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Abstract: Studying the biological and nutritional value of the
meat of Tuvinian short-fattailed sheep is a relevant task. Tuvinian
sheep combine good meat qualities. The article presents the data
about the biological and nutritive value of the meat of Tuvinian
short-fattailed rams with various types of feeding behavior. For its
taste, due to the low content of cholesterol in the fat, lamb meat
belongs to dietary products. The highest gain in the muscle tissue
is observed in calves of 4 — 6 months of age. When compared to
veal, by the content of protein in boneless meat, lamb meat is
slightly inferior, but in fat and energy content is superior. Lamb
meat protein contains more essential amino acids, such as
arginine, tryptophan, threonine than veal. Types of sheep feeding
behavior are inheritable. The first behavior type is called strong
fast-growing balanced (group 1), the second - strong fast-growing
unbalanced (group I1), the third — weak slow-growing (group I11).
Sheep of the calm type eat the fodder and assimilate nutrients
better, and their consumption of feed per unit of product is lower,
and feed efficiency is higher by 28 — 33 %. In the meat of the rams
of the behavior type 111, the moisture content is 63.8 %, while in
group I, it is lower by 2.3 %; in group I, the highest fat content is
observed — 17.0 %, which is higher by 1.2 % and 1.6 % than in the
behavior groups Il and I11. By the mass fraction of protein and
ash, no significant differences are found. In the studied types of
behavior, the relation between the content of fat and protein is not
so obvious; however, an increased fat content results in a
decreased protein content. The energy value of 100 g of minced
lamb meat in feeding behavior group I is 227 kcal, or 949.85 kJ,
which is higher by 12 kcal, or 50.25 kJ than in type 11, and higher
by 15.2 kcal, or 63.66 kJ than in type 111, respectively. The amino
acids ratio is one of the criteria of meat nutritional value. The
protein quality indicator of the muscle tissues (PQI) in
seven-months old rams of type Il is higher than in the groups of
feeding behavior types | and Ill. A specific and quite clear
correlation has been found between the amino acid composition
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of lamb meat and its organoleptic properties, depending on the
type of rams feeding behavior.

Index Terms: Amino Acid and Physicochemical Composition
of Meat, Feeding Behavior Type, Protein Quality Indicator,
Tuvinian Sheep.

I. INTRODUCTION

Sheep breeding in Russia has historically formed as an
integral part of the national economy. The problem of
stabilizing sheep breeding and increasing production in the
industry is a major challenge in maintaining the food and raw
materials security of Russia [1].

One of the solutions to this problem is the phenomenon of
fast-growing, which is of great economic significance due to
the fact that fast-growing animals have high growth vigor, the
peak amount of the most valuable muscle tissues is
accumulated in them during the first year of life, and this
period virtually ends with the formation of meat productivity
[2]-[5].

Young lamb meat belongs to the best types of meat by its
taste qualities due to the low content of cholesterol in the fat.
The sheep meat slaughtering age shows the specificity of
consumer demand and traditions of the population. The
highest gain of muscle tissues in young animals occurs after
weaning, especially during the following 4 — 6 months of life
[6]-[8].

Nutritional value of the meat depends on the ratio of the
various tissues in its composition, the most valuable of which
are muscle and fat tissues [9], [10]. By the content of protein
in boneless meat, lamb meat is only slightly inferior to beef
and veal and is superior to them in fat and energy content.
Compared to beef, protein in lamb meat contains more
essential amino acids, such as arginine, tryptophan, threonine,
which are required by the organism and not synthesized in it
[11]-[13]

The biological and nutritional value of meat is, first of all,
characterized by the content of proteins in the muscle tissues.
The biological value of meat is determined by the degree of
amino acids balance. The higher the content of full-fledged
proteins is, the higher this value is [14], [15].
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Proteins perform vital functions in the organism, which
characterizes their biological importance. Proteins that do not
contain at least one essential acid cannot ensure normal
functioning of the organism [16]-[18].

