
POLISH JOURNAL OF FOOD AND NUTRITION SCIENCES
Pol. J. Food Nutr. Sci. 2005, Vol. 14/55, No 1, pp. 17–26

WATER RETENTION, SHEAR FORCE AND TEXTURE PARAMETERS OF CATTLE
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The cooking losses, shear force values and Texture Profile Analysis (TPA) parameters of psoas major and minor (PM) and semitendinosus (ST)
muscles of calves, heifers and cows were evaluated. The muscles were roasted at 170°C in an electric oven to an internal temperature of 78°C after
1, 3, 6, 9 and 12 days of post-mortem ageing at 4°C. After the same time of cold ageing, the muscles were frozen to -18°C and stored at this tem-
perature for 1 month. They were then thawed and analysed after roasting under the same conditions. The thawing losses were also determined.
The thawing and cooking losses were the highest in cow muscles and the lowest in calf muscles. Changes in the water retention of muscles during
post-mortem ageing were low, the lowest were observed after the first day post-mortem. The shear force values were higher for ST than for PM
muscles. During post-mortem ageing of meat, shear force values decreased, faster in PM than in ST muscles. The rate of tenderization of calf mus-
cles was higher than that of heifer muscles, whereas heifer muscles were tenderised faster than cow muscles. Shear force values of frozen/thawed
and roasted muscles were higher in comparison with unfrozen ones. The cow muscles and ST muscles had higher values of hardness, springiness,
cohesiveness, resilience and chewiness than calf muscles and PM muscles, respectively. There were no significant changes in TPA parameters dur-
ing post-mortem ageing of the analysed muscles.

INTRODUCTION

The culinary traits of meat are determined by colour,
texture, juiciness and flavour. From the consumer’s point of
view, tenderness is one of the most important [Bary³ko-
-Pikielna, 1995].

The inter- and intracellular components of meat have
a major influence on its texture and tenderness [Lepetit &
Culioli, 1994; Calkins et al., 1981; Swatland, 1985; Crouse
et al., 1991]. 

The quantity and distribution of intramuscular water
also plays an important role [Currie & Wolfe, 1980; Offer
et al., 1984]. 

The texture and tenderness of meat decline with physio-
logical maturity of animals. These changes are closely con-
nected with the quantity and properties of intramuscular
connective tissue. As an animal matures, the quantity of
intramuscular connective tissue decreases and its structure
becomes more compact and the tenderness decreases
[Ko³czak et al., 1992]. On the other hand, during post-
mortem ageing, the structure of fibrous intramuscular ele-
ments becomes looser because of the catabolic degradation
of the cytoskeletal, regulatory and myofibrillar muscle pro-
teins. These changes are known as the tenderization process
[Koohmaraie, 1996; Takahashi, 1996; Tornberg, 1996].
During post-mortem ageing, changes in intramuscular con-
nective tissue also occur, which cause an increase in the sol-

ubility of its main constituent collagen [Feidt et al., 1996,
Ko³czak et al., 2003a]. The results of research carried out on
calf, heifer and cow muscles have indicated that during
post-mortem ageing, changes in ultrastructure of muscle
fibres [Ko³czak et al., 2003c], in degradation of myofibrillar
and cytoskeletal proteins [Ko³czak et al., 2003b] and also in
intramuscular collagen solubility [Ko³czak et al., 2003a] are
more rapid and intensive in muscles of younger animals.
The processes of post-mortem ageing and accompanying
changes in water retention, texture and quality traits may
progress at different rates in cattle muscles with different
degrees of somatic maturity.

The aim of this study was to determine the changes in
water retention, shear force values, and Texture Profile
Analysis (TPA) parameters of psoas major and minor (PM)
and semitendinosus (ST) muscles of calves, heifers and cows
roasted over 12 days of post-mortem ageing. The influence
of freezing on muscle texture and cooking losses was also
determined.

