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Abstract. The use of the method of correlation-regression analysis as the
most widespread method of statistical processing of experimental data
makes it possible to organize the selection of animals according to the
leading characteristics of productivity. A positive and high correlation was
established between milk yield and milk yield in all groups of studied
animals (r = from 0.64 to 0.90), and between milk yield in 305 days of
lactation and the highest daily milk yield - only in groups of Reflection
Sovering and Montvik Chieftain cows. (r = 0.65 to 0.92). Cows of the Vis
Back Aydial line have higher correlation coefficients between indicators
of milk composition (r = from 0.72 to 0.91, depending on the trait). The
calculation of the regression coefficients showed that in the studied
groups of animals with an increase in the coefficient of constancy of
lactation, the coefficient of milk production and the indicator of the
highest daily milk yield per unit, the amount of milk for 305 days of
lactation increased by an average of 1.63 - 221.04 kg.

1 Introduction

Breeding work with the black-and-white breed of cattle has been carried out by
specialists in our country for almost thirty years and is aimed at increasing the genetic
resources of milk production of cows. Evaluation and selection of cows from among the
descendants of bulls of various lines in this direction of work is given a special place. Line
breeding is currently one of the main methods of improving black-and-white cattle. The
genealogical structure of the black-and-white cattle of the Ural type is mainly characterized by
the Vis Back Aydial, Reflection Sovering, Montvik Chieftain and Sealing Trijun Rokit lines [1,
2].

Efficient milk production under different ecological and forage conditions for breeding black-
and-white cows should be combined taking into account the indicators characterizing milk
productivity, adaptive plasticity and individual qualities of animals [3, 4, 5, 6, 7, 8, 9].

The biological and productive characteristics of black-and-white Ural type cows are in constant
transformation through selection work. That is why the identification of interrelationships between
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the traits characterizing the productive qualities of animals is the main direction of the activities of
specialists and researchers working to improve the efficiency of cow breeding [10, 11, 12, 13, 14].

The method of correlation-regression analysis is one of the most widespread methods of
statistical processing of experimental data. This method has been used since 1795, when the
English researcher Francis Galton proposed to introduce the term "correlation" into
statistics. At the same time, for the first time the correlation-regression analysis was applied
in practice by the French scientist Georges Cuvier.

The use of correlation-regression analysis in the breeding of dairy cattle made it
possible to successfully predict the level of milk productivity of animals in many herds, as
evidenced by various studies in this direction [15, 16, 17, 18, 19, 20].

The study of the correlation between breeding traits makes it possible in the process of
cattle selection to focus on the leading traits - milk yield, quality indicators and basic
properties of milk. Regression analysis, in turn, makes it possible to improve cow selection
systems to increase the efficiency of selection and breeding work in the herd.

The aim of the research was to study the results of correlation-regression analysis in the
selection of Ural-type black-and-white cows.

2 Materials and methods

The research was carried out on the basis of breeding enterprises of the Sverdlovsk region,
specializing in breeding cattle of the Ural type of black-and-white breed.

The work used notes of cows’ individual cards, milk logs, data from the SELEX
information management system for the period from 2013 to 2019. The interconnections
between the productive qualities of cows from among the descendants of bulls of Holstein
lines were analyzed: Vis Back Aydial 1013415 (n = 1401), Reflection Sovering 198998 (n =
816), Montvik Chieftain 95679 (n = 360) and Sealing Trijun Rockit 252803 (n = 738) ...

The assessment of breeding and productive qualities of the studied animals was made in
accordance with the "Procedure and conditions for assessing pedigree cattle of dairy and
dairy-meat productivity", with "Rules for keeping records in pedigree cattle breeding of
dairy and milk-meat productivity", with GOST R 57878-2017 Breeding farm animals.
Methods for determining the productivity parameters of dairy and combined cattle. The
processing of the obtained results was carried out using the Microsoft Excel program when
calculating the main statistical values. The coefficients of correlation and regression
between the studied traits of animals of different lines were calculated. The assessment of
the statistical significance of the data obtained was carried out according to the Student's t-
test (correlation coefficient r) and Fisher's F-test (regression coefficient R) [21].

3 Research results

A high dependence has been established between the indicators of milk productivity of
cows. In the studied groups of animals of different lines, a positive correlation was
observed between milk yield in 305 days of lactation and the coefficient of constancy of
lactation (r = from 0.37 to 0.58 (p <0.05)), the highest daily milk yield (r = from 0.23 up to
0.92 (p <0.001)) (table 1).

