UDC: 636.5.09:616.15/.8:577.112 https://doi.org/10.31548/ujvs2021.04.007

DYNAMICS OF SERUM PROTEIN CONTENT AND
PRODUCTIVITY OF CHICKENS WITH DIFFERENT
TONUS OF THE AUTONOMOUS NERVOUS SYSTEM

A. A. STUDENOK,

Graduate Student, Department of Biochemistry and Physiology of Animals
named after Academician M. F. Gulyi
https://orcid.org/0000-0002-0740-3609
E-mail: artemstudenok@gmail.com
E. O. SHNURENKO,

Graduate Student, Department of Biochemistry and Physiology of Animals
named after Academician M. F. Gulyi
https://orcid.org/0000-0002-1121-4106
V. 0. TROKOZ,

Doctor of Agricultural Sciences, Professor, Department of Biochemistry
and Physiology of Animals named after Academician M. F. Gulyi
https://orcid.org/0000-0001-8619-195X
V. I. KARPOVSKYI,

Doctor of Veterinary Sciences, Professor, Department of Biochemistry
and Physiology of Animals named after Academician M. F. Gulyi
https.//orcid.org/0000-0003-3858-0111
National University of Life and Environmental Sciences of Ukraine,

15 Heroyiv Oborony st., Kyiv 03041, Ukraine

Abstract. The main role in maintaining the functioning of the body, its growth, and its
development belongs to protein. It is involved in the formation of the muscular skeleton
and is s part of enzymes, neurotransmitters, hormones. The effect of the autonomic
nervous system on total protein metabolism has not been sufficiently studied. It is known
that the autonomic nervous system is a structure that is responsible for the homeostasis
and stability of the whole organism. It participates in the regulation of the heart, endocrine
and external secretion glands, gastrointestinal tract, excretory organs, and more.

In our studies, it was found that in chickens of Cobb 500 strain with different tones of
the autonomic nervous system during the growing period from the 35th to the 60th day,
different contents of total protein, albumin, and globulins were observed and different
body weights were recorded. Vagotonic chickens showed the lowest protein metabolism
at the age of 35 and 45 days (P < 0.05—0.001) compared with sympathicotonics and
normotonics, which tended to increase between 35 and 60 days of rearing compared
with other groups of birds, where the studied protein fractions on the contrary decreased.

Correlations between total protein, albumin, and bird body weight had a high linear
relationship in all groups of chickens (P < 0.05-0.001) and a negative relationship
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between the 45th and 60th days of rearing in sympathicotonics and normotonics. In
birds with a predominance of the parasympathetic tone of the autonomic nervous
system, this correlation maintained its direction with high reliability (P < 0.05) between
body weight and total protein on the 60th day of rearing.

Keywords: sympathicotonia, vagotonia, normotonia, protein metabolism, albumin,

globulin

Introduction

The study of the dynamics of the
influence of different tones of the auto-
nomic nervous system on the metabo-
lism of total protein and its components
in the serum of chickens has not been
thoroughly studied. Its fluctuations are
influenced by numerous factors, such as
age, diet, keeping animals, their genetic
characteristics. In recent decades, breed-
ers have bred high-yielding poultry
crosses that have high feed conversion,
rapid growth, and development. There-
fore, the study of the peculiarities of the
metabolic processes of protein as a ma-
jor component involved in the growth of
the organism is an extremely important
issue today.

Analysis of recent researches
and publications

Serum protein is a central link in all
biochemical processes in animals and
humans (Derho & Sereda, 2016). Albu-
min and globulins that are part of it are
synthesized directly in the liver and im-
mune organs (globulins). The functions
of these proteins are difficult to overes-
timate because they provide transport
of metabolites, biologically active sub-
stances, are a plastic material for the
needs of the body, there are protective
immune complexes, etc. (Gotovsky et
al., 2018). The content of these proteins
in the body depends on the state and ac-

tivity of the immune system (Filipovié
et al., 2007), nutritional feed and content
of all necessary substances, synthesizing
capacity of the liver (Zaefarian et al.,
2019), and directly the needs of the body
(Filipovi¢ et al., 2007).

