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Abstract. In numerous global standards, muscle tissue colour is used as a key criterion in evaluating 
the quality of beef carcasses and determining their market value. The relevance of this study lies in 
establishing the relationship between beef colour and carcass quality characteristics. The objective 
was to determine slaughter metrics, morphological composition, and quality traits of carcasses from 
18- to 24-month-old bulls of the Ukrainian Black-and-White dairy breed based on muscle tissue 
colour. Following a 24-hour fasting period with free access to water, the slaughter of bulls was 
conducted at the slaughterhouse in Kalynivka village, Brovary District, Kyiv Region. Muscle tissue 
colour was assessed using a seven-point scale by the methodology of the Japan Meat Grading 
Association. Carcasses were divided into two groups: scores of 1 to 5 (n = 24) and scores of 6 to 
7 (n = 10). It was established that animals with higher live weight after fasting exhibited superior 
muscle tissue colour. A tendency is observed towards a reduction in slaughter yield (carcass) by 0.3 
percentage points, the proportion of muscle tissue by 0.3 points, including a decrease in extra (by 
0.9) and first rates (by 1.3) cuts, fat tissue (by 0.1), bones (by 0.1 points), marbling (by 3.8%), and the 
loin eye area (by 17.0%). Conversely, the proportion of muscle tissue at the second rate increases by 
2.2 points. With a more intense muscle tissue colour, a significant increase (P > 0.999) is observed 
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Introduction
The colour of beef is a critical factor that signif-
icantly influences consumer choice, as it is often 
used as an indicator of freshness and quality. Re-
search by J. Yang et al. (2024) demonstrates that 
consumers typically prefer a bright red meat 
colour, evenly distributed across the surface, 
with minimal moisture loss, as it signifies fresh-
ness. This colour strongly motivates consumers 
to purchase beef, whereas any deviation from a 
bright red appearance tends to elicit a negative 
response and discourages purchase.

However, meat colour is not always a reliable 
indicator of its textural properties, particularly 
shear force (Pacheco et al., 2024). As no definitive 
correlation between beef colour and tenderness 
was identified, the authors conclude that visual 
assessment alone cannot accurately predict the 
softness or toughness of the product after cook-
ing. This is important for consumers who priori-
tise specific textural properties of beef and may 
experience a discrepancy between expected and 
actual results after purchase.

The colour of muscle tissue is determined by a 
combination of chromatic and achromatic (colour-
less) attributes, which together shape its overall 
appearance. Chromatic attributes depend on the 
concentration of the pigment myoglobin, which 
influences the intensity of the red colour. Achro-
matic attributes, such as light reflectance, contrib-
ute to the gloss and brightness of the colour. These 
contributions can be quantitatively assessed us-
ing absorption and scattering coefficients, which 
characterise the meat surface’s light reflection 
properties. These metrics, or their ratios, are used 

(Gagaoua  et al.,  2024) as combined indicators 
to evaluate the colour perceived by consumers.

The external appearance of the final product 
is influenced by factors such as cattle diet, rearing 
conditions, genotype, sex, and others. Research by 
M.  Hastie  et al.  (2024) indicates that beef from 
cattle fed a concentrate-based diet exhibited 
less dark colouring. It was significantly (P < 0.01) 
brighter, making it more appealing to consumers 
(Correa et al., 2024). This highlights the substan-
tial impact of cattle diet on the visual properties 
of meat, which in turn affects consumer prefer-
ences. Studies by A.M. Romo-Valdez et al.  (2024) 
demonstrated that increasing the space allow-
ance per animal from 14 m2 to 16 m2 improved 
carcass weight without affecting key quality char-
acteristics of the carcass or beef (such as mar-
bling, pH, and colour).

