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Abstract

Forty-two male yearlings were used to assess the in¯uence of breed type and ageing time on beef texture. Samples of the M.
longissimus dorsi of four breed types [double muscled (DM), dual purpose (Brown Swiss, BS), fast growth (FG) and unimproved
type (UT)] were aged for 1, 3, 7, 10, 14 or 21 days at 4�C and frozen at ÿ18�C until analysed. Cooked samples (to end-point of 70�C)
were assessed using a Warner±Bratzler (WB) device. Raw samples were assessed using a compression device in which transverse
elongation was prevented. There were no signi®cant di�erences in WB values of cooked meat due to breed type, but ageing had a
signi®cant (P<0.05) on maximum load. Ageing, but not breed type, had a signi®cant e�ect on the compression values of raw meat

at low compression rates (P<0.001). Compression values, of raw samples, at 80% compression di�ered signi®cantly (P<0.001)
between breed types, but were not a�ected by ageing. Compression values of raw samples, at 80% compression, were a�ected by
breed type, probably because of genotype di�erences in the contribution of connective tissue. # 2000 Elsevier Science Ltd. All
rights reserved.

1. Introduction

Among all meat texture attributes, tenderness has
been considered the most important meat quality char-
acteristic for consumers (Love, 1994). Both instrumental
and sensorial trials have been commonly used for
assessing it. Instrumentally, it is normally measured
with the Warner±Bratzler device, although compression,
tensile, penetrometry and bite tests are also used (Lepe-
tit & Culioli, 1994). However, meat texture is generally
di�cult to evaluate using these physico-chemical tests,
since texture depends on the state and interactions of
di�erent muscle components, especially myo®brillar and
connective tissues (Lepetit, SaleÂ & Ouali, 1986). Both
structures are a�ected by di�erent mechanisms after the
slaughter of the animal. The tenderisation process which
occurs postmortem is largely the result of several
enzyme systems degrading the myo®brillar structure

(RoncaleÂ s et al., 1995), although the connective tissue,
that is the main limiting element of meat tenderness, is
also partially degraded through ageing (Nishimura, Liu,
Hattori & Takahashi, 1998).
Besides ageing, breed type has an important e�ect on

the sensorially perceived tenderisation rate (Campo,
SanÄ udo, Panea, AlbertõÂ & Santolaria, 1999). Most
rheological studies are conducted on cooked meat and
relate ®ndings to sensory characteristics but studies on
raw meat are also important for explaining the biologi-
cal behaviour of di�erent components of the muscle
without the in¯uence of the cooking. We assessed the
in¯uence of breed type on raw and cooked meat
through ageing using two di�erent texture measurement
devices.

2. Material and methods

Forty-two male yearlings were divided into double
muscle (DM), fast growth (FG), dual purpose (Brown
Swiss, BS) and unimproved type (UT) breed groups [for
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production and management characteristics see Campo
et al. (1999) and Table 1]. Animals were slaughtered at a
EU-licensed abattoir and carcasses were chilled under
commercial conditions at 4�C for 24 h. pH was mea-
sured at 24 h post mortem on the lumbar region with an
electrod Crison 507. The M. longissimus dorsi thoracis
and lumborum (LD) (between T11 and L6) was then
removed from the left side and sliced into 2-cm thick
steaks. Chops were vacuum packaged and randomly
chosen for ageing for one of six post mortem ageing
times and then subjected to sensory or texture analysis
(Campo et al.) `One day aged' samples were immedi-
ately frozen and the rest were kept at 4oC for 3, 7, 10, 14
or 21 days before being frozen and stored at ÿ18oC
until analysed.
Collagen content (Bonnet & Kopp, 1984) and its

solubility (Hill, 1966) were assessed on a T6 M. long-
issimus dorsi thoracis sample which had been immedi-
ately frozen at 24 h post mortem.
Steaks were defrosted in tap water for 4 h until

