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This study assessed the effect of breed and diet on carcass composition, particularly fat partitioning, and meat
quality in young bulls. An experiment with forty young bulls from two phylogenetically distant Portuguese
bovine breeds, Alentejana and Barrosã, fed two diets with different maize silage to concentrate ratios,
but isoenergetic and isonitrogenous, was carried out until the animals reached 18 months of age. In the
longissimus lumborum muscle, Barrosã bulls fed the low silage diet had the highest intramuscular fat (IMF)
content. Bulls fed the low silage diet also had the highest IMF content in the semitendinosus muscle. Diet de-
termined the proportions of total visceral fat and individual fat depots. Under these experimental conditions,
it was shown that the genetic background is a major determinant of carcass composition and meat quality,
and that the dietary differences studied had limited effect on carcass composition.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Carcass composition reflects the differential growth pattern of the
major component tissues and determines the commercial value of
carcasses in meat-producing animals (Berg, Andersen, & Liboriussen,
1978). In fact, the weight, proportion and carcass distribution of fat,
bone and muscle have a high economic impact on beef cattle produc-
tion (Kempster, 1986). In addition, intramuscular fat (IMF) has be-
come a key factor of carcass quality for the beef industry, which, in
order to comply with the European market requirements, has shifted
towards the production of lean beef.

A large amount of subcutaneous and visceral adipose tissues,
regarded as “waste fat”, is deposited in parallel to IMF, or “taste fat”,
during the maturing phase of cattle (Fiems et al., 2000; Gotoh et al.,
2009). The current beef production is focused on reducing the de-
position of “waste fat”, while maintaining high meat sensory and
nutritional quality standards. Genetic and environmental factors, par-
ticularly nutrition, determine fat partitioning among the subcutane-
ous, intermuscular and visceral depots (Kempster, 1986). Therefore,
it is important to quantify each fat depot proportion in the carcass.

This is particularly relevant for IMF due to its contribution to eating
quality, which should not be compromised (Savell & Cross, 1988).
Thus, the development of strategies to manipulate adipose tissue de-
position in farm animals has been one of the major breeding goals
for some years (De Smet, Raes, & Demeyer, 2004). Nonetheless, the re-
lationship between the deposition of IMF and “waste fats”, as well as
the patterns of their changes during growth, remain rather unclear
(Aldai, Nájera, Dugan, Celaya, & Osoro, 2007; Gotoh et al., 2009).

A wide range of factors influence meat quality of ruminant ani-
mals. Insights on the relationship among productive traits, carcass
composition and meat quality would contribute to improve beef pro-
duction through genetic selection, as well as to understand the final
product acceptability (Piedrafita et al., 2003). Much has been hypoth-
esized about the role of diet on animal performance and meat quality,
although the results are often contradictory. While some authors
reported negative effects of silage-based diets on productive and car-
cass traits compared to concentrate-based diets (Priolo, Micol, &
Agabriel, 2001), others found slight (Blanco et al., 2010) or no differ-
ences at all (French et al., 2001) between feeding strategies.Moreover,
breed has been referred to as one of the main factors influencing feed
intake, growth rate and, consequently, carcass composition (Albertí et
al., 1998; Clarke et al., 2009) and beef quality (Bartoň, Bureš, & Kudrna,
2010; Bressan et al., 2011; Chambaz, Scheeder, Kreuzer, & Dufey,
2003). However, the effect of genotype on meat quality has yielded
conflicting results because some studies failed to demonstrate dif-
ferences in meat between breeds (Muir, Wallace, Dobbie, & Bown,
2000; Vieira, Cerdeño, Serrano, Lavín, & Mantecón, 2007). These
apparently contradictory results should be interpreted with caution
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because some of the studies compared breeds selected for meat
production and/or with similar genetic background, whereas others
used breeds which differed in purpose (milk, meat or both), growth
rate and mature weight.

Previous studies from our research group found differences in lipid
content, composition and nutritional quality between beef obtained
from Alentejana and Barrosã breeds produced with distinct manage-
ment (Alfaia et al., 2007, 2009; Costa et al., 2010), with consistently
higher IMF contents for the Barrosã breed. However, it must be taken
into account that in these works the animals were reared according to
their local production systems. On the other hand, published informa-
tion regarding the productive and carcass traits of these two phyloge-
netically distant Portuguese bovine breeds (Beja-Pereira et al., 2003),
with different frame size and precociousness, remains scarce. Works
by Silva, Lemos, Monteiro, and Portugal (1998), and Simões and Mira
(2002) compared Alentejana and Barrosã breeds reared under experi-
mental intensive conditions. Silva et al. (1998) found that as Alentejana
young bulls approach maturity the deposition of fat in internal depots
increases, whereas in the Barrosã breed fat was preferentially deposited
in subcutaneous and intermuscular depots. In contrast, Simões andMira
(2002) observed that these breeds tend to show similar fat partitioning,
when compared at the same total carcass fat.

