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period of active egg-laying, which begins after 
150 days. To regulate metabolic mechanisms, 
sources of readily available energy, such as 
carbohydrates, and oxygen, which are used for 
the formation of adenosine triphosphate, are 
necessary. V. Grechkina et al. (2023) found that 
for the sustainable development of poultry and 
to ensure high productivity, it is necessary to 
consider the specific impact of several leading 
factors on individual links of metabolism for ef-
fective and timely adjustment. In this case, the 
first step is to adjust the feeding ration of lay-
ing hens, which for most of their lives have an 
intensive metabolism that is constantly chang-
ing. Moreover, upon reaching peak productivity, 
the intensity of metabolism in the bird’s body 
gradually decreases not only due to changes in 

Introduction

Laying hens, during periods of intensive 
growth, development, and peak productivity, 
utilise significant quantities of minerals and 
energy-rich substances. The absorption of min-
erals in poultry is influenced by a multitude of 
factors, including age, diet, housing conditions, 
and neurohumoral regulation. Therefore, con-
sidering the specific molecular mechanisms 
maintaining homeostasis in laying hens under 
the influence of various exogenous and endog-
enous factors will contribute to their effective 
use in production to stimulate the growth and 
development of poultry and ensure consistently 
high productivity.

S. Pirzado et al. (2024) demonstrated that a 
significant amount of minerals, particularly cal-
cium and phosphorus, are expended during the 

in conjunction with the regulatory impact of varying autonomic nervous system tones, is crucial 
for addressing numerous issues related to improving poultry egg production. This study aimed 
to determine the effects of autonomic nervous system tone on the intermediary metabolism of 
minerals, carbohydrates, and proteins in laying hens. The research involved Hisex Brown hens. 
Experimental groups were formed based on the results of electrocardiography and a variational 
pulsometric study, followed by statistical analysis of the initial data. This approach facilitated 
the classification of the laying hens into three experimental groups: normotonic, sympathotonic, 
and vagotonic. Analysis of specific biochemical parameters in the blood serum of the laying hens 
revealed a significant increase (P < 0.001) in glucose levels in sympathotonic hens, characterised 
by the predominant influence of the sympathetic nervous system, compared to the other two 
groups – normotonic and vagotonic hens. The highest calcium concentrations were observed in 
the blood serum of vagotonic hens, characterised by predominant vagotonic activity (P < 0.001) 
compared to birds in other experimental groups. Phosphorus concentrations in the blood serum 
of normotonic hens, marked by a balanced influence of the sympathetic and parasympathetic 
nervous systems, were the lowest (P < 0.01) compared to vagotonic and sympathotonic hens. The 
highest haemoglobin levels were recorded in the whole blood of normotonic hens (P  <  0.001) 
relative to other experimental groups. The findings demonstrated a correlation between the 
activity of the autonomic nervous system and the levels of phosphorus, calcium, glucose, and 
haemoglobin in the blood of laying hens. Identifying the individual characteristics of autonomic 
regulation of metabolic processes in laying hens can facilitate the development of scientifically 
grounded approaches to ration balancing, thereby enhancing productivity in poultry production

Keywords: poultry; normotonic; sympathotonic; vagotonic; mineral substances; carbohydrates
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internal processes but also as a result of a de-
crease in the efficiency of nutrient absorption 
in the intestine, which further progresses with 
increasing age (Anene, 2023).

The content of phosphorus and calcium in 
the tissues and fluids of laying hens undergoes 
the most significant changes during the period 
of active egg-laying, particularly during the pro-
duction phase. M. Sinclair-Black et al. (2023) es-
tablished that approximately 20-40% of calcium 
is mobilised from the bird’s body stores for the 
formation of eggshells. It is during the night-
time period that the expenditure of calcium 
and phosphorus increases, which is explained 
by the lower consumption of feed. Therefore, 
the deficiency of minerals is compensated for at 
the expense of the medullary bone with highly 
organised hydroxyapatite crystals, which accel-
erates the conversion of hydroxyapatite during 
egg formation. O.  Umoren  et al.  (2024) found 
that hydroxyapatite consists primarily of 20% 
calcium and 80% phosphorus. As a result of the 
mobilisation of minerals for eggshell forma-
tion, a significant amount is expended, and the 
remainder is utilised to prevent the body from 
becoming intoxicated.