reaching an internal temperature of 17±19�C. Each
steak was then cut transversally into two halves to be
studied either as raw or cooked meat. Meat was vacuum
packaged prior to cooking in a water bath at 75�C until
the internal temperature reached 70�C. Samples, 1 cm2

in cross-section, were cut with muscle ®bres parallel to
the longitudinal axis of the sample. An Instron 4301 was
used in both tests. Maximum load and toughness
(amount of energy necessary to break the sample) were
assessed using a Warner±Bratzler (WB) device shearing
until the total break of the sample. Texture of raw meat
was analysed using a modi®ed compression device that
avoids transversal elongation of the sample (Fig. 1). The
stress was assessed at the maximum rate of compression
and at 20 and 80% maximum compression.
Statistical analyses were performed with SAS (1998)

with a 6 (ageing time) � 4 (breed group) factorial
arrangement in an unbalanced randomized completely
block design. Data were analysed with general lineal

model (GLM) procedures. When F-tests were sig-
ni®cant, means were compared using LSD tests. Corre-
lations and principal component analysis (PCA) for the
texture and collagen variables were also carried out
using SAS software.

3. Results and discussion

Collagen composition results are shown in Table 2.
Total collagen content and insoluble collagen were
highest in the BS breed type and signi®cantly lower in
DM and FG types (P<0.001). Normally DM animals
are characterized by their low collagen content (Arthur,
1995). The solubility of the collagen in the LD of all the
breed types was high, probably because the animals
were young and intensively fed; both of these factors are

Table 1

Productive, carcass characteristics, intramuscular fat content and pH (M. longissimus dorsi) in the four cattle breed types included in the experimenta

Double muscle Fast growth Brown Swiss Unimproved S.E.D.

Slaughter weight (kg) 463.17 479.83 472.83 464.06 5.896

Daily weight gain (kg) 1.36z 1.67y 1.74y 1.32z 0.035

Carcass yieldb (%) 68.83w 63.00x 60.06y 58.60z 0.234

EUROP conformation Ex Uÿy R+y Rÿz 0.167

Fatness classi®cation 1z 2+y 3-x 3x 0.209

Musclec (%) 80.05x 74.39y 70.39z 69.88z 0.110

Fatc (%) 4.16z 7.90y 9.39x 10.97w 0.231

Bonec (%) 15.79z 17.71y 20.22x 19.15x 0.198

Intramuscular fat content (%) 0.97z 2.02y 3.03x 3.22x 0.130

pH 24 h 5.54 5.49 5.57 5.59 0.012

a Means in the same row lacking a common letter di�er signi®cantly (P<0.001).
b Cold carcass weight�100/slaughter live weight.
c From the full dissection of commercial joints.

Fig. 1. Direction of the applied force (A) and the sample deformation

(B) in the compression test.
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said to favour the accumulation of new, very soluble,
collagen as it happened in Brahman crosses (Allingham,
Harper & Hunter, 1998).

3.1. Ageing e�ect

The only signi®cant e�ect of ageing on the WB values
of cooked LD samples was observed on maximum load
(P<0.05; Table 3). There was such high variability
through ageing that it cannot be described a common
evolution in each breed group in this factor. Although
load values tended to decrease in the ®rst week, as in
Wheeler, Savell, Cross, Lunt and Smith (1990) and
O'Halloran, Troy and Buckley (1994), the DM group
reached its highest load value at 14 days (6.61 kg) and
its lowest at 21 days (4.38 kg) (Table 4). These di�er-
ences could be due to several factors, because the ran-
domisation of the samples along the LD could a�ect its
behaviour after the in¯uence of the cooking, since the
distribution of myo®brils and collagen vary along the
muscle. Ageing a�ects the myo®brillar component but
both connective and myo®brillar tissues contribute to
the ®nal texture of cooked meat (Tornberg, 1996) since
they are related to its mechanical properties (Lepetit &
Culioli, 1994). Meat resistance to shear force would
depend on collagen contraction during heating, (Lepe-
tit, 1989). And connective tissue would increase its
compression force over the muscular ®bres at 64�C
(Grajales, 1999). This cooking in¯uence on muscular

