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ABSTRACT

The established correlations between subcutaneous fat thickness and the quality attributes of carcasses and
beef are relevant for producers and the processing industry. The purpose of the study is to establish the
characteristics of slaughter, chemical composition, sensory physical, and technological properties of beef
made of young bulls belonging to the Ukrainian black-and-white dairy breed aged 18 to 24 months,
depending on the thickness of the fat on the carcass. The colour of muscle and adipose tissue, the
conformation of carcasses, the development of subcutaneous fat, marbling, chemical composition, and
sensory attributes of beef and broth made of it were determined in the context of different fat thicknesses on
the carcass. With an increase in the thickness of subcutaneous fat, the fleshiness (conformation) of carcasses
increases by 55.2% (P>0.95), the cover of carcasses with fat increases by 43.5 (P>0.99), and muscle
penetration improves by 45.8% (P>0.95). With the thickening of subcutaneous fat from 0.5 to 1.1 cm or
more, there is a tendency of tendons and ligaments in carcasses to increase by 53.6%, with adipose tissue
increasing by 25.6%, points for the juiciness of boiled beef increasing by 20.8%, its tenderness increasing by
12.5%, and the reduction in the m. longissimus dorsi 'loin eye' area increased by 7.3%, marbling increased by
19.0%, reduction of moisture content in meat increased by 27.8%, and its boiling properties increased by
7.9%. With an increase in the thickness of subcutaneous fat in beef, there was a tendency for the reduction of
its acidity (pH), the amount of dry matter, the total content of fat and minerals, deterioration of taste, aroma,
residue after chewing boiled meat, flavour, and aroma, concentration, and transparency of broth made of it.
The practical significance of these studies is to obtain knowledge that allows the assessment of the quality
characteristics of carcasses and beef by the thickness of subcutaneous fat for their further use by producers
and processing industries.
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INTRODUCTION

In cattle, adipose tissue found under the skin is an important attribute of carcass quality, significantly
affecting beef and the consumer’s decision to purchase it, since visible fat is a significant (36%) factor when
consumers choose [1]. Therefore, subcutaneous fat thickness was included in the Carcass Beef Grades and
Standards (USDA, 2001) [2] Australia (MSA, 2015) [3]. They are used to classify, grade, and determine the
quality of carcasses and describe their value for the meat industry [4]. Subcutaneous fat is considered [5] as both
positive and negative beef quality criteria. It protects the carcass from losses during evaporation [6], affecting
the meat's tenderness [7]. Adipose tissue is a less wanted part of the carcass because it increases the animals'
feed costs [8] and reduces the slaughter yield [9].

Therefore, studies to determine the parameters of subcutaneous fat thickness in 18-24-month-old young bulls
belonging to the Ukrainian black-and-white dairy breed, with which beef would have optimal slaughter,
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physicotechnological, chemical, and tasting properties, are relevant. There would be a rationale for including
them in Ukraine's regulatory documents for the classification of cattle carcasses.

In Ukraine, a significant share of beef is produced from animals of the Ukrainian black-and-white dairy
breed (UBWDB). Specific aspects of quantitative and qualitative characteristics of meat made of them with
different thicknesses of subcutaneous fat have not been studied. As a factor of differences in the taste of beef, it
is a more important attribute of the quality of carcasses than conformation [10]. According to the MSA cattle
carcass assessment system (2015) [3], subcutaneous fat's minimum thickness is 3 mm. In each market, this
value is to meet the consumer requirements. Increased thickness of fat under the skin (by 1 mm) reduces the
cost of a kilogram of a carcass by 0.018 Australian dollars [11], which is a key factor affecting the cost of beef.
With increased subcutaneous fat thickness, carcass weight, fleshiness index, grade, and beef marbling
deteriorate [12]. Subcutaneous fat does not affect meat's acidity (pH), colour, and boiling properties [13]. In
young bulls with high productivity and meat quality, the subcutaneous fat thickness should be 8.0 mm [14]. The
quality of beef depends on the fat content in the middle part of the muscles, which varies depending on the age
and live weight of the animals and [15] their breed [16].

