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Abstract
The paper presents the results of the investigation of the overall chemical composition (mass fraction of moisture, fat, protein and
ash) and the amino acid composition of mutton from the experimental animals of new genotypes: Sovetsky Merino x Dzhalginsky
Merino and Sovetsky Merino x Stavropolsky breed. As a control, meat of purebred Sovetsky Merino was studied. The experimental
and control rams were slaughtered at the age of 8 months by the conventional technology. Meat samples for laboratory examination were taken a day after slaughter. The results of the analysis of the overall chemical composition showed that lamb meat of
new genotypes had lower moisture content and higher content of fat and protein compared to the control. Analysis of the amino
acid composition of meat proteins of genotypes Sovetsky Merino x Dzhalginsky Merino and Sovetsky Merino x Stavropolsky breed
revealed lower content of essential amino acids compared to the control. Comparison of amino acid scores showed that the amino
acid composition of meat proteins from the experimental animals was limited by valine and lysine, respectively. It was concluded
by the results of the investigations of the amino acid composition of proteins that the biological full value of proteins of mutton from
new genotypes was 22.9% and 30.3% lower than that of the control.

Introduction
Mutton has the specific chemical composition of muscle and fatty tissues, physico-mechanical and taste peculiarities [1–4]. Compared to pork, mutton has the higher
content of protein but less fat. Mutton contains on average
18–20% of protein, 10–12% of fat, 0.85–0.95% of ash and
63–68% of water.
Mutton muscle tissue proteins contain all essential
amino acids, which are balanced in the ratio that is most
optimal for the human body. They include lysine, tryptophan, methionine, leucine, isoleucine, valine, threonine
and phenylalanine. Lysine, tryptophan and methionine are
considered most important [5].
Mutton is only slightly inferior to beef and pork in
terms of the content of essential amino acids. The biological value, including the amino acid composition of meat
from animals raised in various keeping conditions and
with various feeding rations can be different [6,7].
Sheep are very mobile, energetic and strong animals
adapted to traveling long distances in different terrains. In
contrast to pork, mutton has the higher content of myoglobin, which is necessary to supply muscle tissue with oxygen; therefore, the muscle tissue color is more saturated
and varies from red to brick-red [8,9].
One of the main benefits of mutton is its hypoallergenicity, which is beneficial when using this raw material in
food production for child nutrition. Mutton and its components are widely used for production of specialized gerodietetic foods because of their high nutritional value and
unique functional properties [10].
FOR CITATION:

Analysis of the meat chemical composition gives the
full picture of its quality characteristics. The meat chemical
composition is determined by many factors: species, age,
fatness, breed and gender of an animal, as well as other
traits. Among various meat types, mutton and especially
lamb have high palatability, good assimilability and dietetic properties [11].
Mutton is a valuable component of human nutrition
being a source of animal protein. By the balance of fatty
acids and amino acids, content of vitamins and minerals, it
is not inferior to beef; and by caloricity, it is even superior
[12,13,14,15].
Meat from lambs at the age of 6–8 months is considered
the best. During the first 8 months of life, the most intensive deposition of the most valuable meat part (animal protein) takes place. As animals grow older, the carcass weight
increases mainly due to fat deposition, which reduces the
biological value of meat and economic efficiency of its production [16,17,18,19].
Over the last years, a special emphasis has been placed
on meat direction of sheep husbandry, in particular, raising and selling of lambs in the year of birth to produce
lamb meat [20].
Modern selection in sheep husbandry is based on the rational use of the existing genetic resources of breeding animals, effective and timely reproduction of the herd, production of animals with desired physiological and morphological
characteristics and optimal level of economic traits [21,22].
The progress of the agricultural production to a great
extent depends on rates of genetic improvement of existing
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productive and biological characteristics of farm animals
and creation of new ones.
A degree of manifestation of these traits determining
quantitative and qualitative properties of manufactured
products from sheep and their economic significance depend on hereditary traits of sheep, paratonic conditions
and technological methods for production of this product
type [23,24,25,26,27].
The most important criteria for profitability of sheep
husbandry are factors determining the genetic potential of
mutton production [28,29].
In Russia, the further development of sheep husbandry
should be aimed towards the rational use of the genetic
potential of animal breeds that allows optimal use of feed,
energy and financial resources to obtain high quality and
ecologically pure products [30,31,32].
The growth in mutton production in our country is one
of the reserves for increasing meat resources [33]. The variety of breeds and genetically isolated groups of sheep with
the various degree of manifestation of individual productivity indicators and biological peculiarities create unlimited possibilities to increase production and improve quality of mutton.
Genetic diversity of local breeds can facilitate preservation of products that are economically necessary to improve sheep [34].
One of the ways to increase mutton output is creation of
new sheep breeds and improvement of existing ones characterized by earliness and high meat productivity [35].
An increase in output of meat products in the country requires the search for ways of problem solution both
by the selection genetic methods and by the technological
methods. An important role in this regard is played by national breed resources that can ensure high realization of
the genetic potential of productivity provided that necessary environmental conditions are created [20,36].
Nowadays, sheep breeding is performed mainly by
peasant farm enterprises [37].
Sheep productivity is formed under the action of a genotype and environmental conditions. Therefore, the task of
achieving high productivity of sheep comes down to the
full use of the genetic potential with creation of the favorable environmental conditions [38,39,40].
Meat productivity of sheep is closely linked with the genetically conditioned heritability programmed for a certain
potential of a sheep breed or type, as well as with the level
of their feeding, keeping and handling system [41,42,43,44].
In foreign countries, mutton production specializes
largely in intensive raising and fattening of lambs and their
slaughter at the age of 8–9 months. The leading lamb meat
producers are China, Australia, United Kingdom, France,
USA and Bulgaria, where high quality lamb meat is produced when slaughtering fattened lambs. This meat is
characterized by the high palatability and nutritional value, and is in great demand in the European and Japanese
markets [45].

