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Ewa Januś 1, Marek Kowalczyk 2

1Department of Cattle Breeding and Genetic Resources Conservation, University of Life Sciences in Lublin,
Akademicka 13, 20-950 Lublin, Poland

2Department of Quality Assessment and Processing of Animal Product, Sub-Department of Instrumental Analysis
of Food, University of Life Sciences in Lublin, Akademicka 13, 20-950 Lublin, Poland

ABSTRACT
The aim of the study was to determine the effect of the genotype and ageing time on pH, water holding capacity,
shear force and energy, and the myofibrillar index of m. longissimus lumborum and m. semitendinosus muscles in
semi-intensively fed bulls. Carcass value indices and the chemical composition of the muscles depending on the
genetic group were assessed as well. The study involved 46 young bulls from four genetic groups, i.e. the Hereford
breed (HER, 8 bulls), the Limousin breed (LIM, 8 bulls), commercial cross-breeds (MT, 14 bulls), and the Polish
Black-and-White Holstein-Friesian breed (PHF, 16 bulls). The analyses showed that the semi-intensive fattening
system ensures production of carcasses with satisfactory slaughter yield and quality parameters (good musculature
and moderate fatness). The best quality parameters were determined in the meat from the LIM and MT young
bulls, whereas the poorest results were exhibited by the PHF beef. The ageing time had a positive effect on the
meat quality parameters (especially tenderness and color), contributing to a significant reduction in the differences
between the genotypes observed in the initial postmortem period. The results of the shear force and myofibrillar
index, i.e. parameters of meat tenderness, suggest that a 14-day ageing period seems to be the necessary minimum.
This period should even be extended in the case of the LL muscle of HER and PHF young bulls or the ST muscle
of HER, MT, and PHF young bulls. Further research with consumer assessment is therefore advisable to determine
the optimal ageing time of beef produced in the country.
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INTRODUCTION

Consumers are increasingly looking for food with special
dietary and pro-health properties, and beef is one of the
most valuable types of meat meeting these criteria [Gotoh
and Joo 2016, Henchion et al. 2017]. As indicated by con-
sumers, the quality of beef is determined by a number
of distinguishing traits that are initially assessed at the
time of purchase and then during consumption. During
purchase, the consumer primarily focuses on the color,
marbling, texture, and aroma of meat. In turn, tenderness,
palatability, and juiciness are the most important traits af-

ter thermal treatment [Kerth and Miller 2015, O’Quinn et
al. 2018].

The quality of beef is influenced by many interre-
lated genetic and environmental factors. Among the ge-
netic factors, the most important role is played by the
cattle breed, which is associated with the genetic vari-
ability and use (dairy, meat) of these animals [Mach et
al. 2008, Ripoll et al. 2013]. It is assumed that culinary
beef should come from young meat-type animals (aged
up to 2 years). However, some authors have argued that
dairy cattle meat can be an equally valuable raw material
for culinary use [Modzelewska-Kapituła et al. 2019], as it
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is characterized by a similar or sometimes higher quality
than beef from meat breeds [Devlin et al. 2017]. High in-
dicators of fattening performance and slaughter yield can
also be achieved by crossing commercial dairy cattle with
bulls of meat breeds [Nogalski et al. 2013, Momot et al.
2020].

In Poland and other European countries, the ba-
sic fodder in the nutrition of cattle fatteners is maize
silage supplemented with soybean meal-based concen-
trates [Łozicki et al. 2012, Avilés et al. 2015]. However,
this intensive nutrition system has an adverse effect on the
oxidative stability [Fruet et al. 2018], color [Salim et al.
2022], and nutritional value [Nogoy et al. 2022] of meat.
Additionally, such a raw material contains low amounts
of vitamin E but high levels of linoleic acid (18:2n-6),
which unfavorably increases the ratio of n-6 to n-3 fatty
acids [Cama-Moncunill et al. 2021]. Thus, from the di-
etary point of view, extensive or semi-intensive fattening
systems with the use of green pasture and/or silage and
grass haylage are advisable [Łozicki et al. 2012]. Equally
important is the fact that this feeding system ensures sa-
tisfactory economic outcomes [Siphambili et al. 2020].

Immediately after slaughter, beef meat is not a whole-
some raw material for consumption. Its organoleptic
properties, especially tenderness and palatability, are im-
proved during the ageing process, i.e. storage after the
end of the rigor mortis phase in refrigerated conditions,
during which the raw material acquires the characteris-
tics of culinary meat. During storage, complex processes
take place in the structure of muscle fibers and connec-
tive tissue as a result of endogenous proteolysis [Kim
et al. 2015, Xu et al. 2023]. The AMSA [2015] recom-
mends a 14-day ageing period for meat to achieve ac-
ceptable tenderness and palatability [Goñi et al. 2007]. In
contrast, Resconi et al. [2018] suggest that the process of
beef ageing may last from 7 to 21 days. As reported by
Modzelewska-Kapituła et al. [2019], a longer ageing time
generates higher costs for beef producers; hence, a 9-day
rather than 14-day ageing period is more advantageous in
the production of high-quality culinary beef.

The aim of the study was to determine the effect of the
genotype and ageing time on pH, water holding capac-
ity, shear force and energy, and myofibrillar index of two
skeletal muscles, i.e. m. longissimus lumborum and m.
semitendinosus, in young bulls fed semi-intensively with
fodder from permanent grasslands supplemented with
grain meal. The slaughter yield indices and the chemical
composition of these muscles associated with the genetic
group were assessed as well.

MATERIAL AND METHODS

Animals, feeds, housing, and diets

The study involved 46 young bulls from four genetic
groups, i.e. the Hereford breed (HER, 8 bulls), the Li-

mousin breed (LIM, 8 bulls), commercial cross-breeds
(MT, 14 bulls), and the Polish Black-and-White Holstein-
Friesian breed (PHF, 16 bulls). The HER and LIM bulls
(with known origin) were purchased at the age of ca. 6
months, while the MT and PHF animals were reared on
the experimental farm. The animals were kept in breed
groups in deep-litter pens with year-round access to pas-
tures in order to comply with the requirements for cattle
welfare. From the age of 6 months and approx. 220 kg
body weight to slaughter (20 months ±2 months), the
animals were fed ad libitum in a semi-intensive system.
The feed ration was designed according to the INRA cat-
tle feeding system [IZ-PIB INRA 2009] corrected after
each gain of 100 kg of body weight. The animals received
grass haylage (natural meadows), hay (natural meadows),
and cereal meal (triticale, oats, and barley at the dose
of 30% each and 10% of post-extraction rapeseed meal)
with the addition of mineral and vitamin preparations for
fattening animals (Taurus Standard 2.5%). The animals
had constant access to water and licks (NaCl).

