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Abstract

Neural networks (NNs) benefit biomedicine and agriculture, especially when
relying on the specificity and implementation of stochastic fractal-supported
models. In the poultry industry, a particular challenge is the search for an ideal
sorbent-based complex additive to minimize the loss of valuable feed
components that can be tailored to groups of gastrointestinal microorganisms.
The aim of this study was thus to develop and apply a mathematical model and
Gaussian NN to analyze productivity and blood parameters of laying hens
when administering a complex feed additive from the mineral shungite sorbent,
plus a nutritive supplement of brown seaweed meal. We developed and built a
computational NN that modelled the stochastic ManyToOne relationship of an
array of hens’ main blood parameters and performance traits. The results
presented herein were that the artificial computational stochastic fractal-based
NN (EuclidNN) first effectively analyzed the profiles of operational taxonomic
units (OTUs) of the physiological/biochemical blood parameters. Also,
correlation coefficients were highly positive in relation to certain zootechnical
indicators, suggesting that feed additive intake may have led to changes in
these performance traits. Calculations suggested that when implementing the
feed additive, the values of the Cognitive Salience Index (CSI) vector vCSI2
declined. Hereby, this vector correlates with, and affects the egg production
trait. Moreover, there was a certain relationship between the feed additive
intake and feed and water consumption. Further, EuclidNN computed the
respective bioconsolidation indices of hens and, simultaneously, processed
several profiles of OTUs for all experimental variants. It also contributed to the
calculation of bioconsolidation index values for each variant, i.e., a quantitative
assessment of the physiological/biochemical blood descriptors, depending on
diet. Collectively, the poultry productivity prediction based on the developed
model and NN is pivotal as an initial step for future improvements of
economically important traits in chickens when using novel and efficient
complex feed additives.
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Introduction

For agricultural, and particularly poultry data
analysis, neural networks (NNs) present promising
and potentially applicable tools for the analysis and
synthesis of numerous biological systems (Pitelinskiy
and Shimansky, 2013; Jahanmiri and Parker, 2022).
One of the major problems of concern is that
industrial conditions of livestock exploitation create
significant functional stress for the bird’s body
(Kochish et al., 2019, 2021). Adaptive responses to
external stimuli are often stressed, weakening natural
defenses, and adversely affecting the health and
growth rate of poultry (Young et al, 2022;
Kirikovich et al., 2012). One of the ways to alleviate
this is through using various feed additives, e.g.,
mineral-containing substances to stimulate metabolic
barriers in the body (Yarovan, 2005; Ghahri et al.,
2010; Sharapova, 2011). Contemporary activity in
the search for ideal sorbents (i.e., insoluble materials
or mixtures thereof that are used to recover liquids
through absorption and/or adsorption) aims to reduce
the negative effects caused by mycotoxins from the
feedstuffs. Minimal loss of useful feed components
and adaptability to microorganisms living in various
parts of the gastrointestinal tract are also key
objectives (Ghahri et al, 2010; Okolelova and
Mansurov, 2013; Zasorin et al., 2019; Kochish et al.,
2020b; Tyurina, 2022). One of the promising sorbent
materials is the mineral shungite (Kochish et al.,
2020a; Buryakov et al., 2023), which has a specific
set of physical properties and structural
characteristics; it is composed of non-crystalline
carbon with a metastable structure, being incapable
of graphitization (Ignatov and Mosin, 2013;
Tukhbatov, 2013). Shungite rock has good
adsorption properties due to its developed and active
surface and is capable of acting as a catalyst or
catalyst carrier in organic synthesis reactions
(Gorodnichev et al., 2019; Vats et al., 2016; Zasorin
et al., 2019). Recently, attention has been also drawn
to marine brown algae as a nutrient and efficient feed
additive. These algae are rich in protein, vitamins and
other biologically active substances that play an
important role in the body's metabolism (Sharapova,
2011; Buryakov et al., 2023; for review see Kochish
etal,2021).

To model complex stochastic biochemical
processes occurring in a bird’s body, a computational
NN can be employed that includes procedures of
multivariate mathematical statistics, i.e., correlation,
cluster and discriminant analyses (Meireles et al.,
2003; Colbrook et al., 2022; Taye, 2023). One of the
instrumental solutions for constructing appropriate
mathematical models to describe certain processes,
including biologically significant ones, can be
stochastic fractal-based mathematical models. These
comprise hybrid mixing methods for the
mathematical modeling (Moroz and Maslovskaya,

2020; Zaikina et al., 2022) applicable to various
(e.g., biological) processes. Previously, we developed
a concept of  fractal conformity-based
bioconsolidation index, which varies within 0 ... 1
depending on the efficiency of coherent biological
processes in the body, and tested an artificial NN
modelling approach (Kochish et al., 2020b, 2023;
Pukhalskiy et al., 2023; Vorobyov et al., 2023a,b),
suggesting reasonable prospects of their applications
in biological studies. Computational NNs are
designed to model a ManyToOne relationship that,
for instance, connects a multiple set of heterogeneous
bird blood parameters of different dimensions with
one single dimensionless numerical indicator for the
cognitive significance of the data being studied, i.e.,
the Cognitive Salience Index (CSI = 0 ... 10; Sutrop,
2001; Mascarenhas, 2018). In one particular case, the
dimensionless CSI index can be interpreted as an
indicator of an increase/decrease in the intensity of
biochemical processes in the bird’s body that
determine the egg performance of laying hens.
Furthermore, an  important stage in the
implementation of an NN in poultry-related research
is setting up/training the NN and checking/validating
it based on a correlation analysis of the CSI values
with egg production indicators of layers. After
successful NN training and validation, it is feasible to
estimate the feed additive intake effects (positive or
negative) on the egg performance by
increasing/decreasing the CS/ values.

Considering the remarkable adsorption properties
of shungite rock and the nutritional benefits of
incorporating brown algae into poultry diets, a
combination of these supplements can be most
attractive for practical use (Sharapova, 2011;
Buryakov et al., 2023). Here, we thus applied an NN
and hybrid stochastic fractal-based approach to the
mathematical process of analyzing the poultry
productivity and blood parameters under the
influence of a complex of these two feed
supplements. The goal of the present study was
therefore to develop the appropriate mathematical
model and NN based on this to analyze the
performance and blood parameters of laying hens in
response to the intake of a complex additive that
combined shungite and brown algae, estimating the
respective CS7 and bioconsolidation indices.

Materials and Methods

Experimental birds, performance traits and blood
parameters

This study was conducted at a large poultry farm
located in Leningrad Oblast, Russia, using Hisex
White commercial cross layers (Laptev et al., 2017)
at the starting age of 49 weeks. Birds were kept in
group cages and fed the basic diet containing grain,
root crops, green grass, and a vitamin-mineral feed
premix. According to the existing standards, there
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were 5 laying hens in each cage. The cage had a
standard size, with the dimensions of the total seating
area being 490 x 580 x 550 mm. This allowed for a
regulated density of hens in the cage, which meets
the general requirements that are very strictly
observed at this poultry farm. The control (C) group
totalled 225,378 hens. The experimental (E) group
numbered 218,125 birds fed the basic diet
supplemented with the following complex feed
additive: 0.7 kg shungite and 0.3 kg brown algae (as
dried Fucus vesiculosus seaweed meal) per 1-ton
fodder. The objective of this feeding experiment was
to assess the effect of the combination of these two
supplements, i.e. their synergistic impact,
considering that the two feed ingredients, different in
their essence, are expected to have non-overlapping
effects from their use. In particular, the mineral
shungite is an inorganic sorbent substance that is not
digested in the hen’s body, while algae, of an organic
(plant) nature, when assimilated in the chicken’s
body, go through digestive processes in the same
way as other plant (and animal) components of the
compound feed. The chosen optimal dosages and the
ratio of the two supplements were based on our and
other preliminary tests (Sharapova, 2011; Buryakov
et al., 2023) and taking into account an overall
economy of the compound feed recipe that poultry
enterprises in Russia adhered to for keeping feed
costs reasonable. For the NN analysis, the six most
important zootechnical indicators of egg production,
feeding and watering of laying hens were also taken
as follows: egg production rate (in %), egg weight (in
g), proportions of cracked, leaking and dirty eggs (in
%), feed conversion (in kg per 10 eggs produced),
feed consumption (in g per hen), and water
consumption (in mL per hen), plus their four
derivative indices (ratios).