MATERIAL AND METHODS

The PM and ST muscles were taken from both half-car-
casses of female calves (3 moths old), the left carcasses of
heifers (18 months old) and cows (around 8 years old) 24 h
after standard slaughtering and cooling. In each of the
examined groups, analyses were carried out on muscles
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FIGURE 1. Thawing and cooking losses of psoas major and minor and semitendinosus muscles of calves, heifers and cows during 12 days of age-
ing at 4°C (mean values).
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taken from three carcasses. Each of the muscles was divid-
ed into 5 parts, perpendicularly to the direction of the
fibres, which were vacuum-sealed and stored at 4°C. On the
1st, 3rd, 6th, 9th and 12th day of cold storage, successive sam-
ples were taken and divided into 2 pieces. One of them was
roasted, cooled to room temperature, dried with filter
paper, weighed, and measured for shear force and TPA
parameters. A second meat sample was packed in a foil bag,
vacuum-sealed, frozen and stored at -18°C for 1 month,
thawed at the room temperature, dried with filter paper,
weighed, roasted, cooled to room temperature, dried with
filter paper, weighed and measured for shear force and TPA
parameters. 

Thawing losses were calculated from differences in the
weight of unfrozen and thawed pieces. Muscle samples of
about 150 g were packed into aluminium foil and roasted at
170°C in an electric oven to an internal temperature of
78°C, cooled down to 20°C at ambient temperature and sur-
face-dried with filter paper. Cooking losses were calculated
by the difference between the sample weight before and
after roasting. Shear force was determined using seven
cylindrical samples of 14 mm diameter and 15 mm length
cuts. The measurements were carried out for sample cut
perpendicularly to the direction of the muscle fibres using
a TA-XT2 texture analyser and Warner-Bratzler knife with
a triangular cut-out. The TPA analyses were conducted as
described by Breene [1975] using a TA-XT2 texture
analyser with a 50 mm diameter cylindrical probe with the
following settings: probe contact area 154 mm2, probe trav-
el rate before testing 5 mm/s, and during and after testing
2 mm/s, final strain 70%, time interval between first and
second stroke 3 s. In the TPA tests, seven samples (14 mm
diameter and 10 mm length, cut lengthwise to the fibres)
were analysed. The following TPA parameters were deter-
mined: hardness, springiness, cohesiveness, resilience and
chewiness.

The data were evaluated statistically using Statistica for
Windows 5 software.

RESULTS AND DISCUSSION

Water retention in meat was estimated by measurements
of thawing losses and cooking losses during roasting of raw
and frozen/thawed muscle samples. The average results are
shown in Figure 1, and the results of the statistical analysis
are summarized in Table 1.

Independent of the age of cattle and time of post-
-mortem ageing of meat, the thawing losses were signifi-
cantly higher for PM than for ST muscle. Thawing losses
were lower for calf muscles than for heifer and cow muscles.
The time of post-mortem ageing significantly influenced the
thawing losses, the lowest losses were observed in meat
frozen 24 h after slaughter. In calf muscles, thawing losses
were small and increased with the time of post-mortem age-
ing of meat before freezing. However, in heifer and cow
muscles thawing losses were highest after 3–6 days (PM)
and 6–9 days (ST) of post-mortem ageing.

While freezing of meat at -18°C, the free water immobi-
lized in larger capillary spaces of meat is frozen [Calvelo,
1981]. In the previous study [Ko³czak et al., 2003c], it was
found that post-mortem ageing in heifer and cow muscles
increased the spaces mainly between the sarcolemma and

myofibril mass, whereas in calf muscles the degradation of
cytoskeletal proteins stabilizing the structure of myofibrils
was more intensive. A much higher increase in solubility of
intramuscular collagen in calf muscles than in heifer and
cow muscles during post-mortem ageing of meat was also
observed [Ko³czak et al., 2000a]. During post-mortem age-
ing, an increase in the capacity of capillary spaces of small-
er diameter in calf muscles may be larger than in heifer and
cow muscles. The higher quantity of immobilized water in
capillary spaces may be the reason for higher water reten-
tion and lower thawing losses of calf muscles compared with
heifer and cow muscles. The increase in water retention
during the thawing of heifer and cow meat frozen on the
12th day of post-mortem ageing may be explained by the
intensive degradation processes of intracellular fibre struc-
tures which result in the larger capacity of capillary spaces
of meat at this time of ageing.

The cooking losses during the roasting of meat to inter-
nal temperature of 78°C depend on the structure and prop-
erties of myofibrillar and connective tissue proteins and the
quantity of intramuscular fat [Palka, 1999; 2000a, b, c; 2003;
Palka & Daun, 1999].

