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Novelty statement
1. Over-replacement heifers are animals used for rearing and fattening;
1. The black-and-white breed of cattle is a Soviet breed of dairy productivity;
1. The meat of heifers of the control group was distinguished by a darker colour.
Abstract
The purpose of the work is to establish the optimal dose of preservative application when harvesting alfalfa hay and to assess the effect of its feeding on the beef production of over-replacement black-and-white heifers. The animals of the experimental groups (II - IV) consumed, in addition to the main diet, alfalfa haylage with the preservative “Biotrof” 2 l/t, 4 l/t and 6 l/t, respectively. To study the growth of experimental animals in the morning hours before feeding, a monthly weighing was carried out, followed by the calculation of the average daily and absolute weight gain. The relative growth rate and the coefficient of increase in body weight with age were determined by the calculation method. To determine the qualitative characteristics of the meat, the chemical composition of the selected medium samples of the longest back muscle was studied. Based on the data obtained, the best results were obtained in animals of the II experimental group, which were warming the haylage canned by “Biotrof” at a dose of 4 l/t. According to the research, the use of “Biotrof” in the preparation of feed has a positive effect on the beef production of experimental animals.
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Introduction
At the present stage, one of the most important and difficult tasks facing the agro-industrial complex of Russia is the production of high-quality beef - a valuable food product. In our opinion, this problem can be solved through the introduction of advanced technologies in alfalfa haylage-making, the organization of a nutritious diet and the creation of optimal conditions for keeping animals. In this regard, the search for progressive feeding technologies based on the latest scientific achievements, providing for the preservation of the quality and quantity of feed, is relevant and has a great national economic significance (Andreeva et al., 2018; Blagov et al., 2020; Gabitov et al., 2018a).
In the system of acts aimed at improving the efficiency of beef production, the due place is given to improving the technology of foraging of own production and their rational use. The creation of an optimal ratio of nutrients in the diet of heifers’ over-replacement in the beef production due to a harvested feed using various dosages of the “Biotrof” biological product contributes to increasing the productivity of animals (Gadiev et al., 2019; Aipov et al., 2018). The preservative of biological origin “Biotrof” is presented in the form of a suspension from Bacillus subtilis, with a content in 1 ml of this suspension of at least 1 * 108 colonies of forming units or CFU. The effect of the studied agent is aimed at the effective suppression of undesirable microflora in the preserved mass due to the high antagonistic activity of bacteria. At the same time, the canning process proceeds much faster. The enzymes of propionic acid bacteria (B. subtilis) of the agent affect the sugars and vegetable protein of the feed, peptonizing it, making it more accessible to animals. Due to its composition, the studied biological preservative is able to ferment any herbage, including hard - ensilaging. There are no restrictions on the use of the studied agent.
Beef production is the quantity and quality of meat obtained from an animal. The age of animals, the intensity of their breeding and the condition of their flesh have a great influence on beef production. The organization of a livestock nutritious diet by creating a solid feed base and improving the quality of feed harvested for the future are the main conditions for increasing the production of livestock products and reducing its cost (Safonov et al., 2021; Ventsova and Safonov, 2021). In nutritional value and quality, the harvested feed does not meet the requirements of a livestock nutritious diet. In most regions of Russia, animal husbandry is experiencing a shortage in protein, especially in the winter-stall feeding period, which is the reason for the overspending of feed resources (Khasanov et al., 2020). It is possible to solve the problem of increasing the production of vegetable feed protein by cultivating legumes. They have high energy and nutritional value and contain 16% of protein or even more. Except for protein, legumes and feed from them contain carbohydrates, fats, minerals, and many vitamins. Along with the question of the cultivation of high-protein crops, the item of feed preserving methods with the use of new, more effective preservatives, characterized by cheapness, harmlessness in handling and technological application, is of great importance (Gabdrakhimov et al., 2018; Okuskhanova et al., 2019; Sydykova et al., 2019). Special attention in solving this issue is paid to preservatives of green feeds that can simultaneously enrich the feed with certain substances and increase their nutritional value. In recent years, to preserve the feed advantages of the feedstock during silage, such preservatives are widely used, which can reduce the loss of nutrients by 3 to 5 times (Smolnikova et al., 2019).
The process of preserving plants is aimed at the destruction or partial suppression of bacteria on the silage mass (Mukhametov et al., 2021, 2022). In this regard, we propose to use the additive “Biotrof” as a preservative when harvesting alfalfa haylage. The choice of alfalfa as the main raw material for haylage harvesting is explained by the fact that this leguminous herbaceous plant is represented by wide species composition, a significant growth area, is characterized by a high ability to regrow after mowing and the ability to produce up to four mowings during the summer season (Chernenkova et al., 2019; Konashova et al., 2018; Sultanova et al., 2018).
Thus, taking into account the importance and technological effectiveness of the use of biological preservatives in the preparation of bulky feed, studies in using a new conservative in the alfalfa haymaking, feeding it to black-and-white heifers’ over-replacement and analyzing its impact on growth and development, slaughter indicators and beef quality are relevant and of certain scientific and practical interest (Chernoivanov et al., 2019; Gizatov et al., 2020).
The black-and-white breed of cattle is a Soviet breed of dairy productivity. Animals of this breed are very popular both among private small farms and large ones.
Over-replacement heifers are animals from among the replacements, used for rearing and fattening, that is, for obtaining meat products.
The purpose of our research was to establish the optimal dose of applying starter culture to “Biotrof” when harvesting alfalfa haylage and to evaluate the effect of its feeding on the beef production of over-replacement black-and-white heifers. According to the set goal, the following tasks were solved: to determine the growth dynamics of heifers against the background of the introduction of canned hay into the diet and assess the beef production and quality.

