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Abstract | The paper presents the results of studies on the effect of a GH genotype of Angus steers on the growth rate
and quality of meat products. It has been established that the GC and CC genotypes steers at the age of 8 months out
yield their GG genotype agemates by 0.92 and 2.62% in terms of the live weight and at 16 months of age by 2.83 and
6.26%, respectively. Over the period of the experiment, the CC genotype steers had higher average daily gain in the
live weight than the GG and GC genotypes steers by 9.87 and 5.15%. The control slaughter results have shown that
animals of these genotypes exceeded their agemates in terms of the hot carcass weight by 9.17 and 4.76%, respectively,
carcass yield by 1.65 and 0.81%, weight of carcass flesh by 10.37 and 5.17% and its yield by 0.91 and 0.31%. The
results of the chemical analysis of an average flesh sample of carcasses has shown, that meat of the GG genotype
steers contained more fat than that of the GC and CC genotypes steers by 1.22 and 1.77%. At the same time, higher
protein content was found in meat of the CC genotype steers. Difterences between groups of animals of different
genotypes with respect to their amino acid composition of flesh proteins and culinary and technological indices have
been revealed. It should be noted that meat of the GG genotype steers was tenderer and the cutting force was lower
than that when cutting meat of GG and CC genotypes steers by 0.09 and 0.13 kg/cm?, respectively. Calculations have
shown that the level of beef production profitability was higher in the group of the CC genotype steers by 4.5 and 2.1%
in comparison with their GG and GC genotypes agemates.
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INTRODUCTION

animal genotype.
he intensity of the breeding process to improve breeds
and cattle populations is largely related to the objec- Researchers in Russia and other countries (Barendse,
tivity of the evaluation of breeding qualities of stud bulls 2003; Kaminski et al., 2008; Gorlov et al., 2014; Fedunin
and stud stock. At the same time, the age of animals influ- ¢t al., 2014) have noted that it is possible to select the de-
ences the effectiveness of the assessment, i.e., the younger sired genotypes of animals right after their birth. Genetic
the animal (especially the bull) to be assessed is, the more ~markers associated with quantitative and qualitative indi-
effective the selection progress is. The DNA technologies ~cators of productivity were identified (Lacorte et al., 2006;
make it possible to minimize the age for evaluation of the ~ Barendse, 2007).
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According to the authors (Mitra et al., 1995; Gorlov et.al,
2017), there are interpopulation and inter-breed differenc-
es in the allelic polymorphism of individual genes. There
are also difterences in allelic and genotypic polymorphism
in animals within the breeds.

Particular importance is attached to the GH growth hor-
mone that has an effect on growth and energy distribution
in the body of cattle. Moreover, participating in metabolic
processes, it has a wide spectrum of actions (Dybus, 2002;

Tatsuda et al., 2008; Lazebnaya et al., 2011).

Selection of animals for further breeding according to ge-
netic markers associated with quantitative and qualitative
productivity indicators at an early age allows significant ac-
celerating of the selection and genetic process in the herd,
population and breed (Gorlov et al., 2016; Radchikov et
al., 2018; Sulimova et al., 2016).

'The purpose of our research was to study the growth rate,
characteristics of the carcass quality formation and biolog-
ical value of their flesh parts, depending on the GH geno-
type of the steers (GG, GC and CC).

MATERIALS AND METHODS

Experimental studies were carried out on animals of the
Angus breed in OOO “Tingutinskoe” in the Svetloyarsky
rayon of the Volgograd region.

Based on the results of typing the GH gene alleles, there
were formed 3 groups of Angus breed steers at the age of
8 months, 10 heads each. Group I consisted of steers with
the GG genotype associated with “marbling, “Group II
included CG genotype associated with a greater weight
of carcasses and a high level of “marbling” and Group III
included CC genotype associated with greater weight of
carcasses and lowered “marbling”.

From the blood samples of the experimental animals, the
DNA was isolated using a DiatomTMDNA Prep200 kit
(IsoGen, Russia) intended for this purpose according to
the manufacturer’s instructions.

