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Abstract. 
nutrient use efficiency in their diet to increase meat productivity. The aim of this study was to perform 
an analysis of the efficiency of consumption and use of nutrients in the diet by purebred Simmental 
calves and their first-generation crosses (F1) with Red Steppe and Russian Black Pied cattle.

 The results of the study show that crossbred bulls ½ Simmental x ½ Russian Black Pied cattle 
exceeded thoroughbred calves of the same age of the Simmental breed and crossbred youngsters ½ 
Simmental x ½ Red Steppe breed in terms of nutrient consumption by 8.4-1030.5 g (2.0–11.70%), the 
amount of digested nutrients by 10.7–948.7 g (3.5–16.0%) and the value of the digestibility coefficient 
by 0.28–3.24%. Crossbred calves ½ Simmental x ½ Red Steppe breed showed minimal differences in 
the analyzed indicators. This study shows that the targeted selection of animals from different breeds 
for crossbreeding results in better nutrient intake and productivity, which opens new perspectives for 
the meat industry.
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Introduction
Currently, there is a shortage of meat production, 

It is necessary to develop and implement a program 
for the accelerated development of cattle breeding to 

solve this problem. Therefore, the industry’s primary 
direction is the rational use of genetic resources in 
Russian selection (Kayumov, 2019). In the Russian 

-
tained from the rearing of the super-replaced young 
herd and rejected animals from the main herds of 
dairy and mixed breeds such as Red Steppe, Russian 
Black Pied cattle, and Simmental.

Recently, the breeders have paid much attention 
to the Simmental cattle breed. The performance po-
tential of the Simmental fattening bulls has been im-
proved by selective breeding during the past decades, 
resulting in changes in fattening and slaughter traits 
of bulls (Honig, 2020). This breed has plenty of eco-
nomically useful qualities, such as a high level of meat 
productivity and others. Simultaneously, the valuable 
properties of the Simmental animals are inherited not 
only during purebred breeding but also during cross-
breeding (D’Occhio, 2019).

-
ciency of consumption and use of nutrients in the diet 

-

Pied cattle.

Materials and Methods
The studies were carried out in 2016–2018 in the 

Limited liability company (LLC) “Zailechye” in the 

three groups of 6-month-old bulls (15 animals in 
each group) were formed according to the following 
genotypes: group I – Simmental breed, group II – ½ 
Simmental x ½ Red Steppe, and group III – ½ Sim-
mental x ½ Russian Black Pied cattle.

Animals in the groups differed only in the breed. 
Other indicators such as age and weight were balanced 

Throughout the experiment, young animals were 
kept at the feedlot under year-round stall mainte-
nance. The conditions of keeping and feeding cor-

were the same for all three groups (GOST 32855-2014 
Requirements in raising and feeding cattle young 
livestock for meat production food-stuffs for children. 

was promoted monthly for two adjacent days accord-
ing to the difference in the mass of the given feed and 
uneaten residues. Young animals of all groups were 
provided with a complete, balanced feeding, which 
contributed to the manifestation of the genetic poten-
tial of meat productivity.

During the balance (physiological) experiment, 
feed consumption was assessed daily for three ani-
mals from the group. The consumption and use of 
nutrients were determined according to the balanced 
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experiment results, considering the diet’s chemical 
composition. Three animals were selected from each 
group, composing balanced groups according to the 
principle of a mini-herd (from each already formed 
group of 15 animals, three bulls were selected, only 
for the balanced experiment) to carry out digestibility 
balance experiments, since they are costly. 

The data were proceeded using the Statistica Stat-
graf software package. Arithmetic means with stan-
dard deviations are presented in Tables 1–3. The 
Student’s t-test compared the mean values for inde-

differences between means was reported at P  0.01 
and P  0.05. In the physiological experiment, the 
number of animals was reduced. Only this experi-
ment was conducted using the mini-herd principle 
due to the high complexity and cost of this study. It 
was not possible to carry out an accurate statistical 
analysis due to the small amount of data. However, it 
is planned to repeat this experiment with more ani-
mals in the future.