To our knowledge, there are no previous studies comparing the ef-
fect of different dietary maize silage/concentrate ratios on Alentejana
and Barrosã carcass and meat traits, under controlled experimental
conditions. We hypothesized that the comparison of a large-framed
breed (Alentejana) with a small-framed breed (Barrosã), at the same
age, would reveal different carcass composition and fat partitioning.
In addition, the use of isoenergetic and isonitrogenous diets with
different maize silage/concentrate ratios (30/70% vs. 70/30%) would
add depth to the study of the carcass fat distribution, thus contributing
to the knowledge on the features of adipose tissue deposition. There-
fore, this study aimed to assess the effect of breed and diet on the
carcass composition, particularly fat partitioning, and meat quality of
the two Portuguese autochthonous breeds, Alentejana and Barrosã,
fed high or low silage diets.

2. Material and methods

This study was conducted under the guidelines for the care and
use of experimental animals of Unidade de Produção Animal, L-INIA,
INRB (Fonte Boa, Vale de Santarém, Portugal) over a 11 month period.

2.1. Animals, feeding and performance

Twenty purebred young bulls from Alentejana (large-framed) and
twenty Barrosã (small-framed) breeds were assigned to either high
or low silage diets (four experimental groups of 10 animals each,
n=10). Diets were approximately isoenergetic and isonitrogenous,
and composed of 30/70% (low silage, LS) and 70/30% (high silage,
HS) of maize silage and concentrate, respectively, on a dry matter
(DM) basis. The ingredients and chemical composition of diets are de-
scribed in Table 1.

Samples of the diets were collected three times during the course
of the experimental trial (n=3). Feed samples were analysed for dry
matter (DM) by drying a sample at 100 °C to a constant weight. Nitro-
gen content was determined by Kjeldahl (AOAC, 1990) and crude pro-
tein was calculated as 6.25×N. Neutral detergent fibre (NDF) and acid
detergent fibre (ADF) were determined by the procedure of Van Soest,
Robertson, and Lewis (1991). The samples were extracted with petro-
leum ether, using an automatic Soxhlet extractor (Gerhardt Analytical
Systems, Königswinter, Germany), to determine crude fat. Determina-
tion of ash and starch contents was carried out according to the proce-
dures described by the AOAC (1990) and Clegg (1956), respectively.
Gross energy in the feed was determined by adiabatic bomb calorim-
etry (Parr 1261, Parr Instrument Company, Moline, IL, USA).

Bulls were housed in eight pens, two pens per breed and diet.
Replicate pens within a treatment were positioned in different parts
of the facility. The initial age was 11±1.0 months and 9±0.3 months
for Alentejana and Barrosã young bulls, respectively. At the start of
experiment, the average live weight was 266±45.8 kg and 213±
16.3 kg for Alentejana and Barrosã young bulls, respectively. The
experiment lasted from January to November 2009. One Alentejana
bull from the HS dietary group was removed from the study due to
a limp.

A pre-trial period of three weeks was followed by the finishing pe-
riod that lasted until each animal reached 18 months of age. Bulls had
free access to water and were fed ad libitum, twice daily, with the ex-
perimental diets. During the experiment, animals were individually
weighed every 14 days, before feeding. Feed offered and refusals
were recorded daily to calculate feed intake for each pen. The ratio
between weight gain and DM intake was used to calculate the feed ef-
ficiency per pen. The DM intake and feed efficiency were calculated
for the period during which each pen was complete (five animals).

2.2. Slaughter and sampling procedures

2.2.1. Carcass measurements
Each animal was slaughtered when reached 18 months of age, at

the INRB Experimental Abattoir, by exsanguination after stunning
with a cartridge-fired captive bolt stunner. Cod, kidney knob and
channel fat (KKCF), mesenteric and omental fat depots were excised
and weighted. The carcasses were split along the column, half carcass
weights were recorded and dressing percentage was calculated from
the ratio between slaughter weight (SW) and hot carcass weight
(HCW). Muscle pH and temperature were measured at 45 min, 3
and 24 h after slaughter using a pHmeter equippedwith a penetrating
electrode (Hanna Instruments, HI8424, Smithfield, RI, USA), at the
longissimus thoracis (LT) muscle between the 12th and 13th ribs.
Carcass conformation and carcass fatness scores were determined
according to the EUROP classification (Commission of the European
Communities, 1982) on a continuous 15 point scale, as described by
Hickey, Keane, Kenny, Cromie, and Veerkamp (2007).

Table 1
Ingredients and chemical composition of the high (HS) and low silage (LS) diets (n=3).

