considering
that this part of the autonomic nervous system
is responsible for processes that are opposite to
the sympathetic nervous system, the predom-
inance of vagotonia has been found to play a
significant role in shaping the level of essential
fatty acids in the blood plasma. Furthermore,
the relative content of linoleic acid in the blood
plasma of animals with the predominance of
the influence of the parasympathetic nervous
system on the studied processes substantially
decreased compared to that of goats in other
experimental groups. This omega-6 fatty acid
plays a significant role in the correction of cho-
lesterol levels — the higher its concentration,
the more actively this essential fatty acid is

Omega-9
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Cl16:1w9

consumed. Since the parasympathetic nervous
system affects digestion and endogenous syn-
thesis of substances, a corresponding decrease
in the content of linoleic acid, which is actively
involved in them, was observed.

As for omega-9 fatty acids, cis-11-eicose-
noic acid had 1.1 times higher percentage in
sympathotonics (0.51 £ 0.01%) (P < 0.05) and
1.1 times higher percentage in vagotonics
(0.53£0.01%) (P<0.01) compared to the exper-
imental group of normotonics. Palmitoleic acid
was the lowest in goats with a predominance of
the sympathetic nervous system of 0.34+0.02%
(P<0.05) (Fig. 3). Oleic acid, as the representa-
tive with the highest percentage concentration
in the body of goats among omega-9 fatty acids,
had 1.1 times lower relative content in sympa-
thotonics (18.02 #0.20%, P < 0.01) and 0.46%
lower in vagotonics (18.46 = 0.10%, P < 0.05)
compared to normotonics (Fig. 4).

0.53
0.47 0.51
Normotonics
m Sympathotonics
B Vagotonics
C20:1w9

Figure 3. Content of palmitoleic and cis-9 eicosenoic acid
in plasma lipids of goats of experimental groups, %

Sourse: developed by the author of this study
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Figure 4. Oleic acid content in blood plasma lipids of goats of experimental groups, %

Sourse: developed by the author of this study
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The content of omega-9 fatty acids in the
blood plasma of sympathotonic goats was the
lowest. The obtained values reflect the specific
feature of the intensity of metabolic process-
es in these animals. Considering the impact
of omega-9 fatty acids, especially oleic acid,
on immunity, regeneration, and inflammation,
their metabolic activity should also be accom-
modated. Therefore, animals with a predomi-
nance of sympathetic nervous system activity
showed a more pronounced intensity of metab-
olism. As a result, omega-9 fatty acids are used
more efficiently by the goat’s body, as indicated
by the findings of this study.

It is important to note the significant role
of omega-3, omega-6, and omega-9 fatty acids
in the body. All products obtained from the
farm are used in human nutrition, both in pri-
mary and secondary form. It is an integral com-
ponent of every consumer’s diet, which can be
implemented in various variations. Empha-
sis is placed on the consumption of essential
fatty acids. The reason is that they cannot be
endogenously synthesised in mammals. This is
because they are not synthesised in the mam-
malian body, but come from food, mainly plant
foods. The concentration of unsaturated fatty
acids in the mammalian body within certain
limits is crucial. These acids play a leading role
in stabilising lipid metabolism. Comparing the
same saturated and unsaturated fatty acids,
their ratio should always be in favour of essen-
tial fatty acids. One of the first reasons is their
effect on blood cholesterol levels. Due to a suf-
ficient concentration of unsaturated fatty acids
in blood plasma lipids, they are quite effective
in improving the process of removing excess
fat from the body. Essential fatty acids stimu-
late the formation of high-density lipoprotein,
which transports excess cholesterol from the
tissues into the bloodstream to the liver, where
it is converted to bile acids and excreted in
bile into the duodenum. It is also important to
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highlight certain groups of unsaturated fatty
acids that can substantially affect the homeo-
stasis of lipid metabolism in mammals. These
include such fatty acids as omega-3, omega-6,
and omega-9 fatty acids (Czyz et al., 2020;
Giger-Reverdinetal.,2020; Coniglio et al., 2022).