Therefore, the purpose of the research was to evaluate the attributes of slaughter, chemical composition,
sensory and physicotechnological properties of beef made the young bulls belonging to the Ukrainian black-
and-white dairy breed in the period from 18 to 24 months of their age, depending on the thickness of
subcutaneous adipose tissue, and to establish its optimal parameters, with which it would be possible to provide
adequate meat and fat yields and significant technological and sensory attributes of edible beef for consumers.

Scientific Hypothesis

Previous research has shown that subcutaneous fat thickness is an important aspect of cattle carcasses. It
affects the forecasting of the quality and quantity of beef, including its chemical composition, as consumers'
cost and perception of meat during purchasing hinges on it. However, the relationship between the different
thicknesses of subcutaneous fat and beef's physical, technological, chemical, and tasting characteristics in the
Ukrainian black-and-white dairy breed animals may differ from the data obtained in previous studies on beef
and beef and dairy cattle.

MATERIAL AND METHODOLOGY
Samples

The study in the Zhuravushka Farm, Brovary Raion, Kyiv Oblast involved 34 carcasses of 18-24-month-old
young bulls of the Ukrainian black-and-white dairy (UBWD) breed. The animals were slaughtered in the
slaughterhouse of the Zhuravushka Farm in the village of Kalynivka. The body weight of bulls was determined
by weighing before slaughter after a 24-hour deprivation of food with free access to water. Fresh carcasses were
sawn in half and weighed. The half-carcasses were cooled down and stored at +2°C for up to 24 hours. Next,
they were cut into quarters between the 12th and 13th rib. On the cross-section of m. longissimus dorsi between
the 12th and 13th rib, at the point where the half-carcass was divided into anterior and posterior parts, the length
and depth of the 'loin eye' were measured according to the diagram shown in Figure 1, and the thickness of
subcutaneous fat was measured with a ruler.

Figure 1 Length (1) and depth (2) of the 'loin eye' and measurement (3) of subcutaneous fat thickness.
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The 'loin eye' area was calculated according to (formula 1) under the Order of the Ministry of Agrarian
Policy and Food of Ukraine No. 290 of 6 August 2004 [17]:

S=axbx08 (1)
Where: S is the area of the 'loin eye', cm?; a is the length of the 'loin eye', cm;
b is the depth of the 'loin eye', cm; 0.8 is the coefficient.

On a scale of 1 to 7, according to the methods described in JIMGA (2000) [18], the color of the muscle
(Figure 2) and fat (Figure 3) tissues was determined. According to the EUROP system (2008) [19], the
conformation of carcasses was visually classified into 5 classes (E, U, R, O, P) (Figure 4). For statistical
analysis, we converted them into numbers on a scale of 1 (corresponds to P) to 5 (corresponds to E). The
thickness of carcass fat was evaluated visually and broken down into five classes (from 1 = lean to 5 = very fat)
(Figure 5). Marbling of meat was determined using a 12-point scale by the IMGA method (2000) [18] (Figure

No.1 No.2 No.3 No.4 No.5 No.6
Figure 2 Muscle tissue color grading scale according to the method (JMGA, 2000) [18].

No.l No.2 NoA No.5S No.b No.7

Figure 3 Adipose tissue color grading scale according to the method (JMGA, 2000) [18].

Figure 5 Carcass fat growth grading scale according to the EUROP system (2008) [19].

Volume 18 979 2024



Potravinarstvo Slovak Journal of Food Sciences

BMS # 1 Quality Grade 1 BMS # 2 Quality Grade 2 BMS # 3 Quality Grade 3

BMS # 4 Quality Grade 3

BMS # 10 Quality Grade 4 BMS # 11 Quality Grade 5 BMS # 12 Quality Grade 5

Figure 6 M. longissimus dorsi marbling grading scale according to the JIMGA (2000) standard [18].

Chemicals

Gel for ultrasound examination (Himlaborreactiv LLC, Ukraine).
Animals, Plants, and Biological Materials

Carcasses of young bulls belonging to the Ukrainian black-and-white dairy breed of Zhuravushka Farm,
Brovary Raion, Kyiv Oblast.

Instruments

Static scales 4BDU-15X-P (Axis, Ukraine). Weight unit >0.5 kg, weighing range from 10 to 1,500 kg.
Monthly weighing of young bulls and weighing before slaughter.

Gas chromatography (Kupol_55, Shimadzu Corporation, Japan).

