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Abstract

The purpose of this study was to evaluate the effect of internal metabolic processes and feed supplements on the
biochemical parameters of cows' blood. Two experiments were conducted on black-and-white cows to study the effect of shungite
and humic feed supplements. Blood parameters related to metabolic processes were measured and used as input data for the
CompNN neural network model. The model calculated the cognitive significance index, which served as a dimensionless parameter
representing the relationship between blood parameters and biometric indicators. The results showed that the inclusion of shungite
and humic feed supplements led to an increase in cognitive significance index values. This indicated the stimulation of metabolic
processes in the intestines of cows, while the humic preparation had a greater effect. Correlation coefficients between the cognitive
significance index and specific blood parameters demonstrated a relationship between the intensity of metabolic processes and
changes in the concentration of albumin, phosphorus, creatinine, and urea. The results of this study highlight the potential of using
neural network modeling to assess the effect of feed supplements on metabolic processes and blood parameters in cows. The
cognitive correlation established using the cognitive significance index provides valuable information about the effect of feed
supplements on animal health. As a result of the study, the positive effect of shungite and humic feed supplements on animal health
has been shown. Further research in this area can contribute to the development of optimized feeding strategies and the development
of sustainable and efficient animal husbandry.
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1. Introduction

Cattle play a crucial role in ensuring food security,
especially in the Russian Federation, as they serve as an
important source of protein through the production of meat
and milk [1-3]. To increase efficiency and sustainability in
animal husbandry, the need for environmentally friendly
products free of antibiotics and hormones is increasing. One
of the promising ways to achieve this goal is the use of
biologically active substances as feed supplements. These
substances regulate the adaptive and protective functions of
the body and reduce sensitivity to adverse environmental
factors, technogenic burden, and unbalanced nutrition. The
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health of highly productive cows is a serious problem all over
the world, as the lack of certain nutrients can disrupt
metabolic processes and affect the overall well-being of
animals. Therefore, ensuring a balanced diet becomes a
primary task in industrial animal husbandry, since energy
deficiency can significantly affect the vital activity of the
body [4-6]. To solve these problems, the inclusion of
biologically active substances has become an effective
strategy for restoring and maintaining animal health. Among
the various approaches, the effect on the rumen proved to be
particularly effective for increasing milk production and the
nutritional value of the milk. Although antimicrobial feed
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supplements were used to increase the efficiency of milk
production by dairy animals, their subtherapeutic use in
livestock diets was prohibited due to a decrease in public
recognition and their residual content in animal products [7,
8]. Therefore, microbiologists and animal nutritionists are
studying new feed supplements from natural sources to
replace antimicrobial feed supplements [9-12]. One such
supplement is humate substances. In recent years, interest in
the use of humic substances in animal diets has increased.
Humic substances (including humic and fulvic acids) are
considered safe and natural feed supplements that have a
beneficial effect on animal welfare and the quality of animal
products. Humic substances are natural organic substances
found in the soil, formed during the humification of dead
organic matter. They have many physical, chemical, and
biological properties that make them suitable for use in
animal husbandry. They demonstrate antioxidant and anti-
inflammatory effects and support the gastrointestinal tract of
animals, accelerating their growth and simultaneously
improving immunity and reproductive function [13-16]. In
addition, sorbents of both natural and synthetic origin are
increasingly used in industrial animal husbandry to mitigate
the negative effects of toxic substances contained in the feed.
One of these additives is shungite. This is a unique natural
mineral. This sorbent can sorption of organic and mineral
substances, as well as a high filtering ability [17, 18]. Thus,
the introduction of mineral preparations into the diet of
animals based on humic acids and shungite minerals can lead
to the activation of metabolic processes in the body of
animals and accelerated accumulation of biomass by them
[19, 20].

The purpose of this study was to evaluate the effect
of mineral feed supplements on metabolic processes in the
cows' bodies based on biochemical parameters of animal
blood and their neural network modeling.

2. Materials and methods
2.1. Materials

We conducted two scientific and production
experiments using black-and-white cows to investigate the
effects of shungite and humic feed supplements on metabolic
processes and blood parameters.

Methods Experiment 1: Shungite Feed
Supplements The first experiment was conducted at the
experimental and physiological facility of the Federal State
Budgetary Scientific Institution "All-Russian Research
Institute of Animal Husbandry (VIZh) named after
Academician L.K. Ernst." A total of 30 black-and-white cows
were selected, and the experiment extended over a duration
of 85 days.

e Control Variant (Cl): Animals were not
administered the shungite preparation.

e Experimental Variant 1 (E1): Animals
received shungite preparation No. 1 alongside the basic diet
(BD) at a concentration of 1% of the mass of concentrated
feed.

e Experimental Variant 2 (E2): Animals
received shungite preparation No. 2 with the BD at a
concentration of 1% of the mass of concentrated feed.
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Blood parameters related to the metabolic state of
the animals were determined, including alanine transaminase
(ALT), aspartate transaminase (AST), albumins, total protein,
total bilirubin, hematocrit, hemoglobin, glucose, calcium,
creatinine, leukocytes, urea, phosphorus, total cholesterol,
and erythrocytes [20].

