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Abstract

Forty-two yearling males from seven European beef breeds were used to study breed type and ageing time e�ects on meat sensory

quality. Breeds were grouped according to their double muscled condition (DM), dual-purpose condition (Brown Swiss, BS), fast
growth rate (FG) and rustic characteristics (RT). Vacuum packaged loin chops were aged for 1, 3, 7, 10, 14 and 21 days at 4�C and
evaluated by a trained taste panel. Ageing time had the main in¯uence in all the studied sensorial descriptors. Breed type did not
a�ect juiciness, ®brosity or overall ¯avour intensity. Interactions between breed type and ageing appeared in global odour intensity,

tenderness (p < 0:05) and acid ¯avour intensity (p < 0:01). All breed types showed higher tenderness scores as ageing period
increased but, comparatively, those with higher scores at an early postmortem period (DM, FG) showed lower scores at a late
postmortem time. A possible faster, but shorter and less intensive meat tenderisation rate in animals with double muscled condition,

and its particular collagen characteristics, in relation to BS and RT groups, could explain our ®ndings. # 1999 Elsevier Science Ltd.
All rights reserved.

1. Introduction

The palatability of beef a�ects consumers' purchasing
decisions (Savell et al., 1987) and tenderness is usually
considered the most important criterion of acceptability
(Love, 1994). The increasing consumer demand for
quality meat products has promoted the creation of the
current European Union Policy related to beef meat
labels, with the aim of controlling factors that guarantee
®nal quality. Two of these factors, production (species,
breed, crossbreeding, age, slaughter weight or diet) and,
especially, technological (refrigeration or ageing time)
have been intensively studied (Monin, 1991; Ouali,
1991). In natural conditions, ageing is an important
component that in¯uences the ®nal perception of the
product and, although it is usually speci®ed in every
label, an optimum has not been de®ned yet. Breed is
also one of the most important distinguishing factors in
these beef labels since they are related to traditional
production systems that are associated with local breeds
adapted to di�cult or speci®c environments and hand-
ling systems. Some researchers have focused their stu-
dies about ageing or breed e�ects on the crossbreeding

between Bos taurus and Bos indicus or British versus
Continental meat breeds (Gregory, Cundi�, Koch,
Dikeman, & Koohmaraie, 1994; O'Connor, Tatum,
Wilf, Green, & Smith, 1997; Sherbeck, Tatum, Field,
Morgan, & Smith, 1995). Few studies have attempted to
assess the in¯uence of breed type on meat palatability in
animals with di�erent production purposes along a wide
range of times. In a previous report, we tried to assess
the in¯uence of several local breeds in some meat sen-
sorial attributes, but only at three di�erent ageing times
and with a short sensorial pro®le (SanÄ udo et al., 1997).
Assessing the optimun ageing time for di�erent breed
groups, according to a larger sensorial pro®le and a higher
number of ageing times, was the aim of the present study.

2. Materials and methods

Six non-castrated male yearlings from each of the
following seven European breeds were studied: Asturiana
de los Valles (AS) (double muscled breed from the
North of Spain), Pirenaica (PI) and Rubia Gallega
(RG) (Northern Spanish meat purpose breeds from the
Pyrenees and Galicia, respectively), Brown Swiss (BS)
(dual-purpose breed) and AvilenÄ a-Negra IbeÂ rica (AV),
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Morucha (MO) and Retinta (RE) (rustic breeds from
the Centre and East of Spain) (SaÂ nchez Belda, 1981).
Calves were reared until weaning in their local condi-
tions. At the age of six months they were fed at a com-
mon feedlot in the facilities of the Agricultural Research
Service in Zaragoza. Upon entry into the feedlot the
calves were deparasitised (Ivermectine) and vaccinated
(Cattle master 4). The ®nishing diet consisted of: 85.4%
barley, 10% soybean meal, 3% fat and 1.6% mineral
supplement. Breeds were grouped into four types by a
factor analysis according to their production and carcass
characteristics (Alberti et al., 1998). Daily weight gain
was assessed in the intensively fed period as the increased
daily weight between the ®nal live weight and the initial
weight in the feedlot at the beginning of the trial.