Effective metabolism of wvarious
compounds in animals is ensured by
numerous biochemical processes that
occur and are regulated under the influ-
ence of neuro-humoral factors (Postoi
et al., 2020; Reutov & Chertok, 2016).
The autonomic nervous system (ANS)
through its numerous array of reflexes is
able to regulate the work of almost all
physiological functions of the body (Ab-
boud & Singh, 2017). It consists of three
divisions — sympathetic, parasympathet-
ic (Wehrwein et al., 2016), and enteral
(intestinal) (Volkova, 2015). Their cen-
ters are located at different levels of the
nervous system — the cortex of the large
hemispheres, hypothalamus, cerebellum,
basal ganglia, and spinal cord (Gibbons,
2019). The activity of the sympathetic
and parasympathetic divisions mostly
has different directions, which allows
them to precisely regulate any processes
in the body of living beings (McCorry,
2007). For example, increased activity
of the sympathetic branch of the ANS
causes an increase in glucose output and
utilization (Karpovskyi et al., 2013), the
development of anti-inflammatory re-
sponse in the body by activating T and
B lymphocytes, and NO secretion (Pa-
dro & Sanders, 2014; Abboud & Singh,
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2017), increased antibacterial and lyso-
zyme activity of the blood (Karpovskyi
et al., 2016). The sympathetic system
directly affects the growth of bone tis-
sue. Strengthening of the alveolar bone
of the upper jaw and a decrease in tooth
mobility was observed in rats treated
with selective B-blockers (Uchibori et
al., 2020). The increased influence of the
sympathetic system provides a decrease
in osteoblast activity, which may lead
to a decrease in skeletal strength (Elef-
teriou, 2008; Dimitri & Rosen, 2017).
Studies (Postoi et al., 2019) found that
pigs with a different tone of the ANS
have varying degrees of the intensity of
protein metabolism in the body. Animals
with a predominance of sympathetic and
parasympathetic divisions had a higher
urea content and a decrease in total se-
rum protein during the first seven days
after exposure to technological stress.
Also, pigs with balanced ANS tone took
less time to establish baseline levels of
test substances in serum compared to
other groups. Other studies have shown
the effect of the ANS on the state of the
antioxidant system in pigs. Animals
dominated by the sympathetic branch
had significantly higher superoxide
dismutase activity compared to other
groups. The ratios of antioxidants super-
oxide dismutase to catalase (SOD/CAT)
and superoxide dismutase to glutathione
peroxidase (SOD/GPO) were lower in
vagotonic pigs and sympathicotonics
(Skrypkina et al., 2016). Determination
of the influence of the ANS on the activ-
ity of the enzymatic link of antioxidant
protection showed a significant effect in
sympathicotonic pigs (Skrypkina et al.,
2016).

One of the main functions of the
ANS is the implementation of precise
regulation of the cardiovascular system.
The activity of the heart as the main tar-

get of the sympathetic and parasympa-
thetic divisions is provided by regulat-
ing the rhythm and heart rate, vascular
tone, and blood supply, which is neces-
sary for the needs of the body (Albara-
do-Ibafiez, 2019). Such control is not a
simple predominance of sympathetic or
parasympathetic influence but is a com-
plex interaction of circulatory reflexes,
the functioning of baro- and chemore-
ceptor zones in the vessel walls, as well
as various molecular and hormonal fac-
tors (Taralov et al., 2016). The effect of
the ANS on the cardiovascular system
can be described as maintaining balance
with various changes in the external
and internal environment of the body,
as confirmed by numerous studies. For
example, in rats and weather-sensitive
humans, reduced atmospheric pressure
and hypoxia increase the parasympa-
thetic effect on the vessels of the brain,
which is necessary to maintain oxy-
gen homeostasis and maintain ener-
gy-dependent processes in nerve cells
(Volkova, 2015). In waterfowl, there is
a well-defined evolutionary antagonism
of the mechanism of action of the para-
sympathetic system. During immersion
under water and emergence of reflex ap-
nea, there is a blocking of a sympathetic
branch of the ANS with the subsequent
decrease in heart rate. This allows birds
to spend more energy on swimming and
oxygen for the body's biochemical needs
(Shereshkov et al., 2010). Studies in rats
have shown that early experimental de-
sympathization leads to an increase in
the diameter of blood vessels, delays
the formation of their multidimension-
al structure, and the preservation of a
predominantly linear orientation, which
is characteristic of early development.
There is also a decrease in the distance
between the vascular wall and the area
of the neuromuscular synapse, which
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indicates a change in the level of met-
abolic reactions (Kovrigina & Filimon-
ov, 2013). Identical data on vascular
diameter were obtained in heifers with
different ANS tones. They increased the
Kernogan index (the ratio of the thick-
ness of the middle membrane of the vas-
cular wall to the width of the lumen of
the vessel) in parallel with the growth
of sympathicotonia in animals and vice
versa (Demus, 2010).