structure could cause a low sensitivity of Warner±Brat-
zler test to detect myo®brillar changes throughout age-
ing, although a low tenderisation was appreciated by
this method. Toughness was also highly variable (Table
5) and only decreased with ageing in the UT group,
although the rate of tenderisation was smaller than that
found by Sherbeck, Tatum, Field, Morgan and Smith
(1995) in Bos indicus crosses.
Ageing had an in¯uence on stress at low but not high

compression rates in raw meat (Table 2). Our results
suggested that low strain only measured the myo®brillar
mechanical resistance, since connective ®bres are not
stretched but only unfolded at this rate (Lepetit et al.,
1986). Since enzymatic processes after rigor mortis
mainly a�ect myo®brils, values decreased in every breed
group with ageing (Table 5). The biggest tenderisation
was during the ®rst week, with 99.76% of the total dif-
ferences between the maximum and the minimum value

Table 3

Signi®cance of main e�ects in the studied texture parametersa

Ageing Breed type A*B

Maximum load WB * n.s.b *

Toughness n.s. n.s. n.s.

Stress 20% *** n.s. n.s.

Stress 80% n.s. *** n.s.

Maximum stress C n.s. *** n.s.

a WB, Warner±Bratzler, cooked meat, C, compression, raw meat.
b n.s., no signi®cant e�ects.

* P<0.05; ***P<0.001.

Table 2

Collagen composition of M. longissimus dorsi muscle in four breed

typesa,b

Breed type

DM FG BS UT S.E.D.

Total (mg/g) 2.33z 2.32z 4.67x 2.82y 0.021

Insoluble (mg/g) 1.27z 1.28z 2.34x 1.58y 0.013

Solubility (%) 45.16z 44.61z 49.84y 43.86z 0.293

a DM, double muscle; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same row not followed by a common letter di�er

signi®cantly (P<0.001).

Table 4

Maximum load (kg) using a Warner±Bratzler test on M. longissimus

dorsi of di�erent breed typesa,b aged for 1, 3, 7, 10, 14 or 21 days and

cooked to 70�C

Breed type

Ageing DM FG BS UT S.E.D.

1 4.69B 4.93ABC 5.56AB 5.40A 0.236

3 5.37AB 5.72A 4.93AB 5.47A 0.210

7 4.65B 4.33BC 4.62B 4.20B 0.184

10 4.85yz AB 4.16zC 6.16yA 5.27yA 0.218

14 6.61yA 4.82zBC 4.71zB 4.63zAB 0.187

21 4.38B 5.13AB 5.21AB 4.53AB 0.213

S.E.D. 0.233 0.131 0.189 0.141

a DM, double muscled; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same row not followed by a common lowercase

letter di�er signi®cantly (P<0.05); Means in the same column not

followed by a common uppercase letter di�er signi®cantly (P<0.05).

Table 5

Toughness (kg/cm) measured using a Warner±Bratzler test on M.

longissimus dorsi of di�erent breed types aged for 1, 3, 7, 10, 14 or 21

days and cooked to 70�Ca,b

Breed type

Ageing DM FG BS UT S.E.D.