Research by J.  Nusri-Un  et al.  (2024) estab-
lished that Holstein-Friesian crossbreeds pro-
duce higher-quality beef compared to Charolais 
crossbreeds, despite exhibiting similar meat 
colour. This finding highlights the relationship 
between breed-specific traits and meat quality 
characteristics. It has been demonstrated (Blan-
co  et al.,  2020) that beef from heifers is lighter 
in colour compared to that from bulls and steers. 
This indicates a correlation between the sex of 
the animals and meat colour, which could serve 
as a valuable criterion in breeding programmes. 
M.M. Krauskopf et al. (2024) identified that issues 
with abnormal meat colour, linked to pH varia-
tions, result in as much as 13.9% of beef on the 
market being categorised as dark, leading to  

in the percentage of tendons and ligaments (by 0.5 points), carcass conformation (meatiness) (by 
43.3%), fat cover (by 25.0%), subcutaneous fat thickness (by 42.9%), and the colour intensity of fat 
tissue on the carcass (by 17.8%). The practical significance of this study lies in its applicability for 
meat processing enterprises to classify carcasses of Ukrainian Black-and-White dairy breed animals 
according to intended use. Consumers are also provided with additional information for making an 
informed choice of beef based on the relationship between muscle colour and carcass quality traits

Keywords: meat productivity; global standards; beef colour; carcass classification; beef



Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2024. Vol. 20, No. 5

81Kruk & Ugnivenko

substantial financial losses. These findings em-
phasise the importance of monitoring pH and meat 
colour throughout various stages of production.

Therefore, determining the impact of muscle 
tissue colour on the morphological composition 
and quality characteristics of beef carcasses is a 
pressing issue in Ukraine. This study aimed to as-
sess slaughter performance, morphological com-
position, and quality traits of carcasses depending 
on muscle tissue colour in bulls from Ukrainian 
Black-and-White dairy breed cows (UBWDB).

Materials and Methods
The study was conducted between 2014 and 
2016 at the Zhuravushka farm in the Brovary 
District of Kyiv Region, using 34 carcasses from 
18- to 24-month-old bulls of the UBWDB. Data 
processing, analysis, and synthesis, as relevant 
to the study’s title, were completed in October 
2024. All experimental research adhered to es-
tablished methodological approaches and met 
the requirements and standards outlined in 
DSTU  ISO/IEC 17025:2005  (2006). The housing 
of cattle and all related procedures were carried 
out in compliance with the provisions of the Pro-
cedure for Conducting Scientific Experiments on 
Animals (Law of Ukraine No. 249, 2012) and the 
European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other 

Scientific Purposes (1986). The pre-slaughter live 
weight of the bulls was determined by weighing 
them following a 24-hour fasting period with 
free access to water.

The slaughter of the animals was conducted 
at a slaughterhouse located in Kalynivka village. 
Within one hour after slaughter and hide remov-
al, the carcasses were weighed using calibrated 
scales. Certified experts with extensive experi-
ence visually classified carcass conformation into 
the classes E, U, R, O, and P, following the Commis-
sion Regulation (EC) No. 1249/2008  (2008). This 
ensured a high level of classification accuracy 
and compliance with international standards. In 
addition to conformation, the assessment con-
sidered the external appearance of the carcasses, 
their symmetry, and the degree of muscle tissue  
development. Fat cover on the external surface 
and in the thoracic cavity was classified into five 
categories based on the same regulatory system. 
Muscle and fat tissue colour were evaluated us-
ing colour scales ranging from 1 to 7, following 
the Japan Meat Grading Association (2000) stand-
ards (Fig. 1). To eliminate the influence of exter-
nal factors, such as lighting levels or viewing an-
gles, colour assessments were performed under 
standardised lighting conditions. This approach 
ensured objective information regarding beef col-
our, a critical indicator of meat quality.