We studied the effect of the complex additive on
older laying hens in their third feeding phase (i.e., at
75 weeks of age and after), which is considered
critical and corresponds to a physiological state of
decline in egg production rate and, accordingly,
overall productivity. Using 0.5 to 1 mL of blood per
sample, three 75-week-old females were sampled
from the control and experimental groups (designated
C1 and El, respectively). Five hens per group were
then sampled to analyze 12 blood parameters (Table
1) in the middle (86 weeks of age; designated C2 and
E2, respectively) and at the end of the feed additive
administration study (94 weeks of age; designated C3
and E3, respectively). Accordingly, twelve
physiological/biochemical blood characteristics of
the laying hens were assessed (Table 1), including
the following most informative indices:

e Descriptors  of erythrocytes, leukocytes and
platelets using Goryaev’s grid-equipped counting
chamber (Tietz, 1997);

e Blood leukogram wusing microscopy, May-
Griinwald fixative and Romanowsky azure-eosin
dye to stain blood smears (Tietz, 1997);

e Serum hemoglobin level using the hemoglobin
cyanide method, and the formula-assisted cell-color
ratio (Tietz, 1997);

e Phagocytosis indices using a microscopic method
and Staphylococcus aureus strain 209 culture
inactivated by heat and standardized via an optical
turbidity standard (Menshikov, 1997).

Data analysis principles using NN

Super-new artificial intelligence (Al) computer

programs (D’Addona, 2014; Gharajeh, 2018;

Dall'Alba ef al., 2022) were used with the respective

computational NNs to search, e.g., for feed additives

that ensure minimal loss of useful feed components
and modulate the gastrointestinal microflora to
ensure a complete symbiosis of microorganisms with
the animal’s body (e.g., Kochish ef al. et al., 2020b,

2023; Pukhalskiy et al., 2023). In this regard, the

following methods can be considered most relevant

(Pitelinskiy and Shimansky, 2013; Taye, 2023):

e Standard statistical methods based on mathematical
instrumental regression analysis that optimize
specific experimental parameters by applying an
appropriate evaluation function.

e Methods based on the use of functional expansions
in a Fourier series (Garrapa, 2018). Herein, it is
taken into account that the experiment is a
commutative process and can be transformed by a
sum of functions that describe its polynomials with
a given accuracy (e.g., trigonometric functions).

e Partial modelling and formal grammars (Pitelinskiy
and Shimansky, 2013).

A sequence of s elements can be considered as an
“approximation” in that identical oscillations are
often observed in biological systems, differing only
in magnitude and time of occurrence, i.e., scale-
invariance (Grosu et al., 2023). To describe this, the
concept of diversity as a heterogeneous destructive
body is employed. For a complete description of
diversity, the entire spectrum of dimensions is
necessary since, unlike a common mathematical
decomposition, it is not enough to introduce only one
value, the fractal index d. These dimensions are
usually infinite numbers and other time intervals and
frequencies of a sample can be further analyzed.
Current trends, i.e., specific signal sequences, can
then be examined in more detail using, for instance,
frequency analysis (Casals et al., 2005; Pitelinskiy
and Shimansky, 2013). Conventional experiments are
based on inertial analysis and use flexible linear
statistical models. However, NNs are inherently
nonlinear and do not require knowledge of the
correlation between input data and output data. This
makes them more promising than traditional methods
(Meireles et al., 2003). Although simulations involve
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the use of multilayer sensor devices (Rosenblatt,
1962; Minsky and Papert, 1969/1988), the use of
closed-loop NN is not always recommended due to

short-term memory and difficulty of use (Pitelinskiy
and Shimansky, 2013; Colbrook et al., 2022).

Table 1: Mean values (=SEM") of 12 blood parameters in hens by four experiment variants (C2, C3, E2, and
E3) and correlation coefficients (R) with vCSII and vCSI2 vectors?

Experiment variants® R (SEM = £0.01)

Blood parameters

C2 C3 E2 E3 vCSI1 vCSI2

Erythrocyte count (mln/pL) 2.88+0.19 3.10+0.47 2.60+0.25 3.194+0.36 (P=O§(3)21) (P_g..(7)§10)
fmﬁ‘)’cm sedimentationrate ) 55,040 1204040  1.20£040  1.60+0.49 ( onéggg) ( P_gﬁn
Leukocyte count (thousand/pL) 30.26+4.13 35.85+£3.93 31.2242.78 30.34£8.74 (P:0g§24) (P;OO'%3991)
Platelet count (thousand/uL) 71.84£11.34 65.71£10.84 54.62+16.31 62.67+£22.58 (P;O(;)8789) (P=0i)1.§01)
Eosinophils 2206110 1208040 180075 0402049 P;Od.go% 6 P:0.09.(5)01)
Pseudoeosinophils 6.60+1.02 14.60+4.92  12.00+1.67*  18.80+2.93 (P=0.09.3(’)03) (P;Od.8081 0)
Monocytes 0.40+0.49 1.00+0.00 0.80+0.75 0.80+0.40 (P=Og?)56) (P;O(j.60986)
Basophils 1.00+0.89 0.80+0.40 1.20+0.40 0.80+0.75 (P;O(JO%H) (P=0i)8.?)22)
Lymphocytes 89.604233 8240480 84208264 7920279 p;od.8061 5 PZO‘Og.(l)OS)
Hemoglobin (g/L) 80.00+5.48 89.20+8.70 85.60+4.18 83.00+8.85 (P=0.05.(2)49) (P;O(;‘;OS)
Cell-color ratio 1.68+0.21 1.79+0.44 1.99+0.11 1.59+0.28 ;0033?9(51; :034?;5183)

Phagocytic index (a.u.)* 10.62+0.87 9.57+1.31 9.93+1.45 11.01+0.92 :08%2173) ;000;5(51;

! SEM, standard error of the mean. 2 vCSII and vCSI2, vectors containing the values of the CSII and CSI2 cognitive salience
indices for the experiment variants. 3> Experiment variants corresponded to the second and third blood sampling points (at 86
and 94 weeks of age) for the control (C2 and C3) and experimental (E2 and E3) groups of laying hens, respectively. * a.u.,

arbitrary units. * Significant difference between the respective C2 and E2 values (at P < 0.05).

General NN and stochastic fractal-based model
description

The mathematical research was carried out using NN
analysis and stochastic fractal-based modelling
(Garrapa, 2018; Moroz and Maslovskaya, 2020;
Zaikina et al., 2022). The NN and its elements we
report here are subject to protecting the intellectual
property of the authors (Vorobyov ef al., 2023b). NN
data mining implies a machine learning algorithm
and data analysis technique that mimics the
functionality of the human brain (Khlivnenko, 2015;
Goodfellow et al., 2016). This approach involves a
large number of interconnected nodes capable of
processing and transmitting information. Because of
this, NNs can be typically used to process large
amounts of information and identify patterns among
the analyzed datasets (D’Addona, 2014), the latter
being, in our case, the physiological/biochemical
blood parameters of laying hens.