Animals were slaughtered at an EU-licensed com-
mercial abattoir. After chilling at 4�C for 24 h, carcass
conformation (EUROP) and fatness scores were asses-
sed. The carcass tissue composition was calculated from
the dissection of commercial joints. The strip loin was
removed from the posterior left side to the 11th rib and
the m. longissimus thoracis et lumborum was obtained.
Two-centimetre thick chops were cut, randomly assigned
to one of six postmortem ageing periods and vacuum
packaged individually. Those steaks with one day of age-
ing were frozen immediately. The rest of the samples were
kept at 4�C until the ageing time reached 3, 7, 10, 14 or 21
days, before being frozen and stored at ÿ18�C. A sample
from them. Longissimus dorsi thoracis (11th rib) was used
for assessing the percentage of intramuscular fat content
(IMF) according to procedures of the AOAC (1995).

Chops were thawed at 4�C overnight 24 h before each
panel session. Meat was cooked in a double plate grill
(SAMMIC P8D-2) at 200�C, inside aluminium paper,
until it reached 70�C of internal temperature, which was
monitored by an internal thermocouple (JENWAY
2000). Every steak was then trimmed of any external
connective tissue, cut into 2-cm2 samples, wrapped in
codi®ed aluminum paper and stored (approximately 5
min) in warm pans at 60�C until tasted.

Samples were randomly served to a trained eleven-
member sensory panel in individual booths under red
lighting to mask di�erences in meat colour. A comparative
multisample test, with six samples each time, was used to
detect di�erences in sensory attributes among each breed
group and ageing time, by means of a balanced incomplete
block design, as described by Meilgaard, Civille, and Carr
(1991). In every session, samples were presented in di�er-
ent order to each panellist for 42 sessions, with a total of 66
judges per breed and ageing period.

On a nine-point scale, panellists assessed a pro®le
composed of overall and livery odour intensity, tender-
ness (de®ned as the opposite of the force required to bite
through the sample with the molars), juiciness (amount
of moisture released by the sample after the ®rst two
chews), ®brosity (amount of ®bres perceived after four
chews), residue (amount of connective tissue perceived
before swallowing), overall, acid and livery ¯avour
intensity. A score of 1 stood for low odour and ¯avour
intensity, tough, dry, little ®bre and amount of residue
and 9 stood for high odour and ¯avour intensity, ten-
der, juicy, high ®bre and amount of residue.

Statistical analyses were made with SAS (1998) pro-
cedures for a 6 (ageing time)�4 (breed group) factorial
arrangement of an unbalanced randomized completely
block design. Data were analysed with GLM proce-
dures. When F-tests were signi®cant, means were com-
pared using LSD tests. The principal component
analysis (PCA) for the sensorial attributes were also
carried out using the SAS software packages.

3. Results and discussion

Individual production and carcass characteristics are
shown in Table 1. According to them, breeds were divi-
ded into four groups (Table 2). Since double muscled
condition a�ects sensorial properties of meat (SanÄ udo et
al., 1998), AS breed was considered as a breed type
(DM). BS was included alone in another group (BS) due

Table 1

Production characteristics, carcass composition and intramuscular fat content on di�erent cattle breeds

ASa RG PI BS AV RE MO s.e.d.

Slaughter weight (kg) 463.2 477.3 482.3 472.8 456.5 469.8 466.0 6.350

Daily weight gain (kg) 1.36 yzc 1.59 xy 1.76 x 1.74 x 1.39 yz 1.37 yz 1.20 z 0.038

Carcass yield (%)b 68.83 v 61.72 x 64.29 w 60.06 y 59.36 y 57.82 z 58.64 yz 0.204

