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The objective of the experiment was to study the performance, carcass traits and meat quality of purebred Aber-
deen Angus (Ab) and Limousin (Li) bulls and AbxLi crossbred bulls offered grass silage-grain-based rations and raised
to heavy carcass weights. The experiment included eight bulls in all breed groups. The average slaughter age for all
breeds was 540 days and the mean carcass weights for the Ab, AbxLi and Li bulls were 391, 399 and 439 kg, respec-
tively. Significant breed differences in carcass traits and meat quality were observed. The Limousin bulls tended
to achieve a higher conformation score, produced less fat and had a higher percentage of valuable cuts compared
with the Aberdeen Angus bulls. The crossbred AbxLi bulls produced better conformed carcasses and a higher share
of the rounds compared to the pure Ab bulls which indicate that this type of crossbreeding can enhance beef pro-
duction under the studied conditions.
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Introduction

Traditionally most beef in Finland has been produced by dairy breeds. However, the decrease in the dairy cattle
population observed in recent years threatened to reduce the level of beef production, and production from beef
breed calves is increasing at present. Because of the falling supply of domestic beef, there is nowadays a clear
discrepancy between the demand for and supply of domestic beef. Consequently, slaughterhouse pricing favours
heavy carcasses and the average carcass weights of slaughtered animals have clearly increased in Finland during
recent years. For example, the average carcass weight of slaughtered bulls (including both dairy and beef breeds)
increased from 275 kg (1996) to 335 kg (2008) in twelve years (Karhula and Kassi 2010). Currently in Finland, beef-
breed bulls are typically slaughtered at carcass weights of approximately 400 kg (Huuskonen et al. 2012). Howev-
er, there is lack of published information on the growth, carcass traits and meat quality parameters of beef bulls
slaughtered at such high carcass weights.

Carcass composition (proportions of muscle, fat and bone) largely determines carcass value. A high proportion of
muscle with a low proportion of bone and an optimum level of fat (dictated by local consumer preferences) repre-
sent a superior carcass (Oprzadek et al. 2001). The distribution of muscle, bone and fat is largely a function of ma-
turity (Robelin 1986). Most phenotypic conformation differences between beef cattle types are due to differences
in maturity, as well as muscle, bone and fat share and distribution. Cattle at the same maturity stage demonstrate
a higher variation in the distribution of fat than of any other tissue (Berg et al. 1978). Differences between indi-
vidual beef breeds in performance, carcass traits and meat quality have been recently evaluated, for example, by
Chambaz et al. (2003), Barton et al. (2006), Cuvelier et al. (2006a,b) and Alberti et al. (2008). In addition, numer-
ous research reports have been published on the performance of different sire breeds compared in crossbreeding
trials, for example, in Great Britain (Kempster et al. 1982, 1988), Norway (Aass and Vangen 1998, Rgdbotten et
al. 2002), Czech Republic (Stbrt et al. 1999, Polah et al. 2004) and United States (Koch et al. 1982, Wheeler et al.
1996). However, in Finland, less research has been carried out, and there is a paucity of information on the effects
of breed on the performance, carcass traits and meat quality of beef-breed bulls raised to heavy carcass weights
with typical Finnish grass silage-grain based rations. Therefore, the objective of the present experiment was to
study the growth, carcass characteristics, valuable cuts and meat quality parameters of purebred Aberdeen An-
gus and Limousin bulls and Aberdeen AngusxLimousin crossbred bulls, and to evaluate the potential for improve-
ment of carcass and meat quality through this type of crossbreeding compared to purebred Aberdeen Angus bulls.
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Materials and methods
Animals, housing and feeding

The experiment was conducted on the affiliated farm of the North Ostrobothnia Research Station of MTT Agrifood
Research Finland (Lapinlahti, 63°21’N, 27°24’E). The experiment started in December 2010, ended in November
2011, and comprised in total 8 Aberdeen Angus bulls, 8 Limousin bulls and 8 Aberdeen AngusxLimousin (Aber-
deen Angus dams sired by Limousin) crossbred bulls. The bulls in all breed groups were from three different sires
so they would cover variation in their respective populations. All the animals, initial live weight (LW) 285+38.0 kg
(Ab), 276+36.8 (AbxLi) and 325+18.7 kg (Li), were spring-born calves purchased from commercial suckler herds.
During their first summer all the calves had been kept on pasture together with their dams. At the start of the ex-
periment the animals were 184 days old, on average. Throughout the experiment, bulls of each breed were housed
in the same pen (8 animals per pen, 8.0 m? per bull) in an uninsulated barn with straw bedding.