C. Zhang  et al.  (2023) and Z.  Cao  et 
al.  (2023) noted that any processes of synthe-
sis and breakdown of nutrients, their absorp-
tion and metabolism, consume energy. The 
most efficient and rapid method of obtaining 
energy for the organism is the breakdown of 
carbohydrates, which are more accessible and 
less costly in terms of energy expenditure for 
their oxidation compared to lipids. For poul-
try, which is characterised by a high intensity 
of metabolism, especially mineral metabolism, 
the glucose content indicator is quite impor-
tant. It is also worth noting that the process 
of carbohydrate utilisation by the organism is 
closely related to the level of oxygen supply, 
which significantly depends on the haemoglo-
bin content in the blood. The results of these 

scientists’ research showed that an energy 
deficit in Rugao and Hyline Brown laying hens 
during the growth phase led to a delay in their 
sexual maturation and the development of re-
productive organs compared to a group of birds 
that received a balanced diet. A significant role 
in the reproductive ability of poultry is played 
by the factor of the intensity of follicle forma-
tion. Moreover, the energy value of feeds in the 
diet affects the regulation of follicle matura-
tion and egg formation, and with the help of 
sex hormones and their metabolites, the high 
reproductive function of poultry is maintained.

Y. Xiao et al.  (2023) established a link be-
tween mineral metabolism and the individual 
characteristics of the nervous system. Their 
study describes the mechanisms of interocep-
tion in the regulation of homeostasis in bone 
tissue, which includes central modulation, pri-
marily associated with the activation of osteo-
cytes, osteoblasts, and osteoclasts. The hypo-
thalamus has a significant impact on nervous 
processes in the body, which occurs indirectly 
through the autonomic nervous system by re-
leasing neuropeptides and specific neuroendo-
crine mechanisms. This regulates the process 
of differentiation of mesenchymal stem cells, 
activates osteoclasts, and ensures the function-
ality of bone cells. Through specific signals, the 
central nervous system maintains stability in 
the bird’s body by influencing numerous molec-
ular processes (Bahuti et al., 2023). Signals from 
osteoblasts are important in skeletal interocep-
tive pathways, which facilitate the conversion of 
substances in bones through sensory nerve axes 
and maintain hypothalamic-sympathetic tone.

A. Studenok et al. (2021) demonstrated that 
sympathotonic poultry exhibit higher levels of 
free amino acids in blood serum compared to 
normotonic and vagotonic birds. Conversely, 
vagotonic chicks showed significantly elevat-
ed levels of serine and glycine relative to those 
in normotonic chicks. The researchers also  
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observed a strong correlation between the con-
centrations of the studied free amino acids in 
normotonic birds. Vagotonic poultry displayed 
the highest correlation values between heart 
rate, autonomic nervous system tone, and free 
amino acid levels. A relationship was identified 
between the activity of the autonomic nerv-
ous system, body weight in chickens, and the 
total protein content in blood serum (Ekinci et 
al.,  2023). Furthermore, the degree of corre-
lation between serum total protein levels and 
body weight in chicks was influenced by auto-
nomic nervous system tone. Fisher’s test con-
firmed a significant effect of a balanced sym-
pathovagal balance on serine, valine, glycine 
levels, and body weight dynamics in chickens. 
The authors highlighted the significant impact 
of autonomic nervous system tone on the body 
weight of vagotonic poultry. This study aimed 
to identify the regulatory patterns of the auto-
nomic nervous system’s influence on haemo-
globin levels and the indicators of mineral and 
carbohydrate metabolism in laying hens.

Literature Review
A. Abun et al. (2023) and S. Elnesr et al. (2024) 
determined that calcium and phosphorus are 
crucial dietary micronutrients for skeletal de-
velopment in animals. They rank third among 
other known feed nutrients alongside crude 
protein and energy components. The require-
ments for these minerals depend on the bird’s 
age, body structure, and genetics. In particular, 
calcium is known for its role in ensuring neu-
rohumoral regulation of molecular processes 
and significantly influences chondrocyte mat-
uration. Phosphorus affects chondrocyte ap-
optosis and is important for anabolic process-
es in bone tissue, specifically being directly 
involved in the synthesis of phospholipids and 
nucleotides, ensuring bone integrity during 
egg formation in hens and the maturation of 
growth plates.

Q. Zhang  et al.  (2023) determined the re-
lationship between calcium and phosphorus 
content in the diet and their absorption rate in 
chickens. The authors found that with a calci-
um content of 2% in the diet, its absorption was 
significantly better compared to a diet where its 
concentration was 3.45%. The researchers also 
proved that chickens aged 13 to 20 weeks bet-
ter absorbed calcium at a concentration of 1.1% 
and phosphorus at a concentration of 0.55%. 
P. Du et al. (2023) investigated the relationship 
between glucose content in the bird’s body and 
breed. As a result, it was established that Arbor 
Acres broiler chickens, which develop inten-
sively, had a lower concentration of glucose in 
the blood and a higher clearance rate compared 
to breeds of traditional Chinese black-skinned 
chicken and Silky chickens, as well as slower 
growth. In addition, Arbor Acres broiler chick-
ens showed a slower increase in blood glucose 
concentration after oral administration of a 
glucose solution than in Silky chickens at both 
21 and 42 days of age (P < 0.05).