1 1.77B 1.79AB 2.08 2.05A 0.071

3 2.00AB 2.01A 1.74 1.97AB 0.071

7 1.77B 1.63B 1.84 1.82AB 0.055

10 1.80yzB 1.71zB 2.16y 1.92yzAB 0.063

14 2.38yA 1.77zAB 1.79z 1.74zB 0.045

21 1.84B 1.75AB 1.86 1.73B 0.063

S.E.D. 0.063 0.045 0.063 0.032

a DM, double muscled; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same row not followed by a common lowercase

letter di�er signi®cantly (P < 0.05); Means in the same column not

followed by a common uppercase letter di�er signi®cantly (P < 0.05).
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in the FG group, 89.90% in the BS breed and 88.68% in
the UT group. The DM group had the maximum ten-
derisation in the ®rst 3 days (81.39%). After the ®rst
week, no value was signi®cantly di�erent from the rest.
Groups with a higher stress at short ageing times (BS
and UT) had the lowest values at long ageing times,
showing a di�erent time course from DM and FG
groups. This agrees with the sensory test (Campo et al.,
1999). Possibly the smaller muscle ®bres and lower cal-
pain I level in double muscled animals (Bailey, Enser,
Drans®eld, Restall & Avery, 1982; Steen, Claeys, Uyt-
terhaegen, De Smet & Demeyer, 1997; Uytterhaegen et
al., 1994) would produce lower stress at early post
mortem times and less protein degradation respectively,
which could bring about this di�erence at long ageing
times.
Since there was no signi®cant breed type e�ect we

calculated the average stress in all groups at 20% com-
pression (Fig. 2). The stress limit after ageing seems to
decrease asymptotically towards 4 N/cm2. The evolu-
tion at this low rate of compression agrees with previous
results for raw meat using other instrumental techniques
such as sinusoidal and lineal compression tests (Lepetit,
1988; Lepetit & Bu�ere, 1993, 1995).
The absence of signi®cant di�erences within breed

groups due to ageing in the 80% compression (Table 7)
and maximum deformation results (Table 8) is not
unexpected, as high strains are especially related to
connective tissue (Eikelenboom, Barbier, Hoving-
Bolink, Smulders & Culioli, 1998), and there is no evi-
dence that ageing in¯uences the mechanical strength of

connective tissue (Harris, Miller, Savell, Cross &
Ringer, 1992), at least in the ®rst 10 days of ageing
(Nishimura et al., 1998), although certain enzymatic
systems have been said to degrade it (Dutson, Smith &
Carpenter, 1980; Wu, Dutson & Carpenter, 1981).

3.2. Breed e�ect

Breed groups only di�ered in maximum load with the
WB device in cooked meat at 10 and 14 days of ageing
(Table 4). BS was the toughest meat at 10 days (6.16 kg)
and DM group the toughest at 14 days (6.61 kg). In the
literature, the biggest di�erences have been found
between Bos indicus and Bos taurus, due to di�erences in
the calpain system (O'Connor, Tatum, Wulf, Green &
Smith, 1997). Wulf, Morgan, Tatum and Smith (1996)
found higher values through ageing in Charolais than in
Limousin, probably related to genetic di�erences in
enzymatic activity, fatness or ®bre type (Mandell, Gul-
lett, Wilton, Kemp & Allen, 1997). In continental beef
breeds, Gregory, Cundi�, Koch, Dikeman and Kooh-
maraie (1994) found three di�erent breed groups: Gel-
vieh, Limousin and Simmental had the highest
resistance after 9 days of ageing, Charolais, Braunvieh,
Red Poll and Hereford had average values, and Pinz-
gauer and Angus the lowest. Their values were similar
to those found in our study. In our results, no di�erence
between breed groups could be related to the in¯uence
that the cooling rate could have on meat quality since
the leanest carcasses with a higher muscularity, DM
group (Table 1), did not show the toughest meat at