According to L. A. Gorozhankina, the amount of some
amino acids in lamb meat depends on the animal fatness: fatty
meat contains more lysine and less methionine. Animal
proteins are better absorbed by the organism because they
contain all amino acids needed by the organism in an optimum
ratio [19]-[21].

In animal breeding, many researchers pay special attention
to the necessity of considering the type of animal behavior. In
the modern ethology, animals behavior by the nature of
nervous excitability has been systematized and classified into
six major systems: productive behavior, sexual, adaptive,
population, locomotor, and feeding behavior. In equal feeding
and keeping conditions, sheep of the calm type eat the fodder
and assimilate nutrients better, their consumption of feed per
unit of product is lower, and feed efficiency is higher by 28 —
33 %.

Types of sheep feeding behavior are inheritable, and such
traits as meatiness, fast-growing, high wool yield, etc. are
passed to the offspring. [22]-[24].

Studying the biological and nutritional value of the meat of
Tuvinian short-fattailed sheep is a relevant task and is of both
scientific and practical interest. Tuvinian sheep combine good
meat qualities and high adaptability to the conditions of
sharply continental climate [25]-[28].

The study was aimed at determining the effect of the type
of feeding behavior on the physical and chemical
composition, and amino acid and protein quality indicator of
the meat of the Tuvinian short-fattailed sheep.

Il. METHODS

A. General description

Animals were classified into ethological types according to
the method of locomotor and feeding reactions of D. K.
Belyaeva, V. N. Martynova improved by V. S. Saratovsky, M.
I. Liev, et al., which consisted in assessing the individual
behavior of sheep in the herd, characterizing their feeding,
passive-defensive and indicative reactions on changes in the
stereotypical feeding situation.

The experimental work for studying the feeding behavior
of Tuvinian sheep was performed at the agricultural
production co-operative breed livestock farm Bai-Khol in the
Erzin district of the Tuva Republic, which is a breeding farm
for preservation and breeding Tuvinian short-fattailed sheep.

B. Algorithm

For the experiment, three groups of ewes (n = 150) were
selected, and their behavior types were determined; the ewes
were artificially inseminated with the semen from a Tuvinian
stud ram, and offspring were obtained. In the offspring, the
strength of reaction to supplementary feeding was also
determined, and three groups of rams were formed by the
results of the tests. The first behavior type was called strong
fast-growing balanced (group 1), the second — strong
fast-growing unbalanced (group Il), and the third — weak
slow-growing (group I1I).
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Upon reaching the age of seven months, three rams from
each group were slaughtered in accordance with the method
of the All-Russia Institute of Animal Breeding (1978).

In the conditions of the test center FSC of food systems n.a.
V. M. Gorbatov of RAS, the physicochemical and amino acid
composition of lamb meat was determined.

The physicochemical composition of minced lamb meat
was determined by the average sample from the meat part of
the carcass (0.3 kg for three samples from each group). The
content of protein, fat, moisture, and ash was determined
according to the regulatory documents GOST 33319-2015,
23042-2015 GOST, GOST 25011-2017, and GOST
31727-2012.

To determine the amino acid composition, 0.3 kg of minced
lamb neat were taken from the three groups. The studies were
performed in compliance with normative documents for test
method MI 103.5-105-2011, GOST 23041-2015, and
MV1-02-2002.

I11. RESULTS

Tuvinian short-fattailed sheep combine good meat quality
and high adaptability to the conditions of the sharply
continental climate, resistance to low temperatures,
unpretentiousness to the feed resources, the capability of
winter grazing, and endurance to drifts over long distances.

According to the research of the authors, sheep of this
breed have medium dimensions, are well adapted for winter
grazing, in most sheep, the fat tail has the length of 13 —15cm
and the width of 14 — 17 cm. Usually, the tail consists of the
fat and the skinny part, which is curved in most cases.

The live weight of the ewes in the autumn is 43 — 50 kg, of
rams — 75 — 90 kg. The animals quickly gain weight and have
good slaughter qualities. Upon slaughtering of wedders, the
average live weight is 50 kg, the slaughter yield is 48 — 52 %.
Fecundity of the ewes is low — 104 — 110 % [29]-[31].