According to A. Moustafa (2021), among
the omega-6 fatty acids with the highest con-
centration is linoleic acid, which is involved
in the regulation of many processes. Normal
intake of this fatty acid improves the structur-
al integrity of the skin, which also ensures its
barrier function. These features are explained
by the fact that this omega-6 fatty acid is part of
the composition of ceramics. Linoleic acid is in-
volved in the correction of cholesterol content
in the body. It enhances the transcription of
the hepatic receptor X alpha, which promotes
the activation of the peroxisome proliferator.
As a result, the expression of the cholesterol
Ta-hydroxylase gene, which is responsible for
encoding enzymes whose main role is its con-
version into bile acids, increases. As a result of
the process of lipid conversion in the liver, the
synthesis of high-density lipoprotein increas-
es. This also engages proteins involved in the
binding of sterol regulatory elements, which
are transcription factors and play a major role
in the regulation of cholesterol levels. The ele-
ments responsible for sterols activate the tran-
scription of genes that encode the synthesis of
high-density lipoprotein, cholesterol, fatty ac-
ids, and triacylglycerols. This ensures the pro-
cess of lipid metabolism in the body. Accord-
ing to R.D. Taylor & E.H. Clayton et al. (2021),
arachidonic acid plays a significant role in the
inflammatory process. This omega-6 fatty acid
makes up 25% of the fatty acids that make up
the phospholipids of skeletal muscle, brain, liv-
er, platelets, and immune cells. The deacylation
and reactivation process maintains low levels
of free arachidonic acid in the cell membranes,
which helps prevent oxidation. The interaction
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of this fatty acid with oxygen through cycloox-
ygenase, lipoxygenase, and cytochrome P450
pathways gives rise to the formation of media-
tors, commonly called eicosanoids (prostaglan-
dins, thromboxanes, and leukotrienes). Consid-
ering this, arachidonic acid plays a major role in
inflammation processes as their mediator and
regulator. When omega-6 fatty acids are used
as feed additives, researchers have noted their
stimulating effect on metabolic processes, the
functioning of the antioxidant system, and the
reproductive function of the body. According to
the findings of this study, goats with lower lev-
els of omega-6 fatty acids in their blood plasma
showed fewer functional features compared to
animals in other groups.

J. Shunthwal et al. (2023) note that ome-
ga-3 fatty acids correct the course of important
processes that ensure the full functioning of
the animal body. Docosahexaenoic acid per-
forms many functions, such as regulation of ac-
tive transport of amino acids (choline, glycine,
taurine) across cell membranes; regulation of
sodium channel function and implementation
of the rhodopsin response to visual stimuli.
This fatty acid is the most abundant component
in the central nervous system and retina. This
is explained by the fact that docosahexaenoic
acid supports such processes as neurotrans-
mission, neuroplasticity, and nerve impulse
transmission. This fatty acid also increases the
concentration of serotonin and acetylcholine in
nervous tissue and is a precursor of neuropro-
tectin D1. Docosahexaenoic acid has anti-in-
flammatory effect. It primarily affects the for-
mation of eicosanoids. This feature is provided
by the effect on the release of arachidonic acid
from cell membranes, inhibition of enzymes
and competition with omega-6 fatty acids for
participation in enzyme-dependent metabolic
processes. The feed additives described by the
authors were effective in improving the bal-
ance of fatty acids. However, changes in their

concentration were not considered in the anal-
ysis of the overall course of lipid metabolism.
Therewith, the findings obtained suggest that
to clarify the specific features of metabolic pro-
cesses, the factor of influence of the autonomic
nervous system should be considered, especial-
ly in relation to the use of feed additives.

A.K. Verma et al. (2023) indicate that ome-
ga-9 fatty acids, specifically oleic acid, are in-
volved in the regulation of immunity, inflam-
mation, and tissue regeneration. For instance,
when there is an injury to the skin structure, the
processes of inflammation are activated. For the
normal course of these stages, a large number
of mediators, such as nitric oxide, is required,
which is essential for rapid wound healing. This
is explained by the fact that it ensures the func-
tioning of fibroblasts, macrophages, and ker-
atonocytes during the regenerative process. A
sufficient concentration of oleic acid provides
an effective anti-inflammatory effect, which
occurs as a result of an increase in the supply
of neutrophils to the affected tissue area, and
the mediator neutrophilamine is also produced,
which accelerates wound healing. The authors
noted the pronounced effectiveness of using
oil blends enriched with essential fatty acids.
Nevertheless, slight differences in the findings
obtained are noteworthy, which may be pri-
marily due to the individual characteristics of
the animals. It is quite difficult to successful-
ly classify animals according to the criteria of
the respective groups. Therefore, such studies
should consider the factor of autonomic nerv-
ous system tone, which causes substantial dif-
ferences in the content of omega-9 fatty acids
in the blood plasma of goats.