Researchers linked this to decreased pan-
creatic insulin expression and increased tran-
scription of glucose transporter 2 and phos-
phoenolpyruvate carboxykinase 1 in the liver 
of Arbor Acres broiler chickens (P < 0.05). As a 
result of feed restriction in Arbor Acres broil-
er chickens from 7 to 21 days, fasting blood 
glucose levels and the rate of response to oral 
glucose administration increased at 21 days 
(P < 0.05). Improvement in serum glucose con-
centration after three weeks of compensatory 
growth occurred due to early feed restriction in 
Arbor Acres broiler chickens. Feed restriction in 
broiler chickens contributed to increased blood 
glucose levels against the background of chang-
es in pancreatic insulin production at 21 and 42 
days and also reduced the expression of catalyt-
ic glucose-6-phosphatase, phosphoenolpyru-
vate carboxykinase 1, and glucose transporter 2 
in hepatocytes at 21 days (P < 0.05).
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I. El-Ratel  et al.  (2024) demonstrated that 
increasing the retinol content in broiler chick-
en feed is a factor influencing blood parameters 
and the body’s antioxidant defence. In newly 
hatched chicks, all dietary supplements with 
varying levels of vitamin A caused an increase in 
the blood (P < 0.05) chromoprotein content, red 
blood cell count, and an increase in total pro-
tein and IgA levels in the serum, which was si-
multaneously accompanied by a decrease in the 
percentage of eosinophils and aspartate ami-
notransferase activity. Dietary vitamin A sup-
plements from 4,000 to 8,000 IU/kg also contrib-
uted to positive changes in lymphocyte count, 
total antioxidant activity of blood serum, IgM 
content, which caused a decrease in the num-
ber of heterophils, the heterophil/lymphocyte 
ratio, and creatinine concentration in the blood 
serum of hatched chicks. The authors noted that 
adding a dietary supplement with vitamin  A 
(6,000 IU/kg) to feed significantly improved the 
reproductive performance and antioxidant sta-
tus of laying hens and the haematological, bi-
ochemical, antioxidant, and immune status of 
their offspring. Therefore, research into param-
eters such as phosphorus, calcium, glucose, and 
haemoglobin in laying hens is highly relevant. 
During the period of active growth and peak 
productivity of birds, the role of these feed com-
ponents is quite significant, and their participa-
tion in metabolism and the synthesis of organ-
ic substances is one of the most important. It 
should be noted that the correction of phospho-
rus, calcium, glucose, and haemoglobin levels in 
the bird’s blood should be based not only on an 
assessment of feed components but also on fac-
tors that can affect the absorption processes of 
these key elements and the intensity of carbo-
hydrate and protein synthesis in the organism.

Materials and Methods
The experiments were conducted during 2023-
2024 on Hisex Brown hens at the facilities of 

LLC “MP-Dobrobut” in Snovsk, Chernihiv Re-
gion, Ukraine. All procedures involving the 
birds were carried out in strict accordance with 
the principles of bioethics, as outlined in the 
Law of Ukraine No. 3447-IV “On the Protection 
of Animals from Cruelty” (2006), the European 
Convention for the Protection of Vertebrate An-
imals Used for Experimental and Other Scien-
tific Purposes (European Convention…,  1986), 
and the General Ethical Principles for Experi-
ments on Animals adopted by the First National 
Congress on Bioethics (Procedure…, 2012).

Experimental groups were established 
using electrocardiographic analysis with the 
Heart Mirror IKO device (Innomed, Hungary), 
which records three-minute electrocardio-
grams by detecting the electrical potentials of 
the heart. The data were subsequently ana-
lysed using variational-pulsometric methods 
to determine individual characteristics of au-
tonomic nervous system tone. Based on the 
results, three experimental groups of five birds 
each were formed: normotonic hens (with a 
balanced sympathovagal tone), sympathoton-
ic hens (characterised by the predominance 
of sympathotonic tone over parasympathetic 
tone), and vagotonic hens (characterised by the 
predominance of parasympathetic tone over 
sympathetic tone).

Blood samples were collected in the morn-
ing following a two-hour fasting period. The 
site for blood collection was pre-treated with 
a 70% ethanol solution and anaesthetised us-
ing a lidocainebased gel. Blood was obtained 
via puncture of the wing vein. To prepare se-
rum, blood samples were incubated for one 
hour at 37°C in a thermostat, followed by set-
tling at room temperature. Biochemical anal-
ysis of the blood serum was performed using 
a LabLine-010 spectrophotometer (Austria). 
Glucose levels in the biological material were 
determined using a test system provided by 
Granum Laboratory LLC (Kharkiv, Ukraine). 
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Measurements were conducted under the fol-
lowing conditions: wavelength 505 nm (range: 
490-550 nm), cuvette optical path length 10 
mm, and temperature range 15-25°C. The glu-
cose concentration in the test samples was cal-
culated using the formula:

С𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = Е𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
Е𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

× С𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   ,                     (1)

where Сexp is the glucose concentration in the 
test sample (mmol/L), Eexp is the extinction of 
the test sample, Еstd is the extinction of the 
standard sample, and Сstd is the glucose concen-
tration in the standard sample (10.0 mmol/L).