For the polymerase chain reaction (PCR), a Gene Pak
TMPCR Core set (Iso Gen, Russia) and Encyclo PCR kit
(Evrogen, Russia) were used with primers synthesized in
the Research and Production Company Litech.

The alleles of the investigated gene were typed using am-
plification products by the restriction endonuclease Alul
for the GH gene followed by the electrophoretic analysis

of the restriction products in the agarose gel.

All groups of experimental steers were in similar keeping
and feeding conditions. The youngsters were kept loose in
standard rooms, on deep bedding, with free range to the
teeding areas and access to water.

The digital material was processed by the method of vari-
ation statistics Microsoft office, Statistic and the Structure
program with the determination of the reliability of the
difference at three levels of Student-Fisher probability.

STATISTICAL ANALYSIS

The data on different variables, obtained from the experi-
ment, were statistically analyzed by Statistica 10 package
(StatSoft Inc.). The significance of differences between the
indices was determined using the criteria of nonparamet-
ric statistics for the linked populations (differences with
P>0.95 were considered significant: aP>0.999; bP>0.99;
cP>0.95; ns = not significant at P<0.95). Student’s t-test
was applied for the statistical analysis (Johnson and Bhat-

tacharyya, 2010). The mean of a set of measurements was
n
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ability of a sample difference (Student’s t-distribution) was
estimated by the test of the difference validity, which is the
ratio between the sample difference to the non-sampling er-
ror. The test of the difference validity was determined by the
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where tisa Student’s t-distribution; (*! —*2 ) is a difference
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of the sample mean measurements; is

a sample difference error; s.e.m.1, s.e.m.2 is a non-sam-
pling error of the sample statistics compared; tst is a stand-
ard criterion according to the t-Table for the probability
threshold preset depending on degrees of freedom; n1, n2
is a number of measurements in the samples compared; d.f.
is a degrees of freedom for difference of two mean meas-
urements.
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RESULTS AND DISCUSSION

Feeding diets of experimental young animals were devel-
oped in accordance with the A.P. Kalashnikov’s recom-
mendations (2003) using the “Korm Optima” program and
were designed to obtain an average daily gain of live weight

of 1000-1100 g.

The ration included grass and legume hay, Sudan grass
haylage, grain mix, molasses, salt and premixes. The results
of control feeding showed that in the groups of steers there
were some differences in coarse fodder intake. So, the hay
intake in Group III of the HC genotype steers was high-
er by 5.02 and 4.28% than in Group I, while haylage in-
take was higher by 4.20 and 3.52%. Over the period of the
experiment, the steers in Group III consumed more dry
matter than the steers in other two groups by 3.63 and
3.37%, energetic feed units (EFU) by 3.78 and 3.06% and
digestible protein by 3.23 and 2.83%, respectively.

'The observation over the growth and development of the
animals has established that the CG and CC genotypes
steers (Groups II and III) exceeded their GG genotype
agemates (Group I) with respect to the live weight right
after the formation of the groups. At the age of 8 months
their superiority was 0.92 and 2.62%.

With age, differences in the live weight between the ex-
perimental groups increased. So, at 12 months of age, the
difference in live weight showed the favor of the steers in
Groups II and III of 2.28 (P>0.95) and 5.76% (P>0.99), at
the 14 month of age 2.29 (P>0.95) and 6.16% (P>0.999)
and at the 16 month of age 2.83 (P>0.95) and 6.26%
(P>0.99), respectively.

Thus, the steers with the HS and CG genotypes of the GH
growth hormone had the highest live weight.

During the rolling period, the highest average daily body
weight gain was established in the HC genotype steers.
In terms of the average daily weight gain, the youngsters
in Group IIT (CC) exceeded their agemates in Groups I
and II by 9.87 (P>0.99) and 5.15% (P>0.95), respective-
ly. With respect to this indicator, the animals in Group 1I
(CG) outperformed the steers in Group I (GG) by 4.49%
(P>0.95) (Table 1).

The results of control slaughter showed that in terms of
hot carcass weight, the HC genotype youngsters in Group
IIT outperformed the steers in Groups I and II by 9.17
(P>0.999) and 4.76% (P>0.95). The carcass yield in Group
III was higher by 1.65 and 0.81%, respectively.