EUROP conformation E v R+ wx Uÿ w R+ x Rÿ y R x O+ z 0.119

Fatness classi®cation 1 z 2 y 2+ y 3ÿ xy 3 wx 3+ w 3ÿxy 0.195

Muscle (%) 80.05 w 72.56 y 76.22 x 70.39 z 70.67 yz 69.89 z 69.09 z 0.300

Fat (%) 4.16 z 8.40 xy 7.40 y 9.39 wx 10.14 vw 11.35 v 11.41 v 0.236

Bone (%) 15.79 z 19.04 xy 16.38 z 20.22 x 19.18 xy 18.76 y 19.50 xy 0.163

Intramuscular fat content (%) 0.97 z 2.27 xy 1.78 yz 3.03 wx 3.13 wx 2.98 wx 3.54 w 0.136

a AS=Asturiana de los Valles; RG=Rubia Gallega; PI=Pirenaica; BS= Brown Swiis; AV=AvilenÄ a; RE=Retinta; MO=Morucha.
b Cold carcass weight�100/slaughter weight.
c Means in the same row not followed by a common letter di�er signi®cantly (p < 0:001).
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to its dual-purpose condition, either milking or meat
breed. PI and RG breeds were included into the fast
growth group (FG) according to the meat purpose of
both of them. And AV, RE and MO breeds were con-
sidered together into the rustic type group (RT).

Signi®cance of sensorial attributes main e�ects is
shown in Table 3. Ageing time has been the most
important factor in every sensory descriptor studied so

far, as found by Miller et al. (1997). No signi®cant breed
type e�ect was observed in juiciness, ®brousness or
overall ¯avour intensity. There was an interaction
between ageing time and breed type in global odour
intensity, tenderness and acid ¯avour.

3.1. Ageing e�ect

Overall and liver odour intensity (Table 4) ¯uctuated
throughout ageing (p < 0:01), increasing especially at 21
days. Meat nitrogen-containing compounds can be
formed by natural degradation occurring during ageing,
and some of them have been reported to possess a vari-
ety of meat notes (Maga, 1976) which can partially
explain the increasing value of the odour. Liver odour
had an average value of 1.60 with a small in¯uence on
the perceived global odour intensity. The rest of the
overall odour could be due to many volatile com-
pounds, which have been described as components of
cooked meat (Farmer & Patterson, 1991), although
their in¯uence on the perceived odour is not fully
understood.

Table 2

Production and carcass composition characteristics and intramuscular fat content on di�erent cattle breed types included in the experiment

Double muscle Fast growth Brown Swiss Rustic s.e.d.

Slaughter weight (kg) 463.17 479.83 472.83 464.06 5.896

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

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

EUROP conformation E x Uÿ y R+ y Rÿ z 0.167

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

Muscle (%) 80.05 y 74.39 y 70.39 z 69.88 z 0.110

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

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

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

a Cold carcass weight�100/slaughter weight.
b Means in the same row not followed by a common letter di�er signi®cantly ( p < 0:001).

Table 3

Signi®cance of main e�ects in the studied sensory descriptors

Ageing Breed type A*B

Overall odour intensity ** * *

Liver odour intensity *** * n.s.a

Tenderness *** * *

Juiciness ** n.s. n.s.

Fibrosity *** n.s. n.s.

Residue *** * n.s.

Global ¯avour intensity ** n.s. n.s.

Acid ¯avour intensity *** *** **

Liver ¯avour intensity *** * n.s.

a n.s.=no signi®cant e�ects; *p < 0:05; **p < 0:01; ***p < 0:001.

Table 4

Overall odour and liver odour intensity average values in every breed type [double muscle (DM), fast growth (FG), dual-purpose (BS) and rustic

(RT)] at every ageing time (1, 3, 7, 10, 14 and 21 days)

Overall odour intensitya Liver odour intensitya

Ageing DM FG BS RT s.e.d. DM FG BS RT s.e.d.

