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Abstract

The effect of the presence of the double-muscling gene either homozygous (mh/mh) or heterozygous (mh/+) on the physico-

chemical, biochemical and texture traits of Longissimus thoracis muscle of yearling bulls of the Asturiana de los Valles (AV) breed

was studied. Meat of mh/mh bulls had lower amount of intramuscular fat (p < 0:001) and also lower total (p < 0:01) and insoluble

collagen (p < 0:05), although the double-muscling genotype did not affect collagen solubility. Homozygous animals had lower

pigment content (p < 0:05) and a lighter meat, showing lower water holding capacity, estimated as expressible juice under pressure

(p < 0:001). Genotype affected significantly the metabolic traits of muscle, with mh/mh animals having higher muscle glycolytic

metabolism, assessed by a higher (p < 0:001) lactate dehydrogenase (LDH) activity and lower (p < 0:001) oxidative activity of the

isocitrate dehydrogenase (ICDH). The percentage of myosin heavy chain I in muscle was lower, although not significantly, for mh/

mh bulls compared to mh/+ bulls. Texture measurements performed on raw material showed that meat of mh/mh bulls had lower

resistance to total and 80% compression, which means lower background or collagen toughness. However, there were no differences

between genotypes on shear force of cooked meat. Therefore, the physico-chemical, biochemical and texture traits of meat from mh/

mh and mh/+ bull are in general significantly different, which could affect the sensorial quality of meat and hence the consumer

acceptance.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The frequency of double-muscled syndrome in cattle
has increased during the last decade, especially in Eu-

rope. In spite of the limitations to production (Arthur,

1995), the premium price paid for superior carcass yield

and the consumer preferences for leaner meat have in-

creased the interest in the double-muscled cattle.

In the ‘‘Asturiana de los Valles’’ (AV) breed from

northern Spain, the frequency of animals that exhibit

the double-muscled phenomenon has been progressively
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increased over the years, to the point that currently most

of the animals of the breed are genetically homozygous

or heterozygous for the muscular hypertrophy.
There is some information available on the meat

quality of double-muscled animals compared to animals

with a normal conformation of the same breed, mainly

obtained from animals of the Belgian Blue breed. It is

known that meat from double-muscled cattle has a low

fat content compared to normal animals (Clinquart,

Hornick, Van Eenaeme & Lstasse, 1997; Fiems, De

Campaneere, Bogaerts, Cottyn, & Boucqu�e, 1998; Uyt-
terhaegen et al., 1994). Double-muscled animals also

have a lower myoglobin concentration and lighter muscle

colour than normal (Fiems et al., 1998) or heterozygous
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animals (Bouton, Harris, & Shorthose, 1982). Most of

the previous studies indicate that meat from double-

muscled cattle is more tender (Bailey, Enser, Dransfield,

Restall, & Avery, 1982; Boccard, 1982; Bouton et al.,

1982) and has a lower content of connective tissue or
collagen (Boccard, 1982; Uytterhaegen et al., 1994).

However, due to the lack of analytical procedures for

determining the presence of the gene for hypertrophy,

most of the studies have compared phenotypically

double-muscled animals (which can be homozygous or

heterozygous for muscular hypertrophy) with pheno-

typically normal animals (which can be genetically het-

erozygous for muscular hypertrophy or normal
homozygous), but little is known of the differences in

meat quality between homozygous and heterozygous

animals for muscular hypertrophy.

Recent works have demonstrated that muscular hy-

pertrophy in Belgian Blue, Piemontese and AV breeds

involves some mutations of the bovine myostatin gene

(Dunner et al., 1997; Grobet et al., 1997; Kambadur,

Sharma, Smith, & Bass, 1997; Smith, Lopez-Corrales,
Kappes, & Sonstegard, 1997) and appropriate analytical

procedures have been developed for determining which

animals are homozygous or heterozygous for these

mutations disrupting the myostatin function and caus-

ing double-muscling in cattle (Grobet et al., 1998).