The animals were offered grass silage ad libitum (proportionate refusals as 5%) and a mixture of rolled barley
and oats (1:1 on dry matter (DM) basis). The target for average concentrate level during the experiment was 400
g kg DM. The daily ration for the bulls included also 150 g of a mineral mixture (A-Rehu Ltd., P.O. Box 908, Fl-
60061 Atria, Finland: KasvuApeKivenndinen: Ca 260, P 0, Na 70, Mg 35 g kg?). The feed intake was not measured
exactly because the bulls of each breed were housed in the same pen and there were no individual observations
of feed intake. Feed sub-samples for chemical analyses were pooled over periods of eight weeks and analysed
for DM, crude protein (CP), neutral detergent fibre (NDF) and digestible organic matter (DOM) in DM (D value).
Feed DM values were determined by oven drying. Silage DM was corrected for loss of volatiles (Huida et al. 1986).
Crude protein, NDF and D value were determined by near-infrared spectroscopy as described by Nousiainen et al.
(2004). The silage was analysed also for fermentation quality (pH, water-soluble carbohydrates (WSC), lactic and
formic acids, volatile fatty acids, soluble and ammonia N content of N) by electrometric titration as described by
Moisio and Heikonen (1989).

The metabolizable energy (ME) contents of the feeds were calculated according to the Finnish feed tables (MTT
2012). The ME value of the silage was calculated as 0.016 x D value (MTT 2012). The ME values of the concen-
trates were calculated based on concentrations of digestible crude fibre, CP, crude fat and nitrogen-free extract
described by MAFF (1984). The digestibility coefficients of the concentrates were taken from the Finnish feed ta-
bles (MTT 2012). The values of amino acids absorbed from the small intestine (AAT) and the protein balance in
the rumen (PBV) were calculated according to the Finnish feed tables (MTT 2012).

The grass silage used in the present experiment was of good nutritional quality as indicated by the D value as well
as the AAT and CP contents (Table 1). The fermentation characteristic of the silage was also good as indicated by
the pH value and the low concentration of ammonia N and total acids. The silage used was restricted fermented
with high residual WSC concentration and low lactic acid concentration. The concentrate feeds used had typical
chemical composition and feed values (Table 1).

Live weight, slaughter procedures and meat quality measurements

The animals were weighed on two consecutive days at the beginning of the experiment and thereafter approxi-
mately every 56 days. Before slaughter they were weighed on two consecutive days. The target for average slaugh-
ter age in the experiment was 18 months (540 days) which is the average slaughter age for beef bulls in Finland
(Huuskonen et al. 2012). The live weight gain (LWG) was calculated as the difference between the means of initial
and final live weights divided by the number of growing days. The estimated rate of carcass gain was calculated
as the difference between the final carcass weight and the carcass weight in the beginning of the experiment di-
vided by the number of growing days. Carcass weight in the beginning of the experiment was assumed to be 0.50
x initial LW, which was used also in studies by Root and Huhtanen (1998) and Huuskonen et al. (2009) and which
was assessed based on earlier studies (unpublished data).

The animals were slaughtered in the Atria slaughterhouse in Kuopio. Carcasses were electrically stimulated dur-
ing debleeding (low voltage of 70 V). After slaughter the carcasses were weighed hot and the cold carcass weight
was estimated as 0.98 of the hot carcass weight. Dressing proportions were calculated from the ratio of cold car-
cass weight to final LW. The carcasses were classified for conformation and fatness using the EUROP quality clas-
sification (Commission of the European Communities 1982). For conformation, development of carcass profiles,
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in particular the essential parts (round, back, shoulder), was taken into consideration according to the EUROP
classification (E: excellent, U: very good, R: good, O: fair, P: poor), and for fat cover degree the amount of fat on
the outside of the carcass and in the thoracic cavity was taken into account using a classification range from 1to 5
(1: low, 2: slight, 3: average, 4: high, 5: very high). Each level of the conformation scale was subdivided into three
sub-classes (O+, O, O-) to produce a transformed scale ranging from 1 to 15, with 15 being the best conformation.

Table 1. Chemical composition and feeding values of barley, oats and grass silage used in the

experiment.
Grass Barley Oats
silage
N=® 8 4 4
Dry matter (DM), g kg* feed 381 863 871
Crude protein, g kg DM 164 123 138
Neutral detergent fibre, g kg™ DM 556 210 310
Metabolizable energy, MJ kg DM 10.9 13.2 11.5
AAT®, g kg DM 84 97 91
PBV ¢, g kg DM 40 -23 5
Digestible organic matter in DM, g kg™ DM 681 ND¢ ND¢
Fermentation quality of grass silage
pH 4.62
Volatile fatty acids, g kg* DM 11
Lactic + formic acid, g kg™ DM 21
Water soluble carbohydrates, g kg* DM 69
In total N, g kg
NH,N 36
Soluble N 327

2Number of feed samples.