1 5.23 B 5.46 AB 5.00 5.19 B 0.075 1.58 1.56 B 1.56 AB 1.60 B 0.038

3 5.62 yb ABc 5.33 yz B 5.00 z 5.30 yz AB 0.072 1.46 1.61 AB 1.42 B 1.57 B 0.038

7 5.41 y AB 4.86 z C 5.20 yz 5.25 y B 0.075 1.57 1.60 AB 1.48 AB 1.56 B 0.039

10 5.38 AB 5.39 AB 5.15 5.05 B 0.075 1.61 yz 1.79 yz A 1.58 z AB 1.92 y A 0.056

14 5.26 yz B 5.71 y A 5.11 z 5.25 z B 0.075 1.57 1.54 B 1.42 B 1.56 B 0.040

21 5.90 y A 5.45 z AB 5.46 yz 5.58 yz A 0.068 1.62 1.70 AB 1.70 A 1.92 A 0.051

s.e.d. 0.078 0.055 0.081 0.044 0.043 0.033 0.042 0.030

a 1, very low intensity±9, very high intensity.
b Means in the same row not followed by a common lowercase letter di�er signi®cantly ( p < 0:05).
c Means in the same column not followed by a common uppercase letter di�er signi®cantly ( p < 0:05).
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Texture is the most in¯uential factor in meat
throughout ageing, especially tenderness. In all the
breed groups sensory values for tenderness were higher
as the ageing time increased (Table 5) according to
other previous ®ndings (Hu� & Parrish, 1993; Miller et
al., 1997). The enzymatic action, which produces myo-
®brilar degradation throughout ageing, is the most
important factor a�ecting meat tenderisation under
normal technological procedures (RoncaleÂ s et al., 1995).
Juiciness showed a di�erent evolution along ageing
depending on the observed breed group. On the other
hand, the degradation of the myo®brilar and connective
structure (Geesink, Koolmees, Van Lacks, & Smulders,
1995; Nishimura, Hattori, & Takahashi, 1996) could
have been responsible for the decreasing ®brousness and
residue scores throughout the ageing process (Table 6).
As shown in Fig. 1, ®brousness and residue are repre-
sented opposite to tenderness and juiciness, separated
by Factor 1, and closely related to early post-mortem
times. It seems that ®brousness and residue could be

characteristic of the unaged muscle ®bre and tenderness
and juiciness could de®ne the evolved muscle throughout
ageing. Long ageing periods would be related to more
tender meat with a less amount of ®brous and residue.

Overall (p < 0:01) and livery ¯avour intensity
(p < 0:001) increased throughout ageing time (Table 7),
as previously found by Smith, Culp, and Carpenter
(1978). The oxidation process that could produce o�-
¯avour a�ecting overall ¯avour intensity was probably
reduced with the vacuum packaged methodology and
the intact loin steak used (Spanier & Miller, 1996). As a
result the evolution of the ¯avour was related to the
development of ¯avour precursors due to post-mortem
processes since many peptides are formed during post-
mortem ageing (Etherington, 1987; Koohmaraie, Babi-
ker, Merkel, & Dutson, 1988) and they can react with
other compounds producing new ¯avour components
(Bailey & Shin-Lee, 1989). Acid ¯avour also increased
with ageing (p < 0:001), as described by Spanier, Flores,
McMillin, and Bidner (1997), especially after 10 days.

Table 5

Tenderness and juiciness average values in every breed type [double muscle (DM), fast growth (FG), dual-purpose (BS) and rustic (RT)] at every

ageing time (1, 3, 7, 10, 14 and 21 days)

Tenderness a Juiciness b

Ageing DM FG BS RT s.e.d. DM FG BS RT s.e.d.

1 5.36 yc Bd 4.82 z B 4.76 z C 4.49 z D 0.075 4.78 y A 4.19 z BC 4.39 yz ABC 4.42 yz AB 0.081

3 5.39 B 5.04 B 5.11 BC 5.01 C 0.074 3.98 B 4.11 C 4.05 BC 5.01 A 0.077

7 5.60 y AB 5.76 y A 5.24 z BC 5.68 y B 0.078 4.59 AB 4.68 A 4.69 A 4.36 B 0.085

10 5.83 yz AB 6.07 y A 5.56 z B 5.69 z B 0.075 4.22 AB 4.71 A 4.32 ABC 4.65 AB 0.082

14 5.95 yz AB 5.97 y A 5.48 z B 6.04 y A 0.072 4.30 yz AB 4.47 yz ABC 4.00 z C 4.48 y AB 0.080

21 6.11 A 6.14 A 6.45 A 6.29 A 0.078 4.18 z AB 4.57 yz AB 4.59 yz AB 4.69 y AB 0.084

s.e.d. 0.089 0.057 0.078 0.046 0.092 0.066 0.083 0.049

a 1, very tough±9, very tender.
b 1, very dry±9, very juicy.
c Means in the same row not followed by a common lowercase letter di�er signi®cantly (p < 0:05).
d Means in the same column not followed by a common uppercase letter di�er signi®cantly (p < 0:05).