The objective of the present work was to study the

effect of the presence, in homozygous or heterozygous

states, of the mutant myostatin gene causing the mus-
cular hypertrophy on the physico-chemical, biochemical

and texture characteristics of beef meat.
2. Materials and methods

2.1. Animals and management

The AV is a beef breed adapted to the extensive

production systems of the North of Spain, with a high

percentage of double-muscled animals. Seventy yearling

bulls from the AV breed were studied, 35 in 1997 and 35

in 1998.

Calves suckled by their mothers from birth (winter)

to weaning (early autumn). After weaning, male calves

were fattened by feeding concentrate meal (84% barley,
10% soya, 3% fat, 3% minerals, vitamins and oligoele-

ments) and barley straw ad libitum. This fattening was

made in the housing facilities of the research Institute

(SERIDA) and lasted an average of 139 days in the first

year and 137 days in the second year.

Before fattening, a blood sample of each animal was

taken to determine the presence of the 11-bp deletion in

the coding sequence of the myostatin gene causing
double-muscling in cattle (Grobet et al., 1998) and hence

to classify animals in two groups: 37 bulls of the double-

muscled genotype (mh/mh) and 33 bulls of heterozygous
genotype (mh/+). Animals of each genotype were evenly

distributed over 2 consecutive years.

2.2. Slaughtering and sampling

Animals were slaughtered at a mean live weight

around 500 kg in a commercial abattoir following ap-

proved EU procedures. After slaughtering and dressing,

hot carcass weight was recorded and carcasses chilled at

3 �C. Twenty-four hours post-slaughter the left half

carcass was quartered between the 5th and 6th thoracic

vertebrae with a circular saw, as used for commercial

purposes. Immediately, pH was measured on the Lon-

gissimus thoracis muscle (LT) of the 5th rib with a

penetration electrode and the part of the rib joint

comprised between the 6th and 9th ribs extracted by

cutting the length of the bone at the limit of the serratus

dorsalis muscle (Robelin & Geay, 1975) and transported

to the laboratory. The 6th rib joint was separated and

stored in a poliexpan tray, covered with plastic film

permeable to O2, for 24 h at 4 �C, for subsequent de-
termination of chemical composition.

Samples for characterisation of muscle fibres and

enzyme activities were taken at 24 h post-mortem from

the LT muscle core at the 7th rib level, frozen in liquid

nitrogen and stored at )80 �C. The rest of the loin be-

tween the 8th and the 9th rib was kept vacuum packaged

at 4 �C until the meat reached 7 days of ageing.

2.3. Chemical composition

At 48 h post-mortem half of the LT from the 6th rib

was used for the determination of moisture (ISO 1442)

and water holding capacity (WHC) measured as ex-

pressible juice (EJ, g kg�1) according to a modification

of the method of Grau and Hamm described by Sierra

(1973). The rest of the LT muscle from the 6th rib was
minced and kept at )18 �C until assessment of haem

pigment concentration (Hornsey, 1956), protein content

(ISO 937) and intramuscular fat (ISO 1443).

Collagen determinations were carried out on the LT

from the 8th rib, the chop used for colour measurement,

after 8 days ageing (7 days vacuum packaged+ 24 h

oxygenation). Collagen concentration was determined

from the hydroxyproline content according to the
method of Bonnet and Kopp (1984), using a coefficient

of 8 and expressed as mg of collagen per g of wet muscle.

Collagen solubility was determined by the method de-

scribed by Bonnet and Kopp (1992) where the thermal

stability of collagen was assessed from the residual col-

lagen content obtained after 2 h heat treatment at 90 �C
in an isotonic buffer solution (0.02 M Tris–HCl buffer,

pH 7.5, containing 0.23 M NaCl) and elimination of the
dissolved collagen fraction. Hydroxyproline content of

the insoluble fraction was determined as described ear-

lier for total collagen.
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2.4. Characterisation of muscle fibre and enzyme activity

Contractile traits of the muscle were estimated by

enzyme-linked immunosorbent assay (ELISA). Slow

myosin heavy chain 1 (MHC-I) in the muscle was char-
acterised with a specific MHC-I monoclonal antibody

(Picard, Leger, & Robelin, 1994).