Drying chamber (SNOL, Chemlaborreaktiv LLC, Ukraine).

Steam water distiller (Velp Scientific UDK 129, Italy).

Laboratory ionomer I-160M. Measurement of beef's pH.

Automatic penetrometer PMDP. Measurement of beef's penetration.

Ruler.

Laboratory Methods

The total fat content in beef was determined in the laboratory of the Department of Meat, Fish and Seafood
Technologies of the National University of Life and Environmental Sciences of Ukraine (NULES of Ukraine)
according to DSTU ISO 1443:2005 [20]; total ash content was determined according to DSTU ISO 936:2008
[21]; moisture content was determined according to DSTU ISO 1442:2005 [22]; and pH was determined
according to DSTU 1SO 2917-2001 [23].

The moisture retention capacity of meat was studied using the content of bound water as a percentage of
meat weight. The bound moisture content was determined by the 'press method' by the amount of water released
from the meat under light pressing, and absorbed into the filter paper, forming a wet spot. The spot area’s size
depends on the meat's ability to retain water. The better the moisture retention capacity, the smaller the wet spot.
Using a planimeter, the total area of the wet spot that forms under the compressed meat and the released
moisture absorbed by the filter paper was defined. The area of the wet spot was defined by the difference
between the total area of the spot and the area occupied by meat [24].

The content of bound water (%) in meat was found using the formula (2) [25]:
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A—8.4xb)x100
B = )

M
Where: B is the bound moisture content about the weight of meat, %;
A is the moisture content in the weighed average sample, mg;
b is the wet spot area, cm?;
M is a weighted average meat sample, mg.

)

Eight tasters in the ' Meat Quality ' laboratory of the Department of Milk and Meat Production Technologies,
NULES of Ukraine, evaluated the sensory attributes of boiled beef (aroma, juiciness, tenderness, ease of
chewing) and broth made of it (color, taste, concentration) according to the requirements set out in the paper
[25].

Description of the Experiment

Sample preparation: Before slaughter, the animals were deprived of food for 24 hours with free access to
water. The slaughtering was carried out by the European Regulation No. 1099/2009 of 24 September 2009 'On
the Protection of Animals at the Time of Killing' [26]. After slaughtering young bulls, carcasses' conformation
and subcutaneous adipose tissue development were visually examined. After 24-hour storage of carcasses at
+2°C in the refrigerator, the thickness of subcutaneous fat, muscle marbling, length, and depth of the 'loin eye'
were defined.

Number of samples analyzed: in the experiment, 34 left half-carcasses and m. longissimus dorsi
samples were used for analysis.

Number of repeated analyses: all the studied attributes were determined in the samples selected for the
study only once.

Number of experiment replications: Each study was carried out five times, and the number of samples
was three, resulting in fifteen repeated analyses.

Design of the experiment: from birth to 4 months of age, 34 young bulls were kept in a group. Then,
they had feed (produced on the farm) on the fattening site. After slaughtering, the degree of fat covering the
carcasses was defined in young bulls, with the conformation (muscularity) of carcasses, the thickness of fat on
the carcass, the colour of muscle and adipose tissue, and the marbling of m. longissimus dorsi defined. In
determining these attributes, the carcasses were divided into three groups depending on the thickness of fat
covering them (0.5-0.7 cm; 0.8-1.0 cm; 1.1 cm and more). In determining the chemical composition of beef and
its technological and tasting properties, carcasses were divided into two groups 0.5-0.7 cm and 0.8-1.0 cm fat
thickness. Experts conducted a tasting of boiled meat to study its sensory attributes. The degree of meat
tenderness was defined by the ease with which teeth first penetrate the meat with which it breaks down during
chewing, and the amount of residue left after it. Satisfaction with the tenderness of the meat was based on the
interaction between its texture and the 'sensation in the mouth' during biting and chewing.

The juiciness of meat was defined as the perceived amount of juice and the level of lubrication when
chewing. They determined the initial juiciness, which evaluates the liquid in the meat released during the first
bite, associated with the water content. Besides, the persistent or general juiciness of beef during prolonged
chewing was studied, and it was associated with the fat content, which stimulates saliva production in tasters.
Muscle tissue samples were analysed according to sensory attributes (tenderness, juiciness, taste, residue after
chewing). The same experts evaluated the nutritional quality of meat.