When examining blood parameters as operational
taxonomic units (OTUs), it was important to
determine how the statistics of these datasets differ
from the conventional Gaussian statistics (i.e.,
normal distribution) (Wentzel, 1999). It was assumed

that any deviation of the actual data statistics from
Gaussian statistics would be indicative of the
regulation of physiological/biochemical processes in
the blood, e.g., changes in the levels of erythrocytes,
leukocytes, platelets, etc., that are controlled by the
bird’s body. Deviations from the normal distribution
were assessed by the magnitude of the highest central
moments in the empirical distributions of the
measured values (Rosenblatt, 1962; Popov, 2013).
The physiological/biochemical characteristics of
the hen’s blood can be characterized by Shannon
entropy indices (/ndShen) also  considered
biodiversity indices (Grishanov and Grishanova,
2010; Chernov et al., 2015; Gorodnichev et al.,
2019) and by bioconsolidation indices (/ndBconl) of
the bird’s body and its immune system status
(Kochish et al., 2020b, 2022, 2023). With increasing
entropy  (increasing  IndShen  index), the
physiological/biochemical characteristics of blood
across replicates are levelled out, and their dispersion
decreases. Therefore, it can be assumed that the
positive correlation of the /ndShen index with the
IndBconl index means that the corresponding
characteristic of hen’s blood may be a signal
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indicator of the bioconsolidation of the immune Papert, 1969/1988; Filntisi et al., 2013; Sergeev and

status. Tarasov, 2017; Mascarenhas, 2018; Gafarov and

To calculate the distribution moments for the Galimyanov, 2018) (Figure 1). This was based on a
empirical blood parameter data used as OTUs and stochastic ~ fractal-based model (Moroz and
compute the respective bioconsolidation indices of Maslovskaya, 2020; Zaikina ef al., 2022) for defining
the hen’s body and its immune status, an artificial the flow of physiological/biochemical processes in

Gaussian NN (GNN) was implemented (Minsky and the bird’s body.

\
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— M2 M3|\ M4\ iM%‘ZT
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Figure 1. Artificial Gaussian neural network for calculating bioconsolidation indices of the bird’s body and its
immune system status. S, matrix of physiological/biochemical blood parameters; D, matrix of statistical
moments of blood parameters; and C, vector of bioconsolidation indices.

Results with one unique dimensionless characteristic, CS/
Constructing NN and stochastic fractal-based (Sutrop, 2001; Mascarenhas, 2018). Values of the
model CSIl and CSI2 indices for the four experiment
In the course of developing the artificial GNN further variants were transformed into vCSI/ and vCSI2
called EuclidNN (Figure 2), we built a computational vectors (Tables 1 and 2).

NN that modelled the stochastic ManyToOne The most informative poultry performance
relationship of an array of hens’ main blood indicators and correlation coefficients with vectors
parameters and performance traits (used as OTUs) vCSI1 and vCSI2 are summarized in Table 2.

Figure 2. Chart flow of the EuclidNN computational neural network. mBlood is a matrix of 12 key
physiological/biochemical blood indicators (Table 1). mEggs is a matrix of eight physiological performance-
related indicators (Table 2). mNorm is a matrix of normalized values of the mBlood matrix. mDist is a matrix of
Euclidean distances of four experimental variants based on blood parameter data. mCompo is a matrix of
orthogonal components in the space of blood parameter data. mComby is a matrix containing the results of a
nonlinear combinatorial transformation of data from matrices mDist and mCompo. vCSII and vCSI2 are vectors
containing the values of the CSI/ and CSI2 cognitive salience indices for the experiment variants. L1, L2 and L3
are layers of artificial neurons that perform matrix transformations of the initial and intermediate data.
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Table 2. Mean values of eight key zootechnical indicators (i.e., hen productivity, feeding and watering) by four
experiment variants (C2, C3, E2 and E3) and correlation coefficients (R) with vectors vCSI/ and vCSI2

Experiment variant!

R (SEM = £0.01)

Indicators C2 3 E2 E3 vCSI11 vCSI2
. -0.92 0.98
Egg production rate, % 88.7 719 854 L8 p=0003)  (P<0.001)
. 0.85 —0.80
Egg weight, g 64.3 66.5 64.8 65.5 (P =0.016) (P=0.032)
0.83 —0.78
V)
Cracked eggs, % 4.0 8.8 8.8 124 (P=0.020)  (P=0.039)
. 0.94 —0.89
0
Leaklng eggs, % 0.21 0.41 0.33 0.54 (P _ 0002) (P: 0008)
. 0.99 —0.94
0,
Dirty eggs, % 29 9.7 4.1 126 (p<o001)  (P=0002)
. 0.84 —0.78
Feed conversion, kg/10 eggs 1.46 1.64 1.63 1.72 (P =0.019) (P=0.037)
. —0.66 0.71
Feed consumption, g/hen 130 128 139 124 (P =0.109) (P=0.074)
. —0.68 0.73
Water consumption, mL/hen 250 248 250 228 (P =0.092) (P=0.061)
- 1.00 —0.95
vCSI1 vector (SEM = =+0.2) 2.5 6.7 3.4 7.4 (P < 0.001) (P=0.001)
_ —0.95 1.00
vCSI2 vector (SEM = £0.2) 7.5 33 6.6 2.6 (P =0.001) (P< 0.001)

! Experiment variants corresponded to the second and third blood sampling points (at 86 and 94 weeks of age) for the control
(C2 and C3) and experimental (E2 and E3) groups of laying hens. SEM, standard error of the mean.

The constructed multilayer EuclidNN included three artificial neuron layers L1, L2 and L3 that executed the initial and
intermediate data matrix transformations (Figure 2) as outlined below.

L1 neuron layer

This performed normalization of the mBlood matrix
data (Figure 2) (Everitt et al., 2011; Mascarenhas,
2018) that contained digital data on the blood
parameters of birds (OTUs) in the four experiment
variants (Table 1). The results of normalization were
stored in the mNorm matrix according to the
following Equation 1:

mBlood;;, — % - k=t mBloody,

mNormy, = - > (D)
\/ k=4 [mBloodjk—Z- ﬁ‘{mBloodjk]

where mBloodj. are mBlood matrix values; j = 1, 2,
..., 12 are ordinal numbers of 12 blood parameters
(Table 1); and k=1, 2, ..., 4 are ordinal numbers of
the four experiment variants that conformed to C2,
C3, E2 and E3, respectively (Tables 1 and 2).

The L1 neuron layer also computed the mDist matrix,
i.e., the matrix of Euclidean distances between the
four experiment variants in the 12-dimensional space
of birds’ blood parameters (Yeung and Ruzzo, 2001;
Everitt et al., 2011) using the following Equation 2:

1 =12 2
mDist,, = —z (mNormj, —mNormj,,,)", (2)
12445,

where m, n =1, 2, ..., 4 are ordinal numbers of the
four experiment variants that conformed to C2, C3,
E2 and E3, respectively (Tables 1 and 2); and j = 1,
2, ..., 12 are ordinal numbers of 12 blood parameters
(Table 1).

L2 neuron layer

This computed the mCompo matrix, i.e., the matrix
of principal components (orthogonal eigenvectors) in
the 12-dimensional space of birds’ blood indices
using the mDist matrix data and a standard
computational procedure (Yeung and Ruzzo, 2001;
Jolliffe, 2002; Schmidhuber, 2015) as follows:

mCompo = EigenVectors(mDist). 3)

L3 neuron layer. This computed the mComby matrix
containing numerical data that were obtained by
different variants of the nonlinear combination of the
mDist and mCompo matrix data. The mComby matrix
data were intended for training tuning of the
EuclidNN model and for calculating the desired
vCSI1 and vCSI2 index vectors using hens’ blood
parameters.

When training the EuclidNN neural network
(Nikoli¢ et al., 2012; Schmidhuber 2015; Widrow et
al., 2013; Nikolenko et al., 2018), the second
orthogonal component (mCompo2, i.e., the second
row of the mCompo matrix) in the 12-dimensional
space of blood indices was chosen because the
projection of blood indices onto the mCompo?2
component maximally correlated with performance
indices (Table 2) (Gao et al., 2012; Batushansky et
al., 2016). Using the values of the mCompo?2
component, the values of the vectors vCSI/ and
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vCSI2 (Tables 1 and 2) were calculated using the 1 k=N
followine Equati 4and 5 IndShen, = S/—'k~10g S
N 1
ollowing Equations 4 and 5: log(N) S| m, m,
vCSI1, = mCompo2, - 4.17 + 5, 4) _1IE
vCSI2), = —mCompo2,, - 4.17 + 5, (5) =y el
. k=1
where k=1, 2, ..., 4 are ordinal numbers of the four . > ¢ stical
experiment variants that conformed to C2, C3, E2 J=23 L N_Z are numbers of statistical moments
and E3, respectively (Tables 1 and 2). of physiological/biochemical blood parameters; k =
; 1,2, ..., N are numbers of blood parameter values in

In addition, the correlation coefficients (R) of
vCSI1 and vCSI2 vectors with blood parameters and
performance indicators were calculated as
summarized in Tables 1 and 2.