Metabolic traits of the muscle were determined by

measuring lactate dehydrogenase (LDH) activity

(lmolmin�1 mg protein�1) according to Ansay (1974)

and ICDH activity (nmolmin�1 mg protein�1) according

to Briand, Talmant, Briand, Monin, and Durand (1981).

The protein concentration of extracts was determined
according to Bradford (1976).

Extensive details about preparation of samples and

analyses were described by Gil et al. (2001).

2.5. Colour measurements

When the strip loin reached 7 days of ageing, a 3-cm

thick chop located in the 8th rib of the LT muscle was cut
and placed in a poliexpan tray, covered with plastic film

permeable to O2 and stored 24 h at 4 �C for measuring

meat colour development. Meat colour was measured by

a Minolta CM 2002 spectrophotometer with a C illu-

minant and a 2� standard observer in the CIE L�a�b�

space (lightness, L�; redness, a�; yellowness, b�). Hue

angle, which describes the fundamental colour of a

substance, and Chroma, for describing vividness, were
calculated.

2.6. Texture analyses

At 7 days post-mortem, a thick chop (3.5 cm wide)

of the LT muscle, between the 8th and the 9th rib, was

sliced, vacuum packaged and aged at 4 �C until meat

reached 14 days of ageing, being later frozen and kept
at )18 �C until the analyses were done.

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. Texture was

measured with an INSTRON 4301 equipment.

Meat was vacuum packaged prior to heating in a

water bath at 75 �C until the internal temperature
reached 70 �C. Samples, 1 cm2 in cross-section, were

cut with muscle fibres parallel to the longitudinal axis

of the sample. Maximum load (kg) and toughness

(N cm�2) were recorded using a Warner Bratzler (WB)

shearing device until the total break of the sample.

Texture of raw meat was analysed using a modified

compression device that avoids transversal elongation

of the sample. The stress was assessed at the maxi-
mum load compression and at 20% (C20) and 80%

(C80) of maximum compression (Lepetit & Culioli,

1994).
Thawing losses of juice were measured on the whole

steak as the weight-difference (g kg�1) between the fresh

steak (before ageing and freezing) and the thawed steak.

Cooking losses (g kg�1) were estimated on the half steak

cooked in water bath and gently blotted up on filter
paper, and were calculated as the weight difference be-

tween thawed steak (14 days ageing) and cooked steak

(water bath, 70 �C internal temperature).

2.7. Statistical analysis

A least squares analysis was performed using the

General Linear Model Procedure program of the SAS
statistical package (SAS, 1988). The effects of year (1997

or 1998), genotype (mh/mh or mh/+) and their interac-

tion were analysed. Since there was no significant in-

teraction year� genotype, the final model included the

fixed effects of year and genotype:

yij ¼ lþYEARi þGENOTYPEj þ eij:

In this model yij are the dependent variables, l the

general mean, YEARi the main year effect (i ¼ 1; 2),
GENOTYPEj the main genotype effect (j ¼ 1; 2) and eij
is the residual random term.
3. Results and discussion

3.1. Carcass measurements

Least squares means for slaughter, carcass and

physico-chemical traits of meat are reported in Table 1.

The group of animals used in the second year of the trial
reached higher age and live weight at slaughter

(p < 0:01), although there were no significant differences

between genotypes (mh/mh or mh/+). Muscular hyper-

trophy genotype affected significantly the carcass weight

(p < 0:001) as the homozygous animals produced hea-

vier carcasses and showed higher dressing percentages

(p < 0:001), as widely reported for double-muscled ani-

mals of several breeds (Arthur, Makarechian, Price, &
Berg, 1989; Bouton et al., 1982; De Smet et al., 2000;

Uytterhaegen et al., 1994), including AV breed

(Mart�ınez et al., 2003). Double-muscled cattle are

known to have superior carcass characteristics com-

pared to normal cattle due to the generalised muscular

hypertrophy, fineness of bones, lower fat accumulation

and smaller digestive tract (Arthur, 1995). This results in

a larger proportion of muscle and lower proportions of
fat and bone in the carcass of double-muscled animals

(Mart�ınez et al., 2003).