Table 6

Fibrosity and residue average values in every breed type [double muscle (DM),fast growth (FG), dual-purpose (BS) and rustic (RT)] at every ageing

time (1, 3, 7, 10, 14 and 21 days)

Fibrosity a Residue b

Ageing DM FG BS RT s.e.d. DM FG BS RT s.e.d.

1 4.24 AB 4.66 A 4.65 A 4.63 A 0.094 4.13 4.00 A 3.73 3.99 A 0.096

3 4.18 AB 4.22 BC 4.00 B 4.39 A 0.086 4.04 3.61 AB 3.86 3.82 A 0.093

7 4.50 yc Ad 3.68 z D 3.98 yz B 3.90 z B 0.083 4.01 y 3.42 z B 3.41 z 3.42 z B 0.088

10 3.98 AB 3.81 CD 3.82 B 3.81 BC 0.082 3.62 3.63 AB 3.29 3.42 B 0.088

14 3.61 yz B 3.54 yz D 4.04 y B 3.52 z C 0.082 3.64 y 3.58 yz AB 3.33 yz 3.17 z B 0.086

21 3.90 AB 3.51 D 3.61 B 3.63 BC 0.083 3.65 3.42 B 3.29 3.31 B 0.094

s.e.d. 0.102 0.064 0.088 0.052 0.102 0.072 0.092 0.054

a 1, very low ®brosity±9, very high ®brosity.
b 1, low amount of residue±9, large amount of residue.
c Means in the same row not followed by a common superscript lowercase letter di�er signi®cantly (p < 0:05).
d Means in the same column not followed by a common uppercase letter di�er signi®cantly (p < 0:05).
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As shown in Fig. 1 and separated by Factor 1, ¯avour
compounds were related to late post-mortem times,
showing the necessity of an ageing period for their
development and the acquisition of certain meat sensory
characteristics after the slaughter.

3.2. Breed e�ect

Signi®cant e�ects among breed groups in overall
odour intensity (Table 4) were shown only at 3, 7, 14
and 21 days of ageing. DM type had the highest score
(p < 0:05) at early postmortem times (3 and 7 days) and
at 21 days of ageing. At 14 days of ageing the highest
value belonged to the FG breed type. No di�erences
among ageing times were found in BS. The evolution of
FG was di�erent from the rest of groups, with a much
lower score at 7 days of ageing. Nevertheless, no expla-
nation was found for this behaviour and no references
were found concerning the in¯uence of breed in meat
odour throughout ageing. On the other hand, signi®cant
di�erences appeared in liver odour intensity only at 10
days of ageing, where RT had a higher score than BS.

In agreement with Gregory et al. (1994), the main
textural di�erences were found in tenderness values
(Table 5). Statistical di�erences that appeared at 1, 7, 10
and 14 days of ageing, among the di�erent breed types,
were not signi®cant at 21 days. Other studies have also
proved that ageing time reduces the toughness di�erence
among breeds (O'Connor et al., 1997; Wulf et al., 1996).
As Smith et al. (1978), the main tenderisation process

was sensorially found in the ®rst seven days of ageing.
Thus, throughout the ®rst week, the DM group showed
32% of its total tenderisation, RT showed 66.1% and
FG showed 71.2%. Conversely, however, we found
57.4% of the tenderisation perceived rate during the
third week in BS, and a very important increase of the
tenderness score in RT during this period (0.25 points
versus 0.16 or 0.17 in DM and FG respectively), result-
ing in a very tender meat and showing a late e�ect of
ageing in these breed groups. The same behaviour has
been found between Bos taurus and Bos indicus
(O'Connor et al.; Pringle, Williams, Lamb, Johnson, &
West, 1997), where Bos indicus needs a longer ageing
time to obtain a similar tenderness score as Bos taurus,
probably due to di�erent post-mortem proteolytic
activity (Whipple et al., 1990).