The chemical composition of the feeds was deter-
mined with reference methods, i.e. dry matter content
with the drying method PN-88/R-04013, total protein
with the Kjeldahl method PN-75/A-04018, fat with the
Soxhlet method PN-76/R-64753, crude fiber with PN-
76 /R-64814, ash with PN-76/R-64795, NDF with the
gravimetric method PN-EN ISO 16472:2007, and ADF
with the gravimetric method PN-EN ISO 13906:2009.
The nutritional value of the feeds was calculated in INRA
units using the INRAtion-PrevAlim 3.3 program and tak-
ing into account PDIN, PDIE, and JPM. These analy-
ses showed that the chemical composition and nutritional
value of the feeds used in the experimental fattening
scheme did not differ from the values reported in the lit-
erature [IZ-PIB INRA 2009]. Concurrently, the composi-
tion of the complete ration fully covered the energy and
protein requirements at each stage of rearing of the young
bulls.

Sampling and analyses

The animals were transported to the slaughterhouse in
accordance with the requirements of Regulation (EC)
1/2005 [European Commission 2005] and placed in a
livestock warehouse with access to water. The follow-
ing day, they were weighed and slaughtered in ac-
cordance with European Council (EC) Regulation No
1099/2009 on the protection of animals at the time of
killing [European Commission 2009]. After slaughter,
the weight of carcasses before cooling, their percentage
yield, and the commercial quality class according to the
EUROP system were determined. For the statistical anal-
ysis, the results of the conformation (P– ÷ E+) and fatness
(1– ÷ 5+) classification were converted into a numerical
1–15 point scale (Table 1) [Klont et al. 1999].
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Table 1. EUROP carcass conformation classes and scores; fatness classes and scores [Klont et al. 1999]

Carcass conformation classes (EUROP) E+ E E– U+ U U– R+ R R– O+ O O– P+ P P–

Carcass conformation (pts) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Carcass fatness classes (EUROP) 1– 1 1+ 2– 2 2+ 3– 3 3+ 4– 4 4+ 5– 5 5+

Carcass fatness (pts) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Physicochemical analyses of meat

After 24-hour cooling, right half-carcasses were sub-
jected to technological dissection, during which samples
of m. longissimus lumborum (LL) and m. semitendinosus
(ST) with a an approx. 500-g unit weight were collected,
vacuum packed in PA/PE film bags, and stored at 2°C
(±1°C) until assays.

Basic chemical composition and collagen content

On day 14 of meat ageing, water content was determined
using the PN-ISO 1442:2000 drying method [Polish
Committee for Standardization 2000a], the total protein
content was determined with the Kjeldahl method us-
ing the Büchi B-324 apparatus according to PN-75/A-
04018 [Polish Committee for Standardization 2002], the
free fat content was determined with the Soxhlet method
(solvent – n-hexane) in a Büchi B-811 device in accor-
dance with PN-ISO 1444:2000 [Polish Committee for
Standardization 2000b], and the collagen protein con-
tent was determined based on the content of hydroxypro-
line (PN-ISO 3496–2000; conversion factor 8) [Polish
Committee for Standardization 2000c] using a Varian
Cary 300 Bio spectrophotometer. The Feder number, i.e.
the proportion of water to protein, which expresses the
degree of hydration of muscle proteins, was calculated
based on the water and protein content.

Soluble collagen was determined as in Palka [1999]
with modifications. Meat samples (approx. 5 g) were ho-
mogenized with 24 cm3 of Ringer’s solution diluted with
distilled water (1:4). The homogenate was heated in a
water bath at 77°C for 70 min and then centrifuged in a
Universal 320R Hettich Zentrifugen centrifuge (4000×g
for 15 min). The supernatant was collected and the pre-
cipitate was washed with Ringer’s solution (1:4) and cen-
trifuged again. Next, the precipitate was hydrolyzed in
30 cm3 of an H2SO4 solution (3 M). The procedure used
for the determination of total collagen was followed in
the subsequent stages. The content of soluble collagen
was calculated by subtracting the insoluble collagen con-
tent from the total collagen and expressed as a percentage
of total collagen.

pH value

The values of pH45min, pH24h, pH2d, pH7d, and pH14d
were determined directly in the muscle tissue after slau-

ghter with the use of a CP-401 pH-meter and an ERH-12-
6 combined electrode.

Color

Meat color indices were assessed using a Minolta CR-310
color saturation meter (illumination/projection D65/10°)
by recording L* (brightness) and a* (redness) on an ex-
posed surface of the muscle cross-section (after 30-min
blooming in refrigeration conditions at –2°C) [CIE 2004].

Water holding capacity

Drip loss (DL) and cooking loss (CL) were determined
as in Honikel [1998]. The amount of expressible water
(EW, %) was determined with the blotting method [Grau
and Hamm 1953] using Whatman No 1 filter paper, 300-
mg aliquots, and constant mass of 2 kg for 5 min.

Shear force

Shear force (N) and energy (J) were measured using a
Zwick/Roell Proline B0.5 device (Zwick GmbH & Co,
Ulm, Germany) and a Warner-Bratzler (V-blade) shear
blade. The tested muscle fragments (cut out from ther-
mally treated samples) were 5 cm long and had a shear
surface cross-section of 1 cm2. The mean value for each
sample was calculated from 6 replicates. The shear force
measurement results were analyzed using the TestXpert
II program.

MFI

The myofibrillar index (MFI) was determined as in
Hopkins et al. [2000] using a Büchler HO-4A knife ho-
mogenizer (speed 15,000 rpm), a Universal 320R Hettich
Zentrifugen centrifuge (speed 1000 g, time 15 min, tem-
perature 2°C), and a Varian Cary BIO spectrophotome-
ter (Varian Australia PTY, Ltd., Mulgrave, Australia) at
a wavelength of 540 nm. The protein content in the mix-
ture was determined using the biuret method. A conver-
sion factor of 150 was used to calculate the myofibrillar
index (MFI).