There were no differences between genotypes in the

pH recorded at 24 h post-mortem. Animals homozygous

for muscular hypertrophy have had a reputation of be-

ing more stress sensitive and showing a higher tendency

for metabolic acidosis (Boccard & Dumont, 1974).



Table 1

Least squares means and effect of genotype on age and live weight at slaughter, carcass traits and physico-chemical traits of Lonsissimus thoracis

muscle

GENOTYPE RMSE Significance

mh/mh mh/+

Age at slaughter (days) 418.8 412.1 38.0 NS

Live weight at slaughter (kg) 509.5 508.9 24.3 NS

Carcass weight (kg) 336.4 310.1 17.0 ***

Dressing (%) 66.0 60.9 1.7 ***

pH24 5.49 5.48 0.09 NS

Moisture (%)a 76.0 75.4 0.7 ***

Protein (%)a 23.0 22.6 0.4 ***

Intramuscular fat (%)a 0.8 1.7 0.5 ***

Haem pigments (lg acid haematin g muscle�1)a 129.6 143.4 30.5 *

Total collagen (mg g�1)a 2.91 3.39 0.62 **

Insoluble collagen (mg g�1)a 1.62 1.84 0.37 *

Collagen solubility (%) 42.73 44.14 9.61 NS

Water holding capacity

Expressible juice (g kg�1) 233.9 220.0 21.0 **

Thawing losses (g kg�1) 68.8 66.7 17.3 NS

Cooking losses (g kg�1) 140.3 145.0 32.0 NS

aFresh weight.

570 M. Oliv�an et al. / Meat Science 68 (2004) 567–575
However, the results of this experiment and those ob-

tained by Bouton et al. (1982) showed that double-

muscling had no effect on the ultimate pH of muscle.

The report of Gari�epy, Seoane, Cloteau, Martin, and

Roy (1999) showed that even under harsh pre-slaughter

conditions (long transportation distance) crossbred

double-muscled cattle did not suffer stress and showed

normal ultimate pH.

3.2. Chemical composition

There was a significant effect of genotype on the

chemical composition of meat (Table 1). Meat of mh/mh

bulls had higher moisture (p < 0:001), lower intramus-

cular fat (p < 0:001) and higher protein content

(p < 0:001) than that of heterozygous. The low amount
of intramuscular fat in LT muscle recorded in this work

(0.8% for mh/mh and 1.7% for mh/+) is similar to the

values found in AV breed in previous reports (Campo,

Sa~nudo, Panea, Albert�ı, & Santolaria, 1999; Oliv�an
et al., 2001) and in other double-muscled breeds, mainly

Piemontese and Belgian Blue (Clinquart et al., 1997;

De Smet et al., 2000; Destefanis, Barge, & Brugiapaglia,

1996; Fiems et al., 1998).
Double-muscling produced a decrease of haem pig-

ment content of meat, with mh/mh bulls showing sig-

nificantly lower pigment content, as widely reported by

most of authors (Bailey et al., 1982; Boccard, 1982; De

Smet et al., 2000).

3.3. Collagen

Genotype affected significantly the amount of total

(p < 0:01) and insoluble collagen (p < 0:05) in muscle,

which were both lower in the homozygous animals, as
reported previously by Bailey et al. (1982), Boccard

(1982), De Smet, Claeys, Buysse, Lenaerts, and Demeyer

(1998), Kopp and Bonnet (1981), Ngapo et al. (2002)

and Uytterhaegen et al. (1994). This indicates that

muscle with lower background toughness could be ex-

pected in mh/mh animals. The reduction of total colla-

gen in mh/mh compared to mh/+ animals was 14%, lower

than that published by De Smet et al. (2000) when
comparing total collagen in mh/mh and mh/+ Belgian

Blue bulls (32%). It must be noticed that the amount of

total collagen in LT muscle obtained in the present

study was lower than most of those described in the

literature for double-muscled animals (>6 mg g�1 re-

ported by Jeremiah & Martin (1982) and Maltin et al.

(1998); 4–6 mg g�1 found by De Smet et al. (1998) and

Uytterhaegen et al. (1994)). Campo et al. (2000) found
even lower values of total and insoluble collagen content

(2.33 and 1.27 mg g�1, respectively) in young bulls of AV

breed when compared with other local Spanish breeds.