The interrelation between milk yield and milk yield is high and positive (r = 0.64 to
0.90 (p <0.001)). Our data are confirmed by the results obtained in the studies of T.I.
Berezina [22], where the correlation between the above features is also high and positive (r
= from 0.63 to 0.96). In animals of various lines, with an increase in the coefficient of
constancy of lactation, the coefficient of milk production and the highest daily milk yield
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per unit, the milk yield per 305 days of lactation increased by an average of 1.63 - 221.04
kg.

Table 1. Correlation-regression analysis of milk productivity indicators of cows
of the Ural type of black-and-white breed of various lines.

Correlation between features
milk yield in I I milk milkyieldin | milkyieldin
305 gays of milkyield in 305 | - milk yield in yieldper | 305 c)i/ays of 305 dyziys of
Group, it days of lactation' | 305 days of : N 2
line lactation' - lactation! lactation lactation' - lactation' -
; - - 1
z(éeﬁiment og milk production | highest daily ; - hdlziFafor?OS MI;P;for iOS
nstancy o factor? milk yield ve S0 SO
lactation® weight® lactation® lactation’
% _wl T 037 0,64* 023 022 004 0,18
-8 = I Rip 36,79 1,63* 59,10 -1,50 33,71 -79320
= > —
”;J <3| Ry 0,00 025* 0,00 003 0,00 000
S ool T 0,58* 0,90%#* 0,024k 043 005 011
.8 g 2| Rip 177,13* A 221,04+ 9,76 -12983 823,56
= o S
3E2 Ru 000 016+ 000 002 000 000
X ‘E é 2 0,50 0,844% 0,65* 042 047 032
= ‘g é’ § Rip 85,71 448%5* 155,55%* 8,74 -103890 -159940
=0 = Ry 0,00 0,16%** 0,00 0,02 0,00 0,00

Note: hereinafter

MFF - mass fraction of fat in milk, MFP - mass fraction of protein in milk;
*—p<0,05; ** —p <0,01; *** —p <0,001;

12 _index of the studied feature in a pair.

Scientific research of A.S. Batargalieva [16] proved that there is a low but positive
correlation between the amount of milk received and its fat content (r = from 0.220 to
0.222). In our work, milk yield and fat-milk, milk-protein of cows negatively correlated
with each other (for fat r = from -0.04 to -0.47; for protein r = from -0.32 to -0.47). The
regression coefficients showed that one percent increase in the proportion of fat and protein
in milk resulted in a decrease in milk yield by 33.7 - 1599.4 kg. T.A. Guseva [23-25]
confirm our results.

In the work of A.V. Klipova [18], it was found that the cows under study had a positive, but
not high, conjunction between milk yield and live weight (r = 0.35). Our studies confirm this (r
= 0.42-0.43), except for the group of cows of the Vis Back Aydial line, where the conjunction
between milk yield and live weight is negative (r = -0.22).

In addition, we have established a negative relationship (or lack thereof) between the
milk yield of cows of various lines (table 2) and indicators characterizing the composition
of milk.

Table 2. Correlation-regression analysis of milk yield and indicators of the composition and properties
of milk of Ural type cows of the black-and-white breed of various lines.

Correlation I Grollllp, line T
mil}(’“gfg{‘an 4 |_VisBack IDial 1013415 | Reflection Sovering 198998 | Montvik Chieftain 95679
Y T Rip R T Rip R r Rip R
Mass fraction of |7 | 14619 | 000 | 000 2,10 000 | 039 | -284970 | 000
SNF in milk
Density of milk’ 021 | 14605 | 000 | 003 | 25685 | 000 | 032 | 30290 | 000
Mass fraction of -
. 010 | 2512 | 000 | 010 | 00 | 000 | 036 | 210623 | 000
Mass_fraction of | 0,19 | 210756 | 000 | 009 | 74096 | 000 | 000 407 0,00
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whey proteins®
Mass fraction of
dry matter?

Mass fraction of
lactose?

Mass fraction of

ash’ 10865,73
Thus, the milk yield of cows negatively correlated with the mass fraction of SNF in
milk (r = from 0.00 to -0.39), the fraction of casein (r = from -0.10 to -0.36), whey proteins
(r = from 0, 00 to -0.19), dry matter (r = -0.09 to -0.60 (p <0.05)), lactose (r = 0.02 to -
0.39), ash (r =-0.08 to -0.31). Milk density is also negatively correlated with milk yield (r
=-0.21 to -0.32). At the same time, judging by the regression coefficients, with a change in
the milk yield of cows of various lines per 1 kg, the indicators of the composition and
properties of milk did not change.

According to O.G. Loretts et al. [24], there are high and medium correlations between
many indicators of the composition and properties of milk, which makes it possible to
increase the values of the biochemical indicators of milk by conducting selection work on
one or two characteristics.

