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ABSTRACT

The article presents the results of scientific and economic experience in determining the comparative effectiveness
of the use of feed products based on safflower cake in cow feeding diets. The research was carried out in Uchkhoz
lyulskoye of the Izhevsk State Agricultural Academy (Votkinsky district, Udmurt Republic, Russia). Animals
were selected into groups according to the principle of pairs of analogs. The influence on milk productivity,
composition, and technological properties of cow milk was studied. The animals of the control group received the
main diet, which included sunflower cake. One kg of sunflower cake was replaced with safflower cake for cows
of the first experimental group, and with safflower cake with propylene glycol in the second experimental group.
The replacement of sunflower cake with safflower cake and a feed product consisting of safflower cake and
propylene glycol in the amount of 1 kg in the diets of highly productive cows contributes to an increase in milk
productivity by 2.63 and 1.96 kg. The best effect is obtained when using safflower cake in its pure form. The
positive dynamics of improving the quality characteristics of milk, in particular the mass fraction of fat, were
noted. The introduction of safflower cake into the diet improves the technological properties of milk: the duration
of rennet coagulation is reduced; the dynamics of increasing the diameter and mass of casein micelles is traced.
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Introduction

Oilseeds in the Russian Federation have significant economic importance as a product for
obtaining food and technical raw materials. Oils from sesame seeds, sunflower seeds, poppy
seeds, mustard, safflower, flax, and cotton are used in human nutrition (Kislyakova, Achkasova,
& Abasheva, 2017; Kislyakova, Lomaeva, & Achkasova, 2021; Radzhabov, Kurbanov, Gulov,
& Dostov, 2018).

There are by-products — meal and cake at processing plants, after the extraction of vegetable
oil. Their composition is rich in proteins, essential fatty acids, and minerals, so these products
are valuable feed for animals and birds (Kislyakova, Vorobyeva, Kokonov, & Strelkov, 2019;
Kugenev & Barabanshchikova, 1973; Lyubimov, Kislyakova, Achkasova, & Abasheva, 2018;
Trukhachev, Ebzeev, & Barnev, 2010; VVologzhanina, Berezkina, & Vorobeva, 2018; Zoteev,
Simonov, & Pisarev, 2016).

Recently, there has been an increased interest in the use of new types of cultivated plants that
differ from the traditional ones in terms of a complex of signs and useful properties (Kislyakova
etal., 2021; Lyubimov et al., 2018; Radzhabov, Dostov, & Kurbanov, 2019; Rechile, Shatskikh,
Maslyuk, Shatskikh, & Masalimov, 2016; Soloshenko, Klimenok, & Nemzorov, 2017;
Tukfatulin & Khetagurova, 2017). At the present stage, safflower cake is gaining popularity as
a feed for cattle. This is due to a sharp increase in safflower production in the Russian
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Federation and the cost of traditional cakes: sunflower and rapeseed. However, many farms still
underestimate the use of this product in feeding farm animals (Filinskaya & Kevorkyan, 2018;
Penkova & Mishina, 2012; Radzhabov et al., 2018; Ruppel & Olshanskaya, 2016). In this
regard, our research on the effectiveness of the use of feed products based on safflower cake in
cow feeding is relevant and practically significant.

The purpose of the research was to conduct a comparative assessment of the use of feed
products with the use of safflower cake in feeding highly productive cows.

Materials and Methods

The research was carried out in Uchkhoz lyulskoye of the Izhevsk State Agricultural Academy
(Votkinsky district, Udmurt Republic, Russia).

Animals were selected into groups according to the principle of pairs of analogs. The animals
of the control group received the main diet, which included sunflower cake. One kg of
sunflower cake was replaced with safflower cake for cows of the first experimental group, and
with safflower cake with propylene glycol in the second experimental group.

The quality of milk was evaluated according to its physicochemical and technological
properties. The following indicators were determined to assess the physicochemical properties
of milk: the mass fraction of fat, the mass fraction of total protein, the mass fraction of nonfat
milk solids on the Clover — M1 device, titrated acidity (titrimetric method according to GOST
3624-92).

To study the technological properties, the evaluation of the milk's cheese suitability was carried
out according to the following indicators: rennet coagulability (according to the method of G.S.
Inikhov and N.P. Brio (1971) and A.Ya. Dudenkov (1967); diameter and mass of casein
micelles (according to the method of P.V. Kugenev and N.V. Barabanshikov (1973); milk class
according to rennet-fermentation test (GOST 9225 — 84); thermal stability group according to
alcohol test; the number of somatic cells on the "Somatos-M™" device according to GOST 23453-
90. The results obtained were processed by the method of variational statistics.