Considering the enormous benefits of es-
sential fatty acids, which are classified as un-
saturated fatty acids, it is important to ensure
that dairy products are better supplied with
these substances. Such useful compounds will
enrich the raw materials obtained from goat
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breeding. Every day, many scientists provide in-
creasingly more evidence of the value of these
fatty acids. Due to this, people are beginning to
enrich their diets with unsaturated fatty acids
to prevent problems with the cardiovascular
system, improve lipid metabolism in the body,
etc. As a result, consumers are becoming more
focused in their choice of dairy products and
are forcing farmers to adjust the composition of
milk and secondary raw materials. As a result of
this rapid pace of development and growing de-
mand, scientists are increasingly interested in
investigating the issues that arise on goat farms.
J.F. Orzuna-Orzuna et al. (2023) point out that
one of the main challenges facing scientists is
to improve animal productivity and the quality
of raw materials obtained in production, while
reducing the costs of solving this problem. In
their research, they provide examples of the
successful use of feed additives in this regard.
However, according to the findings of the pre-
sented study, in conducting such studies, when
forming experimental groups of animals, it is
necessary to consider the individual properties
of the autonomic nervous system tone, which
will substantially improve the analysis and cal-
culation of the results obtained.

R. Zhang et al. (2022) note that the most
popular opinion among the majority is the is-
sue of dietary adjustment. The researchers
pointed out a wide range of different food ad-
ditives in the form of mixed fodder from dif-
ferent cereals, even the addition of seaweed to
the goats’ diet. When analysing the researchers’
recommendations on the use of feed additives
to maintain the required level of essential fatty
acids in animals, attention should be drawn to
the significance of considering the individual
characteristics of lipid metabolism depending
on the tone of the autonomic nervous system.

Analysing the results of introducing an
excess of essential fatty acids into the diet of
goats, in most cases there was an increase in

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2

their concentration in the body and subse-
quently in milk. Most often, polyunsaturated
fatty acids are added to the diet of these an-
imals. There are two schemes for enriching
goats with unsaturated fatty acids. According
to the findings of E. Amr et al. (2023), the first
is to increase their content in the feed, while
the second is to control biohydrogenation pro-
cesses in the rumen with the subsequent accu-
mulation of polyunsaturated fatty acids. Each
of the areas has an interesting foundation for
achieving the desired result. It should also be
borne in mind that, despite all the positive as-
pects of unsaturated fatty acids, there are many
undesirable consequences. The simplest prob-
lem cited by M. Afshar et al. (2022) lies in the
deterioration of the productive state of micro-
organisms in the rumen. This can cause further
dysfunction of the digestive system. Therefore,
the use of different feed additives is not al-
ways an effective solution. The data obtained
by N. Ghavipanje et al. (2022), R. Zhang et
al. (2022) suggested a slight increase in un-
saturated fatty acids or even no clear change.
This was mainly explained by the inclusion of
a small number of fatty acids in the diet to pre-
vent their negative effects.

Considering the studies of researchers
aimed at implementing the idea of increasing
the content of unsaturated fatty acids in feed,
the question arises as to why the body’s reac-
tion to the consumption of excess of these sub-
stances is not observed. Insufficient attention
is paid to the mechanism of maintaining lipid
homeostasis in the body of goats, its provision
and correction. The autonomic nervous sys-
tem is a good example of this, and its role as a
component of a well-coordinated homeostasis
regulation system reflects metabolic process-
es quite well. J. Imai & H. Katagiri (2022) de-
scribed in detail the mechanisms of metabolic
homeostasis adjustment involving the sympa-
thetic and parasympathetic nervous systems,
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especially in the correction of lipid metabo-
lism. They gave an example of the coordinated
work of these parts of the autonomic nervous
system. Thus, the sympathetic nervous system
not only accelerates the breakdown of nutri-
ents in the body, but also constantly adjusts
the stability of the necessary energy com-
pounds, including glucose and lipids, to ensure
the nutrition of the brain, muscles, and other
tissues. In turn, the parasympathetic nervous
system ensures the processes of glycogen syn-
thesis and accumulation and the formation of
adipose tissue. There was an increase in oxida-
tive processes in animals with a predominance
of the activity of the sympathetic nervous sys-
tem, which contributed to an increase in the
content of fatty acids in the blood due to lipid
breakdown in the muscles. J. Zhang et al. (2023)
conducted a study to determine the effect of
the autonomic nervous system on the fatty
acid composition of muscles in sheep. Specifi-
cally, an increase in the content of unsaturated
fatty acids, especially linoleic and oleic acids,
was found in animals with a predominance of
sympathetic nervous system activity. This dif-
ference was explained by the fact that due to
the greater activity of sympathotonia, oxida-
tion processes in the body are accelerated, and
as a result, a large number of free radicals accu-
mulate in the blood.