Statistical Analysis

Statistical analysis was used in the following aspects of the studies described above. Comparative analysis
was performed: the quality of beef carcasses was compared between different groups of animals in the context
of the thickness of fat under the skin.

Microsoft Exel 2016 was used to perform statistical analysis of the data obtained to determine the arithmetic
mean (M), its error (+m), and the reliability criterion (td) between the groups.

The purposeful use of statistical analysis in this context was to collect objective data, analyze it to identify
dependencies and patterns and support decision-making in beef production with maximum quality indicators
and recommendations for further processing.
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RESULTS AND DISCUSSION

Thicker fat on the carcass is the reason for the reduction in the slaughter yield, muscle tissue, in particular
the first-grade muscle tissue, bone content, increase in adipose tissue, tendons and ligaments in the carcass, and
the second-grade meat (Table 1). A decrease in the slaughter yield, the proportion of muscle tissue, and other
attributes as specified in previous research papers associated with different thicknesses of fat on the carcass [7],
and its growth [27], which mainly depends on related mating [28], cattle breeds [29], and fleshiness of animals
[30].

Table 1 Attributes of slaughter and morphological composition of young bull carcasses with different fat
thicknesses on the carcass, M+m.

Thickness of fat on the carcass, cm.

Attribute 0.5-0.7 (n=19) 0.8-1.0 (n=9) 1.1 and more (n=6)

Body weight after the deprivation of

food, kg 407+9.2 4254223 434+16.4
Slaughter output (carcass), % 45.9+0.15 45.6+0.11 45.5+0.91
Muscle tissue, % 71.1+0.80 70.6+0.74 70.8+1.21
including the top-grade meat, % 22.84+0.80 22.6+1.34 22.8£1.81
- //- first-grade meat, % 47.24+0.60 45.24+0.72 46.8+1.13
- //- second-grade meat, % 30.0£1.19 32.2+1.87 30.4+2.64
Adipose tissue, % 4.4+0.41 3.7+0.85 5.240.21
Tendons and ligaments, % 1.5+0.14 1.6+0.14 2.2+0.22
Bones, % 23.0+0.50 24.1+0.41 21.8+1.35

Table 2 shows the main qualitative attributes of carcasses, depending on the thickness of fat covering them.
With an increase in subcutaneous fat from 0.5 — 0.7 to more than 1.1 cm, they improve by 43.5 (P>0.99), and
the fleshiness (conformation) of carcasses increases by 55.2% (P>0.95) since animals have higher indicators
with better growth of adipose tissue under the skin [31].

Table 2 Qualitative attributes of young bull carcasses with different subcutaneous fat thickness, M+m.

Attributes
Thickness of conformation growth of muscle adipose
fat on the of carcasses fat on the ‘loin eye’ marbling tissue tissue
carcass, cm . ' carcasses, area, cm? of beef, points color, color,
points - . .
points points points
Fro'?n(ligt;’ 0.7 2.940.97 2.340.11 83.7+4.79 5.040.85 5140.13  4.6+0.14
From(r?':%;o L0 570005 2.6£026  83.049.73 7.1£0.74 545018 4.9+0.12
11 ?:Sgore 4.5£0.37* 3.3£0.23%%  78.0+4.49 4.2+134 53+046  5.0£0.49

Notes: *)P>0.95; **)P>(.99.