To compute the statistical moments of blood
indices in the layers of neurons M2, M3, M4, ..., Mn,
the moments (d;;) forming the matrix of moments D
(Figure 1) were calculated using the following
Equations 6 and 7:

1 k=N fl/j
d . =| —— ) Abs(s,, —m,) m 6
y {N_l ) (514 ,)} , (©)

5

1 k=N

m N & Stk ’ (7
where m; (s;x) are physiological/biochemical blood
parameters; k=1, 2, ..., N are numbers of replicates
of blood parameters in samples; j = 2, 3, ..., N-2 are
numbers of statistical moments of blood parameters;
N is the number of blood parameter values in a
sample; and / is the serial number of the four
experiment variants.

Subsequently, IndBconl (c;) indices were
calculated in the End neuron layer (Figure 1) using
the following Equation 8:

1
¢ = 8
! 1+exp(—a'Abs(p,)) ®
where the respective additional indices were

computed as follows:

e d g 1 (=M
- L Sg = d  —-r
b Z_: [lndShen,] & "y ( i Cj

j=1

>

1 JN2(1=m
o=y > (Zdﬁjj

=1

> >

a sample; / is serial number of the four experiment
variants; and a is a constant.

EuclidNN computational algorithm
implementation to analyze experimental data

The input data for calculations using EuclidNN
(Figures 1 and 2) (Rosenblatt, 1962; Meireles et al.,
2003; Anastasiadis, 2005; Filntisi et al., 2013;
Mascarenhas, 2018; Colbrook et al., 2022; Taye,
2023) were generated in the Excel environment and
are presented in Tables 1 and 2).

At the first stage, the appropriate immune
bioconsolidation indices were calculated from the
most informative physiological/biochemical blood
parameter data using the GNN artificial intelligence
process and are summarized in Table 3.

Then, the correlation coefficients between the
IndBconl indices and performance parameters of
laying hens were computed as shown in Table 4. As
can be seen from Table 4, there were high correlation
coefficients (positive or negative) between certain
performance indicators and blood parameter
bioconsolidation indices. For example, the egg mass
yield indicators, i.e., the product of mean egg weight
and egg production, positively correlated with the
IndBconl values for hemoglobin (R = 0.998, 0.838 and
0.916) and platelet counts (R = 0.878, 0.777 and
0.993).

Finally, the values of the vectors vCSI/ and
vCSI2 were computed using EuclidNN (Tables 1 and
5). In particular, when administering the shungite—
seaweed feed additive, the vCSII vector values raised
as follows: vCSI1(C2) = 2.5 < vCSI1(E2) = 3.4; and
vCSI1(C3) = 6.7 < vCSII(E3) = 7.4 (Table 5). The
correlation coefficients (Table 5) for the vCSII
vector were highly positive in relation to certain
zootechnical indicators (R = 0.83 to 0.99), suggesting
that the feed additive intake may have led to changes
in these performance indicators.

Table 3: Bioconsolidation indices (IndBconl) for five main blood parameters according to the four experiment

variants!

Blood indicators? C2 C3 E2 E3
Erythrocyte count 0.65 0.77 0.52 0.53
Leukocyte count 0.37 0.30 0.41 0.48
Platelet count 0.27 0.47 0.35 0.47
Hemoglobin 0.53 0.62 0.56 0.71
Cell-color ratio 0.81 0.92 0.50 0.67

! Experiment variants corresponded to the second and third blood sampling points (at 86 and 94 weeks of age) for the control
(C2 and C3) and experimental (E2 and E3) groups of laying hens. SEM = £0.02, standard error of the mean.
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Table 4. Correlation coefficients (R) between blood parameter bioconsolidation indices (/ndBconl) and

performance indicators

IndBconl
Performance indicators Erythrocyt  Leukocyte Platelet . Cell-color
Hemoglobin R
e count count count ratio
E roduction rate. % 0.77 -0.39 0.47 0.40 0.93
gep » /0 (P=0026) (P=0337) (P=0235 (P=0323) (P <0.001)
Mean cee weight 0.87 -0.54 0.35 0.23 0.98
gg weight, & (P=0005) (P=0.167) (P=0391) (P=058) (P <0.001)
Mean eoe mass vicld! 0.05 0.38 0.77 0.93 0.32
g8 y (P=0.898) (P=0355) (P=0.025 (P<0.001) (P=0435)
Mean egg mass yield to feed consumption 0.72 -0.36 0.73 0.58 0.81
ratio (P=0.045) (P=0375) (P=0037) (P=0.134) (P=0.014)
Mean egg mass yield to water —0.61 0.38 -0.77 —0.59 —0.68
consumption ratio (P=0.111) (P =0.360) (P =0.026) (P =0.125) (P =0.065)
Total nonmarket ceas. % —0.18 0.17 —0.86 —0.58 —0.06
888, 7o (P=0673) (P=0.694) (P=0006) (P=0.129) (P =0.892)
Feed conversion, kg per 10 eggs —0.79 0.75 057 —0.19 0.67
P KEP &g (P=0019) (P=0033) (P=0.137) (P=0660) (P =0.069)
Feed conversion, kg per 1 kg egg mass —0.68 0.48 -0.73 -0.50 -0.71
ield (P=0.065 (P=0228) (P=0.038 (P=0206) (P =0.050
y
Feed consumption er hen -0.79 0.55 0.30 —0.20 -0.92
ption, g p (P=0020) (P=0.159) (P=0476) (P=0637) (P =0.001)
Water consumption, mL per hen 047 0.18 ~0.76 —0.70 0.63
ption, mL p (P=0238) (P=0.675 (P=0028) (P=0053) (P =0.094)

! The product of mean egg weight by egg production characterizes the egg mass yield as a whole. SEM = —0.08 ... 0,

standard error of the mean.

Table 5. Mean values of vectors vCS// and vCSI2 by four experiment variants (C2, C3, E2 and E3) and
correlation coefficients (R) with eight key zootechnical indicators (i.e., hen productivity, feeding and watering)

Experiment variant!

R (SEM = £0.01)

Vectors

C2 C3 E2 E3 vCSI1 vCSI2
vCSI1 (SEM = £0.2) 2.5 6.7 34 7.4 1 -1
vCSI2 (SEM = £0.2) 7.5 33 6.6 2.6 -1 1

R values (SEM = £0.01) for indicators
Vectors Egg Egg Cracked Leaking Dirty Feed Feed Water
production weight eggs eggs  conversion consumption consumption

vCSI11 - 0.84 0.83 0.99 0.83 - -
vCSI2 0.98 — — — — 0.69 0.74

! Experiment variants corresponded to the second and third blood sampling points (at 86 and 94 weeks of age) for the control
(C2 and C3) and experimental (E2 and E3) groups of laying hens. SEM, standard error of the mean.

Calculations using EuclidNN showed that when the
feed additive was implemented, the values of the
vCSI2 vector declined (Table 5): vCSI2(C2) = 7.5 >
vCSI2(E2) = 6.6; and vCSI2(C3) = 3.3 > vCSI2(E3) =
2.6. Hereby, this vector correlates with, and affects
the egg production trait. Also, there was a certain
relationship between the feed additive intake and
feed and water consumption because the correlation
coefficients (R) of the vCSI2 vector in relation to
these two indicators were positive, though relatively
not very high: 0.69 and 0.74, respectively (Table 5).