HS LS Concentrate feed

Ingredients (%)a

Maize silage 70 30
Concentrate feed 30 70
Maize 32.5
Wheat 20.1
Barley 19.7
Soybean meal 13.5
Sunflower meal 8.0
Hydrogenated fat 1.3
Calcium carbonate 2.0
Sodium bicarbonate 1.0
Calcium phosphate 0.9
Salt 0.8
Vitamin premix 0.2

Chemical composition (unit/kg DM)
Crude protein (g) 142 125
Crude fat (g) 28.7 31.7
Crude fibre (g) 198 150
NDF (g) b 403 321
ADF (g)c 249 186
Ash (g) 55.3 61.7
Starch (g) 285 376
Gross energy (MJ) 19.1 18.6

a Fresh weight basis.
b NDF = neutral detergent fibre.
c ADF = acid detergent fibre.
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Carcasses were suspended from the Achilles tendon, weighed,
chilled at 10 °C for 24 h and submitted to an ageing period of 8 days
at 2 °C. The left half carcass was subsequently separated into commer-
cial joints and the leg joint was dissected into the component tissues:
muscle, intermuscular and subcutaneous fats, and bone. This joint has
been suggested to be representative of the overall bovine carcass com-
position, at least, in these particular breeds (Simões & Mendes, 2003).

After the ageing period, the longissimus lumborum (LL) and
semitendinosus (ST) muscles were removed from the carcasses. The
muscles investigated were chosen due to their divergent growth pat-
terns and functions. In addition, they represent meat cuts of different
expected quality and economical value. For shear force and cooking
loss measurements, LL (1st to 3rd lumbar vertebra) and ST muscles
were sliced into 2.5-cm-thick steaks. For lipid content analysis, both
muscles (4th to 6th lumbar vertebrae, LL; medium portion, ST) were
trimmed of connective and adipose tissues, and blended in a food pro-
cessor. All samples were vacuum packed and stored at −20 °C until
further analysis.

2.2.2. Meat colour
The colour of the LT muscle (13th thoracic vertebra), after the

aforementioned ageing period, was measured using a Minolta
CR-300 chromometer (Konica Minolta, Portugal) in the L*, a* and b*
system, 1 h after air exposure to allow blooming. Hue and chroma
values were calculated as arctg(b/a) and √(a2+b2), respectively
(Dunne, Keane, O'Mara, Monahan, & Moloney, 2004). Enhanced red-
ness (E*) was calculated using the following modified equation as de-
scribed by Liu, Fan, Chen, and Thayer (2003): E*=a/b+a/L.

2.2.3. Lipid content
Meat samples (LL and ST muscles) were lyophilized (−60 °C and

2.0 hPa) to constant weight, using a lyophilizator (Edwards High
Vacuum International, West Sussex, UK), kept dry at room temperature
and analysedwithin twoweeks. For IMF determination, total lipidswere
extracted from lyophilized meat samples (ca. 250 mg) by the method
described by Folch, Lees, and Stanley (1957), using dichloromethane
and methanol (2:1 v/v) instead of chloroform and methanol (2:1 v/v),
as described by Carlson (1985). Total lipids were measured gravimetri-
cally, in duplicate, by weighing the fatty residue obtained after solvent
evaporation.

2.2.4. Shear force and cooking loss
Steaks of LL muscle were thawed at room temperature and cooked

in a plate grill (65/70 FTES Electric Griddle, Modular Catering Equip-
ment, Italy) at 250 °C, until the internal thermocouple (Lufft C120,
München, Germany) reached 71 °C. All cuts were weighed before
and after cooking to determine the cooking loss. After cooling for
1 h, 8–10 cores parallel to muscle fibre direction, with 1 cm2, were
taken from each steak. A texture analyzer (TA-tx2i Texture Analyzer,
Stable Micro Systems, Godalming, UK) equipped with a Warner–
Bratzler shear device was used to measure shear force (kg). Specific
software was used for data collection (Texture Expert Exceed, Stable
Micro Systems).

2.3. Statistical analyses

For statistical analyses, the SAS software version 9.2 (SAS Institute
Inc., 2009) was used. All statistical analyses were performed based on
a 2×2 factorial arrangement of breed (Alentejana and Barrosã pure-
breds), diet (HS and LS diets) and their respective interaction. The
pen was the experimental unit for DM intake and feed efficiency. For
the remaining parameters, the individual animal was considered the
experimental unit.

The variances were tested for heteroscedasticity and, for most
parameters, variance was found to be heterogeneous. Therefore,
subsequent data analysis was performed in order to account for

heterogeneous variance. The general Satterthwaite approximation
was computed in a mixed-effects regression model (PROC MIXED;
SAS Institute Inc., 2009), with breed, diet and their interaction as
fixed effects.

The relationships among adipose tissue depots, leg joint composi-
tion and carcass traits were tested using the CORR procedure of SAS
(SAS Institute Inc., 2009).

Data were expressed as mean±standard error. Statistical sig-
nificance was considered when Pb0.05 and a trend towards signifi-
cance was assumed when 0.10>P>0.05 for all the statistical analyses
performed.