Haemoglobin levels in whole blood were 
determined using a reagent kit provided by 
Granum Laboratory LLC (Kharkiv, Ukraine). 
The measurements were performed under the 
following conditions: wavelength range 520-
560 nm, cuvette optical path length 10 mm, 
and temperature range 15-25°C. The haemo-
globin concentration was calculated using 
the formula (1), where Сexp is the haemoglobin 
concentration in the test sample (g/L), Еexp is 
the extinction of the test sample, Еstd is the ex-
tinction of the standard sample, and Сstd is the 
haemoglobin concentration in the standard 
sample (150.0 g/L).

Calcium content was determined using 
a reagent kit from Granum Laboratory LLC 
(Kharkiv, Ukraine). Measurements were per-
formed under the following conditions: wave-
length 570  nm (range: 550-590  nm), cuvette 
optical path length 10 mm, and temperature 
range 15-25°C. Data were calculated using the 
formula (1), where Сexp is the calcium concen-
tration in the test sample (mmol/L), Еexp is the 

extinction of the test sample, Еstd is the ex-
tinction of the standard sample, and Сstd is the 
calcium concentration in the standard sample 
(2.5 mmol/L).

Phosphorus content was determined us-
ing a reagent kit from Granum Laboratory LLC 
(Kharkiv, Ukraine). The conditions for meas-
urement included a wavelength of 340  nm, a 
cuvette optical path length of 10 mm, and a 
temperature range of 15-25°C. Data were cal-
culated using the formula (1), where Сexp is the 
phosphorus concentration in the test sample 
(mmol/L), Еexp is the extinction of the test sam-
ple, Еstd is the extinction of the standard sample, 
and Сstd is the phosphorus concentration in the 
standard sample (1.45 mmol/L).

Statistical analysis was performed using 
the data analysis toolkit in Microsoft Excel. 
Differences in biochemical parameters were 
calculated according to the t-Student’s test. 
Statistical significance was evaluated at levels 
of P < 0.001, P < 0.01, and P < 0.05. Quantitative 
differences in biochemical parameters were 
assessed relative to the normotonic hens, as 
this group exhibited a balanced sympathovagal 
tone, serving as a reference for comparison.

Results and Discussion
Based on the results of the study of individual 
blood parameters in poultry, using the spectro-
photometry method, the content of the follow-
ing biochemical markers of carbohydrate, pro-
tein, and mineral metabolism was established: 
glucose, calcium, phosphorus, and haemoglo-
bin in laying hens with a balanced sympathov-
agal balance, reflecting the normotonic tone of 
the autonomic nervous system (Table 1).

Table 1. Content of glucose, phosphorus, calcium,  
and haemoglobin in the blood of normotonic laying hens (n = 5)

Parameter NVO SE M SD Asym Мin Мax

Glucose (mmol/L) 5 0.23 11.58 0.38 0.19 11.00 12.20
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Based on the laboratory results (Table  1), 
the glucose content in the blood serum of birds 
with a balanced autonomic nervous system was 
found to range from 11.00 to 12.20 mmol/L, with 
an average of 11.58 ± 0.38 mmol/L. The variation 
in glucose levels among normotonic laying hens 
was relatively small at 1.20 mmol/L. The calcium 
content in the blood serum of normotonic lay-
ing hens ranged from 2.91 to 3.40 mmol/L, with 
an average of 3.10 ± 0.11 mmol/L. The variation 
in calcium content among normotonic laying 
hens was 0.49 mmol/L, indicating a small indi-
vidual variation in the content of this parame-
ter in biological samples of the studied birds in 
this group. The concentration of phosphorus in 
the blood serum of laying hens with a balanced 
sympathovagal tone of the autonomic nervous 
system ranged from 3.54 to 3.83 mmol/L, with a 
mean of 3.72 ± 0.07 mmol/L. Thus, the phospho-
rus content in normotonic laying hens showed 

a variation of 0.29  mmol/L, indicating some 
deviations in the values of the variation series 
of the studied parameter in biological samples. 
At the same time, the haemoglobin content in 
the blood of birds with a balanced sympatho-
vagal tone of the autonomic nervous system 
varied from 70.4 to 72.40  g/L, with a mean of 
71.29  ±  0.55  g/L. Thus, the content of chrom-
oprotein in biological samples of laying hens 
with a balanced sympathovagal tone showed 
differences in values of 2.14  g/L, indicating a 
small discrepancy in the results of the labora-
tory study of the corresponding parameter in 
samples of native blood.