The nutritional value of meat is characterized by proteins.
The averaged samples of meat from rams in all groups were
subjected to physicochemical analysis, the data of which are
shown in Table I.

According to the authors, in the meat of the rams of feeding
behavior type 111, the moisture content is 63.8 %, while in the
group of feeding behavior type I, it is lower by 2.3 %; in the
group of feeding behavior type I, the highest fat content is
observed — 17.0 %, which is higher by 1.2 % and 1.6 % than in
the groups of feeding behavior types Il and I11. The content of
the mass fraction of dry matter in the meat from the first group
is higher than in the second and the third group by 1.49 and
1.73 %. At the same time, no significant differences were
found by the mass fraction of protein and ash.

As one can see from the data about the studied types of the
feeding behavior, the relation between the content of fat and
protein is not so obvious; however, an increased fat content
results in decreased protein content.
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A valuable meat indicator is its nutritional value. It mainly
depends on the content of fat, animals fatness. The energy
value of 100 g of minced lamb meat in the group of feeding
behavior type | is 227 kcal or 949.85 kJ, which is higher by 12
kcal or 50.25 kJ than in the group of feeding behavior type Il,
and higher by 15.2 kcal or 63,66 kJ than in the group of
feeding behavior type 11, respectively.

The water-protein ratio of the meat is an index of meat
chemical maturity. In the rams of the studied breed, the
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water-protein ratio almost does not change by the type of
feeding behavior, but in the group of feeding behavior type I,
this indicator is slightly higher (0.31 %) than in the groups of
feeding behavior types Il and Il by 0.04 and 0.02 %,
indicating chemical maturity of lamb meat as early as at the
age of seven months.

Table I. Physicochemical composition of average samples of minced meat from carcasses of experimental animals
(7 months old) (n = 3)

Characteristic Group
| I 11|
moisture 61.5+45 62.8 5.0 63.8+5.0
Mass fraction dry matter 36.5+0.92 35.01 £ 0.65 34.77 £ 0.60
content protein 185%0.2 18.2+0.2 18.3+0.1
fat 170+ 17 158+15 154+16
ash 1.00+£0.10 1.01 +0.09 1.07+£0.12
Ratio moisture_—protein 1:0.31 1:0.27 1:0.29
fat-protein 1:1.19 1:1.09 1:11
100 g of minced meat, kcal 227 215 211.8
Energy value
100 g of minced meat, kJ 949.85 899.6 886.19
pH of the meat 5.7 5.7 5.7
Water-binding ability (WBA), % 53.26 58.66 51.02
Maturity (ripeness) of meat, % 27.6 25.2 24.1
Precocity coefficient, % 0.68 0.61 0.59

The most optimal protein to fat ratio is 1:1. The obtained
data clearly show that in all three groups, the fat-to-protein
ratio was close to optimal.

After the inflow of oxygen stops, anaerobic hydrolytic
decomposition of glycogen occurs in the muscle tissues of the
animal, followed by the formation of lactic acid. The initial
pH value of the muscle tissue means the level of hydrogen
ions concentration directly after animal slaughtering. This
value is very unstable. No veracious difference in the pH
value was found; in all the three groups it was 5.7.

The ability of meat to bind water determines juiciness,
tenderness, losses during thermal processing, and appearance
and technological values. In recent years, much attention has
been paid to studying the relationship between chemical
synthesis to its physical and chemical properties, the
water-binding ability in particular. Juiciness is determined by
the humidity content in the lamb meat, and the content of
intramuscular fat [32]-[34].

According to the data of the authors, the increased
water-binding capacity of the meat of the rams is an evidence
of the normal course of meat autolysis, since in the group of
feeding behavior type 11, this indicator was 58.66 %, which
was by 5.4 and 7.67 % higher than in the groups of feeding
behavior type | and Ill. This is due to the difference in the
mass fraction of fat in the muscle tissue of rams.
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Maturity of meat is the fat to moisture ratio in an average
sample of meat; according to the calculations of the authors,
the meat of the rams at the age of seven months had the
maximum maturity in all studied samples, and varied in the
range between 27.6 and 24.1 in the first and the third groups,
respectively.

