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Abstract. The article presents the results of studies of the dependence of
cows’ milk productivity on the level of lipid peroxidation and antioxidant
defense in their body. For the experiment two groups of lactating cows
were formed, 10 animals each: group 1 — livestock with a high concentra-
tion of lipid peroxidation products in the blood and a low level of antioxi-
dants; group 2 — livestock with the values of these indicators within the
reference interval. The results of the research indicate that in animals of the
group 1 the average daily milk yield was lower by 9.9% relative to the val-
ues of the group 2. According to the quality characteristics and safety fac-
tors of milk in cows with an imbalance in the LPO-AOD system relative to
the group of animals with normal data, a decrease in the concentration of
protein and fat was recorded with an increase in the concentration of so-
matic cells. Taking it into account, it seems relevant to use antioxidant sub-
stances for highly productive dairy cattle in order to increase milk produc-
tivity, improve the quality and safety of livestock products.

1 Introduction

A dairy cattle breeding is one of the most important branches of animal husbandry, provid-
ing humanity with milk, which serves as a source of complete proteins, essential amino
acids, vitamins, microelements and many other nutrients and biologically active substances.
[1-3].

In the industrial cultivation and maintenance of dairy cattle, modern technological mod-
ernization of farms is implemented through the creation of large complexes, where the
keeping of cows as a rule is free, and the milking process is automated. At the same time,
constant rearrangements, a highly concentrated type of feeding, an imbalance in the diet for
nutrients and biologically active substances contribute to the deterioration of metabolism

* Corresponding author: nival430@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


mailto:niva1430@mail.ru

E3S Web of Conferences 363, 03040 (2022) https://doi.org/10.1051/e3sconf/202236303040
INTERAGROMASH 2022

and reduce the resistance of cattle to diseases, which negatively affects its productivity and
duration of economic use [4-7].

Lipid peroxidation (LPO) is a normal metabolic process in all organs and tissues, which
plays an important role in the physiological and biochemical homeostasis of a healthy cell.
However, with a pronounced negative impact of endogenous and exogenous factors on the
body, free radical reactions take a pathological course, which leads to excessive accumula-
tion of free radicals and gives this process a chain uncontrolled character. The damaging
action of free radicals is resisted by a multicomponent system of antioxidant defense
(AOD), which keeps the process of lipid peroxidation at a stationary level, which does not
interfere with the normal functioning of the body. The resulting prooxidant-antioxidant
balance is the most important mechanism of animal homeostasis [8-13].

The intensity of lipid peroxidation processes occurring in the cells of the body is likely
to affect the milk productivity of animals, since the accumulation of lipid peroxidation me-
tabolites in the body leads to a deterioration in the digestibility of diet components by ani-
mals, metabolic disorders, decrease in resistance, etc. [14-16].

However, the dependence of milk productivity of cows on the state of lipid peroxidation
in their body has not yet been studied enough, and a more complete understanding of these
processes will allow developing adequate strategies for antioxidant pharmacocorrection to
rationalize the production of dairy products, improve their quality and safety.

The aim of the work was to study the dependence of milk productivity of cows on the
level of lipid peroxidation and antioxidant defense in their body.

2 Materials and methods

The studies were carried out in spring period on highly productive cows of the Holstein
breed, which were in the period of milking.

Blood was taken from 50 cows ranked by age, body weight and physiological state
(second month of lactation) for laboratory tests. Blood sampling was performed from the
jugular vein in compliance with the rules of asepsis from the caudal vein in the morning
before feeding.

The intensity of lipid peroxidation processes in the body of cows was assessed by de-
termining the blood concentrations of diene conjugates (DC), ketodienes (KD) and malonic
dialdehyde (MDA), in accordance with the methodological recommendations of All-
Russian Scientific Research Veterinary Institute of Pathology, Pharmacology and Therapy
(2010). Ketodienes and diene conjugates are the primary products of lipid peroxidation and
are formed during the oxidation of linoleic, linolenic and arachidonic acids. Malonic dial-
dehyde is one of the most significant among the secondary products of lipid peroxidation.
All these LPO products are mutagens and have a pronounced cytotoxicity, leading to the
disintegration of metabolism in the cell and as a result to its death.

In the blood of cows, the indicators of the non-enzymatic link of the body's antioxidant
defense system, carotene and vitamin C, were determined (in accordance with the “Guide-
lines for the use of unified biochemical methods for testing blood, urine, milk in veterinary
laboratories”). An Ecoview UV-1100 spectrophotometer was used to record the optical
density of the samples.

Based on the results of screening laboratory blood tests, after determining the concen-
tration of lipid peroxidation products, 20 animals were selected from 50 cows, from which
two groups of 10 animals each were formed: group 1 — livestock with a high concentration
of lipid peroxidation products and a low level of antioxidants; group 2 — livestock with the
values of indicators within the reference interval.

When studying the dependence of milk productivity of cows on the level of lipid perox-
idation and antioxidant protection in their body in a comparative aspect, milk yields were
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estimated by groups within two weeks from the moment of blood sampling. To obtain data
on the amount of milk produced during this time, the milk yield for each cow was recorded
daily using an individual milk meter “MM-27 DELAVAL”. To assess the quality of milk
from cows, an average sample was taken from daily milk for three adjacent days, in which
the mass protein fraction (MPF) and mass fat fraction (MFF) were determined on the “Lac-
tan” device, the content of somatic cells was determined on the “SOMATOS” device.