An increase in fat thickness from 1.1 cm and more is the reason for reducing the m. longissimus dorsi 'loin
eye' area by 7.3%, directly correlating with the carcass weight and the amount of muscle tissue, including the
top- and first-grade meat [32]. A decrease in the 'loin eye' area with the growth of adipose tissue under the skin
confirms the data obtained in previous studies [33]. This confirms that with a larger subcutaneous fat thickness,
the growth of m. longissimus dorsi decreases, meaning the number of valuable edible parts in the carcass also
decreases. A decrease in the 'loin eye' area, the slaughter weight, and the amount of muscle tissue, including top-
and first-grade meat with the growth of fat under the skin, can be explained by the fact that m. longissimus dorsi
is located mainly in the thoracic and lumbar regions, which are the most valuable meat pieces, and their muscle
tissue makes up a significant proportion of the carcass. However, there is data [34] that the 'loin eye' area
increases with an increase in the fat thickness on the carcass from 3 to 25 mm and depends on the genotype of
animals [35]. Due to the direct relationship between the 'loin eye' area and the output of valuable meat pieces in
carcasses [36], data on its value suggests [37] using it to forecast the amount of beef obtained and its belonging
to a particular grade.
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The beef marbling grade increases by 42.0%, with the thickness of adipose tissue on the carcass being in the
0.8 to 1.0 cm range. With its increase of more than 1.1 cm, the beef marbling decreases by 19.0%. The fact that
the thickness of fat on the carcass does not directly correlate with the marbling of beef was also established in
previous studies [38]. This means that it is impossible to obtain good sensory attributes of beef with thicker
subcutaneous fat. Marbling is the main factor determining the sensory quality of meat [39], it has a positive
effect on its taste [40] and tenderness [41].

With an increase in fat thickness on the carcass, the muscle tissue colour grade increases since its lower
content is associated with a decrease in the discolouration of beef [42]. Deeper muscle tissue colour affects the
consumer's choice [43]. Therefore, it is used to indicate meat freshness [44]. The muscle tissue colour depends
on the chemical form of myoglobin [45]. Fresh beef contains deoxymyoglobin, which renders it red
pigmentation. In the presence of oxygen, it is oxidised to oxymyoglobin. This results in a bright pink-red meat
colour. When deoxymyoglobin is oxidised to methemoglobin, beef acquires a brownish shade. The beef colour
improves with an increase in adipose tissue thickness on the carcass. Similar data was obtained in previous
research, too [34].

The results of the defined penetration strain show that with the fat thickness on the carcass ranging from 0.5
to 0.7 cm, the needle of the PMDP device penetrates the beef sample in 180 seconds (P>0.95) to a lower depth
(by 45.8%), which speaks for its toughness, than with a larger (0.7-1.0 cm) fat thickness value (Table 3).

Table 3 Technological attributes of beef with a different fat thickness on the carcass, M+m.

Thickness of fat on the AttmE)Ut_T_s = Py
- . oiling properties, penetration,
carcass, cm 0
water binding capacity, % % mm
from 0.5 t0 0.7 (n=11) 62.1+2.99 38.1x1.95 20.7+1.78
from 0.8 to 1.0 (n=4) 48.6+6.92 35.3£2.35 14.2+1.79*

Note: *P>0.95.

This can be explained by the fact that the higher subcutaneous fat content protects the carcass kept in the
refrigerator from drying out and losing its moisture, which ensures the juiciness of the finished product [7]
associated with a reduction in the destruction and deformation of muscle fibers [46]. In young bulls, fat
significantly affects the texture of meat [47]; therefore, to prevent the contracting of muscle fibres, which makes
the boiled beef tough, its thickness under the skin should be at least 5.00 mm. [48]. With a small amount of
subcutaneous fat in the muscles, the temperature quickly decreases, and the fibers contract due to a decrease in
the glycolysis process [49]. This is typical for more tough and dehydrated meat.

To a certain extent, subcutaneous adipose tissue retains water in the meat and binds it during processing.
Therefore, with an increase in the thickness of subcutaneous fat, the water retention capacity reduces by 13.5
points. Retaining water in fresh meat is associated with its suitability for storage and better yield after cooking
[50]. According to our data, a larger fat thickness on the carcass helps reduce the amount of moisture in boiled
beef by 2.8 points. Other researchers have confirmed the established properties [51].

Meat losses during water draining negatively affect the weight of carcasses and meat pieces and the yield
and quality of processed products [52]. Due to beef's water loss during heating, the proteins become less elastic
and tougher. The penetration strain increases because the product becomes tough [53]. The deterioration of the
technological properties of muscle tissue with a smaller subcutaneous fat thickness can also be explained by the
fact that collagen fibrils contract during heating. Denaturation of muscle proteins occurs at different
temperatures.