This low collagen content could be characteristic of AV

breed and indicate a reduced background toughness in

meat of AV animals. When compared with other local

Spanish breeds (Pirenaica, Rubia Gallega, Brown Swiss,

Avile~na-Negra Ib�erica, Morucha and Retinta), meat of
AV breed showed high tenderness scores at early post-

mortem times (Campo et al., 1999).

In the present study, genotype did not affect the col-

lagen solubility, although a different collagen structure

with a lower proportion of non-reducible cross-links has

been reported in double-muscled animals (Bailey et al.,

1982). The proportion of soluble collagen was high in

the loin of both heterozygous or homozygous animals,
with similar values (43–44%) to those found (45%) by

Campo et al. (2000) in young bulls of AV breed. These

results are higher than those described in the LT muscle
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for other breeds (14–19% by Jeremiah & Martin (1982),

in Charolais, Simmental and Chianina; 26% by Seid-

eman (1986), in Angus and Hereford; 25% by Renand,

Picard, Touraille, Berge, & Lepetit (2001), in Charolais).

These differences could be due in part to the different
solubilisation methods used by different laboratories.

Furthermore, some differences could be a consequence

of the method used for sample preparation or the dif-

ferent feeding system. Our results are consistent with

those of Kopp and Bonnet (1981) who failed to find

differences of collagen solubility between double-mus-

cled and normal animals.

3.4. Water holding capacity

Water holding capacity (WHC) of raw meat was

significantly lower (p < 0:001) in mh/mh animals, who

showed higher losses of expressible juice (EJ) (Table 1).

These results are in agreement with those of Uytter-

haegen et al. (1994) and De Smet et al. (2000) in showing

that raw meat of double-muscled animals has higher
drip losses and hence lower WHC than meat of normal

bulls. That effect can be the result of several factors.

According to the suggestion of Gari�epy et al. (1999),

meat WHC increases with the amount of connective

tissue, which could explain in part the lower WHC of

meat of mh/mh animals. Also, higher drip losses can

reflect the more glycolytic muscle metabolism in mh/mh

bulls (Batjoens, Fiems, Van Hoof, Van Vooren, &
Vereecke, 1991; Gagni�ere, Picard, Jurie, & Geay, 1997;

Uytterhaegen et al., 1994).

Another factor to be taken into account is that juice

losses can be related to the intramuscular fat content of

meat, as proposed by Oliv�an, Osoro, Mart�ınez, and

Guerrero (2003b), who compared meat quality of dif-

ferent breeds (Asturiana de los Valles and Asturiana

de la Monta~na) and/or genotypes (mh/mh, mh/+, +/+)
and found that the higher the intramuscular fat content

the lower are juice losses of raw meat.

However, in the present work there were no differ-

ences between genotypes on thawing and cooking losses.
Table 2

Least squares means and effect of genotype on biochemical traits and colou

GENOTYPE

mh/mh

Myosin heavy chain 1 (%) 33.88

Lactate deshydrogenase (lmolmin�1 mg protein�1) 33.41

Isocitrate dehydrogenase (nmolmin�1 mg protein�1) 33.10

LDH ICDH�1 rate (lmol nmol�1) 1.17

L� 40.3

a� 19.9

b� 11.7

Hue 30.4

Chroma 23.2
Uytterhaegen et al. (1994) described higher cooking

losses in meat of double-muscled than in normal bulls.

In contrast, De Smet et al. (2000) found significantly

lower cooking losses for mh/mh than heterozygous or

normal animals of Belgian Blue breed. Our results agree
with those of Bouton, Harris, Shorthose, and Ellis

(1978) who did not find significant differences in cooking

losses of M. Semitendinosus between normal and het-

erozygous animals and those of Gari�epy et al. (1999)

who did not find differences in thawing or cooking losses

of meat of LT from either double-muscled or normal

sired progeny.

3.5. Metabolic and contractile traits

There was a significant (p < 0:001) effect of genotype
on the muscle fibre metabolic characteristics (Table 2).