TBARS

Lipid oxidative stability (TBARS value) was determined
with the method proposed by Witte et al. [1970] with
the use of a Varian Cary 300 Bio spectrophotometer at
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a 530-nm wavelength. The results were expressed in mg
of malondialdehyde (MDA) in 1 kg of meat.

Statistical analysis

Statistical analysis of the results was performed in
Statistica ver. 13.1 [TIBCO Software Inc. 2016]. The ef-
fect of the bull genotype on the slaughter yield and chem-
ical composition of the LL and ST muscles was deter-
mined using a one-way analysis of variance. The two-
way analysis of variance model taking into account the
effect of the bull genotype (g), the ageing time (t), and
their interaction (g * t) was used to analyze the pH value,
texture indicators (shear force, SF and energy, En), wa-
ter holding capacity parameters (DL, CL, EW), color pa-
rameters (L*, a*), TBARS value, and myofibrillar index
values, MFI, for the individual muscles. Statistical dif-
ferences of experimental factors were determined by the
least squares method using the formulas:
– for pH value:

pHijk = µ + gi + tj + (gt)ij + eijk

(i = 1, . . . , 4; j = 1, . . . , 5)

– for SF, En, DL, CL, EW, L*, a*, TBARS
and MFI value:

Yijk = gi + tj + (gt)ij + eijk

(i = 1, . . . , 4; j = 1, . . . , 3)

where:

pHijk , Yijk − the value of the analyzed parameter;
µ − population mean;
gi − the effect of genetic group;
tj − the effect of ageing time;
(gt)ij − genetic group × ageing time interaction;
eijk − random error.

The significance of the differences between the mean
values in the groups was determined using Tukey’s test at
P ≤ 0.01 and P ≤ 0.05. The mean values of individual
traits and the standard error are shown in tables.

RESULTS AND DISCUSSION

Slaughter yield

Carcass weight is an important parameter according to
which meat processing plants settle accounts with breed-
ers. The highest mean carcass weight (P ≤ 0.01) was
determined in the group of the commercial cross-breeds
(MT) compared to the bulls from the other genetic
groups, where the mean weight did not differ significantly
(Table 2). As reported by Şenyüz et al. [2020] in a study
conducted on intensively fed bulls representing four
breeds, the highest (but statistically insignificant) carcass
weight was found in the Limousin breed (385.15 kg), fol-
lowed by Simmental (368.98 kg), Charolais (362.76 kg),
and Angus (355.45 kg). It was shown by Avilés et al.
[2015] that the carcass weight of LIM bulls was influ-
enced by the intensity of feeding and reached 332.1 kg in
the traditional fattening system (concentrate and wheat
straw) and 307.4 kg in the TMR system (concentrate,
maize silage, and wheat straw). In comparison with the
animals in the present study, young bulls of the PHF
breed analyzed by Wajda et al. [2011] had higher carcass
weight in the range from 296.3 kg (class O) to 315.5 kg
(class R), depending on the EUROP conformation class.

Table 2. Slaughter yield and EUROP classification results 

Parameter
Statistical
measures

Genetic group
Mean

HER LIM MT PHF

n 8 8 14 16 46

Carcass weight, kg
x̄ 287.7B 305.2B 373.8A 286.9B 319.8

SD 35.4 26.7 54.8 18.11 52.0

Slaughter yield, %
x̄ 54.02ab 57.99a 58.22a 51.96b 55.27

SD 1.92 1.24 2.96 2.13 3.61

Carcass conformation (pts/ EUROP)
x̄ 9.00B / R+ 11.63A / U+ 7.64C / R 4.88D / O 7.61 / R

SD 0.02 1.06 1.50 0.72 2.62

Carcass fatness (pts / EUROP)
x̄ 7.00BA / 3– 2.5C / 1+ 8.07A / 3 6.06B / 2+ 6.22 / 2+

SD 0.02 0.53 1.38 1.24 2.18

A, B, C, D – P ≤ 0.01; a, b – P ≤ 0.05.
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The slaughter yield is an important indicator of
meat production performance. It had the lowest value
(P ≤ 0.05) in the case of the PHF bulls and the high-
est value in the group of the MT and LIM bulls. Nogalski
et al. [2014] reported a higher slaughter yield than that
in the present study, i.e. 54.25% and 55.41% in PHF
bulls reared in semi-intensive and intensive systems, re-
spectively. Similar slaughter yield to that obtained in the
present study was reported by Ünlü and İpçak [2021] in
a study on HF bulls and by Avilés et al. [2015], who an-
alyzed LIM bulls. Şenyüz et al. [2020] determined the
highest slaughter yield in LIM (60.64%), SIM (58.48%),
CH (58.09%), and ANG (57.47%) bulls. Similar results
in the range of 58–59% were obtained by Duru and Sak
[2017] in their study on the LIM, ANG, CH, SIM, and
HER breeds. Given the aforementioned data, it should be
emphasized that breeds of meat cattle fattened in simi-
lar conditions are characterized by similar fattening and
slaughter yields.

The carcasses of the LIM bulls exhibited the best con-
formation and the lowest fatness level (P ≤ 0.01). The
lowest EUROP classification scores were assigned to the
carcasses of the PHF bulls, which is in agreement with
the results reported by Alberti et al. [2008]. As shown
by Vestergaard et al. [2019], the crossing of the Danish
Holstein-Friesian cattle with the Limousin breed signifi-

cantly improved the conformation of carcasses in cross-
breed young bulls and heifers (3.0 points vs. 7.0 and 5.3
points). Similar carcass conformation values to those ob-
tained in the present study were reported by Momot et
al. [2020]. Concurrently, the authors found that the fat
content in the carcasses of PHF×HH cross-breeds was
significantly higher than in PHF×LIM cross-breeds (5.5
points vs. 4.2 points). In turn, Bittante et al. [2020] found
no differences in the carcass conformation in commercial
cross-breed bulls originating from different meat breeds
in the paternal line, despite statistically significant differ-
ences in slaughter yield.