In our studies, a mutual positive dependence of the indicators of the composition of milk
among themselves in groups of cows of different lines was established (table 3).

-0,13 -68,12 0,00 -0,09 -209,80 0,00 0,60% | -99431* 0,00

0,05 | -20606 0,00 0,02 398,90 0,00 039 -5490,94 0,00

0,12 | 297953 | 0,00 0,08 0,00 031 -33637,61 0,00

Table 3. Correlation-regression analysis of indicators of the composition and properties
of milk of Ural type cows of the black-and-white breed of various lines.

Correlation between features
mass mass . mass
fraction of fraction of mass fraction mass mass fraction of
Group SNF in SNF in of casein' fraction of fraction of dry matter'
line milk! and milk! and and . casein’ dry matter' and
mass mass mass fraction and and mass
fraction of fraction of Orfo?gils:z rlz)l:ili(nz derrfilltgz()f fraction of
dry matter’ fat? P p lactose®
S S0 0,74%* 0,72%* 0,05 0,91%** 0,74** 0,72%*
s .8
- r-‘g gg Rin 0,19%** 0,27** 0,11 0,77%** 0,19%** 0,27%*
= <3 Ry 2,91%* 1,89%* 0,02 1,07%%* 2,91%* 1,89%*
§ gﬁg r 0,47 0,33 0,02 0,34 0,47 0,33
:é& § § Rin 0,1 0,08 0,01 0,1 0,1 0,08
o % ~| R 2,28 1,32 0,05 1,1 2,28 1,32
'é .§ N 0,52 0,37 0,07 0,89%*** 0,52 0,37
=% 3 Rio 0,11 0,1 0,13 0,72%%* 0,11 0,1
=35 | Ry 2,42 1,28 0,04 1,09%% 2,42 1,28

Thus, the mass fraction of SNF in cow milk turned out to be associated with a positive and
high relationship with the fraction of dry matter (r = from 0.47 to 0.74 (p <0.01)) and fat in milk (r
= from 0.33 to 0,72 (p <0.01)). An increase in the share of SNF in milk by one percent brought up
t0 2.91% increase in dry matter and up to 1.89% fat.

Highly significant and positive correlation coefficients were found between the
proportion of casein in milk and the proportion of total protein (r = 0.34 to 0.91 (p <0.001)).
An increase in the proportion of total protein led to an increase in the proportion of casein
by 0.10 - 0.77% (p <0.001). Density of milk and mass fraction of lactose depend on the
proportion of dry matter in milk. The correlation coefficients are equal, respectively, in
terms of r = from 0.17 to 0.82 (p <0.01) and r = from 0.48 to 0.74 (p <0.01). For each
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percentage increase in the proportion of dry matter in milk accounted for up to 0.82 ° An
increase in milk density and up to 5.11% - in the proportion of lactose.

4 Conclusions

1. The correlation between milk yield and milk coefficient in all groups of studied
animals was positive, significant and high (r = from 0.64 to 0.90). Whereas the
relationship between milk yield in 305 days of lactation and the highest daily milk yield
is positive, reliable and high only in the groups of Reflection Sovering and Montvik
Chieftain cows (r = 0.65 to 0.92). Negative correlations between milk yield and
indicators of milk composition were found in all groups of the studied animals, but a
significant relationship was found only in the group of the Montvik Chieftain line (the r
indicator between milk yield and dry matter mass fraction in milk is -0.60). At the same
time, in the group of cows of the Vis Back Aydial line, there are higher and more reliable
indicators of correlation between the traits that characterize the composition of milk (r =
from 0.72 to 0.91, depending on the feature).

2. Regression analysis showed that in groups of cows of different lines, with an
increase in the coefficient of constancy of lactation, the coefficient of milk production
and the indicator of the highest daily milk yield per unit, milk yield for 305 days of
lactation increased by an average of 1.63 - 221.04 kg. When the milk yield of cows
changed per 1 kg, the characteristics of the composition and properties of milk remained
constant. One percent of the increase in the mass fraction of dry matter in milk in groups
of cows of different lines was due to an increase in the density of milk to 0.82 ° A and the
mass fraction of lactose to 5.11%.

3. The established correlations between the studied features make it possible to select cows
along the lines, aimed at increasing the indicators of the milk productivity of the herd.
Regression analysis in these studies makes it possible to model the selection systems of cows in
specific breeding herds to increase the efficiency of selection and breeding work. Knowing the
quantitative variations of the measured characteristics of cows of different lines, taking into
account the correlation analysis, specialists of the breeding service of enterprises have the
opportunity to plan the results of their work within the framework of the selection of animals
and the formation of a captive nucleus.
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