DM breed type was scored as the most tender at 1
(p < 0:01) and 3 days of ageing, but had the lowest ten-
derness among the studied breed types at 21 days
(p > 0:05). Similar results were found in a previous
report (SanÄ udo et al., 1997) showing a higher tenderness
score at early post-mortem times in muscular hyper-
trophied animals compared to the rest of studied breeds.
Its double muscle condition, which implies a di�erent
myo®brillar composition with a higher number of cells
(Hanset, Michaux, Dessy-Doize, & Burtonboy, 1982;
Lazzaroni, Semprini, Abrate, Pagano, & Toscano-Pagano,
1994) and its di�erent collagen structure with a lower
proportion of non-reducible cross-links (Bailey, Enser,
Drans®eld, Restall, & Avery, 1982), could be the

Fig. 1. PCA plot depicting the modeling of meat sensory attributes and beef group by ageing. (DM, double muscled; FG, fast growth; BS, Brown

Swiss; RT, rustic type; 1, 3, 7, 10, 14 and 21 days of ageing.)
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responsible for the higher score at earlier ageing times.
The in¯uence of a di�erent enzymatic behaviour related
to other breed groups over these factors, can be
responsible for the lowest score at a late ageing time
since a higher proportion of white cells is found in these
animals (Boccard, 1982).

In the present study, in agreement with Mandell,
Gullet, Wilton, Kemp, and Allen (1997), the in¯uence of
the intramuscular fat content (IMF) was less important
in textural characteristics than ageing or other factors.
Our fatter animals (rustic type) did not have the most
tender meat at an early postmortem time, as also found
by Renand (1988) in some French breeds. However,
other authors have suggested that Angus or Hereford
breeds are more tender than Continental European meat
breeds due to their higher fatness (Koch, Dikeman, &
Crouse, 1982; Koch, Dikeman, Lipsey, Allen, & Crouse,
1979; O'Ferrall, Joseph, Tarrant, & McGloughlin, 1989).
Connective tissue is another factor that in¯uences ten-
derness. The low daily growth of the RT animals, which
implies an older slaughter age, could have a�ected their
collagen solubility making it more insoluble (Kopp, 1971)
and produced, consequently, a tougher meat than other
breed types (Wulf et al., 1996). In our study, this is true at
early post-mortem times, but not at longer periods.
Nevertheless, the in¯uence of the collagen composition is
not clear since, sometimes, no relation has been found
between collagen content (Field et al., 1997) or solubility
(Liu, Nishimura, & Takahashi, 1996) and tenderness.

Di�erences among breeds in juiciness (Table 5)
appeared at 1, 14 and 21 days of ageing (p < 0:05),
although few di�erences have been found by other
authors (Gregory et al., 1994; Wulf et al., 1996). The
DM group had the highest juiciness score at 1 day,
showing a tendency towards lower scores than other
breed types at other ageing periods. Although ageing
has a higher in¯uence in sensory scores than fatness
(Miller et al., 1997), the low intramuscular fat content
of the DM type and its lower water holding capacity

due to its double muscle condition (Destefanis, Barge, &
Brugiapaglia, 1996; Renand, 1988), could have in¯u-
enced the lowest juiciness score at a late ageing time,
since the RT, with the highest IMF content, was scored
as the most juicy meat at these ageing times.

Signi®cant di�erences in ®brosity and residue among
breed types were found at 7 and 14 days of ageing
(Table 6). In general, DM has shown a higher residue
score at any ageing time among breeds. The low calpain I
level found in double muscled animals (Uytterhaegen et
al., 1994) could explain a low tenderisation rate at longer
postmortem times. Consequently, an easier perception of
the residue composition could be assessed since there was
a higher amount of undegraded myo®bres in the muscle.