Basic chemical composition and characteristics
of the collagen fraction

A significant effect of the genetic group on the chemi-
cal composition of the LL muscle was demonstrated in
this study (Table 3). The MT bulls had two-fold lower
content of intramuscular fat (P ≤ 0.01) and the lowest
(P ≤ 0.01) water content. In turn, the LL muscle of the
HER bulls contained the lowest amounts of total protein
(P ≤ 0.05) and, consequently, the highest degree of hy-
dration of muscle proteins (so-called Feder number). The
content of basic chemical components and the degree of

Table 3. Content of fat, protein, water, total and soluble collagen (as % of total collagen), Feder number, and proportion of
connective tissue proteins in total protein (C:P) in m. longissimus lumborum and m. semitendinosus of the analyzed
bulls

Parameter
Genetic group

SEM p-value
HER LIM MT PHF

m. longissimus lumborum

Water, % 75.34B 74.43B 72.46A 74.56B 0.22 <0.0001

Total protein, % 21.31a 22.65b 22.87b 22.68b 0.19 0.0454

Fat, % 1.77A 1.48A 3.59B 1.50A 0.22 0.0009

Feder number 3.58b 3.29a 3.17a 3.29a 0.04 0.0155

Total collagen, mg · g–1 7.62A 11.30B 8.09A 10.19AB 0.41 0.0028

Soluble collagen, % 21.26A 29.30B 24.57A 24.08A 0.67 0.0002

C:P, % 3.51A 4.82B 3.43A 4.49B 0.18 0.0075

m. semitendinosus

Water, % 74.70 74.99 74.85 75.33 0.16 0.4963

Total protein, % 23.04 22.37 22.45 22.25 0.16 0.3635

Fat, % 0.93 1.15 1.56 1.03 0.09 0.1337

Feder number 3.24 3.36 3.34 3.39 0.03 0.3361

Total collagen, mg · g–1 11.45A 11.65A 12.78A 15.10B 0.38 0.0001

Soluble collagen, % 18.30A 24.79B 23.04B 22.11AB 0.63 0.0020

C:P, % 5.06A 5.30A 5.62A 6.99B 0.19 <0.0001

A, B – P ≤ 0.01; a, b – P ≤ 0.05.
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hydration of muscle proteins in the ST muscle did not
differ significantly between the genetic groups.

As indicated by literature data, the greatest differ-
ences between genotypes are exhibited by the fat con-
tent, as they may reach over 100% between breed groups.
Substantially smaller differences between genotypes are
recorded in the content of total protein, water, or ash,
as they account for only several percent [Prado et al.
2008a, Prado et al. 2008b]. Nogalski et al. [2013] ana-
lyzed the composition of the longissimus dorsi muscle
of PHF×LIM hybrid steers reared in intensive and semi-
intensive systems and showed that the protein content
ranged from 21.19 to 21.80%, and the fat content was
estimated at 4.71 and 3.60%, respectively. A significant
effect of the genotype on the chemical composition of
the longissimus dorsi (MLD) muscle was demonstrated
by Jukna et al. [2017] in bulls fed high-energy feed. In
their study, the highest content of intramuscular fat was
found in HER bulls (2.51%), compared to CH (2.19%),
SIM (1.83%), and LIM (1.24%). Similar to the present
study, the lowest total protein content was determined in
the HER breed (21.44%).

Significant differences in the content of collagen frac-
tions and the percentage of connective tissue proteins
in total protein (C:P) in both skeletal muscles were ob-
served between the breeds analyzed in the present study
(Table 3). The highest values of these traits (P ≤ 0.01)
were found in the LL muscle of the LIM bulls. The high-
est amount of total collagen and its highest proportion in
the protein in the ST muscle were determined in the PHF
breed. Similar to the LL muscle, the highest content of
the soluble collagen fraction was found in the LIM bulls,
although significant differences were confirmed only in
the HER breed.

The amount of soluble collagen increases during
post-slaughter ageing and is strongly dependent on the
animal breed, age, sex, diet, and condition, and its con-
tent has a significant impact on the water holding capac-
ity and texture of the meat after thermal treatment [Zając
et al. 2011]. It has been shown that intensive feeding con-
tributes to reduction of the content of total collagen and
its insoluble fraction in meat and to an increase in the per-
centage of the soluble fraction [Shiba et al. 2004]. In the
present study, the amount of soluble collagen determined
after 14 days of meat ageing did not exceed 25%, with
the exception of the LL muscle of the LIM bulls, where it
reached a level of almost 30% (P ≤ 0.01). These results
agree with other literature data, as similar content of the
soluble collagen fraction in meat ageing for 12–14 days
has been reported by Palka [2003] and Zając et al. [2011].

pH value

Although the results of the pH measurements (Table 4)
indicated a correct course of post-slaughter glycogenoly-
sis (typical for normal meat) in both muscles of the young

bulls representing the four genotypes, the ageing time and
the interactions between these factors were shown to have
a significant effect on this trait. Regardless of the genetic
group, the greatest decrease in pH in the LL muscle was
found in the initial postmortem period, i.e. between 45
min and 24 h. In general, the level of acidification of
the LL muscle assessed after one day remained stable
(P ≤ 0.05) until postmortem day 14. Similar relationships
were observed in the analyses of the ST muscle.

It was also found that both muscles of the LIM and
HER bulls were characterized by significantly higher ini-
tial pH (i.e. >6.80 after 45 min), compared to the meat
from the MT (6.32–6.51) and PHF (6.46–6.51) breeds.
During the entire ageing period, the highest pH was found
in the muscles of the LIM bulls, but it was not higher than
5.75 in the period between 24 h and 14 days. Proper pH is
one of the most important determinants of meat quality,
as it has an impact on many beef technological parame-
ters and culinary traits e.g. tenderness, water holding ca-
pacity, color, flavor, and durability or stability of collagen
cross-linking bonds [Domaradzki et al. 2017, Gagaoua et
al. 2017, Gagaoua et al. 2018]. It is assumed that the ul-
timate pH (pHu) of culinary beef, usually assessed be-
tween 24 h and 48 h after slaughter, should not exceed
5.8 [Mach et al. 2008]. In DFD-free beef, a decrease in
pH to a range of 5.5 to 5.7 has been observed in the ini-
tial period (typically up to 48 h postmortem), followed by
a slight but constant increase on the subsequent days of
ageing [Domaradzki et al. 2017]. The initial decrease in
pH indicates the accumulation of lactic acid in the pro-
cess of post-slaughter glycolysis and a correct course of
meat acidification. In turn, the subsequent increase in pH
is a result of progressive alkalization caused by the re-
lease of alkaline protein breakdown products during post-
slaughter meat ageing [Florek et al. 2007].