The quantities of cooking losses for unfrozen meat of
cows were higher than for meat of heifers, and the lowest
losses were observed during roasting of calf meat. The
cooking losses were significantly lower during roasting of
unfrozen meat on day 1 and 12 of post-mortem ageing than
on days 3–9 of ageing. The quantity of bound water
(unfrozen at -40°C) in cattle muscles decreases during post-
-mortem ageing [Ko³czak, unpublished data]. The high
water holding capacity of meat proteins on day 1 after
slaughtering, as well as the intensive degradation processes
of fibrillar proteins (intra- and intercellular) resulting in
a larger capacity of capillary space in meat after day 12 of
ageing could explain the above results.

The cooking losses during roasting of previously frozen/
thawed meat were significantly higher than those of unfrozen
meat at the same intervals of post-mortem ageing time. The
cooking losses of heifer and cow muscles were higher than
those of calf muscles and also were higher in ST than PM
muscles. There was a tendency towards increased cooking
losses in frozen/thawed meat with an increased time of post-

TABLE 1.  Mean squares of deviations from the analysis of variance of
thawing losses and cooking losses of cattle muscles in relation to musc-
le type, animal maturity and post-mortem ageing.

Source of Degrees Thawing Cooking Cooking 
variance of losses losses of losses of

freedom unfrozen frozen
muscles muscles

Muscle type - A 1 8.0222XX 13.3094 22.7306

Cattle maturity – B 2 97.5855XX 27.6841X 134.5650XX

Post-mortem
ageing – C 4 9.7276XX 56.5151XX 39.1711XX

Interactions:

A x B 2 2.3251XX 7.8733 5.4333

A x C 4 3.5479XX 17.4254X 5.6296

B x C 8 1.3603XX 15.9445X 14.6642

A x B x C 8 0.9011XX 2.8188 5.8934

Error 60 0.2693 6.4211 8.0462

X – p < 0.05 XX – p < 0.01
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FIGURE 2. Shear force of roasted  unfrozen and frozen psoas major and minor and semitendinosus muscles of calves, heifer and cows during post-
-mortem ageing at 4°C (mean values).

TABLE 2.  Mean squares of deviations from the analysis of variance of shear force and TPA parameters of cattle muscles in relation to muscle
type, animal maturity, post-mortem ageing and freezing of muscle.

Source of variance Degrees of Shear force TPA parameters
freedom hardness springiness cohesiveness resilience chewiness

Muscle type - A 1 49.8227XX 502.9510XX 0.0408XX 0.2168XX 0.1463XX 106.1222XX

Cattle maturity - B 2 59.3461XX 184.0729XX 0.0064XX 0.0023XX 0.0195XX 25.0746XX

Post-mortem ageing - C 4 49.8530XX 2.0556X 0.0004 0.0004 0.0001 0.1239

Freezing of muscle - D 1 18.2405XX 30.0860XX 0.0001 0.0216XX 0.0001 0.3270

Interactions:

A x B 2 4.4267XX 1.8447XX 0.0028 0.0058XX 0.0095XX 4.7404XX

A x C 4 0.7568XX 0.4118 0.0010 0.0004 0.0003 0.1853

B x C 8 0.1580 2.0197X 0.0024X 0.0009 0.0002 0.5846XX

A x D 1 0.0001 1.2245 0.0001 0.0020X 0.0011X 0.8949XX

B x D 2 3.3471XX 15.8925XX 0.0001 0.0017XX 0.0001 0.8469XX

C x D 4 0.4002X 0.3450 0.0008 0.0001 0.0001 0.0229

A x B x C 8 0.0936 0.2467 0.0007 0.0002 0.0001 0.0560

A x B x D 2 0.2243 0.8772 0.0016 0.0005 0.0007X 0.3115

A x C x D 4 0.0364 0.2784 0.0003 0.0004 0.0002 0.2565

B x C x D 8 0.0421 0.8851 0.0015 0.0001 0.0002 0.0966

A x B x C x D 8 0.0751 0.3462 0.0014 0.0002 0.0001 0.0760

Error 120 0.1437 0.8045 0.0011 0.0005 0.0002 0.1177

X – p < 0.05 XX –  p < 0.01



21Water retention, shear force and texture parameters of selected bovine muscles

4

6

8

10

12

14

16

0 1 3 6 9 12

Time of post-mortem ageing (days)