Discussion

Humankind directly interacts with, and has profound
effects on, the multifaceted information environment.
Consequently, the relevance of using NNs in these
circumstances is increasing. NNs have been already

integrated into the lives of the contemporary
population, thereby assisting us in solving a large
number of problems, especially in the biomedicine
area. Modern industrial poultry farming operates
with a myriad of objective physiological and genetic
data (big data) used to formulate an optimal diet and
feeding regime for birds, as well as for the justified
application of protective and modulating feed
additives. Big data analysis (Gharajeh, 2018;
Dall'Alba et al., 2022) allows us to explore the
influence of external factors and feed on the health
condition and egg production of layers. Based on this
analysis outcome, it is possible to develop an optimal
strategy for feeding birds in an industrial
environment and achieve the highest performance in
commercial poultry production. Using the NN
approach in this study, we evaluated the
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increase/decrease in the intensity of
physiological/biochemical processes in the body of
an agricultural species, specifically in relation to the
performance of laying hens by virtue of
increasing/decreasing CSI index values.

The developed computational EuclidNN, through
internal calculations, was instrumental in defining the
nature (positive or negative) of the impact that the
shungite rock—brown algae feed additive has on the
physiological/biochemical processes occurring in the
bird’s body and, correspondingly, on the
performance indicators of laying hens by utilizing the
basic blood indices. The latter integrally reflects the
hematopoiesis processes resulting in the formation of
blood cells such as erythrocytes, leukocytes and
platelets (Tietz, 1997). Their production and growth
depend on nutritional and vitamin status (Menshikov,
1997; Levchenko et al., 2020; Matveev and
Torshkov, 2020; Milevski, 2024; TAKI.RF, 2023).
The conversion of feed substrates into nutrients, as
well as other mediated physiological/biochemical
processes in the hens’ body, may have occurred more
efficiently when administering the feed additive. For
the same reason, the water consumption for keeping
birds could also reduce; however, a relatively low
correlation of the CSI2 index with feed and water
consumption (R = 0.69 and 0.74, respectively) was
probably a consequence of additional accidental
losses while keeping the flock of egg layers.

Considering the blood parameters of birds
(Tables 1 and 2), we found that they correlated to
varying degrees with the vCSI/ and vCSI2 vectors.
We conclude that the high positive correlation of
blood  parameters  (erythrocyte count and
sedimentation rate, pseudoeosinophils, monocytes,
and phagocytic index) with the vCSI/ vector implied
that, when using the feed additive, the values of these
indicators increased. If other blood parameters
(eosinophils, basophils and lymphocytes) correlated
with the vCSI2 vector, this meant that these
parameters decreased in response to the feed additive
intake. At the same time, it was found that the
number of platelets in the blood did not correlate
with the vCSI2 vector (Table 1), suggesting that this
blood indicator was not involved in the formation of
vCSI2 vector values and, therefore, may not be
measured when diagnosing the health status of birds.
In terms of the zootechnical characteristics (Tables 4
and 5), one can note that the feed additive
administration most likely caused such a change in
physiological/biochemical processes in the bird’s
body that increased the egg weight while reducing
the shell strength. The latter could raise the
likelihood of accidental eggshell damage (i.e.,
cracked, leaking and dirty eggs) during
transportation. Consequently, the hens’ body
responded to the feed additive intake by restructuring
internal physiological/biochemical processes,

accompanied by an increase/decrease in the birds’
blood composition and the performance indicators of
laying hens. On the other hand, the NN-based
mathematical model was sufficiently sensitive to
reveal implicit issues that might affect egg
performance and lead to an increased percentage of
nonmarket eggs (Table 5).

The use of NN, stochastic fractal-based and
similar models has been also assessed in other studies
when implementing feed additives for raising egg
layers and other farm animals (Nematinia and
Abdanan Mehdizadeh, 2018; de Almeida et al., 2020;
Ojo et al., 2022; Yang et al., 2023; Buryakov et al.,
2023; Siriani et al., 2023). In particular, Buryakov et
al. (2023) determined the bioconsolidation indices of
microorganisms in the intestines of laying hens and
estimated the effect of a similar complex feed
additive (shungite and Fucus vesiculosus seaweed
meal) on the self-organization of the microbial-
organismal biosystem in the intestines of birds.
Calculation of bioconsolidation indices in this and
other studies (Kochish et al., 2020b; Buryakov et al.,
2023) showed that shungite, in combination with
brown algae, can be a promising feed additive for a
beneficial effect on the body of layers.

To reduce health risks and financial concerns,
decisions regarding poultry production and health
status should be made based on objective criteria (de
Almeida et al, 2020). Consistent with our study
results, de Almeida ef al. (2020) demonstrated that
the use of artificial NNs is a valuable tool to reduce
the subjectivity of analysis for predicting and
managing poultry flocks and egg production.

The defective eggs we focused upon in our
experiments reduce the value of laying hen egg
production. Mathematical modelling, as our and
other studies (Yang et al., 2023) have shown, can be
used to solve problems of improving egg quality and
productivity. To this end, Yang et al. (2023)
developed a convolutional NN-based model to
control egg category and weight. To predict egg
productivity and freshness, Nematinia and Abdanan
Mehdizadeh (2018) used an artificial NN that was
trained with the Levenberg-Marquardt algorithm. By
implementing research findings like these, the
poultry industry can reduce costs and improve
productivity.

Ojo et al. (2022) stated that the advent of digital
technologies has led to significant improvements in
various areas. Modern NNs have great potential to
intelligently automate current and future poultry
management operations to ensure high-quality, low-
cost poultry production and manage bird welfare.
Siriani et al. (2023) tested an NN with a stochastic
fractal-based model algorithm to classify the mobility
and resting phases of chickens during the rearing
process. The stochastic fractal-based model we have
developed also allows, by assessing the zootechnical
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and physiological/biochemical parameters of chicken
rearing, to predict their performance and, in this
perspective, resistance to diseases.

In general, many models have emerged to date in
the field of computer-aided research development
that is accompanied by methods for identifying
fractals (Meakin, 1999; Dvoryatkina et al., 2017,
Kochish et al., 2023; Yurkovych et al., 2023).
Analysis and synthesis of biological systems
(Chakraverty et al., 2023) is a critical element in the
task of rising the analysis efficiency of experiments,
especially when the sequence of s successive
elements is considered to be disrupted. Describing
complex biological systems requires the use of
multidimensional concepts and additional analysis of
other time intervals and frequencies of the sample
being studied (Pitelinskiy and Shimansky, 2013).
Traditional experiments are based on inertial analysis
and use flexible linear statistical models (Pyrhonen et
al., 2024). However, NNs are inherently nonlinear
(Ge & Wang, 2002) and do not require knowledge of
the correlation between input data and output data
(Hsieh, 2000), making them more promising than
traditional approaches (Pitelinskiy and Shimansky,
2013). In the current study, multilayer sensitizers
(perceptrons; Przybyla-Kasperek and Marfo, 2024)
were used to simulate poultry performance and
analyze the tolerance of exposure to the complex
feed additive based on shungite and algae. However,
one should take into account the possible limitations
of using closed-loop NNs (Zhu et al., 2021),
including short-term memory and other potential
difficulties.

Collectively, EuclidNN, an NN model we
developed using the mathematical stochastic fractal-
based method, facilitated studying the effects of the
complex feed additive on the immune state of the
birds’ body, on the intensity of internal
physiological/biochemical processes (through their
blood parameters) and, ultimately, the performance
of layers. As a result, changes in CS/ index values
can be used to estimate changes in the intensity of
physiological/biochemical processes in birds' bodies
and laying hen productivity.

Conclusion

In the current research, a mathematical stochastic
fractal-based model and GNN using this model were
developed for the first time, which can be
implemented to analyze poultry performance
indicators under the influence of the complex feed
additive from the mineral shungite and brown algae.
Such mycotoxin adsorbents as shungite can have a
complex effect on the body of farm animals. Its
multifactorial action is associated, first of all, with
the removal of negative effects caused by
mycotoxins. This study exemplified an NN analysis-
assisted evaluation of the effects of the shungite in

combination with brown algae on the performance
and blood parameters of laying hens in an industrial
poultry farm.