Water holding capacity

The analyses revealed a significant effect of the genetic
group and ageing on the water holding capacity of both
skeletal muscles (Table 5). In the case of cooking loss and
water holding capacity determined with the EW method,
a significant interaction of the main effects (genetic group
× ageing) was found. With the ageing time, the level of
drip loss from both assessed muscles increased steadily.
Similar relationships were reported previously by other
authors [Florek et al. 2007, Domaradzki et al. 2017]. The
highest (P ≤ 0.05) levels of drip loss from the LL and ST
muscles were found in the meat of the HER bulls (except
for day 14 in ST). In turn, the lowest values (P ≤ 0.05) of
this parameter were determined in the LL muscle of the
LIM bulls on ageing days 2 and 7 and in the MT bulls
on day 14. The latter group was also characterized by the
lowest losses of the ST muscle throughout the ageing pe-
riod.
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Table 4. Changes in the pH value in m. longissimus lumborum and m. semitendinosus during 14 days of ageing

Parameter
Genetic group

SEM
p-value

HER LIM MT PHF Genotype Ageing Genotype ×
Ageing

m. longissimus lumborum

pH45min 6.82b, x 6.88b, x 6.32a, x 6.46a, x 0.05

<0.0001 <0.0001 <0.0001

pH24h 5.58a, y 5.75a, y 5.66a, y 5.67a, y 0.03

pH2d 5.56ab, y 5.66b, y 5.46a, y 5.58b, y 0.02

pH7d 5.59a, y 5.61a, y 5.55a, y 5.55a, y 0.01

pH14d 5.61a, y 5.70b, y 5.57a, y 5.63ab, y 0.01

m. semitendinosus

pH45min 6.85b, x 6.89b, x 6.51a, x 6.51a, x 0.04

0.0002 <0.0001 <0.0001

pH24h 5.41a, y 5.54ab, y 5.60ab, y 5.62b, y 0.02

pH2d 5.55a, z 5.69a, z 5.55a, y 5.57a, y 0.02

pH7d 5.63a, z 5.70a, z 5.61a, y 5.56a, y 0.02

pH14d 5.64a, z 5.70a, z 5.63a, y 5.62a, y 0.01

a, b, c – P ≤ 0.05 in the row (genotype effect); x, y, z – P ≤ 0.05 in the column (ageing effect).

Table 5. Effect of ageing time and cattle breed on the water holding capacity of m. longissimus lumborum and m. semitendi-
nosus 

Parameter Ageing
(days)

Genetic group
SEM

p-value

HER LIM MT PHF Genotype Ageing Genotype ×
Ageing

m. longissimus lumborum

Drip loss, %

2 2.44c, x 1.09a, x 1.84bc, x 1.68ab, x 0.12

0.0001 <0.0001 0.46677 4.04b, xy 2.31a, x 2.60ab, xy 3.53ab, y 0.23

14 6.05b, y 3.95ab, y 3.57a, y 4.57ab, z 0.26

Cooking loss, %

2 26.62b 26.91b 20.61a, x 27.72b 0.68

0.0069 0.0003 0.00897 30.26 27.38 27.62y 29.21 0.44

14 28.30 28.00 27.91y 28.28 0.50

Expressible water, %

2 25.12b, xy 26.71b, y 21.25a 25.80b, z 0.50

<0.0001 <0.0001 <0.00017 27.83b, y 21.54a, x 20.86a 22.08a, y 0.60

14 24.35b, x 21.52ab, x 20.87ab 19.30a, x 0.51

m. semitendinosus

Drip loss, %

2 4.08b, x 2.58a, x 2.41a, x 2.68a, x 0.20

0.0001 <0.0001 0.24767 6.97b, y 5.18ab, x 4.01a, xy 5.90ab, y 0.36

14 7.16b, y 7.29b, y 5.59a, y 7.59b, y 0.27

Cooking loss, %

2 30.53b 31.64b 24.38a, x 32.00b 0.77

0.0084 0.0001 <0.00017 31.28 31.51 32.66y 31.83 0.42

14 31.01 32.98 32.73y 31.28 0.34

Expressible water, %

2 24.00a, x 28.28b, x 26.25ab 26.12ab, x 0.47

0.0036 0.1178 <0.00017 30.45b, y 24.07a, y 24.05a 25.54a, x 0.59

14 28.42b, xy 22.89a, y 25.17ab 22.56a, y 0.64

a, b, c – P ≤ 0.05 in the row (genotype effect); x, y, z – P ≤ 0.05 in the column (ageing effect).
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The water holding capacity of muscle tissue plays
an important role for meat processing or culinary pur-
poses and is an important indicator of meat processing
suitability. The present study showed a significant vari-
ability of the muscle tissue of the MT bulls in terms of
the level of cooking loss. Although the meat of these ani-
mals exhibited lower losses (P ≤ 0.05) after thermal treat-
ment on ageing day 2, the cooking loss increased signifi-
cantly to approx. 30% on the subsequent days, i.e. to a
level comparable to that exhibited by the other groups
of young bulls (P ≤ 0.05). These values are higher (by
4.0–7.2 p.p.) than those reported by Młynek [2011], who
analyzed meat of black and white cattle and hybrids of
various breeds.

The LL and ST muscles of the LIM and PHF bulls
exhibited a significant improvement in the water holding
capacity (EW), i.e. a decrease in the amount of express-
ible water was observed on days 7 and 14, compared to
postmortem day 2 (P ≤ 0.05). No such relationship was
exhibited by the meat of the MT bulls, and the opposite
trend (i.e. lower water holding capacity) was observed in
the ST muscle of the HER bulls. In the LL muscle of
five breeds of bulls, Domaradzki et al. [2017] found a
significant improvement in water holding capacity during
meat ageing, i.e. a decrease in the amount of expressible
water (compared to postmortem day 2) by an average of
6.79 mg on day 7 and 13.41 mg on day 14. Modzelewska-
Kapituła et al. [2015] reported an increase in the water
holding capacity of m. infraspinatus in the initial period
of ageing (before day 10) followed by a decrease on days
15 and 20.