Materials and methods
The practical part of the research work on the study of the effect of feed additives was made based on the collective farm “Geroy”. This enterprise is located in the Chekmagushevsky district of the Republic of Bashkortostan.
The preparatory stage of the work consisted of alfalfa haylage making, which was laid in four trenches. The first one contained food without preservatives, the others with the use of “Biotrof” in different doses (Khasanov et al., 2020; Yarullin et al., 2018).
Before the start of the research, different age black-and-white heifers’ over-replacement were selected, identical taking into account the live weight. From the total number of selected animals, 4 groups of 10 heads each were formed. The age of the heifers was six months. Of the formed groups, one was the control group (I). The diet was traditional for this farm. The animals included in the experimental groups (II-IV) consumed the main diet, including alfalfa haylage with the preservative “Biotrof” 2 l/ t, 4 l/t and 6 l/t, respectively.
An additive of biological genesis called “Biotrof” is a suspension of propionic acid bacteria (Bacillus subtilis) (more than 1*108 CFU in 1 ml). The introduction of this agent helps to reduce the amount of putrefactive microflora, mould fungi, yeast. The effect of this preservative is based on a significant antagonistic activity of bacteria (Danyliv et al., 2018). The enzymes contained in the “Biotrof” have a direct effect on the sugars and vegetable protein of the feed, splitting it, lead to accessibility for animals. Its use in haylage making contributes to the preservation of vitamins A and C, vegetable proteins, the process of synthesis of natural organic compounds by microorganisms proceeds and, as a result, the preservation of dry matter and increased digestibility. Taking into account these processes, we can talk about improving the quality of the silage composition and reducing feed waste in the upper layers (Gabitov et al., 2018b; Polyanskikh et al., 2016).
The conditions of keeping the animals involved in the experiment were the same. The diets for experimental animals were developed according to detailed feeding standards. The degree of feed consumption was determined monthly during two adjacent days (Gabitov et al., 2019).
To study the growth of experimental animals in the morning hours before feeding, a monthly weighing was performed, followed by the calculation of the average daily and absolute increase in live weight. The relative growth rate and the coefficient of increase in live weight with advancing age were determined by the calculation method (Masalimov et al., 2018).
To study beef production, a controlled slaughter of three animals from each group at the age of 18 months was carried out according to the method of Lenin All-Union Academy of Agricultural Sciences, Voenizdat, Federal Scientific Centre of Food Systems after V.M. Gorbatov (1977). The slaughtering and deboning were carried out according to State Standard 31797-2012 “Meat. Beef cutting. Technical conditions” (Martynov et al., 2018).
The chemical composition of meat was studied based on the selection of average samples of the longest back muscle according to the methodological instructions of the Russian Research Institute for Metrological Service (VNIIMS) (1984). In the average samples of the shoulder meat, the chemical composition was determined following State Standard 33319-2015 “Meat and meat products. Method for determining moisture content”, State Standard 23042-2015 “Meat and meat products. Methods for determining fat “State Standard 31727-2012 (ISO 936:1998)” Meat and meat products. Method for determining the mass fraction of total ash”. When studying the functional and technological properties of the shoulder meat, generally accepted methods were used: pH by the potentiometric method using the Piccolo – 2 pH meter manufactured by HANNA(Germany); moisture-retaining ability-according to Grau – Hamm. The energy value of the longest muscle was determined according to the provisions of the Lenin All-Union Academy of Agricultural Sciences method (1983). The amino acid composition of the protein of the back muscle tissue was determined using a capillary electrophoresis system (“Drops 105/105 M” analyzer) (Kanareikina et al., 2019).
Biometric processing of the obtained data was carried out according to the methodological guidelines for the design of measurement results using the Microsoft Excel operating system. The reliability of the difference was assumed at the threshold of reliance B1 = 0.95 (significance level P < 0.05) (Ivanov et al., 2018; Sultanova et al., 2019).
The research was conducted ethically in accordance with the the National Centre for the Replacement, Refinement and Reduction of Animals in Research (NC3Rs) humane endpoints in animal experimentationand conformed to the provisions of the Declaration of Helsinki. The authors declare that the work is written with due consideration of ethical standards. The study was conducted in accordance with the ethical principles approved by the Ethics Committee of Bashkir State Agrarian University.