The dry matter to moisture ratio is manifested by precocity.
According to the data of the authors, Tuvinian short fattailed
sheep at the age of seven months are characterized by high
precocity, indicating that the animals are intensively gaining
muscle mass. For instance, in the group of feeding behavior
type 1, the ratio of precocity was the highest and amounted to
0.68 %, which was higher by 0.07 and 0.09 % than in groups
of behavior types Il and 1.

The biological value of meat is determined by the degree of
amino acids balance [35], [36]. The protein quality indicator
of the muscle tissues (PQI) will be the higher, the more
full-fledged proteins they contain. The PQI value of various
types varies widely from 2.5 to 7.2. For beef, this value is 4.5;
for pork — 5.4; and for lamb meat — 5.2. It is believed that the
higher the PQI is, the better the quality of meat raw materials
is [16], [37]-[39].

The ratio of amino acids in the composition of meat
proteins, determined by the tryptophan to hydroxyproline
ratio, is one of the criteria of meat nutritive value (Table I1).
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Table I1. Protein quality indicator of the meat of rams at the age of seven months.

Amino acid

Feeding behavior type tryptophan, mg/%

oxyproline, mg/%

Meat protein quality indicator

I 0.43 +0.08 0.156 + 0.019 2.8
I 0.37+0.074 0.146 +£ 0.011 2.6
Il 0.24 £ 0.048 0.132 +0.016 1.8

According to the obtained results, the muscle tissue protein
quality indicator (PQI) in the rams of behavior type | at the
age of seven months was higher than in rams of the second
and the third groups by 0.2 and 1.0, respectively, and
amounted to 2.8.

Tryptophan serves as the index of the content of more
full-fledged proteins in the meat, while oxyproline serves as
the index of less full-fledged proteins in the connective
tissues. High level of tryptophan content was observed in the
first group — 0.43 mg/%, which was higher by 0.06 and 0.19

mg/% than in similar groups. As to the content of oxyproline,
its high content was observed in the first group — 0.156 mg/%,
which, compared the groups of feeding behavior types Il and
111, was higher by 0.01 and 0.024 mg/%.

The value of meat as a protein product is mainly
determined by the balanced content of amino acids. During
the research, the authors have found that protein in the muscle
tissue of rams at the age of seven months contained all groups
in amino acids: both nonessential and essential amino acids
(Table 11).

Table I11. Amino acid composition of the meat of rams

Amino acid, g per 100 g of protein Feeding behavior type
| | I 1l
Essential amino acids:
Histidine* 0.66 +0.02 0.48 £0.01 0.58 +0.02
Threonine 0.96 + 0.03 0.96 + 0.03 0.86 +0.03
Valine 0.86 +0.03 0.68 +0.02 0.71+£0.02
Methionine 0.48 £0.01 0.44 £0.01 0.46 £ 0.01
Phenylalanine 0.66 +0.02 0.68 +0.02 0.62 +0.02
Isoleucine 0.59 +0.02 0.55 +0.02 0.61 +0.02
Leucine 1.32+0.04 1.43+£0.04 151 +0.05
Lysine 1.99 £ 0.06 1.77 £0.05 2.07 £0.06
Tryptophane 0.43+£0.08 0.37£0.074 0.24 £ 0.048
Total of essential amino acids 7.95 7.76 7.66
Nonessential amino acids:
Aspartic acid 2.14 £ 0.06 1.88 £0.05 1.90 £ 0.06
Glutamic acid 3.22+0.10 2.93+0.08 2.78 +0.08
Serine 0.79 £0.02 0.86 + 0.03 0.90 +0.03
Glycine 0.84 £0.03 1.02 £ 0.03 1.11+£0.03
Arginine 1.23+0.04 1.21+0.04 1.25+0.04
Alanine* 1.18+0.04 1.19£0.03 1.15+0.03
Tyrosine 0.36 £ 0.01 0.36 +0.01 0.39+0.01
Cystine 0.26 +0.01 0.27 £0.01 0.26 +0.01
Proline 0.69 +0.02 0.77 £0.02 0.70 £ 0.02
Oxyproline 0.156 £ 0.019 0.146 £ 0.011 0.132 £ 0.016
Total nonessential amino acids 10.866 10.636 10.572
Total amino acids 18.80 + 0.56 18.40 + 0.52 18.20 + 0.55