Table 2 presents the results for glucose, 
calcium, phosphorus, and haemoglobin content 
in biological samples from birds with a predom-
inance of parasympathetic over sympathetic 
nervous system influence, reflecting a vagoton-
ic tone of the autonomic nervous system.

Note: NVO – number of valid observations; SE – standard error; M – mean; SD – standard deviation; Asym – 
asymmetry; Min – minimum value; Max – maximum value
Source: authors’ development

Table 2. Glucose, phosphorus, calcium,  
and haemoglobin content in the blood of vagotonic laying hens (n = 5)

Parameter NVO SE M SD Asym Мin Мax

Glucose (mmol/L) 5 0.16 10.59 0.27 -0.32 10.13 11.00

Calcium (mmol/L) 5 0.06 4.12 0.08 -1.96 3.91 4.20

Phosphorus 
(mmol/L) 5 0.23 5.13 0.36 -0.75 4.37 5.67

Haemoglobin (g/L) 5 0.33 65.12 0.45 0.58 64.20 66.24

Note: NVO – number of valid observations; SE – standard error; M – mean; SD – standard deviation; Asym – 
asymmetry; Min – minimum value; Max – maximum value
Source: authors’ development

Table 1. Continued

Parameter NVO SE M SD Asym Мin Мax

Calcium (mmol/L) 5 0.08 3.10 0.11 1.22 2.91 3.40

Phosphorus 
(mmol/L) 5 0.05 3.72 0.07 -1.17 3.54 3.83

Haemoglobin 
(g/L) 5 0.35 71.29 0.55 0.59 70.54 72.40
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According to the research data (Ta-
ble  2), the glucose content in biological sam-
ples from vagotonic laying hens ranged from 
10.13 to 11.00  mmol/L, with an average of 
10.59 ± 0.27  mmol/L. The variation in glucose 
levels in the blood serum of these birds was 
0.87  mmol/L, indicating minor fluctuations in 
the initial results of this biochemical parameter 
in biological samples from the studied birds. The 
calcium level in biological samples from vago-
tonic birds ranged from 3.91 to 4.20  mmol/L, 
with an average of 4.12  ±  0.08  mmol/L. The 
values of this parameter showed a variation 
of 0.29 mmol/L, indicating the stability of the 
studied parameter values in the biological sam-
ples of the experimental birds. The phosphorus 
level in biological samples from vagotonic birds 
ranged from 4.37 to 5.67  mmol/L, with an av-
erage of 5.13  ±  0.36  mmol/L. The variation in 

phosphorus content in the blood serum of vag-
otonic birds was 0.30  mmol/L, indicating no 
significant differences in the initial data from 
this study. The results of the haemoglobin lev-
el study in the native blood of vagotonic laying 
hens corresponded to a range from 64.20 to 
66.24  g/L, with an average of 65.12 ± 0.45 g/L. 
The parameters of this chromoprotein in the 
native blood of the studied birds showed differ-
ences of 2.04  mmol/L, indicating insignificant 
deviations in its initial data.

Table 3 presents the results of studies 
of individual biochemical profile parameters 
of blood: glucose, calcium, phosphorus, and 
haemoglobin in laying hens, which were char-
acterised by a predominant influence of the 
sympathetic nervous system over the parasym-
pathetic, reflecting the tone of the autonomic 
nervous system – sympathotonia (Table 3).

Table 3. Glucose, phosphorus, calcium,  
and haemoglobin content in the blood of sympathotonic laying hens (n = 5)

Parameter NVO SE M SD Asym Мin Мax

Glucose (mmol/L) 5 0.23 15.06 0.33 -0.50 14.30 15.70

Calcium (mmol/L) 5 0.04 2.74 0.07 -1.26 2.60 2.80

Phosphorus 
(mmol/L) 5 0.11 4.54 0.16 0.73 4.29 4.89

Haemoglobin 
(g/L) 5 0.34 66.56 0.58 0.38 65.86 67.44

Note: NVO – number of valid observations; SE – standard error; M – mean; SD – standard deviation; Asym – 
asymmetry; Min – minimum value; Max – maximum value
Source: authors’ development

The glucose concentration in serum sam-
ples of laying hens with sympathotonia was 
found to range from 14.30 to 15.70  mmol/L, 
with a mean of 15.06  ±  0.33  mmol/L (Ta-
ble 3). The variation in glucose content in bi-
ological samples from this group of birds was 
1.40  mmol/L, indicating no significant differ-
ences in the initial results of the studied pa-
rameter. The calcium content in the blood 

serum of birds with sympathotonia ranged 
from 2.60 to 2.80  mmol/L, with a mean of 
2.74  ±  0.07  mmol/L. The variation in calci-
um content in the blood serum of birds with 
sympathotonia was 0.20 mmol/L, indicating a 
small discrepancy in the initial results of the 
studied parameter.