Therefore, reducing the boiling time for beef means improving its culinary and technological properties. It is
an important aspect that indicates the economic value of meat since its higher indicators increase waste during
cooking. There is a suggestion to improve the water binding capacity and structural and mechanical properties
of meat by grinding it fine [54], by using a starter culture based on a combination of Staphylococcus carnosus,
L. plantarum, L. rhamnosus, and L. paracasei (SC») [55], centrifugal mixing of components of a multifunctional
protein additive made from whey, sodium alginate, and soy fiber [56]. It is possible to improve the quality of
meat and extend its term of preservation by treating carcasses with microorganisms of Leuconostoc carnosum
and Lactobacillus sakei strains [57].

The total fat content of beef reduces with an increase in the thickness of adipose tissue under the skin
(Table 4).
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Table 4 Chemical composition of beef with different thicknesses of fat on the carcass, M+m.

Thickness of Attributes
fat on the acidity (pH) moisture  dry matter,  protein, total fat total ash
carcass, cm yp content, % % % content, %  content, %
g‘;”(‘noz'flt)o 589+0.131  69.8+1.26  30.7+1.38  20.90.85  7.6+0.48 2.14034
from 0.8 to
1.0 (n=4) 5.73+£0.114 74.3+£1.88 25.6+1.88 20.1+0.75 3.6+1.18 1.9+0.60

This contradicts data obtained during previous studies [38]. According to it, there is an apparent relationship
between these attributes. Beef tends to increase in moisture content with an increase in subcutaneous fat
thickness, which is explained by better protection of carcasses from crusting and losses.

In groups of carcasses with different adipose tissue thicknesses, the pH level was defined, which was
compared with the classification scale (normal pH <5.8; atypical pH >5.8 but <6; typical DFD pH >6), used in
[58]. In the range from 8 to 10 mm, the thickness of subcutaneous fat results in the normalisation of the PH
(5.73) of beef, and with its smaller value, atypical acidity occurs (pH=5.89). Atypical beef has a higher level of
methemoglobin [46], which negatively affects meat penetration (see Table 3). With thicker subcutaneous fat and
lower pH in muscle tissue, the glycolysis process occurs more intensively, with lactic acid developed. Due to
this, it remains microbiologically stable.

With a smaller adipose tissue thickness on the carcass, the protein content in m. longissimus dorsi increased
by 4.0%. With a lower degree of fatness in young bulls, the content of proteins associated with catabolic
processes (glycolysis), muscle structure, and contraction increases (P<0.05). With a higher degree of fatness, it
is associated with energy metabolism [59]. In young bulls, with a larger thickness of adipose tissue, meat
formed on the carcass with lower indicators of total ash content. Therefore, the evaluation of carcasses of young
bulls belonging to the Ukrainian black-and-white dairy breed at the age of 18 to 24 months by subcutaneous fat
thickness does not allow producers to forecast the chemical composition of beef depending on its size before
slaughter.

The conducted tasting of boiled beef showed that with an increase in fat thickness on the carcass, there was a
tendency to increase (by 12.5%) the main component of sensory evaluation of beef, that is, its tenderness (Table
5). It is affected by the amount and type of fat present in meat [60], which softens the fibers and minimises their
destruction [42]. Positive changes in experts' perception of beef tenderness are caused by the fat thickness on the
carcass exceeding 6 mm. [61].

Table 5 Sensory properties of boiled beef with different fat thicknesses on the carcass, M+m.

Thickness of fat on the Sensory properties of cooked meat, points
carcass, cm juiciness  taste aroma  tenderness residue after chewing
0.5t0 0.7 (n=9) 2.4+£0.10 2.6+0.13  3.1+0.15 2.4+0.07 3.3+0.16
from 0.8 to 1.0 (n=4) 2.9+0.30 244041 2.7+0.28 2.7+0.50 2.9+0.31

With an increase in subcutaneous fat thickness, there is also a tendency to increase the rating of beef by
20.8% according to an important feature: juiciness, which affects its nutritional quality. Fat that lubricates
muscles between fibres increases the degree of tenderness and juiciness of the meat. Juiciness has a positive
effect on the quality of beef consumption. In the mouth, it is characterised by the amount of juice during
chewing [62], which closely correlates (r= 0.67) with the fat content in the middle of the muscle [63]. With a
higher subcutaneous fat thickness, there is a tendency to reduce the values of such sensory attributes of beef as
taste, aroma and residue after chewing. The taste of beef is affected by marbled fat, which contains more oleic
acid and less stearic acid than subcutaneous fat. [64].