Figure 1. Muscle tissue colour grading scale
Source: Japan Meat Grading Association (2000)

Based on muscle tissue colour, the 34 car-
casses were divided into two groups: Group 
1 (scores 1-5, n = 24) and Group 2 (scores 6-7, 
n  =  10). This grouping facilitated a detailed 
examination of differences in marbling, the 
physicochemical properties of muscle tissue, 
and other meat quality indicators depend-
ing on colour intensity. Immediately after the  

division of carcasses into quarters, marbling 
of the m. longissimus dorsi between the 12th 
and 13th ribs was assessed according to the 
Japan Meat Grading Association  (2000) stand-
ard across 12 classes. This assessment utilised 
visual grading scales, which enhanced eval-
uation accuracy and ensured standardisation 
across different carcasses.
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Between the 12th and 13th ribs, the length 
and depth of the m. longissimus dorsi (loin eye)  
were measured using a ruler. The loin eye area 
was calculated using the equation (1) accord-
ing to Order of the Ministry of Agrarian Policy of 
Ukraine No. 290, 2004):

S = L × D × 0.8,                       (1)

where S is the loin eye area, cm2; L is the length 
of the loin eye, cm; and D is the depth of the loin 
eye, cm. This method serves as a reliable tool 
for predicting muscle mass and potential meat  

quality. All measurements were conducted twice 
to minimise errors, ensuring precise and repro-
ducible data. Statistical analysis was performed 
using Microsoft Excel 2016, encompassing the 
determination of mean values, standard errors, 
and reliability criteria.

Results and Discussion
The colour of the muscle tissue received a higher 
score, corresponding to a slightly greater live weight 
of bulls after fasting (by 2.4%, Table 1). Improved 
muscle tissue colour was also associated with a 
tendency for increased carcass weight (by 1.7%).

Characteristic Muscle tissue colour, points
1-5 (n = 24) 6-7 (n = 10)

Live weight after fasting, kg 422 ± 4.7 432 ± 22.1
Carcass weight, kg 193.3 ± 3.46 196.6 ± 10.91

Slaughter yield (carcass), % 45.8 ± 0.12 45.5 ± 0.53
Muscle tissue, % 71.6 ± 0.62 71.3 ± 0.98
Including extra, % 23.0 ± 0.73 22.1 ± 1.23

-//- first rate, % 47.0 ± 0.52 45.7 ± 0.81
-//- second rate, % 30.0 ± 1.03 32.2 ± 1.85

Fat tissue, % 3.7 ± 0.43 3.6 ± 0.24
Tendons and ligaments, % 1.6 ± 0.08 2.1 ± 0.11***

Bones, % 23.1 ± 0.32 23.0 ± 1.13

Table 1. Slaughter characteristics and morphological composition  
of bull carcasses based on muscle tissue colour intensity

Note: ***Р > 0.999
Source: compiled by the authors

Examining the current state of knowledge 
regarding the quality of beef carcasses and 
meat, with a focus on factors influencing its 
production and processing, M.Á. CantareroApari-
cio et al. (2024) observed an improvement in mus-
cle tissue colour with increasing carcass weight. 
These authors highlight the significant role of 
carcass weight as a factor that can influence the 
external characteristics of meat. Conversely, the 
research conducted by R.  Kocyigit  et al.  (2023) 
presented contradictory findings, indicating that 
as carcass weight increased, the brightness of 
muscle tissue colour decreased significantly. The 
authors attributed this to enhanced fat deposition 
and a slower decline in glycogen levels in cattle, 

which supports lactic acid formation. As a solu-
tion, А.  Poveda-Arteaga  et al.  (2023) suggested 
standardising the slaughter weight of animals to 
minimise substantial differences in meat colour. 
In this context, the United States Department of 
Agriculture (USDA) has implemented price deduc-
tions for carcasses exceeding 408 kilograms, rein-
forcing the importance of weight management in 
ensuring quality (USDA-ERS, 2024).

With the improvement in the evaluation 
of muscle tissue colour from 1-5 to 6-7 points, 
there is a significant increase (P > 0.999) of 0.5 
points in the amount of tendons and ligaments 
in the carcass. Ukrainian Black-and-White dairy 
breed cattle are characterised by late maturity.  
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According to S.  Raza  et al.  (2019), animals of 
this type exhibit higher calpastatin activity 
and a greater percentage of connective tissue. 
Tendons, ligaments, and bones do not affect 
the nutritional quality of beef; however, muscle 
and fat tissues have a significant impact, show-
ing a tendency to decrease as muscle colour 

improves. Therefore, the results of current re-
search suggest that the colour of beef can serve 
as an indicator for predicting its morphological 
composition.