Shear force and energy

The statistical analysis showed a significant effect of the
ageing time and genetic group on the shear force and en-
ergy (except for shear force in LL) of the analyzed mus-
cles (Table 6). Regardless of the genotype of the young
bulls, a significant improvement in the tenderness of the
meat (LL and ST), expressed by the decrease in the shear-
ing force and energy value, was observed during ageing
(P ≤ 0.05). The LL muscle of the HER and PHF bulls re-
quired greater shear force and energy on the subsequent
days than the same muscle of the MT and LIM bulls. In
the case of the ST muscle, a similar relationship was ob-
served only on postmortem day 2, and the shear force and
energy values on the subsequent days did not differ sig-
nificantly between the groups.

As reported by Muchenje et al. [2009], the tender-
ness of beef improves significantly during ageing through
changes in the myofibrillar structure induced by the activ-
ity of the endogenous proteolytic complex. The improve-
ment of meat tenderness on the first 4–6 post-slaughter
days is associated with fragmentation of myofibrils and
disintegration of costameres and other intermyofibril-
lar cytoskeletal links [Kemp et al. 2010, Boudida et al.

2016]. Differences in the rate of ageing are dependent
on the animal species, the breed, and the structure and
physiological activity of the muscle [Coria et al. 2018].
Niedźwiedź et al. [2011] reported that the muscle type
and ageing time had a significant effect on the value of
the maximum shear force in bovine hindquarter mus-
cles. In a study conducted by Modzelewska-Kapituła et
al. [2019], the value of shear force in the LL muscle
of Holstein-Friesian bulls was dependent on the feed-
ing system (TMR with maize silage and concentrates
vs. TMR with the addition of herbal preparations: 66.93
and 51.95 N, respectively) and on the duration of age-
ing (68.98 N on postmortem day 9 and 59.36 N on day
14). Bureš and Bartoň [2018] reported a significant ef-
fect of the breed on the shear force of the LL muscle
of Holstein bulls (58.6 N), in comparison with the value
of this parameter in Aberdeen Angus meat (36.0 N). In
turn, Domaradzki et al. [2017] found a decrease in shear
force along with the post-slaughter ageing of meat, and
the initial differences between the breeds declined, thus
contributing to an equal value of the beef tenderness pa-
rameter.

The disintegration of myofibrils into shorter segments
(in controlled homogenization conditions) is used for de-
termination of the so-called myofibril fragmentation in-
dex (MFI), which is a measure of their average length.
MFI is highly correlated with meat tenderness, i.e. a
higher MFI value is associated with shorter myofibrils
and greater tenderness of muscle tissue. It has been found
that the numerical MFI index reflects the progression of
the degradation of key structural proteins located in band
I of the sarcomere [Hopkins et al. 2000]. The myofib-
rillar index value determined in the LL and ST mus-
cles was significantly correlated with the genetic group
and the ageing time and with the interactions between
these factors (P ≤ 0.01) (Table 6). Regardless of the ge-
netic group, the MFI increased significantly during mus-
cle ageing (P ≤ 0.05).

The lowest levels of MFI in the LL and ST muscles
were observed in the HER bulls, whereas the meat from
the LIM and MT breeds exhibited the highest value of
this parameter, which corresponded well with the muscle
shear force discussed above. As shown by the compari-
son of the changes in MFI between ageing days 2 and 14,
the greatest degree of fragmentation of myofibrils in the
LL muscle was observed in the MT hybrids (a 57% in-
crease), the HER bulls (48%), and the PHF breed (44%),
whereas the meat from the LIM bulls exhibited the lowest
value of this parameter (38%). In the case of the ST mus-
cle, the greatest changes were observed in the HER breed
(a 115% increase), and a similar level in the range of
46–49% was recorded in the other groups. As highlighted
by many researchers, post-slaughter ageing, usually pro-
ceeding in anaerobic conditions (so-called wet ageing),
is one of the most popular procedures improving the con-
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Table 6. Shear force and energy and MFI of m. longissimus lumborum and m. semitendinosus during 14 days of ageing

Parameter Ageing
(days)

Genetic group
SEM

p-value

HER LIM MT PHF Genotype Ageing Genotype ×
Ageing

m. longissimus lumborum

Shear force (N)

2 155.83c, y 106.09ab, y 86.66a, y 137.30bc, y 7.29

<0.0001 <0.0001 0.40597 110.25b, x 70.35a, x 55.44a, x 78.53ab, x 5.22

14 85.28b, x 55.75a, x 49.70a, x 62.34ab, x 3.89

Shear energy (J)

2 0.59b, y 0.40a 0.33a 0.56b, y 0.03

0.0001 <0.0001 0.09237 0.41x 0.30 0.29 0.31x 0.02

14 0.38x 0.27 0.26 0.29x 0.02

MFI

2 68.64a, x 83.14b, x 76.96ab, x 77.02ab, x 1.75

<0.0001 <0.0001 0.00827 82.62a, y 108.03b, y 109.96b, y 100.25b, y 2.48

14 101.49a, z 115.19bc, z 121.14c, z 110.70b, y 1.73

m. semitendinosus

Shear force (N)

2 130.73b, y 90.02a, y 90.74a, y 101.58ab, z 4.53

0.0655 <0.0001 0.04127 70.05x 71.72xy 77.77xy 76.64y 2.86

14 63.98b, x 54.90a, x 60.10ab, x 60.48ab, x 2.05

Shear force (J)

2 0.50b, y 0.34a, y 0.34a 0.37a, y 0.02

0.0046 <0.0001 0.09877 0.36xy 0.27xy 0.29 0.29x 0.01

14 0.24x 0.20x 0.25 0.27x 0.01

MFI

2 53.20a, x 82.15b, x 81.37b, x 81.03b, x 3.23

<0.0001 <0.0001 0.01267 102.66y 110.39y 110.24y 106.45y 1.29

14 114.15a, y 119.81ab, y 121.62b, y 118.69ab, z 0.94

a, b, c – P ≤ 0.05 in the row (genotype effect); x, y, z – P ≤ 0.05 in the column (ageing effect).

sumption quality of beef. White et al. [2006] reported a
significant effect of the conditions of slaughtering and
chilling of carcasses as well as meat storage and age-
ing on the mechanical resistance of meat. As shown by
Rajagopal and Oommen [2015], the tenderness of meat
after thermal treatment can be predicted with high accu-
racy based on the MFI index (determined in raw meat),
as this parameter is strongly correlated with overall ten-
derness.