Ha
rd

ne
ss

 (N
)

4

6

8

10

12

14

16

0 1 3 6 9 12

Time of post-mortem ageing (days)

Ha
rd

ne
ss

 (N
)

0.4

0.5

0.6

0.7

0.8

0 1 3 6 9 12

Time of post-mortem ageing (days)

Sp
rin

gi
ne

ss
 (-

)

0.4

0.5

0.6

0.7

0.8

0 1 3 6 9 12

Time of post-mortem ageing (days)
Sp

rin
gi

ne
ss

 (-
)

0.4

0.5

0.6

0.7

0.8

0 1 3 6 9 12

Time of post-mortem ageing (days)

Co
he

si
ve

ne
ss

 (-
)

0.4

0.5

0.6

0.7

0.8

0 1 3 6 9 12

Time of post-mortem ageing (days)

Co
he

si
ve

ne
ss

 (-
)

1

2

3

4

5

0 1 3 6 9 12

Time of post-mortem ageing (days)

Ch
ew

in
es

s 
(N

)

1

2

3

4

5

0 1 3 6 9 12

Time of post-mortem ageing (days)

Ch
ew

in
es

s 
(N

)

0.1

0.2

0.3

0.4

0 1 3 6 9 12

Time of post-mortem ageing (days)

Re
si

lie
nc

e 
(-

)

0.1

0.2

0.3

0.4

0 1 3 6 9 12

Time of post-mortem ageing (days)

Re
si

lie
nc

e 
(-

)

Cows Calves Heifers

M. semitendinosusM. psoas major and minor

FIGURE 3. Changes in TPA parameters of roasted unfrozen psoas major and minor and semitendinosus muscles of calves, heifers and cows during
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-mortem ageing of meat before freezing, however, the
changes were not statistically significant. 

During heating, meat proteins lose water-holding capac-
ity because of their thermal denaturation [Terpsidis et al.,
1987; Palka, 2000a, b, c]. The protein denaturation and
changes in their functional properties are the main reasons
for leak formation during the heating of meat. The observed
differences in cooking losses, depending on the age of the
animal and the type of muscle, may be connected with
a higher quantity of intramuscular fat in the meat of older
animals and with a higher quantity of intramuscular colla-
gen in ST than in PM muscles [Aberle et al., 2001; Ko³czak
et al., 1992; Lawrie, 1998].

During the freezing and thawing of meat, its proteins,
mainly myofibrillar proteins, may undergo denaturation as
a result of dehydratation. They lose over time, the ability to
hold and retain water [Calvelo, 1981]. The freezing denatu-
ration of meat proteins may be the reason for higher cook-
ing losses in frozen/thawed meat.

The changes in shear force values of meat are shown in
Figure 2, and the results of the statistical evaluation of the
influence of the analysed factors are summarised in Table 2.
Independent of the age of cattle and the time of post-mor-
tem ageing, the shear force values were lower for PM than
for ST muscles and increased with the somatic maturity of
cattle. These results confirm the results of many authors
[Dransfield, 1994; Ko³czak et al., 1992; Koohmaraie, 1996;
Takahashi, 1996; Tornberg, 1996].

During post-mortem ageing, the shear force values
of meat of the analysed cattle groups decreased. Similar
results indicated that tenderization of meat occurred during
post-mortem ageing, as it was reported by other authors
[Huff-Lonergan et al., 1995; Palka, 2003; Taylor et al.,
1995]. 

The decrease in shear force during 12 days of cold age-
ing was lower for PM than for ST muscles. It means that the
PM muscles of calves, heifers and cows reach better tender-
ness in a shorter period of cold ageing than respective ST
muscles. The shear force values of ST muscles decreased
considerably during 12 days of ageing, the relative decrease
was much higher in the ST muscles of calves than the ST
muscles of heifers and cows. 