The phosphorus concentration in the 
blood serum of laying hens with sympathotonia 
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ranged from 4.29 to 4.89 mmol/L, with an aver-
age of 4.54 ± 0.16 mmol/L. The variation in phos-
phorus content in biological samples from sym-
pathotonic birds was 0.60 mmol/L, indicating a 
small variation in the results for this parameter. 
The haemoglobin content in biological samples 
from sympathotonic birds varied from 65.86 to 
67.44  g/L, with an average of 66.56 ± 0.58 g/L. 
The variation in chromoprotein content in the 
native blood of this group of birds was 1.58 

g/L, also indicating small fluctuations in the 
absolute values of this parameter. The glucose 
concentration in biological samples of sympa-
thotonic laying hens (15.06 ± 0.33 mmol/L) was 
significantly increased by 30.1% (P <0.001) com-
pared to birds in the normotonic control group 
(11.58 ± 0.38 mmol/L), as shown graphically and 
also applies to the assessment of individual re-
sults obtained from birds in three groups, with 
five individuals in each (Fig. 1).

Figure 1. Glucose content (mmol/L) in the blood serum of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds
Source: authors’ development

Figure 2. Calcium content (mmol/L) in the blood serum of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds
Source: authors’ development

At the same time, the glucose content 
in biological samples from vagotonic laying 
hens (10.59  ±  0.27  mmol/L) was significantly 
decreased by 8.5% (P <0.05) compared to nor-
motonic hens (11.58 ± 0.38 mmol/L), as shown 
in Figure 1. The calcium level in laying hens 
with sympathotonia (2.74 ± 0.07  mmol/L) was  

significantly decreased by 11.6% (P <0.05) com-
pared to normotonic hens (3.10 ± 0.11 mmol/L), 
as shown graphically, demonstrating the char-
acteristics of individual changes in the param-
eters of the studied indicator when assessing 
the results obtained from birds in three groups, 
with five individuals in each (Fig. 2).
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However, the calcium content in bio-
logical samples from vagotonic laying hens 
(4.12 ± 0.08 mmol/L) was significantly increased 
by 32.9% (P  <0.001) compared to normotonic 
hens (3.10 ± 0.11 mmol/L), as shown graphical-
ly in Figure 2. The phosphorus concentration in 

sympathotonic laying hens (4.54 ± 0.16 mmol/L) 
significantly increased by 22.0% (P <0.01) com-
pared to normotonic hens (3.72 ± 0.07 mmol/L), 
as shown graphically when assessing indi-
vidual values obtained from birds in three 
groups, with five individuals in each (Fig.  3).
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Figure 3. Phosphorus content (mmol/L) in the blood serum  
of birds in experimental groups (n = 5)

Note: different colours represent variations in the autonomic nervous system tone in the experimental birds
Source: author’s development

The phosphorus content in biologi-
cal samples from vagotonic laying hens 
(5.13  ±  0.36  mmol/L) also significantly in-
creased by 37.9% (P <0.01) compared to nor-
motonic birds, as shown graphically in Figure 
3. The haemoglobin concentration in biologi-
cal samples from sympathotonic laying hens 
(66.56  ±  0.58  g/L) was significantly lower by 
6.6% (P <0.001) compared to normotonic birds 

(71.29 ± 0.55 g/L), as shown graphically and is 
important for the analysis of individual re-
sults obtained from birds in three groups, with 
five individuals in each (Fig.  4). The chrom-
oprotein content in biological samples from 
vagotonic laying hens (65.12  ±  0.45  g/L) was 
also significantly decreased by 8.7% (P <0.001) 
compared to normotonic birds, as shown 
graphically in Figure 4.
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M. Sinclair-Black et al.  (2023) demonstrat-
ed that mineral metabolism in poultry is crucial 
for the productive growth and development of 
laying hens. This is particularly true for calci-
um and phosphorus, especially during periods 
of active laying. It is also worth noting that the 
physiological course of metabolic reactions al-
ways consumes a certain amount of energy, 
which correlates with the level of carbohydrates 
in the tissues and bloodstream of poultry. The 
metabolism of these key elements depends 
on many exogenous and endogenous factors. 
S. Pirzado et al. (2024) noted that the best way to 
monitor the state of metabolism and determine 
the level of phosphorus, calcium, and glucose in 
the bird’s body is to conduct a combined assess-
ment of these indicators in the bird’s blood and 
their quantity consumed with feed. The trend 
towards studying the metabolism of these sub-
stances in laying hens by artificially changing 
the concentration of these components and as-
sessing their impact on the metabolic profile of 
the organism is becoming increasingly popular.