The mh/mh animals showed a higher muscle glycolytic

metabolism, assessed by LDH activity (p < 0:001), and
a lower oxidative ICDH activity (p < 0:001). The

muscle glycolytic capacity, given as the ratio between
LDH and ICDH activities was higher (p < 0:01) in mh/

mh animals. This is in agreement with earlier findings

of Batjoens et al. (1991), Uytterhaegen et al. (1994) and

Gagni�ere et al. (1997) showing that double-muscled

bulls of Belgian Blue breed have increased amounts of

fast twitch glycolytic fibres type IIB and higher glyco-

lytic activity compared to other genotypes. These

characteristics have been already reported at the foetal
stage. Gagni�ere et al. (1997) described a delayed dif-

ferentiation of aerobic oxidative metabolism in muscle

fibres of double-muscled compared with normal foe-

tuses. In the current study there were no significant

differences between genotypes in the percentage of

myosin heavy chain I, in agreement with Gil et al.

(2001). These authors found no correlation between the

percentage of myosin heavy chain I and the activities
LDH or ICDH in the AV breed, although a positive

relation between this variable and the oxidative me-

tabolism existed in other Spanish local breeds in the

same study, in accordance to Cassens and Cooper
r of Lonsissimus thoracis muscle

RMSE Significance

mh/+

29.53 10.33 NS

29.47 4.37 ***

44.28 11.09 ***

0.73 0.59 **

37.4 3.3 ***

21.8 2.8 **

11.5 2.2 NS

27.8 4.1 **

24.7 3.2 *
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(1971), who found higher percentage of slow myosin in

a muscle as the oxidative metabolism increased.

3.6. Colour

Measurements of muscle colour were performed 8

days post-mortem and are shown in Table 2. The loin of

homozygous animals showed higher values of lightness

(40.3 vs 37.4, p < 0:001) and lower values of a� (19.9 vs

21.8, p < 0:01) which could be related in part with the

lower concentration of haem pigments. Meat of mh/mh

animals exhibited higher Hue values (p < 0:01) and

lower Chroma values (p < 0:05), as a result of the lower
redness (a�). However, there was no effect of genotype

on b� values.

These results are in accordance with most of the lit-

erature, that report that meat of double-muscled ani-

mals has a lesser pigment concentration and lighter

colour than those of normal (Boccard, 1982; Bailey

et al., 1982; Arthur, 1995; De Smet et al., 2000) or het-

erozygous animals (Bouton et al., 1982; De Smet et al.,
2000). Meat colour can be influenced also by muscle

structure and fibre composition. Several authors have

related the paler colour of meat of double-muscled an-

imals with a higher proportion of white fibres in muscle

(Batjoens et al., 1991; Fiems et al., 2000). This rela-

tionship has also been described by Gil et al. (2001) who

found that young bulls of Pirenaica and AV breeds

showed significantly higher L� and Hue values as a result
of their higher glycolytic capacity in comparison with

several local Spanish breeds.

3.7. Texture measurements

Least squares means of instrumental texture measures

on raw and cooked meat are presented in Table 3. Sig-

nificant differences were observed in the maximum load
compression and stress at 80% of raw meat when com-

paring mh/mh and mh/+ animals. Homozygous bulls

showed lower resistance to total compression (49.6 vs

62.0 N, p < 0:001) and to compression at 80% (30.7 vs

38.6 N cm�2, p < 0:001), variables related to the back-
Table 3

Least squares means and effect of genotype on texture traits of raw and coo

GENOTYPE

mh/mh m

Raw meat (compression)

Max load compression (N) 49.55

Stress at 20% (N cm�2) 5.44

Stress at 80% (N cm�2) 30.68

Cooked meat (WB)

Maximum load (kg) 5.15

Maximum stress (N cm�2) 45.56

Toughness (N cm�2) 17.85
ground or collagen toughness of meat (Lepetit & Culi-

oli, 1994). This may be associated with the lower

collagen content found in meat of mh/mh animals

(Table 1). However, no significant differences between

homozygous and heterozygous bulls in the resistance of
raw meat to compression at 20% exist, although there

was a tendency of mh/mh animals to show higher values.