The inter regulatory work of the sym-
pathetic and parasympathetic divisions
of the ANS ensures the precise function-
ing of tissues and the regulation of the
metabolism of proteins, carbohydrates,
fats, minerals, and biologically active
substances. The ANS provides constant
adaptation to changes in the internal
and external environment. As a result of
violation or imbalance of these depart-
ments of the ANS in the body, there are
persistent disorders of hemodynamics,
functioning of endocrine organs, cata-
bolic or anabolic processes begin to pre-
dominate (Wehrwein et al., 2016; Zhu-
kov et al., 2020). At present, the effect
of the ANS on protein metabolism has
not been sufficiently studied (McCorry,
2007; Postoi et al., 2019). Therefore, re-
search in this direction is relevant.

Purpose. To determine the effect of
different ANS tones on serum protein
metabolism in chickens during the peri-
od of their rearing.

Materials and methods
of research

Studies of protein metabolism de-
pending on the tone of the ANS were
performed on broiler chickens Cobb
500 strain, aged 35, 45, and 60 days in
accordance with international bioeth-
ical requirements set out in Directive
86/609/EEC on the Protection of Ani-

mals Used for Experimental and Other
Scientific Purposes (Louhimies, 2002)
and the Law of Ukraine On Protection of
Animals from Cruelty (Law of Ukraine,
2006). Determination of the ANS tone
was performed by the method of var-
iation pulsometry (Tybinka, 2011). At
least 100 consecutive cardio intervals
were recorded for 20-30 s with a port-
able electrocardiograph (EK3T 01-RD,
Russia) (Studenok et al., 2020). Alliga-
tor electrodes were placed according
to standard electrocardiography (ECG)
protocols in poultry in the shoulders and
legs (Tybinka, 2011; Reddy et al., 2016).
Experimental animals, depending on
the tone of the ANS were divided into 3
groups: sympathicotonics, in which the
indicators of the mode of the duration of
the cardiac cycle (Mo) were 0.14-0.16 s,
the amplitude of the mode (Amo) — >
45%; normotonics (Mo — 0.16-0.17 s,
Amo — 40-45%); vagotonics (Mo —
0.18-0.21 s, Amo — <40%) (Studenok et
al., 2020). Venous blood for biochemical
studies was taken from the subcutaneous
vein of the shoulder after a 2-hour fasting
diet (Bayer et al., 2012). The venipunc-
ture site was cleaned of dirt, disinfect-
ed with 70% aqueous solution of ethyl
alcohol, skin anesthesia was performed
with gel (Kategel, Austria) based on li-
docaine (Bayer et al., 2012). The content
of total protein in blood serum was de-
termined by biuret reaction (Levchenko
et al., 2002), albumin-method with bro-
mocresol green (Levchenko et al., 2002)
on a semi-automatic biochemical ana-
lyzer (Biosystems A15, Spain) using a
set of reagents (Pointer Scientific, USA)
according to the manufacturer's instruc-
tions, and the content of globulins — by
calculating the difference between the
content of total protein and albumin.
Statistical processing of the results was
performed in the Statistica 6 program
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with the determination of averages and
their errors, the probability of difference
between groups, correlation (Pearson's
method) and analysis of variance of the
data (one-way analysis of variance) was
performed in Microsoft Excel.