In their study, Y. Ren et al.  (2023) investi-
gated phosphorus metabolism in poultry, fo-
cusing on the influence of diet on phosphorus 
content in the organism. To achieve more ac-
curate results, the authors adjusted the phos-
phorus content in the diet by adding a feed sup-
plement based on cornsoybean meal without 
inorganic phosphates, which contained 0.12% 
phytic phosphorus. Five experimental diets 
were created (with non-phytate phosphorus 
levels of 0.10%, 0.15, 0.20, 0.25, and 0.30%). Ad-
ditionally, the researchers adjusted the calcium 
carbonate content to ensure all experimental 
diets contained the same percentage of this 
macroelement, specifically 3.81%. The exper-
iment was conducted on chickens aged 69-78 
weeks and lasted for 10 weeks. Such a dietary 
change had a negligible impact on the content 
of phosphorus, calcium, iron, copper, manga-
nese, and zinc in biological samples.

R. Sanmiguel  et al.  (2023) investigated 
calcium metabolism in poultry and assessed 
changes in calcium levels by examining the 
impact of dietary factors. Specifically, they an-
alysed the effects of adding humic substances 
and calcium carbonate (CaCO3) to the diet. The 
study was conducted using 55-week-old Hy-
Line Brown laying hens, which were divided 
into four groups. The first group received a diet 
without humic substances or CaCO3, the second 
group received an additional 2.00 g/bird per day 
of CaCO3, the third group received 0.20% humic 
substances, and the fourth group received both 
0.20% humic substances and 2.00 g/bird per day 
of CaCO3. The authors concluded that dietary 
adjustments were an effective way to influence 
calcium and phosphorus concentrations in the 
bird’s body, as changes in the dietary content of 
these elements significantly improved the over-
all condition of the birds, increasing their stress 
resistance and productivity.

N. Esenbuga & O. Ekinci (2023) conducted 
a study to identify factors influencing glucose 
concentration in laying hens and to evaluate 
methods for correcting blood glucose levels. 
The impact of various factors on glucose con-
centration was assessed by adjusting the birds’ 
diet. To achieve this, three groups of laying 
hens were formed and fed diets supplemented 
with extracts of thyme, anise, and black cumin. 
Results showed that the lowest serum glucose 
levels were observed in the group fed a diet sup-
plemented with anise extract, while the highest 
levels were found in the group fed a diet supple-
mented with thyme extract. Additionally, there 
was a significant interaction effect (P <0.0001) 
between the plant extracts on glucose concen-
tration in biological samples.

J. Alagbe  (2024) evaluated the impact of 
a dietary supplement, Cordyline fruticosa leaf 
meal, on the performance and haematological 
parameters of laying hens. Different concen-
trations of the supplement (10g, 20g, 30g, and 



123

Shuranova et al.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

40g) were added to the hens’ diet over a 90-day 
period. Results showed a negligible impact of 
the supplement on bird performance, such as 
weight gain and egg production. However, sig-
nificant differences were observed in haemo-
globin levels and red blood cell counts between 
the experimental and control groups (P < 0.05). 
S. Alsherify & A. Hassanabadi (2024) conducted 
a study to correct metabolism, immune status, 
and haematological parameters through die-
tary adjustments. Different levels of fructoo-
ligosaccharide (1g/kg, 2g/kg, and 3g/kg) were 
added to the diet of commercial Hy-Line W-36 
laying hens. However, no significant chang-
es were observed in haemoglobin levels or red 
blood cell counts in the laying hens.

Having analysed the scientific studies of 
other researchers and compared them to the 
results of their own study, the authors noted 
that the issue of regulating mineral and organ-
ic matter metabolism in poultry remains rele-
vant. The bird’s organism, especially during the 
laying period, undergoes significant metabolic 
shifts. At the same time, mineral metabolism is 
much more intense, as a large amount of min-
erals is used for egg formation. It is also worth 
noting the global trend of extending the laying 
period of laying hens. However, information 
from scientific sources regarding the use of var-
ious feed additives to improve bird performance 
yields ambiguous results. This is primarily due 
to the lack of a consistent pattern in forming 
experimental groups of birds. The authors also 
note that a preliminary analysis of metabol-
ic components, the same minerals and ener-
gy-rich compounds, is not carried out, and the 
assessment is conducted only after the applica-
tion of feed additives in poultry feeding. Con-
sidering the obtained results, the authors noted 
that the distribution of laying hens according to 
their autonomic nervous system tone indicates 
differences in the metabolism of minerals, car-
bohydrates, and proteins that do not go beyond 

physiological parameters, without the use of 
dietary changes. The established patterns of 
the influence of the sympathovagal balance on 
the intensity of individual links of metabolism 
in laying hens should be taken into account for 
scientifically sound correction of the bird’s diet.