3. Results and discussion

3.1. Productive traits

Results concerning animal performance are depicted on Table 2.
The DM intake was higher in Alentejana in comparison to Barrosã
bulls and, in turn, ADG was lower in the bulls from the latter breed
(Pb0.05 and Pb0.001, respectively). This could be a consequence of
their different genetic potential for growth (Silva et al., 1998), as
well as their DM intake capacity. In addition, it is known that, for
some beef breeds, gut and digestive system capacity can limit volun-
tary feed intake and, therefore, reduce live weight gain (Albertí et al.,
1998). In general, feeding animals with forage-based diets results in
lower growth rates than those obtained with concentrate-based
diets (Nuernberg et al., 2005; Steen & Kilpatrick, 2000), because the
latter providesmore net energy to be partitioned to growth andmain-
tenance. In our study, LS-fed animals had slightly higher ADG than
those fed the HS diet, although the difference failed to reach statistical
significance. The use of maize silage in this experiment, instead of a
forage with low energy value (such as grass silage), might explain
why the differences on ADG between diets were not as expressive as
reported by other authors. Similarly, there were no variations among
the four experimental groups for feed efficiency (P>0.10).

As expected, the SW was higher in Alentejana when compared
to Barrosã bulls (Pb0.001). Alentejana (large-framed) and Barrosã
(small-framed) bovines are quite distinct regarding their mature size
(Silva et al., 1998). Diet had no influence on SW (P>0.05), in spite of
the highest values observed for the LS-fed bulls.

3.2. Carcass traits

The effect of breed was noticeable on HCW, with Alentejana bulls
producing heavier carcasses than Barrosã bulls (Pb0.001) (Table 2).
On the other hand, diet had no impact on HCW (P>0.10). This obser-
vation is in agreement with the reports by French et al. (2001), who
reported similar carcass weights when diets with different grass
to concentrate ratios were provided to beef cattle. Carcasses from
Alentejana bulls had higher dressing percentage than those from
Barrosã bulls (Pb0.05). Usually, dressing percentage is related to
finishing degree, amount of visceral fat and gut fill (Simões, Mira,
Lemos, & Mendes, 2005). Jones, Rompala, and Jeremiah (1985)
suggested that visceral fat could partially account for the differences
in dressing percentage. However, the breed differences for cod fat,
which represented about 0.3% of the carcass, are certainly insufficient
to explain the variations in dressing percentage. The lower dressing
percentage could also be related with SW, which is in agreement
with the results of Jones et al. (1985) and Simões et al. (2005).
Those authors reported that the alimentary tract and the hide account
for 74% of the variation in dressing percentage. In addition, Kempster,
Cook, and Southgate (1982) reported that large crossbreds had higher
dressing percentages than small crossbreds. Moreover, the proportion
of muscle should also be considered, as Alentejana bulls tended (P=
0.099) to have a slightly higher muscle proportion, in the leg joint,
than Barrosã bulls.
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Neither breed nor diet influenced the carcass conformation score
(P>0.05), whereas fatness score was significantly different between
breeds and diets, being higher in Barrosã than in Alentejana
(Pb0.05), as well as in LS- than in HS-fed animals (Pb0.01). Confor-
mation and fatness scores have shown to be reliable predictors of car-
cass traits. Therefore, meat yield may be estimated from these carcass
classification scores (Clarke et al., 2009; Conroy, Drennan, Kenny, &
McGee, 2010; Drennan, McGee, & Keane, 2008). Considering that fat-
ness scores increase with age (Piedrafita et al., 2003), the higher
scores obtained for Barrosã carcasses in this study might indicate
higher maturity of these bulls, at least from a commercial point of
view. Diet was also a source of variation on fatness scores, and the
higher starch contents in the LS diet, in comparison to the HS diet,
likely promoted carcass backfat deposition.

A better understanding on the regulation of body fat deposition is
essential to devise strategies to manipulate fat partitioning and, con-
sequently, improve carcass composition. Our results showed that vis-
ceral fat percentage was not different between breeds, whereas both
breed and/or diet determined the proportion of the individual vis-
ceral fat depots. The proportion of cod fat was higher in Barrosã in
comparison to Alentejana animals (Pb0.01), although no difference
was found between feeding strategies (P>0.05). Both mesenteric
and omental fats were lower (Pb0.05) in HS- than in LS-fed bulls.
The percentages of KKCF were unchanged among experimental
groups (P>0.05). Diet influenced the proportion of all visceral fat de-
pots, except cod fat, which were consistently higher in HS-fed bovines
than in LS-fed animals. The differences observed could be explained
by the higher starch and lower fibre contents in the LS diet relative
to the HS diet, as these variables affect ruminal fermentation, small
intestine digestion and net energy availability. The LS diet promotes
higher levels of propionate from ruminal fermentation and/or higher
glucose absorption in the small intestine from non-degradable starch
than the HS diet (Schoonmaker, Trenkle, & Beitz, 2010). This would,
in turn, promote insulin production and therefore stimulate lipogen-
esis (Schoonmaker et al., 2003). According to Laviola et al. (2006), the
sensitivity of adipocytes to insulin exposure varies according to fat
depot location, which may be due to differential β-adrenoreceptor

expression and activity (Giorgino, Laviola, & Eriksson, 2005). This
could explain the differential effect of diet influence on the visceral
fat depots.