In terms of the weight of internal fat, there was revealed
superiority of the youngsters in Group I in comparison

with their agemates in Groups II and III, which was 2.90

and 9.23% (P>0.95), respectively (Table 2).

In general, the slaughter weight of the steers in Group III
was more than that of their agemates in Groups I and 1I
by 8.17 (P>0.999) and 4.20% (P>0.99), and the slaughter
yield was higher by 1.19 and 0.52%.

According to the results of the boning carcasses, it has
been found that the weight of the carcasses flesh of ani-
mals in Group III was greater than that in Groups I and
IT by 10.37 (P>0.999) and 5.17% (P>0.99) and its yield by
0.91 and 0.31%. The weight of bones and their yield were

greater from animals in Group I.

'The fleshing index, indicating the ratio between flesh and
bones in carcass, was higher in the CC genotype steers
(Group III) by 0.21 and 0.08 compared with their age-

mates.

The conducted studies have shown that the highest dry
matter content was in the average test sample of the GG
genotype steers in Group I. With that in mind, there
was more fat in flesh of the carcasses of young animals in
Group I than in that of their agemates in Groups II and III
by 1.22 (P>0.999) and 1.77% (P>0.999), respectively. The
least amount of fat was found in flesh of animals in Group
III. The weight fraction of protein in meat was higher in
the CC genotype steers compared with their agemates by
0.34% in Group I and by 0.06% in Group II with unreli-

able difference.

'The energy value of 1 kg of flesh of steers in Group I was
higher than that of their agemates by 0.43 MJ or 5.19%
(P>0.99) and 0.63 MJ or 7.79% (P>0.999), respectively.
The most optimal ratio between protein and fat in meat

(1:0.75) was found in animals in Group 1.

The longissimus muscle of the GG genotype steers in
Group I contained more fat than that of their agemates in
Groups II and III by 0.35 (P>0.95) and 1.06% (P>0.999),
less protein by 0.62 (P> 0.999) and 0.93% (P>0.999) (Ta-
ble 3).

'The M-longissimus of steers in Group I have been found to
contain the most significant amount of amino acids. With
that in mind, their muscles contained more essential amino

acids than that in Groups II and III by 1.24 and 2.40% and
nonessential ones by 0.65 and 0.81%, respectively.

There are also differences in the technological properties
of flesh established. The moisture retention capacity of the
longissimus muscle was higher in Group I than in Groups
IT and III by 0.65 (P>0.95) and 1.69% (P>0.999), and its
ability to cook down was lower by 0.55 (P>0.95) and 1.67%
(P>0.999), respectively.
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Table 1: Average daily gain in live weight, g