In Russia, the existing sheep population adapted to local climatic conditions mainly has the wool and wool-andmeat direction of productivity. Sheep of meat direction of
productivity account for less than 10% [46,47].
The most common sheep breed in our country is the
fine wool breed Sovetsky Merino, which is resistant of the
extreme climatic factors. In the process of breeding of this
variety, two intrabreed directions of productivity were developed, namely, wool and wool-and-meat.
Sheep of the wool direction have low indices of meat
productivity and meat quality due to the fact that their genetic and biological potential was used, first of all, for production of wool, sheepskin and so on. Processing of such
animals for meat has low efficiency. Meat packing plants
that process such sheep often bear losses, especially, when
processing lean mutton.
According to the experience of foreign countries, a
promising direction is an improvement of the genetic
structure of a herd by methods of complex assessment and
early diagnostics of sheep productive qualities [48,49].
One of the ways to increasing meat productivity of
sheep and mutton quality is two-way and three-way crossing. Practice of animal husbandry proves that superiority
of hybrid animals over the parental forms prevails in an
individual trait but not in the complex of traits [50].
Crossing is used on a large scale in our country and
foreign countries such as Australia, USA, Germany, New
Zealand and others. This is linked with the desire of sheep
breeders to increase slaughter and meat quality of animals
at the present stage [51].
In the modern conditions, the sheep husbandry direction oriented towards production of mutton and lamb
meat has assumed great importance. The task of selection
is to create such sheep. To perform this task it is necessary
to know about the modern requirements for sheep husbandry products, including mutton, accumulated data on
sheep and methods for implementation of these data into
practice [22].
Prerequisites for sheep husbandry development that
are formed in several regions of the country, including the
Southern Federal District, together with social significance
of this branch will facilitate its revival and sustainable development [52].
With that, there is deficiency of high quality mutton,
which is evident from high prices that are not lower (and
in many regions are higher) than prices on beef, which is
still deficient.
The development of scientifically substantiated requirements for industrially suitable sheep and mutton by the
meat processing industry is aimed towards the growth
in meat productivity of animals and quality of produced
meat, an increase in profitability of sheep breeding enterprises and meat processing plants, provision of the population with high quality mutton products, which is quite
topical today. For example, similar requirements for pigs
and meat [53], which were timely developed by VNIIMP
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where:
АS is the amino acid score, %,
Сtested is the content of the essential amino acid in 1 g of the
tested protein, mg,
Сstandard is the content of the essential amino acid in 1 g of the
standard protein, mg.

Simultaneously with analysis of the amino acid score, a
limiting essential amino acid for a particular protein with
the lowest score was determined.
Results and discussion
The study was carried out on hybrid young rams of the
following genotypes:
Sovetsky Merino x Dzhalginsky Merino (SMxDzh, exp. 1)
and Sovetsky Merino x Stavropolsky breed (SMxSb, exp. 2).
As a control, purebred young rams of the Sovetsky Merino
(SM) breed were used.
Young animals were raised up to the age of 8 months in
the peasant farm enterprise Smorodin V. I. of the Tselinsky
district of the Rostov region.
1