The dissection of the leg joint (Table 3) showed that Barrosã bulls
had higher proportions of intermuscular and total fat than Alentejana
bulls, but lower muscle/bone ratios (Pb0.05). Subcutaneous fat in the
leg joint tended (P=0.070) to be higher in the Barrosã when com-
pared to Alentejana, whereas the muscle proportion showed the in-
verse trend (P=0.099). In addition, bovines fed the LS diet tended
(P=0.057) to show higher subcutaneous fat deposition in leg joint
than animals fed the HS diet. Usually, large cattle breeds tend to take
longer time to reach the same total fat proportion in the carcass than
small breeds (Simões &Mira, 2002). Barrosã breed has a lowermature
weight than Alentejana and is relatively early maturing (Silva et al.,
1998). In fact, Silva et al. (1998) described a preferential deposition
of subcutaneous and intermuscular fats in Barrosã animals, as it ap-
proaches maturity. It was, therefore, expected that carcasses from
early-maturing Barrosã breed bulls would show fatter carcasses than
those from Alentejana, when compared at the same age. In agreement
with this, higher proportions of subcutaneous and intermuscular fats
in the leg joint were found in the Barrosã breed in comparison to
Alentejana in our experimental conditions. The same pattern was
also observed for fatness scores.

When comparing Alentejana and Barrosã breeds at the same pro-
portion of total fat, Simões andMendes (2003) reported no significant
variations between breeds concerning the subcutaneous fat of the leg
joint. According to these authors, any difference found in the subcuta-
neous fat of the leg would, therefore, reflect discrepancies in the car-
cass total fat and, consequently, in maturity.

Themuscle/bone ratio is little affected by differences in the degree of
maturity, and each breed displays a distinctive value over quite a wide
range of fatness (Kempster et al., 1982). Our results showed that
Barrosã breed had a lower muscle/bone ratio in the leg joint than
Alentejana, which could indicate a lower muscle deposition in the car-
cass of the former breed. On this concern, Jones, Burgess, Wilton, and
Watson (1984) described that breeds with higher adult weight, display
higher muscle/bone ratios, whereas Kempster (1986) reported that a

Table 2
Effect of breed and diet on the productive and carcass quality traits from Alentejana (AL) and Barrosã (BA) bulls fed high (HS) or low silage (LS) diets.

AL BA Significance

HS LS HS LS Breed Diet Breed×diet

Performance traits
DMI (kg/day)a 42.5±1.99 40.8±3.39 29.6±0.39 29.5±0.45 ⁎ ns ns
ADG (g/day)b 1670±71.0 1775±93.1 901±25.7 1033±75.3 ⁎⁎⁎ ns ns
Feed efficiency (kg/kg) 0.191±0.001 0.218±0.003 0.152±0.002 0.178±0.018 ns ns ns
SW (kg)c 622±17.7 636±29.7 457±8.88 497±23.0 ⁎⁎⁎ ns ns

Carcass traits
HCW (kg)d 357±9.7 371±16.8 257±6.2 284±14.5 ⁎⁎⁎ ns ns
Dressing percentagee 57.4±0.65 58.3±0.37 56.3±0.52 57.0±0.7 ⁎ ns ns
Conformation scoref 7.11±0.633 6.80±0.533 7.20±0.574 6.60±0.562 ns ns ns
Fatness scoreg 5.11±0.200 5.60±0.267 5.40±0.221 6.60±0.340 ⁎ ⁎⁎ ns
Visceral fat (%)h 6.33±0.357 6.42±0.337 6.01±0.391 7.69±0.591 ns ⁎ ‡

Cod fat (%) 0.323±0.025 0.265±0.025 0.352±0.027 0.381±0.014 ⁎⁎ ns ‡

Mesenteric fat (%) 1.55±0.103 1.68±0.141 1.52±0.121 2.09±0.173 ns ⁎ ns
Omental (%) 2.11±0.164 2.41±0.137 1.90±0.117 2.84±0.204 ns ⁎⁎⁎ ‡

KKCF (%)i 2.35±0.130 2.07±0.137 2.25±0.197 2.38±0.241 ns ns ns

Significance: ns, P>0.1; ‡, Pb0.1; ⁎, Pb0.05; ⁎⁎, Pb0.01; ⁎⁎⁎, Pb0.001. The symbols used mean as follows: DMI, dry matter intake; ADG, average daily gain; SW, slaughter weight;
HCW, hot carcass weight; KKCF, kidney knob and channel fat.