Fat is also a source of aromatic compounds, which is important for meat quality. The aroma and taste of beef
appear due to the reaction of non-volatile fatty acids during heat treatment and the type and concentration of
volatile substances being released [65]. Thus, an increase in subcutaneous fat thickness leads to a decrease in the
total fat content in the middle of the muscles and a deterioration in the estimated values of attributes of cooked
meat aroma, taste, and residue after chewing.

After tasting boiled beef broth, the indicators were slightly higher graded, and the fat thickness on the
carcass was smaller (from 0.5 to 0.7 cm) (Table 6).
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Table 6 Sensory attributes of boiled beef broth with different fat thicknesses on the carcass, M+m.

Thickness of fat on the carcass, Attributes of broth tasting, points
cm taste and aroma concentration transparency
0.5t0 0.7 (n=9) 3.1£0.13 3.1+0.23 3.0+£0.25
from 0.8 to 1.0 (n=4) 2.9+0.14 2.8+0.33 2.4+0.24

With an increase in subcutaneous fat thickness, the broth concentration lowers since, with a decrease in the
total fat content in the muscles, it diffuses from the endomysium and peremysium cells into boiled water to a
lesser extent. Reduced dry matter, protein, and total ash content in meat (see Table 4) means less protein,
extractive matter, and mineral salts enter the broth.

So, the results obtained show that with an increase in the thickness of subcutaneous fat in the young bulls of
the Ukrainian black-and-white dairy breed aged 18 to 24 months, there is an apparent improvement in the
conformation (fleshiness) of carcasses, the growth of adipose tissue and the penetration of meat, and a tendency
to improving its tenderness and juiciness. The qualitative feature of carcasses — the thickness of subcutaneous
fat — does not significantly affect the slaughter yield or the weight of muscle tissue, including the top- and first-
grade meat, which correlate with the m. longissimus dorsi 'loin eye' area [66]. With an increase in subcutaneous
fat, the chemical composition of muscle tissue tends to worsen. Besides, the larger thickness of adipose tissue
under the skin does not affect the sensory attributes of boiled beef broth. With a larger subcutaneous fat
thickness, muscle tissue's pH decreases due to glycolysis. For 18-24-month-old young bulls belonging to the
Ukrainian black-and-white dairy breed, the optimal adipose tissue thickness on the carcass should range from 8
to 10 mm.

In this study, various statistical analysis methods were used to study the quality of beef carcasses,
particularly the characteristics of the "muscle eye" zone. The main aspects of the analysis included the
following:

Comparative analysis: The quality of beef carcasses from different groups of animals was compared. In
particular, the "muscle eye" zone was evaluated according to parameters, including the average size and
structure of muscle fibres. This approach made it possible to determine the difference between groups based on
objective meat quality characteristics.

Correlation analysis: relationships between quality indicators of beef carcasses and parameters of the
"muscle eye" zone were identified and analysed. In particular, the dependence of such characteristics as muscle
mass, fat content, and moisture was investigated, which helped determine the relationships between
physicochemical parameters and structural features of muscle tissue.

Analysis of changes over time: the dynamics of changes in the quality of beef carcasses and indicators of the
"muscle eye" zone over time were studied. This study involved evaluating the changes that occur under the
influence of various factors, such as adjusting the diet or increasing the level of physical activity of the animals.
Such studies have helped to identify long-term trends and dependencies affecting meat quality.

Factor analysis: The study of the "muscle eye" zone determined the main factors significantly impacting the
quality of the beef carcass. This analysis helped us better understand which parameters have the greatest
influence on the structure and quality of meat and establish their importance to produce high-quality products.

Analysis of variance (ANOVA): was used to assess differences between groups of animals concerning their
carcass quality and muscle eye characteristics. This method made it possible to establish which factors
significantly impact beef meat quality accurately. 6. Regression analysis: was used to assess the influence of
individual variables on beef carcass quality, for example, the dependence of meat quality on nutritional
parameters, animal breed, or level of physical activity. Regression models helped to identify the main variables
influencing product structure and quality.

Cluster analysis was used to group the studied carcasses based on similarities in the quality parameters of the
muscle eye. This made it possible to single out groups of carcasses with similar quality characteristics and to
identify optimal parameters for creating a high-quality product.