GOST 33319–2015. “Meat and meat products. Method for determination
of moisture content”. Moscow: Standartin-form, 2018. — 14 p. (In Russian)
2
GOST 23042–2015 “Meat and meat products. Methods of fat determina
tion”. Moscow: Standartinform, 2019. — 8 p. (In Russian)
3
GOST 25011–2017 “Meat and meat products. Protein determination
methods”. Moscow: Standartinform, 2018. — 14 p. (In Russian)
4
GOST 31727–2012 (ISO 936:1998) “Meat and meat products. Determination of total ash”. Moscow: Standartinform, 2019. — 11 p. (In Russian)
5
GOST 34132–2017 “Meat and meat products. Determination of amino
acids composition of animal protein”. Moscow: Standartinform, 2017. —
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Objects and methods
The object of the research was an average sample of
meat from the whole ovine carcass.
The overall chemical composition of mutton was determined using the following methods: moisture mass fraction
by GOST 33319–2015 1, fat mass fraction by GOST 23042–
2015 2, protein mass fraction by GOST 25011–2017 3, ash
mass fraction by GOST 31727–2012 4.
The amino acid composition of mutton was analyzed by
GOST 34132–20175.
The amino acid score, a chemical method for detection of protein quality in foods, is based on comparison
of the amino acid composition of products under study
with the amino acid composition of the standard (ideal)
protein.
The amino acid score for each of the amino acids was
detected by the equation:
Сtested × 100 %
AS =
Сstandart

The experimental and control animals were slaughtered
in the meat packing plant in the village of Razvilnoe (Peschanokopsky district, Rostov oblast).
Average samples of meat from the whole ovine carcasses were taken a day after slaughter from each of chilled
carcasses held in refrigerating chambers at a temperature
of 0–4 °C and humidity of 90%.
The overall chemical composition and the amino acid
composition of the meat samples were analyzed in the laboratory conditions of the V. M. Gorbatov Federal Research
Center for Food Systems of RAS (Moscow) and its NorthCaucasian Branch (Rostov-on-Don).
The results of the overall chemical composition of meat
from lambs of new genotypes are presented in Figures 1–4.
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in 2007, facilitated, among other things, full provision of
the population with domestic pork.
The aim of this study was to investigate quality indicators of mutton from animals of new genotypes to develop
scientifically substantiated requirements for industrially
suitable sheep and mutton.
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The results of the analysis of the amino acid composition in mutton from sheep of new genotypes showed that
the content of the essential amino acids in protein of meat
from the experimental animals of the genotypes SMxDzh
and SMxSb was lower than that in protein of meat from
purebred SM (control) by 7.6% and 11.3%, respectively.
The amino acid scores for each of the essential amino
acid calculated according to the method described above
are presented in Table 2.
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162.5
114.3
90.9
128.6
100.0
150.0
187.5
100.0
lysine

107.5
75.7
69.1
108.6
95.0
140.0
192.5
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valine
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61.4
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71.4
115.4
150.0
180.0
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It canh be seen from Table 2 that:
1. Proteins of all experimental (SMxDzh and SMxSb) and
40.0 control
32.4 (SM)28.7
mutton samples had the imbalanced essential amino acid content compared to the “ideal” pro5.00 tein3.4
3.3
recommended
by FAO/WHO.
2.
The
amino
acid
compositions
of proteins in the experi6.5
4.3
4.3
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mutton
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5.3
4.3
lowing four amino acids: SMxDzh by valine, phenyl5.0
3.8
3.3
alanine,
leucine
and lysine; SMxSb genotype by valine,
3.0 methionine,
2.4
1.5
leucine and lysine compared to the “ideal”
7.5 protein.
7.7
7.2
The amino acid composition of the control mutton sample
1.5
1.4
1.5
(SM) was not balanced only by one amino acid (lysine).
3.53. The3.8
3.3composition of proteins in meat from the
amino acid
SMxDzh genotype was limited by valine (АS=68.0%),
the SMxSb genotype by lysine (АS=60.0%) and purebred young animals by lysine (АS=90.9%).
4. The biological full value of proteins from the experimental mutton samples obtained from new genotypes
of sheep (SMxDzh and SMxSb) was lower than in the
control sample (SM) from the purebred animals by
22.9% and 30.9%, respectively.
Several information sources indicate that mutton protein is not lysine deficient [54,55]; on the contrary, its content is significantly higher than the level recommended by
FAO/WHO (more than 170%).
In an attempt to explain the obtained results of the investigation and quite a low content of lysine in the protein
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from all three sheep genotypes, we proceed from the fact
that they all belong to the wool direction of productivity
and are classified with fine-fleece sheep.
It is known that the genetic and biological potential of
fine-fleece sheep is directed mainly towards “production”
of fine wool according to the previous selection work.
We link the low lysine content in meat from lambs of
the wool direction of productivity, to which Sovetsky Merino belong, with the increased use of this “building material” during coat formation in young animals, which is of
top priority for this direction of productivity.
The main protein component of ovine wool is collagen,
which is a protein with the complex amino acid composition containing essential amino acid lysine among others.
It was found that ovine wool achieves its optimal quality at the age of about 12 months.
In lambs, changes in several quality indicators (for
example, strength) occuring in wool are associated with
changes in collagen during animal growth.
Recent studies [56] established that ovine wool of young
purebred and hybrid animals of the précoce breed at the age
of 8 months contains collagen with the high level of lysine,
which decreases by the age of 12 months as animals grow.
For example, the content of lysine in protein from animals
of the meat-and-wool type at the age of 8 months is 7.15%9.00%, at the age of 12 months 5.10%-5.50%. Similarly, it is
7.25%-8.52% and 6.04%-6.40% in animals of the wool-andmeat type at the age of 8 months and 12 months, respectively.
There is no doubt that a decrease with advancing age in
the lysine expenditure on formation of hair collagen in animals enables increasing availability of this essential amino
acid for construction of other proteins of the body, including meat (muscle) proteins.
Extrapolation of data obtained by sheep breeders when
studying the amino acid composition of wool from young
purebred and hybrid sheep of the précoce breed allows us
to explain a low level of lysine in meat from young rams in
our experiment and assume that the lysine deficiency in
meat can decrease with age.
The result of the human selection activity, that is artificial selection, is not the only reason for this phenomenon.
In our opinion, all this is linked with the natural selection.
Lambing takes place, mainly, in the second half of
winter — at the beginning of spring. There is less than a
year before the following winter. To survive during winter,
lambs have to prepare well: grow, become stronger, gain
superficial fat and, first of all, strong, warm wool cover.
In the course of the natural selection, individuals that
had not prepared to winter died and those that had acquired
necessary quality of fleece due to mutations survived. The
genetic potential was directed exactly towards this with mobilization of all resources for this top priority task.
In connection with the new revealed circumstances, it was
necessary to check our assumption by the experimental way.
Taking into account the available information about
the fact that the deficiency of lysine, which is abundant in