The results indicate that the rate of calf muscle ten-
derising is much higher than that of heifer muscles, where-
as heifer muscles are tenderised faster than cow muscles.
The tenderness of ST muscles of heifers and cows on day 12
of cold storage was still lower than the tenderness of PM
muscles of the same animals on the 1st day post-mortem.
Calf ST muscles reached tenderness close to that of PM
muscles on the 6th day of cold storage. 

The reasons for the differences in the rate of post-
-mortem tenderization of PM and ST muscles, as well as the
muscles of cattle of different ages may be the range and
rates of degradation processes of cytoskeletal and the regu-
lating proteins of muscle fibres as well as the different inten-
sity of changes in intramuscular collagen [Ko³czak et al.,
2003a, b, c]. From a practical point of view, these results
indicate that under normal conditions of cold storage, the
PM muscles of cattle carcasses do not require long term
ageing. However, the ST muscles of cattle carcasses should
be aged for a longer time. Calf carcasses require shorter
ageing time than bovine or cow carcasses. 

The shear force values of roasted muscles, previously
frozen and thawed, were significantly higher than those of
the muscles unfrozen before roasting. The differences were
particularly evident for cow muscles. The changes of shear
force values, depending on muscle type and time of post-
-mortem ageing, were similar to unfrozen muscles. The
results show that regardless of the anatomical origin of meat
or period of post-rigor ageing, freezing meat by the method
used in this study changes the tenderness of frozen meat for
the worse. The larger undesirable changes in the tenderness
of frozen cow muscles in comparison to frozen muscles of
younger cattle may be connected with larger thawing losses
observed during the defrosting of cow muscles.

The results of the analysed TPA parameters of roasted
unfrozen muscles are presented in Figure 3, and the TPA
parameters of frozen and thawed muscles before roasting
are presented in Figure 4. The results of a statistical evalu-
ation of the examined factors are summarized in Table 2.

Hardness is the force necessary to obtain a stated defor-
mation in the meat sample. The values of hardness of ST
muscles were higher than PM muscles in all cattle groups,
probably because of the higher quantity of intramuscular
connective tissue in ST muscle. Cow muscles were the hard-
est, heifer muscles were average and calf muscles were the
softest. The reasons for the differences in hardness,
depending on the age of the cattle, may be connected with
the structure of intramuscular collagen, which as an animal
ages becomes more compact and resistant to heating
[Bailey & Light, 1989]. The differences in the hardness of
muscles during ageing were small, however, the hardness of
muscles at 24 h after slaughter was lower than over longer
periods of cold storage. The results indicate that the effects
of changes occurring in meat structure and the degradation
processes of meat proteins during post-mortem ageing on
this TPA parameter are small. The hardness values of mus-
cles roasted after freezing/thawing were slightly lower com-
pared to unfrozen muscles.

Springiness is the rate of return of a meat sample from
a deformed to a starting state after removal of the pressing
force. The values of springiness of ST were higher than PM
muscles, and significantly lower for calf muscles than for
heifer and cow muscles. The analysed time of post-mortem
ageing and freezing/thawing of meat before roasting did not
influence this parameter of texture.

Cohesiveness is the force of internal bonds stabilizing
the meat structure. The values of cohesiveness for ST were
higher than for PM muscles, and were significantly higher
for heifer and cow muscles than for calf muscles. No signif-
icant influence of time of post-mortem ageing on cohesive-
ness of roasted meat was observed. Meat frozen/thawed
before roasting had lower cohesiveness than unfrozen meat.

Resilience is the immediate springiness of meat samples.
The values of resilience for ST muscles were higher than for
PM muscles, and were significantly higher for cow muscles
than for heifer and calf muscles. The time of post-mortem
ageing and freezing/thawing of muscles before roasting did
not significantly influence the resilience.

Chewiness is the energy necessary to grind a meat sample.
The values of chewiness were significantly higher for ST than
PM muscles, the highest for cow muscles and the lowest for
calf muscles. The time of ageing and freezing/thawing of
meat before roasting had no significant effect on chewiness.
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FIGURE 4. Changes in TPA parameters of roasted frozen psoas major and minor and semitendinosus muscles of calves, heifers and cows during
during post-mortem ageing at 4°C (mean values).
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The differences in the texture parameters of roasted
meat, depending on the age of the animal and the anatom-
ical location of muscles, may be connected with the tissue
composition of meat, especially with the share of connective
tissue. The changes in muscle structure and intracellular
proteins as well as in the properties of connective tissue,
which are observed over 12 days of post-mortem cold age-
ing, do not significantly influence the TPA parameters of
roasted meat. 