Results and discussion
Analyzing the obtained weighing data, the normal growth and development of animals in all the studied periods is noted. When setting up heifers’ over-replacement for the experiment, the live weight of animals of all groups was almost at the same level, and it was in the range of 160.7-161.8 kg (Fig. 1).
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Fig. 1: Change in the livZe weight of heifers, kg

Based on the obtained data of the dynamics of live weight, it is possible to talk about certain group differences in live weight, starting from the age of 9 months. Thus, the heifers of the control group were inferior to the heifers of group II in the value of the studied indicator by 3.8 kg (1.83%; P<0.05), group III – by 6.4 kg (3.12%; P<0.05) and group IV – by 4.2 kg (2.05%). When analyzing the intergroup differences in the studied indicator, the animals of the III group begin to acquire leadership. Thus, their advantage over their herd mates of groups II and IV was 2.6 kg (1.23%) and (1.04%), respectively. It is explained by the fact that with a short period of alfalfa haylage with different dosages of “Biotrof” preservative, there was not enough influence on the course of metabolic processes in the heifer's body of different experienced groups.
By the age of one year, according to the studied indicator, the advantage remained with the animals of group III. Their superiority over the herd mates of groups II and IV was 5.8 kg (2.20%) and 4.4 kg (1.67%).
In the following age periods, the rank of the distribution of heifers by live weight was preserved.
So, at 15 months, the advantage of heifers of groups II-IV over herd mates of group I was 9.3-18.4 kg (3.09-6.11%; P<0.01), at 18 months - 10.4 kg (3.05%; P<0.01), 21.2 kg (6.21%; P<0.001), 13.8 kg (4.04%; P<0.01). The leading position was occupied by heifers of the III group.
Similar data were obtained in the work of Pozdnyakova E.V. (2019) when organizing intensive rearing of black-and-white bulls on diets with hayloft, canned “Biotrof” contributed to the manifestation of their bioresource potential and ensured that the animals reached a live weight of 515.2 kg; 523.0 kg and 520.4 kg by the age of 18 months.  The value of the studied indicator among animals of the control group was 499.7 kg (Gubaidullin et al., 2019).
Using the obtained data on the dynamics of the live weight of heifers, the use of alfalfa haylage harvested with the use of the “Biotrof” preservative had a positive effect on its value. It is characteristic that the effect of the minimum dose of the working solution (2 l/t) and the maximum (6 l/t) on the live weight indicators is almost identical. At the same time, it was found that the optimal dose of the working solution of the “Biotrof” preservative is 4 l/t of the preserved weight.
The established intergroup differences in live weight are due to the unequal value of the absolute growth rate. The analysis of the obtained data indicates particular inter-group differences in the value of the studied indicator in certain growing periods (Fig. 2).
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Fig. 2: Absolute weight gain of heifers, g