Color and TBARS

The meat brightness (L*) and redness (a*) parameters in
both analyzed muscles were significantly (P ≤ 0.05) cor-
related with both the genetic group and the duration of
muscle ageing; in the case of the LL muscle, they were
also dependent on the interaction between these factors
(Table 7). The analysis of the ageing-related changes in
the values of the color parameters revealed a significant
increase in the brightness (a higher L* value) of the LL
muscle of the LIM and PHF bulls and in the brightness of
the ST muscle of the LIM and HER bulls (P ≤ 0.05). In

terms of redness (a*), both muscles exhibited a significant
increase in all the genetic groups of bulls (P ≤ 0.05). The
highest brightness of the LL muscle surface (P ≤ 0.05)
was noted in the meat from the LIM bulls on postmortem
day 14, whereas the lowest value of the parameter was
exhibited by the meat from the MT hybrids. The dark-
est color of the ST muscle (P ≤ 0.05) was found in the
HER bulls on postmortem day 2. On the subsequent age-
ing days, the L* value was similar in all the genotypes
and did not differ significantly.

Papaleo Mazzucco et al. [2016] reported no signif-
icant effect of the breed (Angus vs. Hereford) on the
L*, a*, and b* parameter in m. longissimus dorsi. In
turn, Cuvelier et al. [2006] confirmed the relationship be-
tween the breed (AA – Aberdeen Angus, BB – Belgian
White and Blue, and LM – Limousin) and the L* and
a* values; the MLT muscle of the BB bulls was brighter
and less red, while the AA bulls were characterized by
the highest brightness and redness parameters. Similarly,
Domaradzki et al. [2017] reported a significant effect of
breed on both color parameters and the content of heme
pigments in the LL muscle.
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Table 7. Color parameters and levels of TBARS in m. longissimus lumborum and m. semitendinosus during 14 days of ageing

Parameter Ageing
(days)

Genetic group
SEM

p-value

HER LIM MT PHF Genotype Ageing Genotype ×
Ageing

m. longissimus lumborum

L*

2 36.90 36.19x 35.76 35.71x 0.31

0.0093 0.0061 0.04427 37.15 36.61x 35.95 37.16y 0.21

14 37.42ab 39.80b, y 35.63a 37.36ab, y 0.37

a*

2 22.57x 22.44x 22.28x 22.75x 0.16

0.0109 <0.0001 0.00737 26.13b, y 23.59a, x 24.93ab, y 24.37a, y 0.22

14 26.26y 26.11y 24.56y 25.01y 0.23

TBARS

2 0.28a 0.22a 0.37b 0.34b 0.02

<0.0001 0.0578 0.76667 0.28a 0.23a 0.47b 0.37ab 0.02

14 0.32a 0.26a 0.50b 0.38ab 0.02

m. semitendinosus

L*

2 36.63a, x 39.40b, x 38.41ab 39.56b 0.38

0.0043 0.0085 0.73367 39.00xy 41.00xy 38.27 40.62 0.43

14 40.00y 41.87y 39.28 40.60 0.37

a*

2 25.27b, x 23.62a, x 24.46ab, x 24.89ab, x 0.20

<0.0001 <0.0001 0.05287 27.72b, y 24.93a, x 26.62ab, y 26.02ab, y 0.25

14 27.94b, y 26.62ab, y 26.01a, y 26.06a, y 0.21

TBARS

2 0.24a, x 0.23a 0.32b, x 0.30b, x 0.01

<0.0001 <0.0001 0.01317 0.25a, x 0.25a 0.46b, y 0.32ab, xy 0.02

14 0.31ab, y 0.27a 0.48c, y 0.36b, y 0.02

a, b, c – P ≤ 0.05 in the row (genotype effect); x, y – P ≤ 0.05 in the column (ageing effect).

Significantly (P ≤ 0.05) lower oxidative stability of
the LL and ST muscle (higher TBARS levels) through-
out the post-slaughter ageing period was determined in
the meat from the MT and PHF bulls, and the highest
value of this parameter was exhibited by the muscles of
the LIM and HER bulls (Table 7). It should be empha-
sized that, despite the gradual increase in TBARS dur-
ing post-slaughter meat ageing, the values of this param-
eter were lower than 1 mg MDA · kg–1, i.e. the thresh-
old value above which sensory characteristics may devi-
ate due to the occurrence of oxidative changes in mus-
cle tissue components [McKenna et al. 2005]. It has been
shown [Franco et al. 2009] that these processes can be
limited with the use of vacuum packaging during ageing.

CONCLUSIONS

The study of the bulls of different genetic groups fed in a
semi-intensive system with the use of farm feed, i.e. hay,
grass haylage, grain meal (without corn silage), showed
that this fattening system guarantees satisfactory slaugh-
ter yield and good quality parameters (good musculature

and average fatness) of carcasses, with the poorest results
obtained in the PHF breed.

Despite the differences in the effects of the genotype,
ageing time, and often the interaction of these factors on
the most important quality traits of muscles, the meat did
not exhibit any deviations in quality. In the four genetic
groups, the meat from the LIM and MT bulls had the best
quality parameters (water holding capacity, soluble col-
lagen content, shear force, and myofibrillar index) after
the 14-day wet ageing process. The ageing time had a
positive effect on the meat quality parameters (especially
tenderness and color, which were determined instrumen-
tally) and contributed to a significant reduction in the dif-
ferences between the meat from the bull genotypes in the
initial postmortem period. Taking into account one of the
most important qualitative traits of culinary beef, i.e. ten-
derness, which was assessed in the present study based on
the shear force and myofibrillar index, the 14-day ageing
period seems to be a necessary minimum. The ageing pe-
riod should even be extended in the case of the LL muscle
of HER and PHF bulls and the ST muscle of HER, MT,
and PHF bulls. Further research with consumer assess-
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ment is therefore advisable to determine the optimal age-
ing time of beef obtained from the most popular breeds of
cattle reared in Poland and fattened in the most common
semi-intensive system.
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Florek, M., Litwińczuk, A., Skałecki, P., Ryszkowska-
Siwko, M. (2007). Changes of physicochemical properties
of bullocks and heifers meat during 14 days of ageing under
vacuum. Pol. J. Food Nutr. Sci., 57(3), 281–288.