* * conditionally essential amino acids

The obtained data show that there is a definite and quite
clear correlation between the amino acid composition of the
meat and its organoleptic properties [40], [41]. The
distribution of the total concentration of amino acids between
essential and nonessential ones in minced meat of the rams at
the age of seven months of various types of feeding behavior
is different.
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The total amount of essential amino acids in the meat of
rams of various types of behavior was in the range between
7.95 for the first group of animals to 7.66 for the third group.
The meat of the rams in the second group contained less by
0.19 g per 100 g of protein essential amino acids than the meat
of the rams from the first
group, while, compared to the
third group, their content was
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higher by 0.1 g per 100 g of protein.

By the total amount of essential amino acids, the best
characteristics were observed in the meat of the rams of the
first type of feeding behavior; the indicator was 10,866, which
was higher by 0.23 and 0.29 g per 100 g of protein than in the
other two groups, respectively.

The distribution of the total concentration of amino acids
between nonessential and essential amino acids in the minced
meat of the rams at the age of seven months of various types of
feeding behavior is different; for instance, the total amount of
amino acids in all three groups exceeded 18.20 g per 100 g of
protein. In the meat of the rams from the group of feeding
behavior type 1, the total amount of amino acids was
veraciously higher by 0.4 and 0.6 g per 100 g of protein than
in the meat of the rams from the second and the third groups of
animals, respectively.

The obtained results about the content of amino acids show
that the meat of the rams involved in the experiment is a
biologically complete product.

IV. CONCLUSION

In the meat of the rams of the group of feeding behavior
type I, moisture content was the lowest, and fat content — the
highest (17.0 %), which was higher by 1.2 % and 1.6 % than
in the groups of feeding behavior types Il and I1l. The mass
fraction of dry matter in the meat from the group of feeding
behavior type | was higher by 1.49 and 1.73 % than in the
second and the group of feeding behavior type I11. At the same
time, no significant differences were found by the mass
fraction of protein and ash.

The energy value of 100 g of minced lamb meat in the
group of feeding behavior type | was 227 kcal or 949.85 kJ,
which was higher by 12 kcal or 50.25 kJ than in the group of
feeding behavior type I, and higher by 15.2 kcal or 63.66 kJ
than in the group of feeding behavior type 11, respectively.

Maturity of the meat of the rams was the maximum at the
age of seven months in all studied samples, and varied in the
range between 27.6 and 24.1 in the first and the third groups,
respectively. In the group of feeding behavior type I, the ratio
of precocity was the highest and amounted to 0.68 %, which
was higher by 0.07 and 0.09 % than in groups of behavior
types Il and I1I.

The muscle tissue protein quality indicator (PQI) in the
rams in the group of feeding behavior type | at the age of
seven months was higher than in the rams in the groups of
feeding behavior type Il nad 111 by 0.2 and 1.0, respectively,
and amounted to 2.8.

High level of tryptophan content was observed in the group
of feeding behavior type I — 0.43 mg/%, which was higher by
0.06 and 0.19 % than in similar groups. The content of
oxyproline was also the highest in the group of feeding
behavior type I, and amounted to 0.156 mg/%, which
exceeded this value in the groups of feeding behavior types Il
and 111 by 0.01 and 0.024 mg/%.
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By the total amount of essential and non-essential amino
acids, the best results were observed in the meat of the rams of
the group of feeding behavior type 1. The total amount of
amino acids in all the three groups exceeded 18.20 g per 100 g
of protein. In the meat of the rams from the group of feeding
behavior type I, the total amount of amino acids was higher by
0.4 and 0.6 g per 100 g of protein than the total amount of
amino acids in the meat of the rams in the groups of animals of
feeding behavior types Il and 11, respectively.
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