a DMI = dry matter intake.
b ADG = average daily gain.
c SW = slaughter weight.
d HCW = hot carcass weight.
e Dressing percentage=(HCW×100/SW).
f Carcass conformation score: poor (P), fair (O), good (R), very good (U) and excellent (E); scoring from 1 for P− to 15 for E+.
g Carcass fatness score: low (1), slight (2), average (3), high (4) and very high (5); scoring from 1 for 1− to 15 for 5+.
h Sum of KKCF, mesenteric, omental and cod fats.
i KKCF = kidney knob and channel fat.
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better dressing percentage is an indicator of a highermuscle/bone ratio,
which is in agreementwith our data. In addition, Piedrafita et al. (2003)
reported negative correlations between carcass muscle and bone pro-
portions, estimated from the dissection of the rib joint.

3.3. Intramuscular fat

Breed and diet are major factors influencing lipid deposition in
animals. However, muscle location and, therefore, function may also
account for a differential IMF deposition. A diet and a breed×diet in-
teraction effect was obtained for IMF content in ST and LL muscles, re-
spectively (Pb0.001) (Table 3). The IMF content in LL muscle was
higher in LS-fed than in HS-fed Barrosã bulls, although a similar effect
was not observed for the Alentejana bulls. The breed×diet interaction
observed for IMF content in the LL muscle might be due to genetic dif-
ferences in fat deposition between bovine breeds. Typically, meat
from concentrate-fed cattle has higher IMF contents than those from
animals fed on silage or pasture (Wood et al., 2008). Regarding the
ST muscle, IMF was higher in the LS-fed than in the HS-fed animals
(Pb0.001). In addition, the IMF content in the ST muscle tended
(P=0.0964) to be higher in Barrosã when compared to Alentejana
bulls. Therefore, results reported herein suggested that the response
to the diet is not only breed-related but alsomuscle-specific. Similarly,
Jurie et al. (2007), in a study comparing distinct muscle types, found
higher triacylglycerol contents in the LT than in the ST muscle.

3.4. Meat quality

The rate of temperature decline is of extreme importance. In fact, the
temperature at 2.5 h post-mortem has shown direct and indirect effects
on meat tenderness (Lochner, Kauffman, & Marsh, 1980; May, Dolezal,
Gill, Ray, & Buchanan, 1992). Moreover, muscle pH and temperature in-
teract during rigor mortis development, impacting on both physical
shortening and proteolytic enzyme activity (Dransfield, Etherington, &
Taylor, 1992; Tornberg, Wahlgren, Brondum, & Engelsen, 2000). Both
pH and temperature at 45 min and 3 h post-mortem were higher in
Alentejana than in Barrosã bulls (at least, Pb0.05) (Table 4). How-
ever, similar values were observed at 24 h after slaughter (P>0.05).
Pasture-raised animals usually have higher muscle ultimate pH than
animals fed on concentrate (Sheath, Coulon, & Young, 2001). Addition-
ally, ultimate pH variability iswider and the glycolytic potential is lower
in animals fed on pasture than in those fed on concentrate (Vestergaard,
Oksbjerg, & Henckel, 2000; Young, Daly, Graafhuis, & Moorhead, 1997).
Our data showed that pH was not influenced by diet at 45 min and 3 h

post-mortem, but it should be taken into account that maize silage does
notmimic a pasture-based diet. In contrast, breed determined the initial
pH value. These results may reflect a distinct fibre profile between
breeds, which would in turn determine a differential glycolytic poten-
tial responsible for a faster decrease in the LL muscle pH of the Barrosã
breed (Anderson et al., 2012).

Concerning the colour-related parameters, higher L* values were
observed in Alentejana than in Barrosã meats, which was reflected
on the Hue value (Pb0.01) (Table 4). No variations among experi-
mental groups were found for Chroma, whereas E* tended to be
lower in Alentejana than in Barrosã meat (P=0.056). Several factors
can influence colour, including diet and ultimate pH (Priolo et al.,
2001). Our results showed that diet had no significant effect on colour
variables, which is consistent with the findings reported by French et
al. (2001). The inverse correlation between muscle ultimate pH and
meat lightness has long been established (Renerre, 1981). Neverthe-
less, other authors have found that pH is not a major determinant of
colour stability over a very limited range, 5.6–5.8 (Baublits et al.,
2004; Young & Kauffman, 1978). Direct effects of diet on meat colour
seldom occur and depend on the diet ability to influence muscle myo-
globin content (Priolo et al., 2001). Muscle colour may also reflect IMF
content (Muir, Smith, Wallace, Cruickshank, & Smith, 1998), as well
as muscle fibre type composition (Lafaucheur, 2010), all of which
change according to age and growth rate.