CONCLUSIONS

1. The thawing losses of calf muscles are lower than
those of heifer and cow muscles, and are higher for psoas
than for semitendinosus muscles.

2. The cooking losses during roasting of meat from older
cattle are higher compared to meat from cattle of lower
somatic maturity. 

3. The psoas muscles reach better tenderness after
a shorter post-mortem ageing period of meat than semi-
tendinosus, which require a longer ageing period.

4. During post-mortem cold storage, the rate of calf
muscles tenderising is higher than that of heifer muscles,
but heifer muscles tenderise faster than cow muscles.

5. The tenderness of meat frozen/thawed before roast-
ing is usually worse than unfrozen, regardless of post-
mortem freezing period. 

6. The cow and semitendinosus muscles have higher val-
ues of TPA parameters (hardness, springiness, cohesive-
ness, resilience and chewiness) in comparison to calf and
psoas muscles, respectively. The post-mortem ageing do not
influence significantly the TPA parameters of cattle meat. 
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RETENCJA WODY, SI£A CIÊCIA I PARAMETRY TEKSTURY MIÊŒNI BYDLÊCYCH PSOAS ORAZ
SEMITENDINOSUS NIE MRO¯ONYCH I ZAMRA¯ANYCH PODCZAS DOJRZEWANIA

CH£ODNICZEGO 

Tadeusz Ko³czak, Krystyna Palka, Jerzy £¹cki

Katedra Przetwórstwa Produktów Zwierzêcych, Akademia Rolnicza, Kraków

Badano wielkoœæ wycieku cieplnego, wartoœæ si³y ciêcia oraz parametry tekstury (TPA) miêœni psoas major i minor (PM)
oraz semitendinosus (ST) ciel¹t, ja³ówek i krów, pieczonych do temperatury wewnêtrznej 78°C w 1, 3, 6, 9 i 12 dniu dojrze-
wania poubojowego w 4°C. Ponadto w wymienionych okresach dojrzewania ch³odniczego miêœnie zamra¿ano do -18°C,
przechowywano w stanie zamro¿onym przez 1 miesi¹c i po rozmro¿eniu pieczono i oznaczano wielkoœæ wycieku cieplnego,
si³ê ciêcia oraz parametry TPA. Okreœlano równie¿ wielkoœæ wycieku rozmro¿eniowego. Wielkoœæ wycieków
rozmro¿eniowego i cieplnego by³a najwiêksza w miêœniach krów a najmniejsza w miêœniach ciel¹t. Zmiany w retencji wody
w miêœniach podczas dojrzewania ch³odniczego by³y niewielkie, najmniejszy wyciek rozmro¿eniowy i najmniejsz¹ wielkoœæ
wycieku cieplnego obserwowano w miêœniach w 1 dniu po uboju (rys. 1, tab. 1). Wartoœæ si³y ciêcia by³a wy¿sza w przypad-
ku miêœnia ST ni¿ miêœnia PM. Podczas dojrzewania ch³odniczego wartoœci si³y ciêcia miêœni mala³y. Miêœnie PM osi¹ga³y
ni¿sz¹ wartoœæ si³y ciêcia w krótszym czasie dojrzewania ch³odniczego ni¿ miêœnie ST. Wartoœci si³y ciêcia miêœni mro¿onych
by³y wy¿sze ni¿ miêœni nie mro¿onych (rys. 2, tab. 2). Miêœnie krów oraz miêœnie ST charakteryzowa³y siê wiêksz¹ twardoœ-
ci¹, sprê¿ystoœci¹, spójnoœci¹ i odbojnoœci¹ oraz gorsz¹ ¿ujnoœci¹ ni¿ miêœnie ciel¹t i miêœnie PM. Nie obserwowano istot-
nych zmian w wymienionych parametrach tekstury miêœni podczas ich poubojowego dojrzewania ch³odniczego (rys. 3,
rys. 4, tab. 2). 