With a more saturated (6-7 points) muscle 
tissue colour, the conformation (meatiness) of the 
carcasses improved by 43.3% (P > 0.999) (Table 2).
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15 (n = 24) 3.0 ± 0.19 2.4 ± 0.08 0.7 ± 0.08 5.4 ± 0.72 4.5 ± 0.12 86.1 ± 4.44

76 (n = 10) 4.3 ± 0.27*** 3.0 ± 0.22*** 1.0 ± 0.10*** 5.2 ± 1.00 5.3 ± 0.16*** 73.6 ± 5.67

Table 2. Basic physical and chemical parameters of raw materials (n = 4)

Note: ***Р > 0.999
Source: compiled by the authors

According to G.  Indurain  et al.  (2008), the 
effectiveness of meat colour for differentiating 
carcass conformation is 62%. With a more in-
tense (6-7 points) muscle tissue colour, fat cover 
(by 25.0%) and subcutaneous fat thickness (by 
42.9%) significantly increased (P  >  0.999). The 
direct correlation between visual assessment of 
muscle tissue colour and fat cover development, 
its thickness, and carcass meatiness can be ex-
plained by the fact that fatter carcasses are ob-
tained with higher conformation scores. Accord-
ing to L. Fiems et al. (2000), beef colour showed 
only limited predictive power (r < 0.15) for fat cov-
er development in carcasses. The effectiveness of 
differentiating this trait is only 37% (Indurain et 
al., 2008). This somewhat explains the results ob-
tained in the current study and presented in Table 
1, regarding the decrease in the content of extra 
and muscle tissue first rates with improved mus-
cle colour. Better fat cover development and thick-
ness on the carcass with a brighter beef colour 
reduces the amount of valuable edible parts in it.

With an increase in beef colour intensity, 
there is a tendency for a 3.8% decrease in its 

marbling (intramuscular fat), which during heat 
treatment gives the meat a specific flavour and 
lubricates its fibres, improving its consumer per-
ception. Meat colour, along with the amount of 
visible fat (marbling), are the first characteris-
tics that consumers consider when evaluating 
its quality (Geay et al., 2001). The lack of a rela-
tionship between the studied traits (meat colour 
and marbling) is the main reason for the negative 
impact of a better assessment of meat colour on 
its sensory properties (Kruk & Ugnivenko, 2024). 
Fresh meat contains deoxymyoglobin and oxy-
myoglobin. Deoxymyoglobin gives fresh meat its 
red pigmentation. In the presence of oxygen, it 
oxidises to oxymyoglobin, which gives the meat 
a bright pink-red colour. When deoxy- and oxymy-
oglobin are oxidised to metmyoglobin, the meat 
acquires a brown colour. The formation of metmy-
oglobin is promoted by a decrease in pH, which 
is caused by better fat deposition. The enzyme 
metmyoglobin reductase reduces the level of the 
undesirable form of myoglobin and thus stabi-
lises the colour of muscle tissue. Beef, which is 
characterised by a lower content of intramuscular 
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fat, is tougher and drier (Clinquart et al., 2023). In 
carcasses with a low ratio of fat to muscle tissue, 
which are more prone to the DFD (Dark, Firm, Dry) 
meat defect, there may be a significant mismatch 
between meat colour and its quality during pro-
cessing. With an increase in the score of beef col-
our, the colour of the fat tissue on the carcass sig-
nificantly improved (P > 0.999) by 17.8%. In studies 
by H. Kim et al. (2023), no significant differences 
were observed in the quality characteristics of 
beef between animals in groups with normal fat 
cover colour and increased yellowness in Korean 
Hanwoo cattle. These data indicate that the yel-
lowing of fat tissue on the carcass was not signif-
icantly correlated with poorer physical character-
istics of beef or its chemical composition. Muscle 
tissue colour did not have a significant impact 
on the chemical composition, physicochemical, 
and sensory properties of beef in experiments 
by А. Moloney et al. (2022). The data obtained in 
the current study show that with an increase in 
colour intensity from 1-5 to 6-7 points, there is a 
tendency for a 17.0% decrease in the loin eye area 
m. longissimus dorsi, since there is a tendency for 
an inverse correlation between muscle tissue col-
our and the loin eye area (Kruk et al., 2024). This 
peculiarity of darkening of muscle tissue and yel-
lowing of fat in the experimental animals can be 
explained by feeding a small proportion of con-
centrate feed (21.1%) and a significant amount of 
green, succulent (32.3%) and roughage (30.4%) in 
the diet.