Results of the research and their
discussion

The dynamics of the content of total
protein and its fractions in blood serum
of chickens with balanced ANS tone in
the period of 35-60 days of rearing was
characterized by a decrease (Fig. 1-3).
In particular, the content of total protein
(Fig. 1) decreased by 2.20 g/L (3.0%),
albumin — by 1.10 g/L (5.5%), globulins

— by 1.05 g/L (4.4%) within the trend.

A similar pattern was observed in
chickens with a predominance of the
sympathetic tone of the ANS. The con-
tent of total protein was the same for 35-
and 60-days-old with a slight increase at
the age of 45 days (1.50 g/L; 3.6%). The
content of globulin fraction (Fig. 3) at
the age of 45 days also increased by
(1.20 g/L; 5.2%) with a subsequent de-
crease to the 60th day. The content of
albumins (Fig. 2) increased slightly by
0.60 g/L (3.1%).

With age, there is a balance of met-
abolic processes, the transition from
intensive growth, and an increase in
muscle mass in the plateau of stable
indicators (Filipovi¢ et al., 2007; Pi-
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Fig. 1. Dynamics of the total protein content in serum of chickens with
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Fig. 3. Dynamics of globulin content in serum of chickens with different tones
of the autonomic nervous system, n =8

otrowska et al., 2011). This is especially
noticeable in chickens with a predom-
inance of the parasympathetic tone of
the ANS, in which protein metabolism
gradually increased and at the 60th day
of age approached the results of animals
with a dominant sympathetic and bal-
anced tone of the ANS.

Vagotonic chickens had a steady
increase in the content of total protein
and its fractions. Thus, between the 45-
and 60-day period, the content of total
protein and globulins increased rapid-
ly by 5.50 g/L (13.1%; P < 0.001) and
5.10 g/L (21.3%; P < 0.001), respec-
tively. The albumin fraction showed
only a tendency to increase the content
by 1.00 g/L (5.6%).

It should be emphasized that at
the age of 35 and 45 days normotonic
chickens compared to vagotonic had a
significantly higher content of total pro-
tein (P < 0.001); albumins (P < 0.01—
0.001), and globulins (P < 0.01-0.001)
in serum. A similar pattern concerning
these proteins was observed in sympa-
thicotonic chickens compared with vag-
otonics at the age of 35 (P < 0.05) and
45 (P < 0.001) days. Chickens with a
predominance of parasympathetic tone
compared with sympathicotonic had a
significantly higher content of globulins

only at the age of 60 days (P <0.01).

The content of total protein and its
fractions in different periods of rearing
may depend on many factors: the lev-
el of feeding, protein content in feed,
intensity and rate of growth and devel-
opment of the organism (Filipovi¢ et
al., 2007; Piotrowska et al., 2011), age
of the animal (Kuznyak & Savchuk,
2017). Different ANS tone, in our opin-
ion, also affects the fluctuations of total
protein, albumin, and globulins because
the dominant effect of the sympathet-
ic branch of the ANS is accompanied
by an increase in catabolic processes
in animals and humans (Morozova et
al., 2016), which may cause statistical
differences between indicators. The
authors (Morozova et al., 2016) note
that in vagotonic animals, due to rapid
growth, weight gain, and trophic effects
of parasympathicotonia, registered a
decrease in total protein and its compo-
nents in serum. Similar data were ob-
tained in vagotonic chickens at the 35th
and 45th days of age (Fig. 1-3).

Note that our results correlate with
studies to determine the effect of dife
ferent ANS tones on the intensity of
growth of chickens, which revealed the
relationship between the dominance of
the parasympathetic system of higher
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productivity of chickens during the
period of its rearing. A bird with a
balanced tone, on the contrary, had
the lowest absolute and average daily
weight gain (Shnurenko et al., 2020).
Vagotonics and sympathicotonics in
comparison with normotonics are
characterized by a higher content of
essential and non-essential amino acids
in blood serum (Studenok et al., 2020;
Studenok et al., 2021). It should be
noted that the globulin fractions, which
consist of a-, B-, and y-globulins can
also increase due to chronic and acute
inflammatory processes, changes in the
environment, and the body's adaptation
to them (Tothova et al., 2019). Some
authors report a physiologically low
level of y-globulin fraction in chickens,
which usually increases during the
growth of poultry with other peptides
(Povoznikov & Pustovaya, 2013).
Similar studies have shown an increase
in total protein, albumin, and globulin
levels by day 3242 of meat-fattening
poultry, which occurs during periods
of intense growth (Filipovi¢ et al.,
2007; Piotrowska et al., 2011). Other
publications suggest that fluctuations in
the content of protein fractions in serum

of chickens depend on the needs of the
body and the period of their rearing.
According to the author (Repko, 2015),
the protein content increased during
the period of intensive egg-laying and
tended to decrease after it.