Fig. 2. Stress at a compression rate of 20% (S.E.D.=0.125) of raw M. longissimus dorsi at di�erent ageing times (1, 3, 7, 10, 14 or 21 days).
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short ageing periods, although muscles of double mus-
cled animals could be susceptible to cold shortening
(Uytterhaegen et al., 1994). On the other hand, a pH
between 5.5 and 5.6 would not be responsible of any
change in sarcomere length (Purchas, Yan & Hartley,
1999), which would avoid an important source of
toughness variation among samples.
Breed type signi®cantly a�ected stress at 80% and

maximum compression on raw meat (P<0.001, Table
3) but not at 20%, where only ageing was signi®cant. At
this low strain DM group tended to have the highest
values from the ®rst week of ageing (Table 6). Gen-
erally, double muscled animals are considered to have a
higher myo®brillar toughness (Clinquart, Hornick, Van
Eenaeme & Istasse, 1998). Because of genetic char-
acteristics, double muscled animals show a higher num-
ber of muscular cells (Hanset, Michaux, Dessy-doize &
Buronboy, 1982; Lazzaroni, Semprini, Abrate, Pagano
& Toscano-Pagano, 1994; Wegner, Albrecht, Papstein
& Enderr, 1997) with a higher number of white ®bres
(e.g. Belgian Blue White, Wegner et al., 1997), which are

inversely related to tenderness (Maltin et al., 1998). This
could be the reason for the di�erences in stress at a high
compression rate, since double-muscled animals have
less collagen (Uytterhaegen et al., 1994) and less stable
non-reducible cross-links (Bailey et al., 1982). All of
these factors make it less resistant to the compression
test, although the relationship between type of stable
cross links and maximum load in raw meat has not been
completely described.
There were di�erences between breed groups in LD

compression values (80%; Table 7) from 3 days of age-
ing onwards and from the ®rst day of ageing at the
maximum compression rate (Table 8). DM group had
the lowest values for all ageing times, followed by FG.
BS and UT varied on the highest value depending on
the ageing time. Breed group di�erences were higher as
ageing proceeded. As mentioned above, higher stress
rate is mainly related to the connective tissue. Since this
tissue depends on the collagen content and the number
of links between collagen molecules (Shorthose & Har-
ris, 1990), there could be a genetic in¯uence in collagen
composition.
Other factors also a�ect connective tissue composi-

tion including animal age which in¯uences heat stable
links (Horgan, Jones, King, Kurth & Kuypers, 1991). In
this study, animals were almost all the same age since
they were slaughtered at the same live weight (460 kg)
and produced under the same conditions. Besides, ®nal
weight could have a greater e�ect on toughness than age
(Clinquart et al., 1997). As there was no signi®cant
e�ect of ageing, stress at 80% compression andmaximum
stress are shown in Fig. 3 by breed group. BS (with the
most total and insoluble collagen) had the highest
values in both variables, and DM the lowest stress.
There was no correlation between Warner±Bratzler of

cooked meat and compression data of raw meat (Table
9). This demonstrates the e�ect that cooking can have
on texture parameters and the di�erent structures that

Table 7

Stress at 80% maximum compression (N/cm2) in raw M. longissimus

dorsi of di�erent breed types aged for 1, 3, 7, 10, 14 or 21 daysa,b

Breed type

Ageing DM FG BS UT S.E.D.

1 33.39 36.43 42.59 40.70 1.512

3 28.98z 34.78yz 43.17x 38.43xy 1.087

7 25.12z 33.27y 43.85x 39.64x 1.203

10 27.21z 41.40y 42.59y 42.80y 1.130

14 30.26z 38.24y 40.33y 44.43y 0.913

21 28.48z 38.94y 47.23x 44.84xy 1.143

S.E.D. 1.351 0.940 1.516 0.651

a DM, double muscled; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same row not followed by a common lowercase

letter di�er signi®cantly (P<0.05).

Table 8

Maximum stress of compression (N/cm2) in raw M. longissimus dorsi

of di�erent breed types aged for 1, 3, 7, 10, 14 or 21 daysa,b

Breed type

Ageing DM FG BS UT S.E.D.