As found by Dikeman and Crouse (1975), breed was
not an important e�ect in overall ¯avour intensity
(Table 7), FG had a signi®cantly higher score than DM
(p < 0:05) only at 14 days of ageing, but it in¯uenced
acid (p < 0:001) and liver ¯avour intensity (p < 0:05).
Although there was an important di�erence in the IMF
content among groups, the lack of signi®cant di�erences
in overall ¯avour could be explained by the higher con-
tribution of the lipid fraction to the species-speci®c ¯a-
vour (Wasserman & Talley, 1968) than to the total
perceived ¯avour formed by a high number of compo-
nents. Thus, many compounds are meaty only at certain
concentrations, usually very low (Macleod), although in
beef, the presence of fat is not required for developing
their characteristic ¯avour (Reineccius, 1994). However,
some lipid is necessary for a full meaty aroma, although
the intramuscular phospholipids can be su�cient, and
some interactions between water-soluble and phospho-
lipid-derived components can occur (Macleod, 1994)
causing a di�erent evolution in overall, acid or livery
¯avour in the di�erent breeds. These ®ndings support
the idea of the in¯uence of low IMF content on the
di�erent ¯avour of the DM as compared to the other
breed types, but more research should be done regard-
ing this aspect.

Table 7

Overall and acid ¯avour intensity average values in every breed type [double muscle (DM), fast growth (FG), dual-purpose (BS) and rustic (RT)] at

every ageing time (1, 3, 7, 10, 14 and 21 days)

Overall ¯avour intensity a Acid ¯avour intensity a

Ageing DM FG BS RT s.e.d. DM FG BS RT s.e.d.

1 5.39 5.14 Cc 5.23 5.22 BC 0.069 2.23 y B 2.12 y B 1.76 z B 2.03 yz ABC 0.053

3 5.11 5.21 BC 5.11 5.15 C 0.067 1.92 B 2.03 B 1.71 B 1.95 C 0.052

7 5.22 5.22 BC 5.41 5.36 ABC 0.073 2.74 y A 2.11 z B 1.85 z B 2.00 z BC 0.060

10 5.17 5.45 ABC 5.36 5.34 ABC 0.072 2.35 yz AB 2.61 y A 1.91 z AB 2.27 z A 0.068

14 5.14 zb 5.60 y A 5.23 yz 5.48 yz AB 0.066 1.99 yz B 2.24 y B 1.89 z AB 1.92 z C 0.050

21 5.51 5.54 AB 5.46 5.55 A 0.067 2.73 y A 2.15 z B 2.24 z A 2.21 z AB 0.064

s.e.d. 0.077 0.053 0.073 0.043 0.071 0.045 0.053 0.036

a 1, very low intensity±9, very high intensity.
b Means in the same row not followed by a common lowercase letter di�er signi®cantly (p < 0:05).
c Means in the same column not followed by a common uppercase letter di�er signi®cantly (p < 0:05).
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BS, FG and RT breed types followed a similar evo-
lution of acid ¯avour. Except at 21 days of ageing, BS
breed type had the lowest scores. DM breed type had
the highest score at 1, 7 and 21 days of ageing, with a
di�erent evolution than the rest of the breeds who
showed two maximum values at 7 and 21 days of age-
ing. The in¯uence of some amino acids and other acids
such as lactic, inosinic, orthophosphoric and succinic
(Ima®don & Spanier, 1994) and a low amount of IMF
(Table 2) could partially explain these ®ndings since the
di�erent muscular structure among the breed types
could also have in¯uenced their biochemical composi-
tion.

Di�erences among breed types in liver ¯avour inten-
sity were found at each ageing time except at 7 days of
ageing (Table 8). RT showed a higher score at 1, 7, 14
and 21 days of ageing, which could be related to di�er-
ent components from the post-mortem proteolysis.

4. Conclusion

Our results showed that the existing variability in the
ageing evolution of meat depends on breed type. Since
tenderness has been the main factor in¯uenced by age-
ing we suggest an early consumption of double muscle
breed type meat after slaughter and a larger period for
the fast growth, Brown Swiss and rustic breed types to
obtain an optimum tenderness value according to con-
sumer expectations.
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