Age period, months ~ Numerical order of group
I (n=10) I (n=10) III (n = 10)
mean s.e.m. p* mean s.e.m. p* mean s.e.m. p*
8-9 932.5 8.64 0.63™ 940.4 9.15 1.49m 958.6 8.10 2.20¢
10-11 1011.6 10.21 5.19° 1077.4  7.53 7.42° 1161.8 8.52 11.3
12-13 998.3 8.11 2.38¢ 1027.5 9.19 5.21° 1099.7 10.38 7.700
15-16 924.3 10.16 4.97 989.8 8.41 3.25° 1030.2 9.17 7.74
8-16 983.7 9.39 3.12¢ 1027.9 10.60 3.75° 1080.8 9.32 7.34
“Note: a = P>0.999; b = P>0.99;c = P>0.95 compared with data on the Reproduction I;
ns = not significant at P>0.05
Table 2: Slaughter qualities and morphological composition of carcasses
Indicator Numerical order of group
I(n=10) II(n =10) III(n = 10)
mean s.eem. P* mean s.em. P* mean s.eem. P*
Pre-slaughter weight, kg 430.3 2.67 2.79¢ 441.7 3.09 3.38" 456.2 2.98 6.47°
Weight of hot carcass, kg 237.8  2.03 3.52° 2478 198 4.07° 259.6  2.12 7.42¢
Carcass yield, % 55.26 - - 56.10 - - 56.91 - -
Weight of internal fat, kg 14.20 0.32 0.94ns 13.80 0.28  2.29¢ 13.0 0.21 3.14¢
Slaughter weight, kg 252.0 2.06 3.34° 261.6  2.01 3.74° 272.6 215 6.92¢
Slaughter yield, % 58.56 - - 59.23 - - 59.75 - -
Weight of chilled carcass, kg 2359 214  3.30° 2457  2.06 3.78 2574 231 6.83*
Flesh weight, kg 186.1  1.89  3.77° 1953  1.54  4.45° 2054  1.67 7.65*
Flesh yield, % 78.89 - - 79.49 - - 79.80 - -
Weight of bones, kg 3990 0.39  1.92 40.80 0.26  3.53" 4220  0.30 4.67
Bone yield, % 16.90 - - 16.60 - - 16.40 - -
Weight of tendons, kg 9.90 0.18  1.28™ 9.60 0.15 0.78™ 9.80 0.21 0.36™
Tendons yield, % 4.21 - - 3.91 - - 3.80 - -
Fleshing index 4.66 = = 4.79 = = 4.87 = =
“Note: a = P>0.999; b = P>0.99;c = P>0.95 compared with data on the Reproduction I; ns = not significant at P>0.05
Table 3: Chemical composition of M-longissimus,%
Component Numerical order of group
I(n=10) II (n=10) III (n = 10)
mean s.e.m. p* mean s.e.m. p* mean s.e.m. p*
Moisture 76.55 0.14 1.44rs 76.31 0.09 3.12¢ 76.73 0.10 1.05m
Dry matter 23.45 0.14 1.44r 23.69 0.09 2.96¢ 23.27 0.11 1.01m
incl.: protein 19.41 0.09 3.54° 20.03 0.15 1.61m 20.34 0.12 6.207
fat 3.02 0.05 4.48° 2.67 0.06 9.85¢ 1.96 0.04 16.55°
ash 1.02 0.01 2.12m 0.99 0.01 1.41m 0.97 0.01 3.53°

*Note: a = P>0.999; b = P>0.99;c = P>0.95 compared with data on the Reproduction I;

ns = not significant at P>0.05

'The culinary and technological parameter of meat of steers
in Group I was higher than that of their agemates by 0.05
and 0.14. The M-longissimus of the GG genotype steers
(Group I) had the least resistance when cutting. The force
in cutting a muscle sample of animals in Group I was less

than that in Groups II and III by 0.09 kg/cm? or 18.75%

(P>0.95) and 0.13 kg/cm? or 25.00% (P>0.95), which indi-
cated a more pronounced “tenderness” of meat of the GG
genotype steers.

'The quality of the carcass flesh was closely related to the
content of connective tissues in it. Studies have shown that
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Table 4: Lipids content in perirenal slaughter fat, mg/kg

Type of lipids Numerical order of group
I(n=10)
mean se.m. P*
Triglycerides 628.14  3.15 2.54¢
Phospholipids 28534  1.38 1.46™
Cholesterol 27.98 0.26 3.41°
Cholesterol esters 1.89 0.01 7.78

II(n = 10) III(n = 10)

mean s.e.m. P* mean s.e.m. P*
638.37  2.50 1.09m 642.51 2.87 3.37
281.55  2.19 0.920 278.60 2.34 2.48°
26.82 0.22 4.85° 25.41 0.19 7.98
1.78 0.01 11.31° 1.62 0.01 19.10°

*Note: a = P>0.999; b = P>0.99;c = P>0.95 compared with data on the Reproduction I; ns = not significant at P>0.05

Table 5: Conversion of protein and fodder energy into meat products

Indicator Numerical order of group

I(n=10) II(n = 10) III(n = 10)

mean s.em. P* mean s.e.m. P* mean s.em. P*
Edible part of the carcass, kg 256.38 3.91 2.46° 268.63 3.09 2.61c 279.55 2.83 4.80°
deposited in tissues
protein, kg 48.30 0.39 5.41* 5136 041 4.60* 53.62 0.27 11.21*
fat, kg 36.35 0.46 2.75¢  34.81 0.32 0.23* 34.69 0.41 2.96¢
energy, MJ 223223 3524  9.44* 222694 29.43 0.80~ 2261.15 31.15 0.62*
Protein conversion ratio(PCR),% 9.15 - - 9.63 - - 9.91
Total energy conversion ratio(TECR),%  8.61 - - 8.38 - - 8.50