According to the findings described in this
study, there is a considerable difference in the
content of unsaturated fatty acids in goat plas-
ma lipids depending on the tone of the auto-
nomic nervous system. Omega-3 fatty acids in
sympathotonics have the highest concentration
compared to other experimental groups of an-
imals. Omega-6 fatty acids were characterised
by low levels in vagotonics and elevated levels
in goats with a predominance of sympathetic
nervous system activity. Omega-9 fatty acids
differed in their percentage content, but sym-
pathotonics showed a lower concentration in

plasma lipids compared to vagotonics and nor-
motonics. Comparing the findings obtained
with the data of other researchers, J. Zhang et
al. (2023) noted a comparable trend towards an
increase in the concentration of unsaturated
fatty acids in animals with a predominance of
sympathetic nervous system activity. With this
in mind, it is worth noting that in goats with a
predominance of sympathetic nervous system
activity, a considerable increase in the content
of unsaturated fatty acids is observed. This fea-
ture is characterised by the increased activity of
metabolic processes in the body of these ani-
mals. The sympathetic nervous system mainly
regulates the breakdown of nutrients, which
leads to an increase in the content of unsatu-
rated fatty acids in blood plasma lipids. Accord-
ingly, high levels of omega-3 and omega-6 fatty
acids were noted compared to other experimen-
tal groups of animals. Goat vagotonics, which
have the advantage of the influence of the par-
asympathetic nervous system, were character-
ised by lower levels of unsaturated fatty acids
in plasma lipids. Animals with active vagotonia
processes have an advantage in the reactions of
increasing the synthesis of nutrients and their
subsequent storage in reserve.

Considering the above, adjusting the fatty
acid content is the key to understanding lipid
metabolism, which makes it possible to coun-
teract the growth of excess fat and maximise
its positive role. When investigating a topi-
cal issue, one should consider the key mech-
anisms that affect the course of the synthesis
and breakdown of nutrients to obtain reliable
results. Such a factor as the autonomic nerv-
ous system demonstrates the distribution of
animals according to the criterion of metabolic
processes. This suggests the need to consider it
when assessing lipid metabolism in goats. Since
a clear division of animals depending on the
tone of the autonomic nervous system has been
established in the analysis of the content of
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unsaturated fatty acids in blood plasma lipids,
gradations of indicators are observed between
vagotonics, sympathotonics, and normotonics.

Conclusions

It was found that the tone of the autonomic
nervous system has a substantial effect on the
content of unsaturated fatty acids in goat plas-
ma lipids. This is evidenced by the high relative
content of linolenic acid, cis-11-eicosanoic
acid, cis-8, 11, 14-eicosatrienoic acid, arachi-
donic acid, docosapentaenoic acid, cis-4, 7, 10,
13, 16, 19-docosahexaenoic acid and low con-
centration of palmitoleic acid, oleic acid in an-
imals with predominance of sympathetic nerv-
ous system activity compared to normotonics
and vagotonics. Therewith, animals character-
ised by the predominance of the parasympa-
thetic nervous system influence had a higher
content of myristoleic acid, cis-11-eicosenoic
acid, cis-8, 11, 14-eicosatrienoic acid and low-
er values of linoleic, arachidonic and cis-4, 7,
10, 13, 16, 19-docosahexaenoic acids in blood
plasma lipids compared to other experimental
groups of animals.