Results 
The analysis results in the balanced experiment 

of individual nutrients in the diet (Table 1).
The leading position in the consumption of all 

types of feed nutrients was occupied by crossbred 
bulls (½Simmental x ½ Russian Black Pied cattle.) 
of group III. Purebred bulls of the Simmental breed 

to them in dry matter consumption by 200.0 g (2.1%, 
P < 0.05) and 1030.0 g (11.7%, P < 0.01), organ-
ic matter by 189.4 g (2.1%, P < 0.05) and 968.6 g 

(11.6%), crude protein by 24.6 g (2.1%) and 126.7 g 
(11.7%, P < 0.01), crude fat by 8.4 g (2.0%, P < 0.05) 

(2.1%, P < 0.05) and 230.7 g (11.7%, P < 0.01 ), and 

(2.1%, P < 0.05) and 568 g (11.6%, P < 0.01).

of group II showed the smallest consumption of all 
types of nutrients in feed. Purebred calves of the Sim-
mental breed of group I surpassed them in dry matter 
consumption by 830.0 g (9.4%, P < 0.01), organic 
matter by 779.2 g (9.3%, P < 0.01) , crude protein by 
102.1 g (9.4%, P < 0.01), crude fat by 34.8 g (9.3%, 

< 0.01). It is known that nutrients received from food 
are digested and absorbed only partially. Then they 
are included in metabolic processes taking place in 
the animal’s body. Undigested nutrients are excreted 
in the feces (Van Gastelen, 2019).

-
enced by a complex of factors, both phenotypic and 

the experimental groups on the digestibility of nutri-
ents (Table 2).

At the same time, the crossbred bulls (½ Simmen-
tal x ½ Russian Black Pied cattle) of group III showed 
the maximum amount of digested substances. They 
surpassed the purebred peers of the Simmental breed 
of group I and crossbred young animals (½ Sim-
mental x ½ Red Steppe) of  group II in terms of the 
amount of digested dry matter, respectively, by 244.8 
g (3.7%, P < 0.05) and 948.7 g (16.0%, P < 0.01), or-

Characteristic
 

Group

I II III
I 

and 
II

I 
and 
III

II 
and 
III

Statistical indicator    

X ± Se Cv X ± Se Cv X ± Se Cv    

Dry matter 9662.5 ± 56.42 2.14 8832.5 ± 52.34 2.02 9862.5 ± 64.21 2.16 ** * **

Organic matter 9102.1 ± 46.46 2.01 8322.9 ± 47.12 2.14 9291.5 ± 52.19 2.33 ** * -

Crude protein 1188.5 ± 15.64 1.88 1086.4 ± 14.21 1.7 1213.1 ± 15.92 1.88 ** - **

Crude fat 405.8 ± 4.81 2.1 371.0 ± 4.24 1.66 414.2 ± 5.12 2.18 * * **

2164.4 ± 29.22 3.14 1978.5 ± 28.06 3.01 2209.2 ± 30.01 3.23 ** * **

5343.4 ± 34.11 3.2 4887.0 ± 36.18 3.32 5455.0 ± 38.71 3.31 ** * **

Table 1. Amount of nutrients taken with feed by experimental young animals (on average for one animal per day), g
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ganic matter by 186.0% g (2.9%, P < 0.05) and 847.2 
g (14.7%, P < 0.001), crude protein by 31.4 g (3.9%, 
P < 0.01) and 113.1 g (15.7%, P < 0.001), crude 
fat by 10.7 g (3.6%, P < 0.01) and 43.7 g (16.8%, P 

173.2 g (15.8%, P < 0.001), and nitrogen-free extrac-

(14.0%, P < 0.01).
Purebred bulls of the Simmental breed of group I 

surpassed the crossbred bulls (½ Simmental x ½ red 
steppe) of group II in terms of the amount of digested 
dry matter by 703.9 g (11.9%, P < 0.001), organic 
matter by 661.5 g (11.5%, P < 0.001), crude pro-
tein by 81.7 g (11.4%, P < 0.01), crude fat by 33.0 g 

g (11.3%, P < 0.01).
In the process of digestion of nutrients in the gas-

structural changes. At the same time, they acquire the 
ability to take part in metabolic processes and the for-
mation of organs and tissues.