nuclear proteins (protamines and histones) causes retardation of the growth in the protein biosynthesis (and it is
actually observed as our experiments show), it was necessary to do an experiment on inclusion of this amino acid
into the feeding ration of animals not only for improvement of the biological full-value of meat proteins but also
for possible acceleration of the growth of young sheep and
improvement of meat productivity.
Industrial production of synthetic amino acids and
their rational theoretically substantiated use in rations of
farm animals is considered to be one of the most topical
problems [57].
Inclusion of synthetic amino acids into the ration of
growing young sheep in amount of 6–8g of lysine and 3–4
g of methionine per one feeding unit facilitates the enhancement of the redox processes, increase in productivity
and other indicators [56].
In particular, it is possible to use the feed additive “Lysine
sulfate” containing the active substance lysine in the quantity
of not less than 70%, as well as vitamins, microelements and
other amino acids (methionine + cystine 0.35%; methionine
0.30%; threonine 0.56%; tryptophan 0.10%; arginine 0.56%;
isoleucine 0.39%; leucine 0.63%; valine 0.53%; alanine 0.75%;
glycine 0.50%; serine 0.31% and aspartic acid 0.80%).
Lysine will facilitate assimilation of phosphorus, calcium and iron by the body, an increase in the hemoglobin
content in blood, assist the digestive processes, improve
biological value of food protein and rations in general.
Conclusion
The following conclusions were made based on the results of the analysis of the chemical and amino acid composition of meat from young animals of new genotypes:
1. Compared to the control, meat from sheep of the new
genotype (SMxDzh, experiment 1) had:
— lower moisture content by 1.87%;
— higher fat and protein content by 0.67% and 0.74%,
respectively;
— lower content of essential amino acids by 7.6%;
— amino acid composition of proteins limited by valine (AS = 68.0%);
— lower biological full value of proteins from mutton
of the new genotype by 22.9% compared to the control;
2. Compared to the control, meat from sheep of the new
genotype (SMxSb, experiment 2) had:
— lower moisture content by 1.47%,
— higher fat and protein content by 0.54% and 0.94%,
respectively;
— lower content of essential amino acids by 11,3%;
— amino acid composition of proteins limited by lysine (AS = 60.0%);
— lower biological full value of proteins from mutton
of the new genotype by 30.9% compared to the control.
3. Analysis of the amino acid composition of protein from
all experimental and control meat samples indicate a
deficiency of lysine compared to the “ideal protein”.
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4. It was assumed that the low content of lysine in young animals is linked with the peculiarity of hair coat formation
at the age of 8 months, which is characterized by an increased use of lysine for building wool collagen.
5. A method was proposed for improvement of lamb
quality by using the feed additive “Lysine sulfate”, which
allows checking this hypothesis experimentally.

The obtained results of the analysis of the overall chemical and amino acid composition of meat from lambs of
new genotypes will be used for the development of the scientifically substantiated requirements for industrially suitable sheep and mutton.
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