Experiment 2: Humic Feed Supplements The
second experiment was carried out on a collective farm in the
Vologda region, involving 30 black-and-white cows selected
based on their milk yield exceeding 8,000 kg in 305 days.
Over a span of 90 days, the Reasil Humic Health humic
preparation was incorporated into the animals' diet at a daily
dosage of 30 g.

e Control Variant (C2): Animals did not receive
the humic preparation.

e Experimental Variant 3 (E3): Animals were
administered the Reasil Humic Health humic preparation (30
g per day) for 30 days.

CompNN Neural Network Model To assess the
effectiveness of shungite and humic additives, the CompNN
computational component neural network was employed.
The model aimed to calculate the cognitive significance index
(CSI) of animal blood indicators [22]. This index served as a
quantitative indicator of the level of metabolic processes
within the animals' bodies. The CSI values were determined
based on a set of selected blood parameters.

2.2. Statistical analysis

The  statistical analysis involved  matrix
transformations and computations performed using the
CompNN model. The layer of neurons (L1) normalized the
initial blood data matrix and calculated the normalized
matrix. The layer of computational neurons (L2) computed
eigenvalues and eigenvectors of the Correlation (Cor) matrix.
The matrix G representing the coordinates of the main
components was generated based on matrix transformations.
The vector of weighting coefficients (W) was calculated
through recurrent calculations. Using the weighting
coefficients, the CSI vectors were determined, establishing a
parametric relationship between blood parameters and body
weight gain. The validation of CompNN was achieved
through calculating the correlation coefficient of the CSI
vector with animal weight gain coefficients.

3. Results
When processing animal blood indicators, it was
assumed that blood indicators reflected changes in
biochemical metabolic processes occurring during the
digestion of feed in the animal rumen. The level of
consistency and accuracy of genomic regulation of
biochemical processes is a qualitative characteristic of these
processes. Therefore, for the cognitive analysis of changes in
the level of consistency of biochemical processes, we
proposed using CompNN (Fig. 1) [23-25]. The first task of
using CompNN was to select the most significant animal
blood parameters (alanine transaminase (ALT), aspartate
transaminase (AST), albumins, total protein, total bilirubin,
hematocrit, hemoglobin, glucose, calcium, creatinine,
leukocytes, urea, phosphorus, total cholesterol, and
erythrocytes) to establish a cognitive correlation with the
intensity of metabolic processes in the animals' body that
determine the speed of development and growth of animals.
As a result, four indicators were selected (Table 1). Table 1
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and Fig. 1 show the values of the CSI indices for the variants
of the experiment and the correlation coefficients of the CSI
with the blood parameters of animals and their weight gain.

Table 1. Blood counts of cows in experiments with shungite and humic feed supplements

Animal blood counts Experiment variants Csl ' gorrelation
C1 El E2 C2 E3 coefficient

1. Albumins, g/l, £ 0.5 28.8 28.9 29.4 34.9 375 -0.72

2. Creatinine, microns/I, + 3 70 71 71 86 85 0.45

3. Urea, mM/I, £ 0.2 4.6 4.5 4.7 4.2 4.0 0.68

4. Phosphorus, mM/I, £ 0.1 3.7 3.6 3.6 2.2 2.2 -0.53

Weight gain of animals compared to C1 and C2 1.00 1.08** 1.02** 1.00 1.34* ] 0.99

CSl, b/r, £0.1 4.5 5.2 3.0 4.6 7.7

*The gain has been calculated using CompNN.
**The weight gain has been calculated compared to the weight in the control version of the experiment (C1).
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Figure 1. The CSls of the cognitive significance of animal blood indicators according to the variants of the experiment C1, E1, E2,
C2,E3 (Table 1)

3.1. CompNN computing algorithm of four animal blood counts exceeds one thousand. Therefore,

previously, using CompNN (Fig. 2), a search was carried out

Before calculating the CSI of animal blood (using the gradient method) for the most informative quarter
indicators, a search was conducted for the most informative of animal blood indicators (Table 1).

blood indicators. The total number of possible combinations

Figure 2. CompNN component neural network designed to calculate the CSI of animal blood indicators. L1, L2, and L3 are layers
of artificial neurons performing matrix transformations of numerical data. The description and formulas of transformations are
provided in the text.
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3.2. Formulas of matrix transformations performed using
CompNN

1. The layer of neurons L1 normalizes the initial
data of matrix S containing animal blood data (Table. 1) and
calculates the normalized matrix D by formulas (1)-(3), and
then calculates the Cor matrix by formula (4).