Franco, D., Bispo, E., González, L., Vázquez, J.A., Moreno, T.
(2009). Effect of finishing and aging time on qual-
ity attributes of loin from the meat of Holstein-
Fresian cull cows. Meat Sci., 83(3), 484–491. DOI:
10.1016/j.meatsci.2009.06.030.

Fruet, A.P.B., De Mello, A., Trombetta, F., Stefanello, F.S.,
Speroni, C.S., De Vargas, D.P., De Souza, A.N.M., Rosado
Júnior, A.G., Tonetto, C.J., Nörnberg J.L. (2018). Oxidative
stability of beef from steers finished exclusively with con-
centrate, supplemented, or on legume-grass pasture. Meat
Sci., 145, 121–126. DOI: 10.1016/j.meatsci.2018.06.015.

Gagaoua, M., Couvreur, S., Le Bec, G., Aminot, G., Picard, B.
(2017). Associations among Protein Biomarkers and pH
and Color Traits in Longissimus thoracis and Rectus
abdominis Muscles in Protected Designation of Origin
Maine-Anjou Cull Cows. J. Agric. Food Chem., 65(17),
3569–3580. DOI: 10.1021/acs.jafc.7b00434.

www.asp.zut.edu.pl 13

https://doi.org/10.21005/asp.2023.22.2.01
https://doi.org/10.1016/j.livsci.2007.04.010
https://meatscience.org/docs/default-source/publications-resources/research-guide/amsa-research-guidelines-for-cookery-and-evaluation-1-01.pdf
https://doi.org/10.1016/j.meatsci.2015.04.016
https://doi.org/10.1016/j.meatsci.2015.04.016
https://doi.org/10.3168/jds.2019-17932
https://doi.org/10.3168/jds.2019-17932
https://doi.org/10.1080/10408398.2012.741630
https://doi.org/10.1080/10408398.2012.741630
https://doi.org/10.1016/j.livsci.2018.06.017
https://doi.org/10.1016/j.livsci.2018.06.017
https://doi.org/10.1016/j.foodcont.2020.107820
https://doi.org/10.1016/j.foodcont.2020.107820
https://doi.org/10.21897/rmvz.1247
https://doi.org/10.1016/j.meatsci.2006.04.032
https://doi.org/10.1016/j.meatsci.2006.04.032
https://doi.org/10.1017/S2040470017001583
https://doi.org/10.21521/mw.5816
https://doi.org/10.21521/mw.5816
https://doi.org/10.24925/turjaf.v5i11.1383-1388.1485
https://doi.org/10.24925/turjaf.v5i11.1383-1388.1485
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32005R0001
https://eur-lex.europa.eu/eli/reg/2009/1099/oj
https://doi.org/10.1016/j.meatsci.2009.06.030
https://doi.org/10.1016/j.meatsci.2009.06.030
https://doi.org/10.1016/j.meatsci.2018.06.015
https://doi.org/10.1021/acs.jafc.7b00434
https://asp.zut.edu.pl
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w momencie uboju [Slaughter value of crossbred beef steers
as depending on fattening intensity and slaughter age of
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WPŁYW GENOTYPU I CZASU DOJRZEWANIA NA CECHY FIZYKOCHEMICZNE MIĘŚNI
SZKIELETOWYCH BUHAJKÓW OPASANYCH W SYSTEMIE PÓŁINTENSYWNYM

STRESZCZENIE
Celem pracy było określenie wpływu genotypu i czasu dojrzewania na pH, wodochłonność, siłę i energię cięcia oraz
indeks miofibrylarny dwóch mięśni longissimus lumborum i semitendinosus buhajków opasanych półintensywnie.
Oceniono także wskaźniki wartości rzeźnej oraz skład chemiczny wymienionych mięśni w zależności od grupy
genetycznej. Badaniami objęto 46 buhajków należących do czterech grup genetycznych, tj. rasy hereford (HER
8 szt.), rasy limousine (LIM 8 szt.), mieszańców towarowych (MT 14 szt.) oraz rasy polskiej holsztyńsko-fryzyjskiej
odmiany czarno-białej (PHF 16 szt.). Przeprowadzone badania wykazały, że półintensywny system opasu gwaran-
tuje uzyskanie tusz o zadowalającej wydajności rzeźnej i dobrych parametrach jakościowych (dobre umięśnie-
nie i średnie otłuszczenie). Mięso o najlepszych parametrach jakościowych pochodziło od buhajków rasy LIM
i mieszańców MT, a najsłabsze rezultaty uzyskano u buhajków rasy PHF. Czas dojrzewania korzystnie wpływał na
parametry jakościowe mięsa (zwłaszcza na kruchość i barwę), przyczyniając się do istotnego zmniejszenia różnic
między genotypami buhajków obserwowanych w początkowym okresie postmortem. Wyniki dotyczące siły cięcia
i indeksu miofibrylarnego, czyli parametrów decydujących o kruchości mięsa sugerują, że 14-dniowy okres dojrze-
wania wydaje się być niezbędnym minimum. W przypadku mięśnia LL buhajków rasy HER i PHF czy mięśnia ST
buhajków rasy HER, MT i PHF okres ten powinien zostać nawet wydłużony. Wskazane byłoby zatem prowadze-
nie dalszych badań, poszerzonych o ocenę konsumencką, które pozwolą ustalić optymalny czas dojrzewania mięsa
wołowego pozyskiwanego w warunkach krajowych.

Słowa kluczowe: opas półintensywny, przydatność opasowa, wartość rzeźna, jakość wołowiny, dojrzewanie mięsa
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