Results and Discussion

A concentrate-haylage type of feeding is used in JSC "Uchkhoz July 1zhevsk State Agricultural
Academy" of Votkinsky district of the Udmurt Republic in feeding lactating cows. The share
of concentrated feed accounts for 51% in the structure of the diet for dry matter in the phase of
separation. At the time of the research, the basis of the diet was clover haylage and grain
haylage. A large proportion of various cakes is used to balance the protein rations. These are
sunflower, rapeseed, and flax. The use of several types of cake is justified since their
combination in the diet contributes to the creation of an optimal balance of nitrogen in the
rumen.

The diets of cows in terms of nutrition practically did not differ during the studies. According
to the norms, they fully satisfied the cows' need for the given productivity in energy and protein.
The main ratios of nutrients are close to the recommended norms. The content of metabolic
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energy in dry matter is at the level of 10.9-11.0 Mass fraction of fat, the content of crude protein
in dry matter is 15.7-15.9%.

The use of feed products based on safflower cake in cow feeding had a positive effect on milk
productivity (Table 1).

Table 1. The main indicators of cow productivity for the accounting period, X + my

) Group
Indicator - -
control experimental 1 experimental 2
fgverage Sl s BIs 31.16+1.75 33.79+1.42 33.12+1.19
Mass fraction of fat, % 3.85+ 0.25 3.98+0.19 4,28+ 0.26
Mass fraction of protein, % 2.86+0.01 2.82+0.04 2.88+ 0.02

The results of control milking showed that replacing sunflower oilcake with safflower oilcake
increases the average daily yield by 2.63 kg, and the use of safflower oilcake with propylene
glycol by 1.96 kg. However, statistical data processing has shown that the difference in
indicators is not significant, since the error of the average value is quite large. The positive
dynamics of improving the quality characteristics of milk, in particular the mass fraction of fat,
were also noted. Thus, when using safflower cake in its pure form, the mass fraction of fat
increased by 0.13%, when using safflower cake with propylene glycol by 0.43%. There was no
significant difference in the protein content in milk.

The study of the physicochemical composition of milk makes it possible to more fully assess
the nutritional value, taste, and technological properties of the product. Table 2 presents the
results of the analysis of the chemical composition and physical properties of the milk of cows
of the experimental groups.

Table 2. Chemical composition and physical properties of milk of experimental cows, X +

Mx
Indicator Group
control experimental 1  experimental 2

Mass fraction of dry matter, % 12.00 £ 0.04 12.06 £ 0.03 12.15+£0.05
Mass fraction of fat, % 3.79+£0.03 3.85%£ 0.03 3.95+0.02

i i + +
Ma.ss fraction of nonfat milk 821+ 005 8.21 £ 0.05 8.20 £ 0.05
solids, %
(')\/:ass fraction of total protein, 2.93+0.01 2.94+0.01 3.01+0.01
Mass fraction of casein, % 2.37+£0.01 2.38+ 0.01 2.42+0.01
Mass fraction of [
" ass fraction of serum protein, 0.56 + 0.01 0.56 + 0.01 0.59 + 0.01
Density, °A 26.45+ 0.05 26.69+ 0.05 27.22 £ 0.05
Acidity, °C 18.10 £ 0.02 18.11 £0.02 18.20 £ 0.02
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There was a tendency to increase the dry matter content in milk against the background of the
use of feed products based on safflower cake. There was no significant difference in the level
of casein, but there was a tendency to increase its content in milk when using the studied feed
products. The indicators of the nonfat milk solids in milk did not change significantly by group
and corresponded to the requirements of the technical regulations. The density and acidity of
milk were higher in cows of the second experimental group compared to animals of other
groups.

The results of the study of the technological properties of cow milk, in which feed products
based on safflower cake were used, are presented in Table 3.