*Note: a = P>0.999; b = P>0.99;c = P>0.95 compared with data on the Reproduction I; ns = not significant at P>0.05

the supporting connective tissues framed the M-/longissi-
mus fibers. Parallel order of muscle bundles with lipid inter
layers separating them was seen on the muscle sections.
'The most pronounced thickness of the fat layer was ob-
served in the muscle sections of the GG genotype steers,
the least pronounced in those of the CC genotype animals
(Figure 1).

GG Genotype

ot L

CC Genotype

CG Genotype

AT T~
T, |

Figure 1: M-longissimus Microstructure of experimental
steers (longitudinak sectionm 20x magnification)

Studies have shown that the synthesis and properties of
adipose tissue in bodies of Angus young cattle differed de-
pending on the steers’ GH genotype. So, the adipose tissue
deposits in the bodies of the GG genotype steers in Group
I was larger than that of their agemates in Groups II and
III by 6.57 (P>0.95) and 18.78% (P>0.999), respectively.

Differences in the localization of fat in the bodies of ex-
perimental steers have been established. Higher deposition

of subcutaneous adipose tissue was detected in steers in
Group I compared with their agemates in Groups II and
IIT by 5.42 and 10.33% (P>0.95), intermuscular adipose
tissue by 12.31 (P>0.99) and 41,15% (P>0,999) and inter-
nal one by 2.90 and 9.23% (P>0.95).

With that in mind, the perirenal slaughter fat of the GG
genotype steers in Group I contained more phospholipids
than that of their agemates by 1.35 and 2.42% (P>0.95)
and cholesterol by 4.35 (P>0.95) and 10.11% (P>0.999)
(Table 4).

A higher content of triglycerides (least active lipids) was
found in the slaughter fat of the CC gene animals in
Group III in comparison with their agemates in Groups I

and II by 2.29% (P>0.95) and 0.65%, respectively.

'The content of saturated and unsaturated fatty acids indi-
cated the biological value of adipose tissue and the nature
of lipid metabolism in bodies of the test steers. The studies
have shown that in the slaughter fat of the GG genotype
steers contained more fatty acids. In terms of the sum of
fatty acids, the steers exceeded their agemates in Groups
IT and III by 0.34 and 0.61%. With respect to the content
of monoun saturated fatty acids, the differences were 0.58
and 1.44% and polyunsaturated ones 8.28 (P>0.95) and
8.65% (P>0.99), respectively. The level of saturated fatty
acids was higher in the slaughter fat of the CC genotype
steers by 0.95% and 0.39%.
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'The performed studies have established a higher deposition
of protein in bodies of the CC genotype steers. In compar-
ison with the steers in Groups I and 11, their advantage was
11.01 (P>0.999) and 4.40% (P>0.99). A higher fat synthe-
sis was established in bodies of the GG genotype steers in
comparison with the iragemates in Groups II and III by
4.42 (P>0.95) and 4.79% (P>0.95),respectively (Table 5).

The youngsters in experimental groups have been estab-
lished to have differences in the ratios of protein and en-
ergy conversions. The animals in Group III had higher
protein conversion ratio by 0.76 and 0.28% in comparison
with the steers in Groups I and II. The energy conversion
ratio was higher in steers in Group I by 0.23 and 0.11%,

respectively.

Calculations showed that the realization value of produc-
tion was greater in Groups III and II due to the greater
steers’ live weight that caused higher sale profit of animals
in Group III than those in Groups I and II by 693.0 and
324.9 rubles, respectively, and the level of their profitability
was higher by 4.5 and 2.1%.

Thus, the Angus steers with the CC genotype of the GH
gene possessed higher growth energy; their carcasses were
more massive and better muscled. The GG genotype young
animals were observed to have a more intensive deposition
of adipose tissue in their bodies. To obtain “marble” beef,
animals with the GG genotype of the GH gene should
be preferred; for leaner beef, the CC genotype steers are
preferred.
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