Therefore, there are problems with assessing 
beef colour in 18-24-month-old bulls obtained 
from Ukrainian Black-and-White dairy breed cows, 
including the deterioration of such characteristics 
as the proportion of muscle tissue, including ex-
tra and first rates, marbling, and the area of the 
loin eye area m. longissimus dorsi. Beef colour is 
influenced by breed, meat acidity (pH), moisture 
content, intramuscular fat, and connective tissue 
content (Pogorzelska et al., 2013). T. Sakowski et 
al.  (2022) identified that the lifetime factors af-
fecting muscle tissue colour include the sex and 
age of the animals, the duration of their feeding, 

seasonality, pre-slaughter stress, nutritional sta-
tus, slaughter process, and meat maturation time 
after slaughter. Studying the influence of age and 
sex on the quality characteristics of carcasses and 
technological indicators of buffalo meat, A. Tur-
an et al.  (2021) found that the colour of beef in 
older animals was significantly darker (P < 0.001) 
than in younger ones. The meat of male buffaloes 
was lighter than that of females. Y. Bao & P. Ertb-
jerg (2019) explain the darker colour of meat to 
the larger diameter of muscle fibres, as a result 
of which the distance between the light bands 
is longer, which allows more light to pass into 
the centre of the muscles. A.M.  Hanson  (2023) 
considers the main disadvantage of beef from 
traditional dairy cattle to be a noticeably darker 
colour, rather than the “cherry-red” appearance of 
conventional beef, which consumers prefer. How-
ever, in studies by F. Giannico et al. (2024), neither 
the grazing system nor the slaughter age affect-
ed meat colour. Ageing beef leads to a significant 
increase in the red hue during storage. 19% of 
consumers make purchasing decisions about beef 
based on its colour (Realini et al., 2014). Beef col-
ours DFD (Dark, Firm, Dry) and PSE (Pale, Soft, Ex-
udative) are well-known. In the US beef industry, 
changes in beef colour result in annual losses of 
natural resources totalling USD 3.9  billion (Ra-
manathan  et  al.,  2023). Despite global achieve-
ments in regulating the formation of muscle tis-
sue colour in cattle to improve beef quality, this 
problem has not been sufficiently addressed in 
Ukraine and deserves further research.

A pressing issue as Ukraine moves towards 
joining the European Union is the justification 
for including meat colour as a quality indicator 
in regulatory documents for classifying beef car-
casses. This would enhance beef production, pro-
mote consumer health, and reduce the consump-
tion of natural resources and energy.

Parallel assessment of carcass quality based 
on meat colour is already in place in classification 
systems such as the Ministry of Agriculture, Food 
and Rural Affairs (n.d.) in Korea, Japan Meat Grad-
ing Association  (2000) in Japan, the USDA Beef 
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Grading Scale (n.d.), and Meat Standards Austral-
ia (n.d.) in Australia.

This raises the question of how to produce 
high-quality beef while considering meat colour 
as a quality indicator for dairy cattle, which are 
frequently fattened for slaughter. Future research 
should also focus on determining the quantita-
tive and qualitative characteristics of beef based 
on its colour in beef cattle breeds, as this would 
improve the visual quality of carcasses and meat. 
Research should also be conducted to identify 
management factors for raising cattle of common 
Ukrainian breeds to achieve an optimal beef col-
our that is appealing to consumers and can be 
combined with desirable technological, sensory, 
and chemical properties.