It was found that in the first stage of rearing from 6 to 9 months of age, the intergroup differences in absolute (gross) growth were insignificant and amounted to 3.6-5.3 kg (8.13-11.96%; P<0.05) in favour of heifers of the experimental groups.
The existing trend of changes in the studied indicator of all groups continued its positive pattern in the following age periods. There is a stable increase in it throughout the second growing period (from 9 to 12 months of age), which was in the range of 1.5-4.7 kg (3.1-9.8%; P<0.01), from 12 to 15 months – 4.0-7.3 kg (8.3-15.2%; P<0.05), from 15 to 18 months – 1.1-2.8 kg (2.7 – 6.9%). At the same time, the leading position was occupied by heifers of the III group.
The rank of the distribution of heifers by the value of the studied indicator for the entire period of the experiment from 6 to 18 months was preserved (Fig. 3). The heifers of the control group were inferior to the herd mates of group II in terms of gross weight gain throughout the experiment by 10.2 kg (5.6%; P<0,01), group III – by 20.1 kg (11.1%; P<0.001), group IV-by 13.4 kg (7.4%; P<0.01).
[image: ]Fig. 3: Absolute weight gain of heifers for the entire period of rearing, g

Based on the obtained data, we can say that the use of “Biotrof” in the feed making has a positive effect on the growth and development of heifers. The most effective dosage was 4 litres per 1 ton of canned green mass.
One of the main indicators determining the intensity of animal growth is defined as the average daily increase in live weight (Fig. 4).
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Fig. 4: Average daily gain in live weight of heifers, g

The influence of alfalfa haylage harvested with the introduction of various dosages of the biological preservative “Biotrof” on the growth of heifers over replacement was noted already at the initial stages of rearing, that is why the heifers of the control group were inferior to the herd mates of the experimental groups in growth rate. At the same time, in the age period from 6 to 9 months, this advantage was 39.2-57.6 g (8.14-11.9%), from 9 to 12 months – 16.7-52.2 g (3.14-9.83%), from 12 to 15 months – 43.9-80.2 g (8.3-15.17%;), from 15 to 18 months – 12.0-30.5 g (2.73-6.95%).
A more significant increase in the studied indicator in all periods of growing the black-and-white over-replacement was noted in animals of the experimental groups, which is explained by the influence of haylage using a preservative.
A significant decrease in the intensity of growth in the extreme period of cultivation, regardless of the high level and usefulness of feeding is due to the activation of the process of fat deposition in the animal body. Based on the obtained data, the advantage of the studied indicator in this period of heifers of group III over herd mates of groups II and IV is obvious, which was 9.8-18.5 g (2.09-3.94%). 
In a comparative analysis of researches made by other scientists, a similar pattern was noted, while the average daily increase in live weight of bulls of the experimental groups of black-and-white breed was 934.71 g; 965.29 g and 956.49 g, and the control group was 867.31 g (Gubaidullin et al., 2019).
A close study of the indicators of the average daily increase in live weight for the entire period of the experiment shows that the herd mates of the control group were significantly inferior to the animals of group II by 28.0 g (5.64%; P<0,05), group III – by 55.2 g (11.12%; P<0.001), group IV-by 36.5 g (7.36%) (Fig. 5).
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Fig. 5: The average daily gain in live weight for the entire period of the experiment, g

It is necessary to note the leadership of animals of the III group in the value of the studied indicator. Alfalfa haylage harvested with the use of a preservative of biological genesis “Biotrof” in a dosage of 4 l/t of green mass has the most beneficial effect on the growth rate of experimental heifers.
For more complete studies, it was necessary to study the quality of the meat. To do this, a controlled slaughter of 3 animals from each group was carried out. To study the quality of meat, we carried out average tests of the longest back muscle. The content of moisture, protein, fat and ash was studied in the selected samples.
The chemical composition of the selected medium sample of meat does not fully reflect the quality of the muscle tissue itself, since the shoulder meat includes not only muscle but also fatty connective tissue. Because of this, for a comprehensive assessment of muscle tissue among zootechnician scientists examine individual muscles of the carcass. Usually, the longest back muscle is used for research.
The studied muscle is one of the largest muscles in the carcass, its chemical composition gives an objective picture of the quality of muscle tissue as a whole.
The results of the chemical analysis of the longest back muscle of the carcasses of heifers’ over-replacement of the studied groups are presented in Fig. 6.
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Fig. 6: Chemical analysis of the longest back muscle of heifers over -replacement, %