Conclusions
The experiment revealed specific effects of the 
sympathovagal balance on quantitative param-
eters of certain biochemical blood indicators in 
laying hens, which characterise the intensity 
of the corresponding links of carbohydrate, 
mineral, and protein metabolism. Certain dif-
ferences were observed in the blood content 
of glucose, calcium, phosphorus, and haemo-
globin compared to their values in the group 
of normotonic laying hens, but these did not 
exceed physiological parameters. In particular, 
compared to normotonic hens with a balanced 
sympathovagal balance, in sympathotonic 
hens with a predominance of the sympathet-
ic nervous system over the parasympathetic, 
the glucose concentration in serum was sig-
nificantly increased by 30.1% (P < 0.001), while 
in vagotonic birds with a predominance of the 
parasympathetic nervous system activity over 
the sympathetic, the level of this carbohydrate 
decreased by 8.5% (P  <  0.05). Furthermore, 
calcium content in biological samples from 
sympathotonic birds decreased significantly 
by 11.6% (P  <  0.05), while in vagotonic birds 
it increased significantly by 32.9% (P < 0.001) 
compared to normotonic laying hens. The lev-
el of phosphorus in biological samples from 
sympathotonic birds increased significantly by 
22.0% (P < 0.01), and in vagotonic birds, it also 
increased by 37.9% (P < 0.01) compared to nor-
motonic individuals. However, haemoglobin 
content in biological samples from laying hens 
decreased significantly by 6.6% (P < 0.001), and 
in vagotonic birds, it similarly decreased by 
8.7% (P < 0.001) compared to normotonic birds. 
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The established features of the studied mark-
er biochemical parameters in blood, depend-
ing on the activity of the autonomic nervous 
system divisions, should be considered for sci-
entifically sound correction of the bird’s diet, 
which will significantly improve the analysis 
of the initial data and the accuracy of calcu-
lations. The perspective of further research 
lies in the application of preparation based on 
nano-aqua-chelates, such as germanium and 

iron, to correct individual links of metabolism 
in the organism of laying hens with an assess-
ment of individual characteristics, namely the 
activity of the autonomic nervous system.
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Анотація. Стан мінерального та енергетичного обмінів істотно впливає на інтенсивність 
росту і продуктивність курей-несучок. Визначення специфічної їх дії на фізіологічні процеси 
у поєднанні з регуляторним впливом різного тонусу автономної нервової системи важливо 
враховувати для вирішення численних питань із покращення яйценосності птиці. Метою цього 
дослідження було визначення особливостей впливу тонусу автономної нервової системи на 
проміжний обмін мінеральних речовин, вуглеводів та білків в організмі курей-несучок. У дослід 
залучали курей породи Хайсекс коричневі. Формування дослідних груп птиці здійснювали з 
урахуванням результатів електрокардіографії та застосування варіаційно-пульсометричного 
дослідження з подальшим статистичним аналізом отриманих вихідних даних. Це дозволило 
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розподілити курей-несучок за трьома дослідними групами: нормотоніки, симпатотоніки, 
ваготоніки. Завдяки проведенню аналізу окремих показників біохімічного профілю сироватки 
крові курей-несучок визначено, що рівень глюкози у симпатотоніків із переважним впливом 
симпатичної нервової системи достовірно зростав (Р < 0,001) порівняно з птицею інших двох 
дослідних груп – нормотоніками і ваготоніками. Найбільші значення щодо вмісту кальцію 
відмічали у сироватці крові курей ваготоніків, для яких характерна переважна активності 
ваготонії (Р < 0,001), відносно птиці інших дослідних груп. Концентрація фосфору в сироватці 
крові курей-несучок нормотоніків зі збалансованим впливом симпатичної і парасимпатичної 
нервової систем відзначався найменшими значеннями (Р  <  0,01) порівняно з птицею 
дослідних груп ваготоніків і симпатотоніків. Найвищі значення гемоглобіну встановлено в 
нативній крові курей-несучок нормотоніків (Р < 0,001) відносно птиці інших дослідних груп. 
Відповідно до отриманих результатів виявлено залежність вмісту фосфору, кальцію, глюкози і 
гемоглобіну в крові курей-несучок від активності вегетативної нервової системи. Визначення 
індивідуальних особливостей вегетативної регуляції обмінних процесів в організмі курей-
несучок сприятиме розробці науково обґрунтованих підходів до балансування раціону, що 
забезпечить підвищення їх продуктивності на виробництві
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