Principal component analysis (PCA): was used to reduce the dimensionality of the data and simplify the
interpretation of the results, allowing the identification of the main factors affecting beef quality. This method
made it easier to highlight the most important indicators determining carcasses' quality. The complex use of
various statistical analysis methods made it possible to obtain objective and comprehensive data on the quality
of beef carcasses, particularly the "muscle eye" zone.

The comparative, correlational, factorial, dispersion, and regression analyses conducted revealed significant
regularities and interrelationships between carcass quality indicators and numerous factors, such as animal
nutrition and physical activity. Thanks to this study, the key factors influencing the quality of beef meat were
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identified, and the obtained results can serve as a basis for making decisions in the field of production
optimisation to ensure high-quality standards.

Although the increased content of beef fat under the skin protects the muscles from dehydration in the
refrigerator [7], it has a low nutritional value, so it is considered [67] waste. To make human nutrition healthy,
[68] options are developed to replace fatty raw materials with dietary ones. Health-improving properties of meat
are boosted with rosemary extract [69], iodine compounds [70], textured wheat protein [71], by grinding [72],
with sea salt and betanin dye made of beet juice [73]. Beef fat is used to develop [74] diesel fuel production
technologies.

Beef producers and processors are focused on the quality of carcasses, determined by the thickness of
adipose tissue the price in the market depends on. The thickness of subcutaneous fat, which determines the
degree of fatness of cattle in Ukraine, does not positively affect the sensory and culinary attributes of beef
required by consumers [75]. The tenderness, taste, and juiciness of meat depend [76] on the adipose tissue
content in the middle of the muscles. Young bulls of the Ukrainian black-and-white dairy breed aged 18 to 24
months with a thickness of adipose tissue on the carcass ranging from 8 to 10 mm have a fat content in the
middle of the muscles making up 3.6% only. Since the quality characteristics of carcasses compared with the
quality of beef are more sensitive to changes in the management of ruminant breeding, it is possible to achieve
their optimal combination under different feeding conditions [41] of cattle.

In this regard, in Ukraine, there is an issue raised of solving the problem of beef production, which should
combine the quality of beef and carcass. In the future, researchers should focus on establishing the optimal
thickness of subcutaneous fat in cattle of other breeds, as this will reduce the amount of waste from carcasses
and improve their visual and sensory quality. It is necessary to research to determine the quantitative and
qualitative attributes of beef and establish factors for managing the breeding of cattle of common Ukrainian
breeds, to reach a compromise between the thickness of subcutaneous fat and technological and sensory
attributes and chemical composition of meat.

Further scientific research is needed to study the relationship between the thickness of adipose tissue on the
carcass and the quantitative and qualitative characteristics of beef and to establish factors for managing the
breeding of cattle of common Ukrainian breeds to reach a compromise between the thickness of fat on the
carcass and the technological and sensory characteristics of meat and its chemical composition.

CONCLUSION

With an increase in the thickness of subcutaneous fat, the fleshiness (conformation) of carcasses significantly
improves by 55.2% (P>0.95), the growth of adipose tissue increases by 43.5% (P>0.99), the penetration of meat
increases by 45.8% (P>0.95), the content of adipose tissue, tendons, ligaments, and bones increases, and the
juiciness and tenderness of boiled meat graded increases.

With an increase in the thickness of fat on the carcass, there is a reduction in the slaughter yield (of a
carcass), muscle tissue of the top- and first-grade meat, the m. longissimus dorsi 'loin eye' area, marbling,
moisture retention capacity, boiling properties and acidity (pH) of beef, the amount of dry matter, the total
content of fat, ash, and protein, the taste and aroma of boiled beef, the concentration and transparency of broth.

The optimal thickness of subcutaneous adipose tissue in young bulls of the Ukrainian black-and-white dairy
breed aged 18 to 24 months should be 8 to 10 mm.

In the future, it is advisable to research the relationship between the thickness of adipose tissue on the
carcass and the quantitative and qualitative characteristics of beef and establish factors for managing the
breeding of cattle of common Ukrainian breeds to reach a compromise between the thickness of fat on the
carcass and the technological and sensory characteristics of meat and its chemical composition.
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