According to the researches made to study the effect of the conservative “Biotrof” as part of haylage on beef production, the level of moisture in the muscle thickness of heifers of all experimental groups varied from 75.13% to 74.51%. Based on the literature data, we can say that these levels of the studied indicator generally corresponded to the physiological maturity of the carcasses. However, the chemical composition of the longest back muscle taken from animals of different groups changed taking into account the dosage of the studied conservative introduced into alfalfa haylage during harvesting, as well as their value of the live weight index and the level of fatness.
The animals of the control group, having a minimum live weight in the final fattening period, were at a disadvantage compared with the herd mates of the experienced ones in dry matter content. This difference was 0.43; 1.51 and 1.05%. In the value of the fat index, the distribution rank was similar. At the same time, the difference was 0.25; 0.49 and 0.37%. As for the protein content, the distribution of values was similar.
With a more thorough comparison of fat deposits in the longest back muscle among the bulls of the experimental groups, the superiority of the indicators of the animals of group III should be noted. This difference was 0.24 and 0.12% compared to the indicators of herd mates of groups II and IV, respectively.
The high caloric content in terms of 1 kg of muscle is due to the significant protein and fat content in the herd mates of the experimental groups.
Due to the greater deposition of protein and fat in the longest back muscles of the experimental animals, the meat had a significant energy value of the longest muscle of the heifers of the control group.
A higher concentration of protein and fat in young animals of groups I, II and IV showed a positive effect on the caloric content of 1 kg of muscle. In the second group, the energy value of the last studied indicator was higher by 2.8, in the third one - by 7.8 and in the fourth group - by 5.6% compared with the herd mates of the first group.
The quality of meat in various aspects is determined by its biological value, functional and technological properties. It is well known that the main component of all meat nutrients is proteins (Azhmuldinov et al., 2019). A distinctive feature of meat proteins is their usefulness, unlike most other products. The ratio of full-fledged proteins to inferior ones is the main advantage of meat. The reason lies in its composition: together with the essential amino acids, there are also interchangeable ones (Chernyshenko et al., 2018). Taking into account the biological value of the studied meat, the content of the amino acids, tryptophan and oxyproline were obtained. A protein-quality indicator was determined, which shows the ratio between the amino acid that is part of full-fledged proteins, tryptophan, and the amino acid that is part of connective-woven proteins, oxyproline.
Using the obtained data, it can be noted that with positive dynamics of live weight, the content of tryptophan in the longest muscle increased. Concerning oxyproline, there is a slight downward trend, more full-bodied heifers of the third group at the age of one and a half years surpassed the analogues of the control group in the amount of the amino acid tryptophan by 5.27%, the second group – by 3.17% and the fourth group-by 0.16%. At the same time, the level of oxyproline was less by 1.86; 1.07 and 0.18%, respectively. Based on the data obtained during the experiment, the maximum biological value of the longest muscle belonged to the animals of the third group. Their protein-quality index exceeded the analogues of the control and the second and fourth experimental groups by 0.45 units; 0.27 units and 0.02 units accordingly. But despite these differences, the indicators of the protein value of meat were at a significant level and were closely related to the fatness of heifers.
It was in studies revealing that some intergroup differences in physical and chemical parameters and technological properties of the longest back muscle of heifers’ over-replacement were established.
From literary sources and based on practical knowledge, the relationship between the concentration of free hydrogen ions (pH) and the storage period of meat products is established. The optimal values of this indicator are considered to be 5.54-5.89. On the first day, the pH value shifts to an acidic environment. At this time, glycolysis occurs.
Taking into account the obtained data, it is possible to note the optimal level of the hydrogen index of the longest back muscle of over-replacement heifers, regardless of the feeding diet. These indicators show the ability of the meat obtained after slaughter to be stored for a long time, which positively affects the technological properties and, as a result, is a valuable raw material in the production of high-quality meat products.
Also, we should not forget about another important characteristic, such as colour. With age, the meat becomes darker, the value of the studied indicator increases.
Based on the obtained data during the research, we can note that the meat obtained from the heifers of the control group was distinguished by a darker colour. Their advantage over their herd mates from the experimental groups was 6.2 units (2.28%), 12.4 units (4.56%) and 11.1 units (4.09%).

Conclusions
Interpreting the obtained data, we can say that when used in the feeding diet of over-replacement heifers of the black-and-white breed of alfalfa haylage canned with the use of the preservative “Biotrof” at a dose of 4 liters per 1 ton of green mass contributes to more intensive growth of animals. In the study of the qualitative indicators of the obtained meat, the superiority of the samples obtained from heifers consumed haylage canned with sourdough in an optimally selected dose is obvious. Based on the above, the practical significance of the research lies in the fact that additional reserves were identified to increase the level of beef production by including alfalfa haylage harvested using different concentrations of the preservative “Biotrof” in the diet of over-replacement heifers. In the future, it is necessary to make research on the effect of canned alfalfa haylage by changing the objects of research. 
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