1
D, =—(S, —M. 1)
jk VJ( ik l)
1 5
Mj:gkzzllsjk 2
5 2
V= kZ:l:(Sjk_Mj) €))

Cotyn
= Coef ficientCorrelation (Dyg1, D1, - (4)

’ DmEB' DnKI' DnEI' DnES)

where Si are the biochemical parameters of animal blood
(Table 1) with ordinal numbers (jm,n=1,...,4) for
experimental variants (C1, E1, E2, C2, E3) with ordinal
numbers (k=1,...,5); CoefficientCorrelation() is a function
that calculates the correlation coefficients between a pair of
biochemical parameters of animal blood.

2. The layer of computational neurons L2
calculates the eigenvalues (77;) and the matrix of eigenvectors
Compmn for the Cor matrix by the algorithm developed by
[26], using the formulas (5) and (6).

4; = EigenValue(Cor,, ) ®)

Comp;, = EigenVectors(Corj‘k) (6)

where j, k = 1, 2, 3, 4 are the ordinal numbers of blood
biochemical parameters (Table 1).

3. The initial data can be represented in the
coordinates of the main components, in the form of a matrix
G (Fig. 1) using the formula of the product of the Comp and
D matrices (7).

G =CompxD )

The Comp eigenvectors and the [ eigenvalues of
the Cor jx matrix are distinguished by a monotonous decrease
in the numbers [J; with an increase in the ordinal number of
the main component.

4. The vector of weighting coefficients W is
calculated by repeated recurrent calculations of the W2 vector
and replacing the W1 vector with the W2 vector. Recurrent
calculations continue until the condition (8) is met with a
given accuracy. After that, W=W?2.

Coef ficientCorrelation (W1; W2 ®)
=CxCTxwil) =1
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where C and CT are the main and transposed matrices
obtained after the normalization of the Comp matrix by rows.

5. Using the vector W data, the CSI vectors are
calculated using the formula (9).

CSl, =W, -b+5 )

where b=3.43; k=1,..,5 are the ordinal numbers of the
experience variants C1, E1, E2, C2, E3.

6. Validation of CompNN was carried out by
calculating the correlation coefficient of the data of the CSI
vector with animal weight gain coefficients (r=0.99, Table 1).
In the initial data of experiment No. 2, there is no information
about the weight gain of animals in the E3 variant. Therefore,
the neural network presented the expected increase in the
weight of animals who had received humic preparations with
the feed (1.34, Table 1).

The results of calculations using CompNN are
shown in Table 1 and Fig. 1.

1. The CSI establishes the parametric dependence
of the selected animal blood parameters on it, on the one
hand, and the weight biometric indicators of animals, on the
other hand. Such a parametric relationship allows for
predicting their biometric data based on animal blood
parameters, depending on the conditions of their keeping,
feeding, and the used feed supplements. At the same time,
reducing the number of necessary blood parameters allows
monitoring the condition of animals without additional costs
and without risks of reducing animal health.

2. When using shungite preparation No. 1 in
experiment No. 1 and humic preparation in experiment No. 2,
an increase in the CSI is observed compared with control
variants (variants C1, E1. CSI =4.5; 5.2; variants C2, E3:
CSI=4.6;7.7). This means that the humic preparation
stimulated metabolic processes in the intestines of animals to
a greater extent than the shungite preparation No. 2.

3. The correlation coefficients of the CSI with
animal blood indicators have a different sign (r=-0.72; 0.45;
0.68; -0.53; Table 1). This means that with increasing
metabolic processes in the body of animals, the concentration
of albumins and phosphorus decreases, and the concentration
of creatinine and urea increases. Perhaps this is a
consequence of the activation of some biochemical processes
in the intestines of animals.

4. Conclusions

By performing two scientific experiments, we
noticed that the inclusion of shungite and humic preparations
in the diet of cows led to an increase in the CSI, which
indicated an increase in the activity of metabolic processes.
The CompNN computational component neural network
allowed us to establish a cognitive correlation between the
values of the CSI in the blood of animals and their body
weight gain, acting as a valuable quantitative indicator of
metabolic processes in the body of animals.

It was found that the humic preparation stimulated
metabolic processes in the intestines of cows to a greater
extent compared with shungite preparations. The correlation
coefficients between the CSI and blood parameters indicated
the association of increased metabolic processes with
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increased concentrations of creatinine and urea with a
decrease in albumin and phosphorus concentrations.

These results highlight the potential of mineral feed
supplements, especially humic substances, in maintaining
animal well-being, improving the quality of animal products,
and improving metabolic functions.
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