This higher stress at 20% has been related to the

toughness of myofibrillar component and could be the

result of the higher amount of muscle fibres (hyperpla-

sia) in the LT muscle of hypertrophied animals (Hanset,

Michaux, Dessy-Doize, & Burtonboy, 1982; Lazzaroni,

Semprini, Abrate, Pagano, & Toscano-Pagano, 1994).
Several researchers have found lower toughness of

raw meat in double-muscled animals. De Smet et al.

(1998) described lower collagen content and shear force

values of raw meat of different muscles (including LT) in

double-muscled compared with normal animals of Bel-

gian Blue breed. Also, Ngapo et al. (2002) found that

shear force of raw meat of M. Gluteobiceps was signifi-

cantly lower in mh/mh than in normal and heterozygous
bulls of Belgian Blue breed.

Cooked meat shear force, which may be considered a

measure of both the myofibrillar and connective tissue

components of muscle, was not affected however by

genotype. Similar results were described by De Smet

et al. (1998), who did not find differences of toughness of

cooked meat between double-muscled and normal ani-

mals of the Belgian Blue breed. In the same way, Tatum,
Gronewald, Seideman, and Lamm (1990), and Gari�epy
et al. (1999) failed to find differences in shear force or

sensory tenderness of meat from either double-muscled

(Piemontese, Belgian Blue) or normal (Gelbievh, Red

Angus, Charolais) sired progeny when slaughtered at

the same age.

In general, the effect of double-muscling on meat

toughness is unclear. Most of the literature describes a
superior meat tenderness in double-muscled cattle

(Bailey et al., 1982; Boccard, 1982; Bouton et al., 1982,

Ngapo et al., 2002), although Uytterhaegen et al.

(1994) reported that cooked meat from double-muscled

bulls of Belgian Blue breed had significantly higher
ked meat

RMSE Significance

h/+

62.00 11.94 ***

4.75 1.63 NS

38.59 7.20 ***

4.92 1.25 NS

44.38 11.86 NS

17.42 5.70 NS
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shear force than meat from normal animals. These

authors suggested that the possible lower toughness

due to reduced collagen content in meat of double-

muscled animals could be overridden by a reduced

post-mortem myofibrillar tenderisation due to lower
protease levels, resulting overall in tougher meat. Also,

Fiems et al. (2000) reported higher shear force in meat

of double-muscled bulls of the Belgian Blue breed aged

8 days and Oliv�an et al. (2003b) found that mh/mh

animals of the AV breed presented a significantly

higher toughness (2.87 kg cm�2) than mh/+ (2.17

kg cm�2) and +/+ bulls (1.92 kg cm�2) at 7 days post-

mortem. However, a later experiment performed with
animals of the same breed (Oliv�an, Mocha, Mart�ınez,
Castro, & Osoro, 2003a) showed that there were no

differences between genotypes (mh/mh, mh/+, +/+) of

AV breed in the toughness of cooked meat at 7 or 14

days post-mortem, although double-muscling enhanced

the tenderisation process of meat in the earlier post-

mortem stages, as described by Campo et al. (1999,

2000) in double-muscled young bulls of AV breed when
compared with other local Spanish breeds. This faster

ageing rate of LT muscle of double-muscled bulls could

be related with the higher ageing rate of myofibrillar

structure in muscles rich in fast twitch white fibres

(type IIB) described by Ouali (1990). In the present

work, since meat for texture measurements was aged

for 14 days the recorded toughness values were low,

even lower than those described by Oliv�an et al.
(2003a) and Campo et al. (2000) in double-muscled AV

bulls aged 14 days, and the possible effect of genotype

on the early post-mortem times could not have been

detected.

In conclusion, the results found in this study show

that physico-chemical, biochemical and texture traits of

meat from homozygous (mh/mh) and heterozygous

(mh/+) bulls are in general significantly different. Meat
of mh/mh animals had lower intramuscular fat content,

higher glycolytic metabolism and lower water holding

capacity. Also mh/mh animals produced meat with

lower pigment content and lighter colour than that of

heterozygous. Raw meat of mh/mh bulls had a lower

collagen content and hence lower background tough-

ness. However, collagen solubility and shear force of

cooked meat was not affected by genotype.
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