We suggest that high bioconsolidation values
correspond to increased efficiency of
physiological/biochemical processes in the bird’s
body in response to the feed additive intake. In
future, methods for assessing fractal characteristics
will be increasingly used for analyzing random
processes, developing mathematical models and
conducting simulations in biomedicine and in a wide
variety of science and technology fields (Pitelinsky
and Tyurkin, 2007). The productivity prediction
approach using the obtained mathematical model and
GNN will be useful in the future improvements of
the productive qualities and resilience in poultry.

Traditional poultry studies do not address the
one-way ManyToOne relationship of blood
parameters with the quantitative and qualitative egg
production characteristics of layers, since the
qualitative traits are dimensionless and, in a
quantitative representation, cannot participate in
correlation analysis with the measured characteristics
of egg performance. To overcome this obstacle, we
created the computational EuclidNN that allowed
customizing its calculation procedures to determine
the CSI values. A distinctive feature of the CSI index
is that, on the one hand, it characterizes the entire
complex of blood parameters of laying hens and, on
the other, represents a qualitative or quantitative egg
production indicator. Thus, EuclidNN makes it
possible to evaluate the complex feed additive
influence not only on the quantitative indicators but
also on the qualitative egg performance indicators of
chickens.

Funding: The study was supported by the Russian
Science Foundation (Grant No. 23-16-00181,
https://rscf.ru/project/23-16-00181/).

Author Contributions: Conceptualization, N.L.V.
and L.Y.K.; methodology, N.LV. and A.AB,;
validation, N.I.V. and S.D.B.; data curation, O.0.B.
and LN.N.; writing—original draft preparation,
N.LLV., 0.0.B. and LN.N.; writing—review and
editing, S.A.S., N.IV., MNR. and DK.G,;
visualization, N.L.V.; supervision, M.N.R. and
D.K.G.; project administration, [N.N.; funding
acquisition, L.Y.K. All authors have read and agreed
to the published version of the manuscript.

Institutional Review Board Statement: The study
was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review
Board of the Federal State-Funded Educational
Institution of Higher Education “St. Petersburg State
University of Veterinary Medicine” (Protocol No. 3,
dated 27.06.2022).

Poultry Science Journal 2025, 13(2): 245-258



Karpenko et al., 2025

255

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained
within the article.

References

Anastasiadis AD. 2005. Neural networks training and
applications using biological data. PhD Thesis.
School of Computer Science and Information
Systems, University of London, London, UK.

Batushansky A, Toubiana D & Fait A. 2016.
Correlation-based network generation,
visualization, and analysis as a powerful tool in
biological studies: A case study in cancer cell
metabolism. BioMed Research International,
2016: 8313272. DOI: 10.1155/2016/8313272

Buryakov NP, Zaikina AS, Trukhachev VI,
Buryakova MA, Kosolapova VG, Nikonov IN,
Medvedev IK, Fathala MM & Aleshin DE. 2023.
Influence of dietary addition of mineral shungite
and  Fucus  vesiculosus on  production
performance, egg quality, nutrients digestibility,
and immunity status of laying hens. Animals, 13:
3176. DOI: 10.3390/ani13203176

Casals J, Jerez M & Sotoca S. 2005. Modeling and
Forecasting Time Series Sampled at Different
Frequencies. Office for Official Publications of
the European Communities. Luxembourg. ISBN
92-79-01327-0.

Chakraverty S, Jena RM & Jena SK. 2023.Time-
fractional Order Biological Systems with
Uncertain Parameters. Synthesis Lectures on
Mathematics and Statistics. Springer Nature
Switzerland AG. Cham, Switzerland. ISBN 978-
3-031-01295-2. DOI: 10.1007/978-3-031-02423-
8

Chernov TI, Tkhakakhova AK & Kutovaya OV.
2015. Assessment of diversity indices for the
characterization of the soil prokaryotic
community by metagenomic analysis. Eurasian
Soil Science, 48: 410-415. DOI:
10.1134/81064229315040031

Colbrook M, Antun J, Vegard H & Anders C. 2022.
The difficulty of computing stable and accurate
neural networks: On the barriers of deep learning
and Smale’s 18th problem. Proceedings of the
National Academy of Sciences of the United
States of America, 119: €2107151119. DOI:
10.1073/pnas.2107151119

D’Addona DM. 2014. Neural network. In: Laperriere
L & Reinhart G (Eds.). CIRP Encyclopedia of
Production  Engineering.  Springer.  Berlin,
Heidelberg, Germany. DOI: 10.1007/978-3-642-
20617-7_6563

Dall'Alba G, Casa PL, Abreu FPD, Notari DL & de
Avila e Silva S. 2022. A survey of biological data
in a big data perspective. Big Data, 10: 279-297.
DOI: 10.1089/big.2020.0383

Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflict
of interest.

de Almeida LGB, de Oliveira EB, Furian TQ, Borges
KA, Tonini da Rocha D, Salle CTP & Moraes HL
de S. 2020. Artificial neural networks on eggs
production data management. Acta Scientiae
Veterinariae, 48. DOI: 10.22456/1679-
9216.101462

Dvoryatkina S, Smirnov E & Lopukhin A. 2017.
New opportunities of computer assessment of
knowledge based on fractal modeling. US-China
Foreign Language, 15: 452-459. DOLI:
10.17265/1539-8080/2017.07.005

Everitt BS, Landau S, Leese M & Stahl D. 2011.
Cluster Analysis. 5th ed. John Wiley & Sons.
Chichester, UK.

Filntisi A, Papangelopoulos N, Bencurova E,
Kasampalidis I, Matsopoulos G, Vlachakis D &
Kossida S. 2013. State-of-the-art neural networks
applications in biology. International Journal of
Biological ~ Sciences, 2: 63-85. DOI:
10.4018/ijsbbt.2013100105

Gafarov FM & Galimyanov AF. 2018. [Artificial
Neural Networks and Applications]. Kazan
University Publishing House. Kazan, Russia.

Gao X, Cassidy A, Schwarzschild MA, Rimm EB &
Ascherio A. 2012.Habitual intake of dietary
flavonoids and risk of Parkinson disease.
Neurology, 78: 1138-1145. DOI:
10.1212/WNL.0b013e31824f7fc4

Garrapa R. 2018. Numerical solution of fractional
differential equations: A survey and a software
tutorial. Mathematics, 6: 16. DOI:
10.3390/math6020016

Ge SS & Wang C. 2002. Direct adaptive NN control
of a class of nonlinear systems. IEEE
Transactions on Neural Networks, 13: 214-221.
DOI: 10.1109/72.977306

Ghahri H, Habibian R & Fam A. 2010. Evaluation of
the efficacy of esterified glucomannan, sodium
bentonite, and humic acid to ameliorate the toxic
effects of aflatoxin in broilers. Turkish Journal of
Veterinary & Animal Sciences, 34: 385-391.
DOI: 10.3906/vet-0903-19

Gharajeh MS. 2018. Chapter eight — Biological big
data analytics. Advanced Computing, 109: 321—
355. DOI: 10.1016/bs.adcom.2017.08.002

Goodfellow I, Bengio Y & Courville A. 2016. Deep
Learning. MIT Press. Cambridge, MA, USA.

Gorodnichev RM, Pestryakova LA, Ushnitskaya LA,
Levina SN & Davydova PV. 2019. [Methods of
Environmental Research. Fundamentals of
Statistical Data Processing: Educational and
Methodological Manual]. NEFU Publishing

Poultry Science Journal 2025, 13(2): 245-258



256

Complex Feed Additive Effects in Laying Hens

House. Yakutsk, Russia. ISBN 978-5-7513-2737-
8.

Grishanov GV & Grishanova YuN. 2010. [Methods
for Studying and Assessing Biological Diversity].
I. Kant Russian University. Kaliningrad, Russia.