The autonomic nervous system plays a ma-

instance, if an animal has a predominance of
the sympathetic nervous system over the par-
asympathetic nervous system, this will result
in a more active breakdown of nutrients. And
if one takes goats with a predominance of the
parasympathetic nervous system over the sym-
pathetic nervous system, an increase will be
observed in the synthesis of metabolic products
and their storage in the body’s reserves. Ana-
lysing the findings of this study, a number of
features of lipid metabolism in goats depend-
ing on the tone of the autonomic nervous sys-
tem should be noted, which is vital to consider
when adjusting the fatty acid composition of
blood plasma lipids, specifically, the content of
unsaturated fatty acids, in this species of ani-
mals. Consideration of individual animal char-
acteristics should also be used in the study of
homeostasis, which is crucial when assessing
the nutritional and biological value of feeds in
the diet for dairy goats. It is promising to in-
vestigate the effect of fatty acid supplements
on the body of goats with different tone of the
autonomic nervous system.
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opraHismi Ki3, 1[0 MOJIMIIMTb PO3YMiHHS iHAMBiAYyaabHUX 0COGIMBOCTEl MeTabosi3My B IIUX
TBApMH. BUKOpPUCTAaHHS BCTAHOBJAEHUX MapKepHMX ITOKA3HMKIB KPOBi HAJacTb MOXIMBICTH
3AilicHIOBATY aHaji3 CTaHy OOMiHy JIiMifgiB B OpraHiami Ki3 Ta 3a6e3MeunTh MiABUIIEHHS
edeKTUBHOCTI MeTOAiB iioro Kopekuii. MeTol po6OTM O6ya0 BU3HAUEHHSI OCOGIMBOCTEN
BIUITMBY aBTOHOMHOI HEPBOBOi CHMCTEMM Ha BiHOCHMII BMiCT HEHACUUYEHUX KUPHUX KUCIOT y
Jimigax maasMu KpoBi Ki3. B eKcIiepMMeHT 3aaydany Ki3 Mmopoay 3aaHeHChKa, 3 IKMX 3aBISIKU
BUKODPWUCTAHHIO eJieKTpokapriorpadgiuHoro aHamizy 3a MeTOAMKOI BaeBChbKOro Ta 3aaeskHO
Bil TOHYCY aBTOHOMHOi HepBOBOi cuctemMyu (HOPMYBIM TPU OOCTIAHI TPYNy: HOPMOTOHIKM,
CUMITaTOTOHIKM, BaroToHikM. [l BUM3HAuUeHHS BiJJCOTKOBOI'O BMiCTy HEHACUMYEHMX >XUPHUX
KUCIOT y JIiMiax ria3sMu KpoBi Ki3 BUKOPMCTOBYBAIM MeTO/[I Ta30pianHHOI xpomarorpadii. Tak,
Y Ki3 CMMIIaTMKOTOHIKIB, $IKi MalTh IepeBary akKTMBHOCTI CMMIIaTMYHOI HEPBOBOI CUCTEMH,
BiAMiuany BUCOKMIA BilCOTKOBMII BMICT y JIiNifax ria3mMu Kposi: niHoneHosoi (P <0,01), nuc-4,
7, 10, 13, 16, 19-goko3arekcaeHoBoi (P < 0,05), mokosaneHtaeHoBoi (P <0,001) i apaximoHoBoi
kucior (P <0,001) mopiBHSIHO 3 HOPMOTOHIKaMM. Y LIMX TBapMH TaKOX 3a(ikKCOBAHO MEHIINIL
BMICT y cKyIaAi mimigiB rma3mu Kposi nmanbmiTooneinosoi (P < 0,05) i oneinosoi kucior (P<0,01)
Ha TJIi HOpPMOTOHIKiB. Y Ki3 BaroToHiKiB, B SIKMX IIepeBaka€ BIUIMB ITapacyMIAaTUUYHOI HEPBOBOI
CUCTeMU, y JAiMifax miasMu KpoBi BCTAHOBJIEHO HU3bKMIT BiZHOCHMIT BMicT: umuc-4, 7, 10, 13,
16, 19-moko3arekcaeHnoBoi (P <0,05), ninonesoi (P <0,001) i apaxigoHosoi kuciaot (P <0,001) Ta
BUCOKMII — 1juc-11-eiiko3eHoBoi kuciotu (P <0,01) nopiBHIHO 3 HOpMOTOHIKamu. BcraHoBeHi
0COBGIMBOCTI CBiAUATH PO iCTOTHMIT BIUIMB TOHYCY aBTOHOMHOI HEPBOBOI CMCTEMM HA KiTbKiCHMIT
Iepeposnoij HeHACMUYEHNX KUPHUX KUCIOT Y CKJIa/i JIiITiIiB 11a3Mu KPOBi Ki3 Ta HeOOXiAHICTh
ix BpaxyBaHHS IpM aHasi3i cTaHy BiAMOBiAHOTO 06MiHY B OpraHi3Mi, o iCTOTHO MTOKPAIIUTh He
Juie pe3ylnbTaTUBHICTh HAYKOBUX JOCITiIKeHb, a ¥ 1X JOCTOBipHICTb
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