Literature findings on the effects of SW and fatness on meat colour
are contradictory. Campion, Keane, Kenny, and Berry (2009) reported
a decrease in both L* and hue as SW increased, whereas others
(Dunne et al., 2004) have found that a relationship for bulls but not
for steers. According to Simões (2006) low L* values correspond to
high IMF contents, and it is expected that Barrosã bulls show a higher
deposition of IMF. Simões (2006) reported a decrease in L values and
a raise in the a/b ratio as growth proceeds, leading to progressively
darker meats. Lightness is also influenced by precociousness as higher
myoglobin content and consequently lower L* values are usually as-
sociated to more precocious animals (Renerre, 1981). Finally, higher
growth rates, as observed in this study for Alentejana breed, involve
a lower deposition of the haeme pigment contributing to a lighter
meat (Piedrafita et al., 2003). Moreover, a shift is usually observed
towards the production of fibres with greater glycolytic activity in an-
imals with high weight gain, thus leading to a faster post-mortem
maturation rate (Piedrafita et al., 2003).

Alentejana meat had higher values of shear force than Barrosã meat
(Pb0.05) (Table 4). Conversely, the cooking loss percentage tended to
be higher in Barrosã meat (P=0.067). It is well known that cooking

Table 3
Effect of breed and diet on the leg joint dissection variables and intramuscular fat from Alentejana (AL) and Barrosã (BA) bulls fed high (HS) or low silage (LS) diets.

AL BA Significance

HS LS HS LS Breed Diet Breed×diet

Leg dissection (g/100 g)
Muscle 76.9±0.561 76.8±0.844 73.8±2.20 75.0±1.44 ‡ ns ns
Bone 13.0±0.26 12.6±0.20 13.2±0.39 13.4±0.60 ns ns ns
Subcutaneous fat 4.10±0.162 4.59±0.221 4.54±0.410 5.92±0.765 ‡ ‡ ns
Intermuscular fat 4.96±0.286 5.01±0.387 5.71±0.640 6.49±0.646 * ns ns
Total fat proportion⁎ 9.06±0.353 9.60±0.574 10.2±0.839 12.4±1.25 * ns ns

Ratios
Muscle/fat 8.61±0.407 8.22±0.437 7.54±0.538 7.06±1.15 ns ns ns
Muscle/bone 5.94±0.120 6.10±0.115 5.62±0.239 5.67±0.187 * ns ns

Intramuscular fat
IMFLL (mg/g muscle)§ 12.1±0.76c 12.5±0.84c 17.6±1.21b 27.6±1.96a *** *** ***
IMFST (mg/g muscle)† 7.15±0.535 12.2±1.69 9.47±1.01 14.6±1.81 ‡ *** ns

a,b,cLeast square means in the same row with different superscripts are significantly different (Pb0.05); significance: ns, P>0.1; ‡, Pb0.1; *, Pb0.05; **, Pb0.01; ***, Pb0.001.
⁎ Sum of subcutaneous and intermuscular fat percentages in the leg.
§ IMFLL, intramuscular fat in the longissimus lumborum (LL) muscle.
† IMFST, intramuscular fat in the semitendinosus (ST) muscle.
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loss depends on the properties of raw meat, namely moisture, fat,
protein composition and pH (Del Campo, Brito, Lima, Hernández, &
Montossi, 2010). In the present study, the higher WBSF values found
for the LL muscle of the Alentejana breed are in agreement with its
lower IMF content. Usually, a curve–linear relationship between ten-
derness and final pH is observed (Purchas, Yan, & Hartley, 1999). More-
over, the rate of pH decline has a major influence on meat tenderness,
with a rapid fall being associated with meat with lower WBSF values
(O'Halloran, Troy & Buckley, 1997; Rosenvold, Andersen, Slinde &
Hildrum, 2003; Tornberg et al., 2000). In fact, the LLmuscle pHwas con-
sistently lower in the Barrosã than in the Alentejana breed carcasses
during the first 3 h post-mortem.

3.5. Correlation analysis

The correlation analysis (Table 5) showed an association between
the subcutaneous and mesenteric fats in the Alentejana bulls, indicat-
ing a parallel deposition of these depots. A close association was ob-
served between some visceral fats (KKCF and omental; mesenteric
and omental). Concerning the Barrosã breed, the correlation coeffi-
cients showed close relationships between subcutaneous and KKCF,
mesenteric, omental and the IMF in the LL muscle.