Interactions between the content of
total protein, albumin, globulins and
body weight of chickens in all exper-
imental groups had a rectilinear rela-
tionship at the 35th day of age with a
predominance in vagotonic chickens
(Table 1).

They showed a close correlation
between the content of total protein,
albumin, and body weight (P < 0.001).
Sympathicotonic chickens aged 45 and
60 days showed a sharp change in the
direction of the correlation, mostly in
the negative direction compared to the
previous period. Normotonics at the age
of 45 days had a significant (P < 0.01—
0.001) close correlation between the
content of total protein, globulins, and
body weight, which changed to negative
on the 60th day of life. In contrast, in
birds with a predominance of excitabili-
ty of the parasympathetic division of the
ANS, a significant positive correlation
was observed between the content of to-

1. Correlation of the content of protein fractions in serum with body weight
of chickens in different age periods of rearing, r (n = 8)

35 days 45 days 60 days
= = g
Indexes g é g g g g g g g
2 5 2 = 2 g 5
= | & 2 i 5 c = | 2 2
ﬁ O Ho O ﬁ <t O
2‘;fgp‘;’t;‘igc}éttonics) 0.792% | 0.768% | 0.690 | -0473 | 0513 | 0240 | -0212 | -0262 | -0.083
Body weight 0.789* | 0497 | 0.716* | 0.908** | 0205 |0.936***| -0.441 | -0473 | -0.414
(normotonics)
Body weight 0.927%+%| 0.886** | 0.699 | 0260 | -0.103 | 0385 | 0.707* | 0230 | 0.809*
(vagotonics)

Note: * P <0.05; ** P<0.01; *** P<0.001 — reliability of correlation coefficients.
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tal protein, globulins, and body weight
at the age of 60 days.

The concentration of protein frac-
tions in serum of chickens and their
interaction with weight gain over the
entire study period, in our opinion, de-
pends on the neuro-humoral effect on
the metabolism of these compounds,
the intensity of animal growth, and diet.
Similar results were obtained in studies
(Demus, 2010; Demus, 2013), where
animals with a predominance of the
parasympathetic ANS tone had higher
measurements, body weight, and size of
individual heart structures compared to
sympathicotonics. In fish (rainbow trout
Oncorhynchus mykiss) the positive
effect of the vagus nerve on the hypo-
thalamic protein AMPKo2, which par-
ticipates in the control of energy homeo-
stasis throughout the body by regulating

feed intake (increased productivity),
thermogenesis, metabolism in the liver
and muscles (Conde-Sieira et al., 2020).
Other studies have shown a direct effect
of vagotonia on weight gain and hunger
due to the action of neuropeptides Y and
AgRP on nutrient-sensitive areas of the
hypothalamus and subsequent hyper-
phagia (Grechko et al., 2018).

The effect of different ANS tones on
the content of protein components de-
pending on the age of the bird is diverse
and has a general tendency to decrease
depending on the growth of chickens.
This is evidenced by the results of anal-
ysis of variance with the definition of
the main indicator of the force of influ-
ence 12x (Table 2).

The growing period of 35 days was
characterized by a significant effect of
vagotonia and normotony on the content

2. The effect of different ANS tones on the content of protein fractions
in serum of chickens, n2x (n = 8)

35 days
Indexes . . . :
Sympathicotonia Normotonia Vagotonia
Total protein 0 0.39%* 0.37%*
Albumin 0 0.26* 0.25%
Globulins 0 0.37** 0.35%*
45 days
Indexes - - - -
Sympathicotonia Normotonia Vagotonia
Total protein 0 0.32%* 0.65%**
Albumin 0 0.19% 0.19%
Globulins 0.1 0.22% 0.61%%*
60 days
Indexes - - - -
Sympathicotonia Normotonia Vagotonia
Total protein 0.08 0 0
Albumin 0.04 0 0.12
Globulins 0.24* 0 0.15