1 45.01 z 52.55 yz 59.13 y 60.13 y 1.780

3 39.75 z 49.90 y 64.60 w 56.62 x 1.217

7 38.84 z 51.06 y 70.05 w 59.66 x 1.640

10 39.33 z 61.82 y 66.65 y 61.04 y 1.937

14 41.26 z 54.79 y 59.22 xy 64.10 x 1.294

21 39.40 z 55.20 y 67.36 x 60.63 xy 1.586

S.E.D. 1.561 1.334 1.820 0.915

a DM, double muscled; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same row not followed by a common lowercase

letter di�er signi®cantly (P<0.05).

Table 6

Stress at 20% maximum compression (N/cm2) in raw M. longissimus

dorsi of di�erent breed types aged for 1, 3, 7, 10, 14 or 21 daysa,b

Breed type

Ageing DM FG BS UT S.E.D.

1 8.88A 8.35A 9.21A 9.06A 0.538

3 5.73B 6.11B 6.77AB 6.83B 0.497

7 5.99B 4.24C 4.67B 4.83C 0.275

10 4.96B 4.75C 4.50B 4.42C 0.150

14 4.64B 4.67C 4.26B 3.97C 0.134

21 5.01B 4.23C 4.16B 4.29C 0.118

S.E.D. 0.413 0.196 0.475 0.212

a DM, double muscled; FG, fast growth; BS, dual-purpose; UT,

unimproved type.
b Means in the same column not followed by a common uppercase

letter di�er signi®cantly (P<0.05).
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each device measures. Nor there was a signi®cant
correlation between collagen composition and texture
parameters, although those measured with the
compression test showed a nearly signi®cant correlation
with total collagen and collagen solubility. Ageing and
breed e�ects were more apparent using raw rather than
cooked meat.
The PCA result is shown in Fig. 4. It was not possible

to separate ageing times with instrumental and collagen
variables. Nevertheless, we separated four groups

according to breed type. Factor one separated the BS
group from the rest, placing it in a positive range. Fac-
tor two separated the DM animals, placing them in a
negative range with respect to FG and UT groups. The
latter were in the neutral and positive ranges respec-
tively. No one breed group was characterized by a spe-
ci®c instrumental, or collagen, variable. Warner±
Bratzler variables were placed separately from the rest
of the compression and collagen variables while the
stress at high compression rates was closely related to

Fig. 3. Stress at a compression rate of 80% (S.E.D.=0.449) and maximum stress at a compression rate of 100% (S.E.D.=0.617) of raw M. long-

issimus dorsi of di�erent breed types: DM, double muscle; FG, fast growth; BS, dual-purpose; UT, unimproved type.

Table 9

Correlations among texture variables using the Warner±Bratzler device (WB) in cooked M. longissimus dorsi, the compression test (C) in raw M.

longissimus dorsi and collagen composition

Max. Load WB Toughness Stress 20% Stress 80% Max. Stress C Total collagen Insoluble

Toughness 0.92***

Stress 20% 0.04 0.11

Stress 80% 0.11 0.19 0.54***

Max. Stress C ÿ0.03 0.02 0.49** 0.92***

Total collagen 0.03 0.02 0.21 0.19 0.17

Insoluble 0.02 -0.02 0.13 0.15 0.17 0.95***

Solubility 0.01 0.09 0.30 0.13 0.09 0.44** 0.15

**P<0.01; ***P<0.001.
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muscle collagen composition than the stress at low
compression rates, con®rming what has been previously
reported.
According to the results, the Warner±Bratzler test is

not as good in assessing meat texture evolution through
ageing as the modi®ed compression device using raw
meat. These results could be related to the cooking
method used to assess texture with the Warner±Bratzler
device, because of the probably in¯uence that heating
had on muscle protein textural characteristics. Low
compression rates, in raw meat, are clearly in¯uenced
by ageing in the development of meat tenderness and
high compression rates demonstrate the in¯uence of
connective tissue composition. We can conclude that
ageing has a more important e�ect on myo®brillar ten-
derisation than breed type and that some related genetic
factors, such as connective tissue composition, can sig-
ni®cantly a�ect meat texture.
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