To obtain the correct analyzer readings, the following conditions were met: the sample
must be homogeneous; in the presence of a settled layer of fat (cream), the milk sample was
heated in a water bath to 40-45 °C, mixed, cooled to a temperature of 25 £+ 2 °C and mixed
again.

All obtained digital data were processed by the methods of variational statistics with the
determination of Student’s t-test and the level of significance of differences in indicators by
groups.

3 Results

The results of laboratory studies to determine the concentration of LPO-AOD indicators in
the blood of cows by groups are presented in Table 1.

Table 1. Concentration of LPO-AOD in the blood of cows (M+m; n=10).

Indicators Reference interval 1 group 2 group
DC, opt. density units / mg of lipids 0.120-0.250 0.272+0.006* 0.198+0.005
KD, opt. density units / mg of lipids 0.050-0.100 0.137+0.003** 0.087+0.004
MDA, pmol/l of blood 0.50-1.50 0.188+0.004* 0.138+0.006
Vitamin C, mg% 0.5-1.5 0.42+0.02** 0.55+0.05
Carotene, mg% 0.4-1.0 0.33+0.03* 0.41+0.07

Note: significance level * p<0.05; ** p<0.01

In accordance with the methodology of the experiment, group 1 included animals, in
which the concentration of lipid peroxidation in the blood exceeded the upper limit of the
norm and the level of antioxidants, on the contrary, was reduced. In group 2 the values cor-
responded to the reference interval. When calculating, the difference between the groups
was: DC — 37.4% (p<0.05); KD — 57.5% (p<0.01); MDA — 36.2% (p<0.05); vitamin C —
23.6% (p<0.01); carotene — 19.5% (p=<0.05).

When assessing the milk productivity of cows, it was revealed that in animals of group
1 the average daily milk yield for a two-week period was 25.4 + 0.51 kg, and in group 2 —
26.4 + 1.23 kg with a significant difference between groups of 9.9% ( Table 2).

Table 2. Indicators of milk productivity of cows (M+m; n=10).

Indicators
Milk yield, kg

2 group
28.24+0.37

1 group
254+0.51*
Organoleptic indicators of milk

Color

White with a yellowish tint

Consistency

Homogeneous liquid without inclusions

Taste and smell

Smell characteristic for natural fresh milk,
sweetish taste

Quality indicators of milk

MPF, % 3.31+0.023 3.43+0.016
MFF, % 3.65+0.012 3.72+0.017
Somatic cells, thousand / ml 284.8+3.98* 238.8+4.42

Note: significance level * p<0.05

Milk supplied for processing must meet the requirements for both the food product and

the raw materials for the production.
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In the organoleptic evaluation of cows’ milk there was no significant difference between
the groups. The milk had a white color with a yellowish tint, the consistency was homoge-
neous, without inclusions, the smell was characteristic for natural fresh milk, the taste was
sweetish.

According to the quality characteristics of milk in cows of the group 1 (with an imbal-
ance in the LPO-AOD system), the worst indicators were recorded relative to the group 2.
There was a decrease in protein by 0.12 abs. % and milk fat by 0.07 abs. %.

The primary requirement for raw milk is its compliance with safety standards, while the
number of somatic cells is a determining factor. The conducted studies found that the con-
centration of somatic cells in milk was significantly higher in cows of the group 1 with a
difference of 19.3% (p<0.05) relative to the group 2.

The results of the correlation analysis of milk productivity of cows with the level of in-
dicators of the LPO-AOD system are presented in Figure 1 in the form of a heat map.
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Fig. 1. Correlation analysis of the dependence of milk productivity of cows on the level of indicators
of the LPO-AOD system.

The analysis shown in the figure demonstrates a high negative relationship between the
amount of milk yield in cows and the indicators of lipid peroxidation in the blood. Correla-
tion coefficients for pairs of values are equal: milk yield — DC (r = — 0.9); milk yield — KD
(r = - 0.78); milk yield — MDA (r = — 0.75). An average positive relationship was deter-
mined between the amount of milk yield and the concentration of vitamin C in the blood (r
= 0.58) and a weak relationship with carotene (r = 0.48). The MDA indicator in milk has a
high negative correlation with the value of DC (r = — 0.81) and KD (r = — 0.73), as well as
an average negative relationship with the MDA indicator (r = — 0.69). MFF has a high
negative correlation with DC (r = — 0.78) and KD (r = — 0.73), an average negative correla-
tion with MDA (r = — 0.65). Correlation coefficients for pairs of values of MFF and antiox-
idants in the blood have an average positive relationship and are equal: MFF — vitamin C (r
= 0.65); MFF — carotene (r = 0.69).

A very high positive relationship between the concentration of somatic cells in milk and
the level of lipid peroxidation in the blood is confirmed by the correlation coefficients: DC
(r=10.94); KD (r = 0.9); MDA (r = 0.91). An average negative relationship was found with
vitamin C (r = — 0.68) and carotene (r =— 0.59).



E3S Web of Conferences 363, 03040 (2022) https://doi.org/10.1051/e3sconf/202236303040
INTERAGROMASH 2022

4 Conclusion

Thus, the obtained data indicate that the intensity of lipid peroxidation processes and the
state of antioxidant defense in the body of lactating cows significantly affect the level of
milk productivity of cattle, as well as the quality and safety of the milk obtained. Taking it
into account, it seems relevant to use antioxidants for highly productive dairy cattle in order
to increase milk productivity, improve the quality and safety of livestock products.
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