Note: * P < 0.05; ** P <0.01; *** P <0.001 — reliability of the main indicator of the force

of influence 1’ .
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of all fractions of protein in serum (P <
0.05—-0.01) and the complete absence of
such effects in sympathicotonics with a
subsequent slight increase to the 60th
day and a significant effect on the con-
tent globulins (P < 0.05). In contrast, the
period of 45 and 60 days in vagotonic
animals differed in the pronounced ef-
fect of the parasympathetic branch of
the ANS on the content of blood pro-
teins (P < 0.05-0.001).

The ratio of albumin to globulin
(A/G) in 35-day-old chickens did not
differ much in different experimen-
tal groups with a slight predominance
in vagotonics by 3.4%. Chickens of
45-days-old with a predominance of the
parasympathetic ANS tone had a signif-
icantly higher A/G ratio compared to
sympathicotonics by 13.7% (P < 0.05)
and within the trend — with normoton-
ics by 9.5%. The 60-days-old bird had
opposite ratios of protein fractions. In
sympathicotonic chickens, A/G ratio
was statistically higher than in normo-
tonics by 8.8% (P < 0.05) and vagoton-
ics by 16.5% (P < 0.01) (Fig. 4).

The authors (Taldykina & Semenyu-
tin, 2021) in their research claim that the
decrease in the albumin fraction of pro-

teins may be associated with their use
as a plastic material during the intensive
growth of chickens. Instead, there are
conflicting data that suggest that based
on the detected increase in the ratio of al-
bumin to globulins due to the former, we
can indirectly talk about increased meat
productivity, and globulins — increased
egg production (Povoznikov & Pus-
tovaya, 2013; Pushkarev et al., 2021).
After all, the higher the value of A/G,
the more intense the protein metabolism,
which, in turn, affects the state of the
whole organism (Pushkarev et al., 2021).

It should be noted that protein me-
tabolism also depends on higher nervous
activity, which performs the finest regu-
lation of physiological processes in the
body, including through the ANS. Stud-
ies by domestic authors have established
a direct effect of different types of high-
er nervous activity on protein metabo-
lism and productivity of pigs and cattle
(Danchuk et al., 2020). Animals with a
strong balanced higher nervous activity
type had a higher content of total pro-
tein and albumin compared to a weak
one; productivity in these animals also
prevailed over the latter. The content of
essential amino acids (valine, proline,

0.8 -
0.6 -
0.4 -
0.2 -

Albumin-globulin ratio

35 45
Age of chickens, days

B Sympathicotonia
= Normotonia

mVagotonia

60

Fig. 4. Albumin-globulin ratio in different periods of rearing in chickens with
different tones of the autonomic nervous system, n = 8

Note: * P <0.05; ** P <0.01 — compared with sympathicotonics.
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and glycine) in individuals with a weak
type of higher nervous activity was low-
er compared to other groups (Vasyliv et
al., 2020).

It should be noted that the justifica-
tion of these observations is based on the
statement about the multifunctionality of
blood proteins (Derho & Sereda, 2016).
Their concentration in serum directly
depends on the intensity of metabolism
and the needs of other tissues. Proteins
are also used as carriers of biologically
active substances, from which hormones
and enzymes are synthesized (Filipovié
et al., 2007; Piotrowska et al., 2011).

Thus, the studies found a relation-
ship between different ANS tones and
poultry productivity, total protein, albu-
min, and globulins in serum. The high-
est positive effect of parasympathicoto-
nia on the content of test substances and
weight gain in the period of 35-60 days
of age was noted.

Conclusions and future
perspectives

A significant difference in the con-
tent of total protein, albumin, and se-
rum globulins in chickens with different
tones of the autonomic nervous system
in different periods of rearing is a man-
ifestation of the influence of the auto-
nomic nervous system on protein me-
tabolism.