Grosu GF, Hopp AV, Moca VV, Barzan H, Ciuparu
A, Ercsey-Ravasz M, Winkel M, Linde H &
Muresan RC. 2023. The fractal brain: Scale-
invariance in structure and dynamics. Cerebral
Cortex, 33: 4574-4605. DOI:
10.1093/cercor/bhac363

Hsieh WW. 2000. Nonlinear canonical correlation
analysis by neural networks. Neural Networks,
13: 1095-1105. DOI: 10.1016/S0893-
6080(00)00067-8

IAKILRF. 2024. [Vitamin B2 (Riboflavin)]. LLC
"Institute  of  Allergology and  Clinical
Immunology”, TAKI.RF. https://xn--80apbh.xn--
plai/analyzes/vitaminy/vitamin-v2-riboflavin/.

Ignatov 1 & Mosin O. 2014. [Composition and
structural properties of fullerene analogous
mineral shungite. Mathematical model of
interaction of shungite with water molecules].
Naukovedenie, 2(21): 12TVN214.

Jahanmiri F & Parker DC. 2022. An overview of
fractal geometry applied to urban planning. Land,
11: 475. DOI: 10.3390/1and 11040475

Jolliffe IT. 2002. Principal Component Analysis. 2nd
ed. Springer. New York, NY, USA. ISBN 978-0-
387-95442-4. DOI: 10.1007/b98835

Khlivnenko LV. 2015. [Practice of Neural Network
Modeling]. Voronezh State Technical University.
Voronezh, Russia. ISBN 978-5-7731-0429-2.

Kirikovich SA, Kirikovich YuK & Kurepin AA.
2012. [The influence of exogenous factors on the
productivity, safety and natural resistance of
animals]. [Collection of Scientific Papers of the
Stavropol  Research Institute of  Animal
Husbandry and Forage Production], 2: 264-272.

Kochish II, Smolensky VI, Laptev GY, Romanov
MN, Nikonov IN, Panin AN, Surai PF, Ilina LA,
Myasnikova OV, Selina MV, Korenyuga MV.
2019. Practical Recommendations for the Use of
Feed Additives to Improve the Productivity and
Stress Resistance of Egg Poultry.
Sel'skokhozyaistvennye tekhnologii. Moscow,
Russia.

Kochish II, Romanov MN, Nikonov IN. 2020a.
Ways to improve the productivity of chickens
(using a feed additive based on shungite as an
example). In: [Materials of the XIX International
Scientific and Practical Conference “Modern
Trends in Agricultural Production in the World

Economy”]. FSBEI HE “Kuzbass State
Agricultural Academy”. Kemerovo, Russia.
Pages 37-44.

Kochish II, Pozyabin SV, Vorobyov NI & Nikonov
IN. 2020b. Fractal Dbioconsolidation of

microorganisms in the intestines of laying hens
due to the use of a feed additive from the mineral
shungite. In: Materials of the 2nd International
Scientific and Practical Conference on Molecular
Genetic Technologies for Analysis of Gene
Expression Related to Animal Productivity and
Disease Resistance. Moscow, Russia, 25
December 2020. Sel'skokhozyaistvennye
tekhnologii. Moscow, Russia. Pages 59-75. DOI:
10.18720/SPBPU/2/k20-5 (In Russian with
English summary)

Kochish II, Romanov MN, Myasnikova OV,
Nikonov IN, Selina MV, Korenyuga MV, Zimin
EE, Sharafetdinov GR & Martynov VV. 2021.
Methodical Recommendations on the Use of
Antimicrobial Feed Additive for the Prevention
of Stress in Industrial Crosses of Laying Hens.
Sel'skokhozyaistvennye tekhnologii. Moscow,
Russia. ISBN  978-5-6047654-0-1.  DOI:
10.18720/SPBPU/2/2z21-33 (In Russian)

Kochish I, Vorobyov N, Nikonov I & Selina M.
2022. Neural network fractal model to evaluate
the effectiveness of antimicrobial feed additives
in egg poultry farming. International Transaction
Journal of Engineering, Management, & Applied
Sciences & Technologies, 13: 13A12S. DOI:
10.14456/ITJEMAST.2022.250

Kochish II, Brazhnik EA, Vorobyov NI, Nikonov IN,
Korenyuga MV, Myasnikova OV, Griffin DK,
Surai PF & Romanov MN. 2023. Features of
fractal conformity and bioconsolidation in the
early myogenesis gene expression and their
relationship to the genetic diversity of chicken
breeds. Animals, 13: 521. DOI:
10.3390/ani13030521

Laptev GYu, Ilyina LA, Nikonov IN, Kochish II,
Romanov MN, Smolensky VI, Panin AN,
Yildirim EA, Novikova NI, Filippova VA &
Dubrovin AV. 2017. [Determination of intestinal
microbiocenoses of chickens of the Hisex breed
by the T-RFLP method in ontogenesis]. Acta
Naturae, 9(SI 1): 33. (In Russian)

Levchenko PV, Zhuchok AYu, Gugushvili NN &
Inyukina TA. 2020. The change in hematological
indices of blood of laying hens when using
photomodulation in the early post-embryonic
period. Collection of Scientific Papers of
KRCAHVM, 9: 365-369. DOI: 10.34617/17qr-
1266 (In Russian with English summary)

Mascarenhas WEF. 2018. Fast and accurate
normalization of vectors and quaternions.
Computational and Applied Mathematics, 37:
4649-4660. DOI: 10.1007/s40314-018-0594-6

Matveev OA & Torshkov AA. 2020. Morphological
indicators of blood of chicken-broilers in post-
public ontogenesis. UcCenye zapiski Kazanskoj
gosudarstvennoj akademii veterinarnoj mediciny
im. N.E. Baumana Scientific Notes, Kazan

Poultry Science Journal 2025, 13(2): 245-258



Karpenko et al., 2025

257

Bauman State Academy of Veterinary Medicine,
241: 138-142. DOI: 10.31588/2413-4201-1883-

241-1-138-142 (In Russian with  English
summary)
Meakin P. 1999. A  historical introduction to

computer models for fractal aggregates. Journal
of Sol-Gel Science and Technology, 15:97-117.
DOI: 10.1023/A:1008731904082

Meireles MRG, Almeida PEM & Simoes MG. 2003.
A comprehensive review for industrial
applicability of artificial neural networks. IEEE
Transactions on Industrial Electronics, 50: 585—
601. DOI: 10.1109/TIE.2003.812470

Menshikov VV. 1997. [Clinical Diagnosis -
Laboratory Basics]. Labinform Publishing House.
Moscow, Russia. ISBN 5-89429-002-3. (In
Russian)

Milevski 1. 2024. Effect of Erythropoietin on
Erythrogenesis. Vitamin B12 and Folic Acid in
Erythropoiesis. MedUniver. (In Russian)

Minsky M & Papert S. 1969/1988. Perceptrons: An
Introduction to Computational Geometry. MIT
Press. Cambridge, MA, USA. ISBN 978-0-262-
53477-2.