Linear relationships for the IMF content in LL muscle and the
weights of subcutaneous, mesenteric, omental and perirenal adipose
tissues were described for Japanese Black and European beef cattle
breeds (Belgium Blue, German Angus, Holstein Friesian) (Gotoh et
al., 2009). However, in the present study, no significant correlation be-
tween the IMF from bothmuscles and each of the visceral fat depots of
the Alentejana bulls were found. In contrast, significant correlations
between the IMF from LL muscle and subcutaneous, mesenteric and
omental fats were found for Barrosã bulls. Similarly, significant corre-
lations between IMF content in ST muscle and KKCF, mesenteric and
omental fats were also observed. These results suggest that, in the
Alentejana bulls, only mesenteric fat was being deposited along with
subcutaneous fat, which is in line with the data obtained by Silva et
al. (1998). Those authors who reported that, as it reaches maturity,
Alentejana breed deposits mainly internal fat. The present study also
suggests a higher deposition of visceral and subcutaneous fats in par-
allel to IMF in Barrosã bulls. In contrast, the fact that no strong corre-
lation between IMF and the remaining fat depots was found for the

Alentejana breed could indicate that feeding strategies to increase
IMF, without an increase of “waste fat”, would be possible.

4. Conclusions

Overall, the results presented here showed that, under these ex-
perimental conditions, genetic background is the most prominent fac-
tor in carcass fat partitioning. Moreover, the results indicate strong
correlations between the IMF content and most of the fat depots in
Barrosã bulls. However, the same associations were not found for the
Alentejana breed. This suggests that these breeds have different fat de-
position patterns, which could imply that an increase in IMF deposi-
tion in Alentejana bulls would be possible without the undesirable
accumulation of visceral fat. Nonetheless, further studies are needed
for the full understanding of the factors and mechanisms underlying
lipid metabolism and, thus, carcass composition and meat quality.

Table 4
Effect of breed and diet on the longissimus muscle quality traits from Alentejana (AL) and Barrosã (BA) bulls fed high (HS) or low silage (LS) diets.

AL BA Significance

HS LS HS LS Breed Diet Breed×diet

Temperature
45 m 37.6±1.11 36.2±1.54 29.8±0.29 29.0±0.59 *** ns ns
3 h 26.7±1.46 27.9±0.95 24.2±0.79 25.3±0.83 * ns ns
24 h 15.2±1.06 15.6±1.06 15.6±0.79 15.0±0.53 ns ns ns

pH
45 m 6.79±0.072 6.75±0.069 6.52±0.062 6.40±0.066 *** ns ns
3 h 6.45±0.071 6.24±0.073 6.16±0.059 6.20±0.065 * ns ‡

24 h 5.65±0.060 5.71±0.077 5.73±0.067 5.67±0.052 ns ns ns

Colour
L* 38.8±0.78 38.9±0.818 37.5±0.568 35.8±0.76 ** ns ns
a* 17.7±0.51 16.2±1.24 17.6±0.46 19.0±1.02 ns ns ns
b* 8.79±0.425 7.47±0.834 7.72±0.522 7.88±0.514 ns ns ns

Shear forcea

WBSF (kg)b 6.37±0.732 6.32±0.389 4.83±0.361 5.20±0.544 * ns ns
Cooking loss (%) 29.4±2.61 29.5±1.71 34.5±1.44 31.4±1.23 ‡ ns ns

Significance: ns, P>0.1; ‡, Pb0.1; *, Pb0.05; **, Pb0.01; ***, Pb0.001.
a Published in Costa et al. (2012).
b WBSF, Warner–Bratzler shear force.

Table 5
Pearson's correlations among carcass traits of Alentejana and Barrosã bulls.

SCFL InterMF KKCF Mesenteric Omental IMFLL IMFST

Alentejana
SCFL 1.00
InterMF 0.44 1.00
KKCF 0.01 0.10 1.00
Mesenteric 0.46⁎ 0.27 0.45 1.00
Omental 0.45 0.41 0.68⁎⁎ 0.78⁎⁎⁎ 1.00
IMFLL 0.21 0.09 −0.11 0.44 0.21 1.00
IMFST 0.26 −0.06 0.23 0.42 0.43 0.03 1.00

Barrosã
SCFL 1.00
InterMF 0.47⁎ 1.00
KKCF 0.63⁎⁎ 0.16 1.00
Mesenteric 0.75⁎⁎⁎ 0.18 0.84⁎⁎⁎ 1.00
Omental 0.74⁎⁎⁎ 0.29 0.84⁎⁎⁎ 0.95⁎⁎⁎ 1.00
IMFLL 0.68⁎⁎ 0.54⁎ 0.47⁎ 0.72⁎⁎⁎ 0.76⁎⁎⁎ 1.00
IMFST 0.25 0.22 0.55⁎⁎ 0.54⁎ 0.60⁎⁎ 0.44 1.00

The symbols used mean as follows: SCFL, subcutaneous fat in the leg joint; InterMF,
intermuscular fat; KKCF, kidney knob and channel fat; IMFLL, intramuscular fat in the
longissimus lumborum (LL) muscle; IMFST, intramuscular fat in the semintendinosus
(ST) muscle.
⁎⁎ Pb0.01.

⁎⁎⁎ Pb0.001.
⁎ Pb0.05.
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