The influence of the dominant tone
of the parasympathetic division of the
autonomic nervous system is character-
ized by an increase in total protein and
its fractions in the period from the 35th
to the 60th day of growing chickens. In
normotonics, the studied indicators, on
the contrary, tend to decrease. In sym-
pathicotonic chickens, significant fluc-
tuations in the content of serum proteins
are mostly absent.

The established correlation between
the content of total protein, albumin,
globulins and body weight of chickens
indicates a direct relationship between
protein metabolism and productivity of
chickens, which depends on the tone of
the autonomic nervous system in differ-
ent periods of rearing.

A significant effect of parasympa-
thetic and balanced autonomic nervous
system tone on the content of protein
fractions in serum of chickens aged 35
and 45 days, as evidenced by the albu-
min-globulin ratio, which decreases to
the 60th day of rearing with a parallel
significant correlation of total protein
and albumin, body weight of the bird.

In the future, it is planned to inves-
tigate the effect of different autonomic
nervous system tones on the content of
micro- and macroelements, hormones
in serum of chickens.
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AHomauyia. [07108Ha ponb y NIOMPUMAHHI YHKYiOHY8AHHA opaaHiamy, (ioeo pocmi ma
p038UMKY Hanexcume 6inky. BiH 6epe y4acme y hopmysaHHi M’308020 KapKacy ma exooume 00
cKkn1ady pepmeHmis, Helipomediamopis, 20pMoHie. Brisiue aemoHOMHOI Hepeogoi cucmemu Ha me-
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mab6oni3m 3a2a16H020 binKa susyeHuUli He docmamHbo. Bidomo, wo a8MoHOMHaA Hepeosa cucme-
Ma — ye cmpykmypa, AKa 8i0rnosidae 3a 20Meocmas ma cmasicme ycb020 op2aHismy. BoHa bepe
y4dacme y peaynoeaHHi pobomu cepuys, 307103 8HYMPpIWHbLOI Ma 308HIWHbLOI cekpeyii, mpasHo20
mpakmy, opaaHie 8udineHHa Moujo.

Y nposedeHux Hamu 0ocnidxeHHax 6yno ecmaHosneHo, wo 8 Kypeli kpocy Kob6 500 8 pi3-
HUM MOHYCOM a8MOHOMHOI Hep808oi cucmemu 8rpodosic nepiody supowyeaHHs 3 35 0o 60 0obu
crnocmepizasca pizHuli micm 3a2asn6Ho20 6inka, anebymiHy, 2n06byniHie ma peecmpysanacs Heo-
OHaKosa maca mina. Kypu-8a2omoHiku 0eMoHcmpy8anu HaliHUMYi MOKA3HUKU 6iIkoeo2o 0bMiHY
y 8iyi 35 ma 45 0i6 (P < 0,05—-0,001) nopisHt4U 3 CUMNTAMUKOMOHIKAMU Ma HOPMOMOHIKamU,
AKi Manu meHOeHyito 0o 3pocmaHHAU 8 nepiod mixc 35 ma 60 0060k BUPOWYBAHHA MOPIBHIOYU
3 iHWuUmu epynamu nmuyj, 0e 00cnioxysaHi 6inKkosi ppaKyii HABMAKU 3HUXYBAUCS.

KopenayiliHi 830emM038°A3KU MixC 302a7ab6HUM BinKOM, anbbYMIHOM Mma Maco mina nmuyi
Manu 8UCOKY niHiliHy 3anexHicmeo 8 ycix epynax Kypel (P < 0,05-0,001) ma HecamugHy 3asex-
Hicmb y nepiod mixc 45 ma 60 006010 8UPOWYBAHHA 8 CUMIAMUKOMOHIKI6 Mma HOPMOMOHIKI8.
Y nmuyi i3 0oMiHy8aHHAM NapacuMnamuyHo20 MoHyCy a8MOHOMHOI HepP8o8oI cucmemMu Maka
Kopensayia 36epeana c80e HANPasaeHHs i3 8ucokoro docmosipHicmio (P < 0,05) mix« macoro mina
ma 3aa6HUM 6inkom Ha 60 006y 8UPOWYBAHHS.

Knrovoei cnoea: cuMnamuKomMOoHisi, B020MOHisl, HOPMOMOHIs, Memaboniam binKa, anbOyMiH,
2106yniHU
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