Moroz LI & Maslovskaya AG. 2020. Hybrid
stochastic fractal-based approach to modeling the
switching kinetics of ferroelectrics in the
injection mode. Mathematical Models and
Computer Simulations, 12: 348-356. DOI:
10.1134/8207004822003014X

Nematinia E & Abdanan Mehdizadeh S. 2018.
Assessment of egg freshness by prediction of
Haugh unit and albumen pH using an artificial
neural network. Journal of Food Measurement
and Characterization, 12: 1449-1459. DOI:
10.1007/s11694-018-9760-1

Nikolenko S, Kadurin A & Arkhangelskaya E. 2018.
Deep Learning. Dive into the World of Neural
Networks. Peter. St. Petersburg, Russia. (In
Russian)

Nikoli¢ D, Muresan RC, Feng W & Singer W. 2012.
Scaled correlation analysis: A better way to
compute a cross-correlogram. European Journal
of Neuroscience, 35: 1-21. DOI: 10.1111/5.1460-
9568.2011.07987.x

Ojo RO, Ajayi AO, Owolabi HA, Oyedele LO &
Akanbi LA. 2022. Internet of things and machine
learning techniques in poultry health and welfare
management: A systematic literature review.
Computers and Electronics in Agriculture, 200:
107266. DOI: 10.1016/j.compag.2022.107266

Okolelova TM & Mansurov RF. 2013. Efficiency of
adsorbents in compound feeds contaminated with
mycotoxins. Ptitsevodstvo, Poultry Farming, 11:
17-18. (In Russian)

Pitelinskiy KV & Shimanskiy SA. 2013. Application
of neural networks in socioeconomic system
studies. ~ Vestnik =~ Moskovskogo  instituta

lingvistiki [Vestnik of Moscow State Linguistic
University], 1: 88-91. (In Russian with English
summary)

Pitelinsky KV & Tyurkin AA. 2007. Applying of
neuronic networks at an estimation of the real
estate. In NTI-2007: Information Society,
Intelligent Information Processing, Information
Technologies, Proceedings of the International
Conference Dedicated to the 55th Anniversary of
VINITI. Moscow, Russia, 24-26 October 2007.
VINITI of RAS. Moscow, Russia. Pages 251—
253. (In Russian with English summary)

Popov VA. 2013. Probability Theory. Part 2.
Random Variables. Kazan University. Kazan,
Russia. (In Russian)

Przybyta-Kasperek M & Marfo KF. 2024. A multi-
layer perceptron neural network for varied
conditional attributes in tabular dispersed data.
PloS One, 19: e¢03110. DOI:
10.1371/journal.pone.0311041

Pukhalskiy YaV, Vorobyev NI, Loskutov SI &
Laktionov YuV. 2023. Genotypic screening for
the resistance of leguminous crops to the effects
of heavy metals, based on neuron profiling of
their amino acid exudation. Agrarnyy vestnik
Urala [Agrarian Bulletin of the Urals], 05(234):
83-96. DOI: 10.32417/1997-4868-2023-234-05-
83-96. (In Russian with English summary)

Pyrhonen L, Willems T, Mikkola A & Naets F. 2024.
Inertial parameter identification for closed-loop
mechanisms: adaptation of linear regression for
coordinate partitioning. Journal of Computational
and Nonlinear Dynamics, 19: 051001. DOI:
10.1115/1.4064794

Rosenblatt F. 1962. Principles of Neurodynamics:
Perceptrons and the Theory of Brain
Mechanisms. Cornell Aeronautical Laboratory,
Inc., Cornell University. Buffalo, NY, USA.

Schmidhuber J. 2015. Deep learning in neural
networks: An overview. Neural Networks, 61:
85-117. DOI: 10.1016/j.neunet.2014.09.003

Sergeev AP & Tarasov DA. 2017. [Introduction to
Neural Network Modeling]. Ural University
Publishing House. Ekaterinburg, Russia. (In
Russian)

Sharapova VV. 2011. [The use of additives from
fucus algae and shungite in feeding laying hens].
Author's Abstract. Cand. Agric. Sci. Dissertation.
GNU VNITIP of the Russian Agricultural
Academy. Sergiev Posad, Russia. (In Russian)

Siriani ALR, Miranda IBdC, Mehdizadeh SA &
Pereira DF. 2023. Chicken tracking and
individual bird activity monitoring using the
BoT-SORT algorithm. AgriEngineering, 5: 1677—
1693. DOI: 10.3390/agriengineering5040104

Sutrop U. 2001. List task and a cognitive salience
index. Field Methods, 13: 263-276. DOI:
10.1177/1525822X0101300303

Poultry Science Journal 2025, 13(2): 245-258



258

Complex Feed Additive Effects in Laying Hens

Taye MM. 2023. Theoretical understanding of

convolutional — neural network:  Concepts,
architectures, applications, future directions.
Computation, 11: 52. DOLI:
10.3390/computation11030052

Tietz NW. 1997. Encyclopedia of Clinical

Laboratory Tests. Menshikov VV, Ed. Labinform
Publishing House. Moscow, Russia. (In Russian)

Tukhbatov IA. 2013. Meat productivity formation of
the broiler chickens due to the sorbent feed
additive. Kormoproizvodstvo [Fodder Journal], 8:
40-42. (In Russian with English summary)

Tyurina LE. 2022, Scientific and practical
justification for the use of mineral substances
from the sources of the Krasnoyarsk territory in
feeding farm animals and poultry, Dissertation.
Krasnoyarsk ~ State = Agrarian  University.
Krasnoyarsk, Russia. (In Russian)

Vats T, Dutt S, Kumar R & Siril PF. 2016. Facile
synthesis  of  pristine  graphene-palladium
nanocomposites with extraordinary catalytic
activities using swollen liquid crystals. Scientific
Reports, 6: 33053. DOI: 10.1038/srep33053

Vorobyov NI, Bogolyubova NV, Platonov AV,
Nikonov IN, Selina MV, Guselnikova AA &
Sidnev NY. 2023a. Effect of feed supplements on
blood biochemical parameters and intensity of
metabolic processes in cows: the neural network
modeling method. International Journal of
Chemical and Biochemical Sciences, 24: 165—
170.

Vorobyov NI, Selina MV, Guselnikova AA, Nikonov
IN & Sidnev NYu. 2023b. Program for neural
network analysis of biochemical parameters of
animal blood. Certificate of state registration of a
computer program: RU 2023662779. Russia.

Wentzel ES. 1999. [Probability Theory]. 6th ed.
Vysshaya Shkola. Moscow, Russia. ISBN 5-06-
003650-2. (In Russian)

Widrow B, Greenblatt A, Kim Y & Park D. 2013.
The No-Prop algorithm: A new learning
algorithm for multilayer neural networks. Neural
Networks, 37: 182-188. DOI:
10.1016/j.neunet.2012.09.020

Yang X, Bist RB, Subedi S & Chai L. 2023. A
computer vision-based automatic system for egg

grading and defect detection. Animals, 13: 2354.
DOI: 10.3390/ani13142354

Yarovan NI. 2005. Use of Khotynetsk natural
zeolites of the Oryol Region to normalize free
radical oxidation in pigs. In: Materials of the 3rd
International Symposium on Modern Problems of
Veterinary Dietology and Nutritional Science. St.
Petersburg, Russia. Pages 170-171. (In Russian)

Yeung KY & Ruzzo WL. 2001. Principal component
analysis for clustering gene expression data.
Bioinformatics, 17: 763-774. DOI:
10.1093/bioinformatics/17.9.763

Young G, Nippgen F, Titterbrandt S & Cooney MJ.
2010. Lipid extraction from biomass using co-
solvent mixtures of ionic liquids and polar
covalent molecules. Separation and Purification
Technology, 72: 118-121. DOI:
10.1016/j.seppur.2010.01.009

Yurkovych N, Mar'yan M, Opachko M & Seben V.
2023. Methods of the fractal approach in science
education: innovative technology and concepts of
computer modeling. Physical and Mathematical
Education, 38: 73-78. DOI: 10.31110/2413-
1571-2023-038-3-010

Zaikina AS, Buryakov NP, Vorobyov NI & Nikonov
IN. 2022. Neural network analysis of the
compliance  of the  microbial-organismic
biosystem of poultry intestines with a fractal-
stochastic model. Permskij agrarnyj vestnik, Perm
Agrarian  Journal, 4(40): 98-106. DOI:
10.47737/2307-2873 2022 40 98. (In Russian
with English summary)

Zasorin AV, Zubkov DG, Selmenskij GE, Nikonov
IN & Alimpiev SV. 2019. Method for Reducing
the Negative Impact of Mycotoxins in Poultry
(Options). National Center for Biotechnology
Information. PubChem Patent Summary for RU-
2680009-C1.

Zhu B, Shin U & Shoaran M. 2021. Closed-loop
neural prostheses with on-chip intelligence: A
review and a low-latency machine learning model
for brain state detection. IEEE Transactions on
Biomedical Circuits and Systems, 15: 877-897.
DOI: 10.1109/TBCAS.2021.3112756

Poultry Science Journal 2025, 13(2): 245-258