-
terizes the diet effectiveness in the animal’s body, ex-
pressed as a percentage. Moreover, in certain types of 

the genetic characteristics of animals. This position 

The leading position in terms of the digestibility 

was occupied by crossbred bulls (½ Simmental 
x ½ Russian Black Pied cattle) of group III. Their 
advantage over purebred animals of the Simmental 
breed of group I and crossbred young animals (½ 
Simmental x ½ Red Steppe) of group II in terms 

and 2.61%, respectively, for dry matter; 0.56% and 
1.90% for organic matter; 1.22% and 2.40% for crude 
protein; 1.12% and 3.24% for crude fat; 0.78% and 

Characteristic

Group

I II III
I 

and 
II

I 
and 
III

II 
and 
III

Statistical Indicator

X ± Se Cv X ± Se Cv X ± Se Cv    

Dry matter 6632.3 ± 40.31 1.3 5928.4±39.61 1.22 6877.1 ± 41.62 1.33 *** * **

Organic matter 6424.3 ± 28.16 1.16 5762.8 ± 24.84 1.08 6610.0 ± 26.23 1.1 *** * ***

Crude protein 801.2 ± 6.28 1.9 719.5 ± 5.85 1.88 832.6 ± 6.18 1.82 ** ** ***

Crude fat 293.6 ± 4.13 2.16 260.6 ± 3.09 2.04 304.3 ± 3.21 2.1 *** ** ***

1225.9 ± 17.42 2.33 1095.3 ± 15.21 2.1 1268.5 ± 19.43 2.52 ** ** ***

4103.6 ± 28.12 1.9 3,687.4 ± 26.21 1.81 4204.6 ± 29.32 2.02 ** * **

Table 2. The number of nutrients digested by the experimental young animals (on average per one animal per day), g

Characteristic

Group

I II III

Statistical indicator

X ± Se Cv X ± Se Cv X ± Se Cv

Dry matter 68.64 ± 0.12 0.30 67.12 ± 0.14 0.31 69.73 ± 0.17 0.36

Organic matter 70.58±0.24 0.81 69.24 ± 0.25 0.84 71.14 ± 0.23 0.80

Crude protein 67.41 ± 0.15 0.43 66.23 ± 0.12 0.40 68.63 ± 0.16 0.45

Crude fat 72.35 ± 0.22 2.30 70.23 ± 0.21 2.26 73.47 ± 0.24 2.33

56.64 ± 0.30 1.33 55.36 ± 0.26 1.30 57.42 ± 0.29 1.30

76.80 ± 0.31 1.26 75.45 ± 0.28 1.23 77.08 ± 0.34 1.30

Table 3.
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types of nutrients. They were inferior to the purebred 
animals of the Simmental breed of group I in terms of 
the analyzed indicator to dry matter by 1.52%, organic 
matter by 1.34%, crude protein by 1.18%, crude fat 

Discussion and Conclusions
Animals receive nutrients with the consumption 

of feed, which contributes to the vital activity of their 
body. Nutrients entering the animal’s body with feed 
become material for organ and tissue development and 
involve in all body metabolic processes (Broadhead et 
al., 2019). 

In this study, the leading position in the consump-
tion of all types of feed nutrients was occupied by 
crossbred bulls (½ Simmental x ½ Russian Black Pied 
cattle) of group III.

Crossbreeding is an up-and-coming method in ani-
mal husbandry. Crossbred bulls result in better nutrient 
intake and productivity, which opens new perspectives 

for the meat industry (Van Raden, 2020). The use of 
beef breed sires, especially of late-maturing breeds, 
in dairy herds improves the carcass characteristics 
and carcass gain of the slaughtered progeny, most 
noticeable in young bulls (Eriksson, 2020).

Three breed-sex types of cattle were examined 
within a similar study for their growth performance 
and carcass quality in an organic production setting 
(Murphy, 2017, 2018). It was concluded that 
combined use of genetically superior crossbred 
beef breed x Holstein bulls and heifers may be an 
alternative to purebred Holstein bulls in organic 
beef production of young cattle because of their 
improved carcass weight and carcass conformation, 
similar growth performance and lower total feed 
intake (Vestergaard, 2019). 

In this study, young bulls of all experimental groups 
were distinguished by a high level of consumption and 
use of nutrients. However, the leading position was 

Simmentals with Russian Black Pied cattle.
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