Table 3. Technological properties of milk of experimental cows, X + my

Indicator Group
control experimental 1  experimental 2
Diameter of casein micelles, A 673.47+7.3 674.70 £ 9.4 653.10 + 11.2
Mass of casein micelles, million 113.40 + 6.93 116.33+ 5.6 114.80 + 4.9
units of molar weight
N8 O STMELTE G2l 97.5+8.14 90.0 + 7.50 105.0 + 7.02

thousand/cm 3
Thermal stability group, assigned Group 1 -62.5 Group 1445 Group 1 -60
samples, % Group 2—-37.5 Group 2—-55.5 Group 240

It was found that the indicators of the milk’s cheese suitability of cows of the first experimental
group were better. Thus, the milk of cows of this group coagulated faster under the action of
rennet enzyme — 12.73 minutes, the diameter and mass of casein micelles were larger and
amounted to 674.70 A and 116.33 million units of mol. mass, respectively.

The number of somatic cells in the milk of cows of the control and second experimental groups
was 97.5 thousand/cm?® and 105 thousand/cm?, respectively, the number of somatic cells was
90 thousand/cm® in the milk of cows of the second group. The thermal stability of milk
corresponded to the first and second groups.

The rate of coagulation by the rennet enzyme shows the cheese suitability of milk (Table 4).

Table 4. The rate of rennet coagulation of milk of experimental groups, X + my

Indicators of cheese suitability Group
control experimental 1 experimental 2
Duration of rennet coagulation,
min. 12.84 +1.12 12.73 +1.32 13.03 + 1.66
total, including
coagulation phase, 5.11 +£0.47 5.12 +0.53 5.06 £0.52
gelation phase 7.73£0.65 7.61£0.79 797 £1.14

10
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The most important indicator of milk's cheese suitability is the rate of coagulation of milk by
rennet. Milk had slightly better coagulability in cows of the control and first experimental
groups (12.84 min. and 12.73 min. respectively), and the milk obtained from the first-calf cows
of the second experimental group (13.03 min.) was somewhat inferior in time to rennet
coagulation. Also, in the milk of cows of the control and first groups, when the rennet enzyme
is added to it, the shortest time for the formation of the coagulation phase is observed (5.11 min.
and 5.12 min. respectively) and gelation phases (7.73 min. and 7.61 min. respectively). Thus,
according to the results of our research, it was established that all milk was cheese-suitable.
Replacing sunflower cake with safflower slightly shortened the duration of milk coagulation.
The traditional protein feed additive in cow feeding diets is sunflower cake. Its cost is
determined by the yield of sunflower, the quality of the product and varies greatly. In this
regard, it is necessary to have alternative sources of protein in the diets of cows. Safflower cake
is a valuable feed product that can be used both in mixtures and in pure form. The cake from
unbroken safflower grains contains about 24-25% starch, 6-7% oil, and 19% protein fraction
(Kadirbaev et al., 2013). In our studies, it was determined that the partial replacement of
sunflower oilcake in the diets of highly productive cows with safflower oilcake, as well as with
a feed product consisting of safflower oilcake and propylene glycol in an amount of 1 kg,
contributes to an increase in milk productivity. The best effect is obtained when using safflower
cake in its pure form. The positive dynamics of improving the quality characteristics of milk,
in particular the mass fraction of fat, were also noted.

The results obtained are consistent with the previously conducted studies of 1.\VV. Maslennikov
and N.G. Korovin on the use of safflower cake in the diets of cows in pure form ("Sergeyevsky"
APC and "Rassvet" APC, Udmurt Republic). However, the effect of using a feed product based
on safflower cake with propylene glycol has not been confirmed. We assume that our research
was carried out on a dairy herd with a productivity of over 8,000 kg. Consequently, such
animals are more demanding of the energy saturation of the diet. We recommend partial
replacement of sunflower cake with safflower in production conditions. The replacement can
be made at the rate of 1 kg to 1 kg with a similar quality in terms of the crude protein content
of 26%. When replacing sunflower cake of the best quality, we recommend recalculating the
input rate of safflower cake according to the content of crude protein.

Conclusion

Replacing sunflower cake in cow feeding diets with safflower increases the average daily yield
by 2.63 kg, and the use of safflower cake with propylene glycol by 1.96 kg. There was a
tendency to increase the mass fraction of fat and protein in milk against the background of the
use of feed products based on safflower cake with propylene glycol.

The indicators of cheese suitability of milk of cows of the first experimental group, which
received safflower cake, were better. The milk of cows of this group coagulated faster under
the action of rennet enzyme — 12.73 minutes, the diameter and mass of casein micelles were
larger and amounted to 674.70 A and 116.33 million units of mol. mass, respectively.
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