Conclusions
The results obtained from assessing the colour of 
beef from Ukrainian Black-and-White dairy breed 
bulls indicate a deterioration in many of its quali-
ty characteristics with an increase in colour inten-
sity. With a higher live weight of Ukrainian Black-
and-White dairy breed bulls after fasting, there is 
a tendency for an increase in muscle tissue colour. 
With an improvement in muscle tissue colour in-
tensity, the percentage of tendons and ligaments 
significantly increased by 0.5 points (P > 0.999), 
carcass conformation (meatiness) by 43.3%, fat 

cover (by 25.0%), fat thickness (by 42.9%), and fat 
colour (by 17.8%). With an increase in the score of 
muscle tissue colour, there is a tendency for a de-
crease in slaughter yield (carcass) (by 0.3 points), 
percentage of muscle tissue (by 0.3), including 
extra (by 0.9) and first rates (by 1.3), fat tissue (by 
0.1) and bones (by 0.1), beef marbling by 3.8% and 
the loin eye area by 17.0%, and an increase in sec-
ond rate meat (by 2.2 points).

To improve the quality of beef from dairy cat-
tle in Ukraine, it is necessary to consider includ-
ing muscle colour as an indicator in regulatory 
documents for beef quality assessment. As the 
results show, colour intensity affects several qual-
ity characteristics that determine the product’s 
consumer appeal. Further research should also 
be conducted on other cattle breeds common in 
Ukraine to improve beef production technologies 
with optimal colour indicators. This will allow for 
a more objective assessment of meat quality and 
the development of recommendations for pro-
ducing products with high sensory characteristics 
that meet consumer preferences.
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Морфологічний склад та якісні ознаки туш бугайців  
української чорно-рябої молочної породи  
залежно від кольору м’язової тканини
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Анотація. У багатьох світових стандартах колір м’язової тканини застосовують під час оцінювання 
якості туш великої рогатої худоби для визначення їх вартості. Актуальність роботи полягає у 
визначенні зв’язку між забарвленням яловичини та якісними ознаками туш. Метою дослідження 
було визначити забійні показники, морфологічний склад та якісні ознаки туш 18-24 – місячних 
бугайців української чорно-рябої молочної породи відповідно до забарвлення м’язової тканини. 
Після 24-годинного голодування за вільного доступу до води, забій бугайців провели в забійному 
цеху с. Калинівки Броварського району Київської області. Колір м’язової тканини оцінили за 
шкалою від 1 до 7 балів згідно з методикою японської асоціації класифікації яловичини Japan Meat 
Grading Association та туші поділили на дві групи від 1 до 5 балів (n = 24) та від 6 до 7 балів (n = 10). 
Установили, що колір м’язової тканини кращий у тварин за більшої живої маси після голодного 
витримування. За цього проявляється тенденція до зменшення забійного виходу (туші) на 0,3 
пункти, відсотка м’язової тканини на 0,3 у тому числі вищого (на 0,9) та першого (на 1,3) сортів, 
жирової тканини (на 0,1) та кісток (на 0,1 пункти), мармуровості (на 3,8 %) та площі «м’язового 
вічка» (на 17,0 %), збільшення на 2,2 пункти м’язової тканини другого сорту. За інтенсивнішого 
кольору м’язової тканини достовірно (Р > 0,999) збільшуються відсоток сухожилок та зв’язок на 
0,5 пункти, конформація (м’ясистість) туш (на 43,3 %), покриття їх жировим покривом (на 25,0) та 
товщина підшкірного жиру (на 42,9), колір жирової тканини на туші на 17,8 %. Практичне значення 
роботи полягає в можливості використання отриманих знань на переробних підприємствах, для 
сортування туш тварин української чорно-рябої молочної породи відповідно до призначення, а 
споживачам нададуть додаткову інформацію для об’єктивного вибору м’яса за урахування зв’язків 
між забарвленням м’язів та якісними ознаками туш

Ключові слова: м’ясна продуктивність; світові стандарти; колір яловичини; класифікація туш; 
яловичина
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