> Amino acids absorbed from small intestine.
¢ Protein balance in the rumen.

4Not determined.

After classification carcasses were chilled overnight below 7 °C. Day after slaughter the right side of carcasses
were commercially cutted. Primal cuts were forequarter, back, side and round. During subdividing of forequar-
ter and back the quality of entrecote (Musculus longissimus thoracis between the 4th and the 7th rib) and loin
(Musculus longissimus lumborum between the 7th rib and the 3rd lumbar vertebra) were evaluated, respectively.
The marbling score was determined subjectively using a six-point scale (0=devoid to 5=abundant) at the 7th rib
in the entrecote and at the 1st lumbar vertebra in the loin (after cutting a 2 kg sample from the posterior part of
loin). pH-value of the loin was measured with a Knick 651 instrument with Inlab Solid electrode (Mettler Toledo).
Instrumental colour measurements were recorded for L* (lightness; 0: black, 100: white), a* (redness/greenness;
positive values: red, negative values: green), and b* (yellowness/blueness; positive values: yellow; negative val-
ues: blue) using a Minolta ChromaMeter Cr200 (Minolta Camera Co., Ltd., Osaka, Japan). The bloom time was
half an hour. The Minolta CR200 was calibrated to a standard white plate. CIE Standard llluminant D65 conditions
were used for the measurements.

The right side of each carcass was cut into valuable cuts [outside round, inside round, corner round, roast beef
(Musculus gluteus medius), tenderloin, loin and entrecote], subcutaneous fat and bones as described by Manninen
et al. (2011). All cuttings, subcutaneous fat and bones were weighed and their yields were expressed as percent-
ages of the carcass cold weight (0.98 x carcass hot weight, 50 min post mortem). During cutting, a 2 kg loin (Mus-
culus longissimus lumborum between the 7th rib and the 3rd lumbar vertebra) sample was vacuum packaged. Af-
ter that, samples were sent to the Finnish Meat Research Institute (LTK) for further analyses. At LTK, loin samples
were aged for 8 days at 4 °C. Then samples analysed for moisture, protein and intramuscular fat contents, drip loss,
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Warner-Bratzler shear force and for subjective tenderness, juiciness and beef flavour (sensory analysis). Moisture,
protein and intramuscular fat contents were determined as described by Huuskonen et al. (2010). For shear force
measurements loin samples were heated in a water bath at 85 °C until the core temperature of the meat was 70
°C. After chilling for 24 hours (4 °C), loin samples about 6 cm long (parallel to the myofiber direction), 1 cm high
and 1 cm wide (square probe of 1 cm x 1 cm surface area) were placed in a Warner-Bratzler shear blade to be
sheared perpendicular to the longitudinal axis of the muscle fibres in an Instron testing machine (Instron model
4301 with cross head speed of 200 mm mint). The maximum force was recorded and results were expressed as kg
(cm?)? (Honkavaara et al. 2003). For the sensory analysis, four 1.5 mm thick slices from each sample were heated
to 68 °C in a rolling grill (Palux Rotimat, Germany) and evaluated by six trained sensory panelists for tenderness,
juiciness and beef flavour. These traits were scored on a seven-point scale (1=low, 7=high). Drip loss was evalu-
ated by weighing the amount of water left in the vacuum package after eight days storage.

Statistical methods

The results are shown as least squares means. The normality of residuals was checked using graphical methods:
box-plots and scatter plots of residuals and fitted values. For parameters that were measured several times per
individual (longissimus lumborum samples for share force and sensory analysis) all repeated measures on an ani-
mal were summarized, and then the average used for the statistics (one single value per animal). The data were
subjected to analysis of variance using the SAS GLM procedure (version 9.1, SAS Institute Inc., Cary, NC). Differ-
ences among the breeds were compared using Tukey’s t-test.

Results

The experiment lasted 345, 353 and 385 days for the Ab, Li and AbxLi bulls, respectively, and there were no sig-
nificant differences in final LW between breeds (Table 2). The average slaughter age in the experiment was 545
days and close to that pre-planned. There were no differences in LWG between breeds, but the carcass gain of
the Li bulls was 16% higher than that of the AbxLi bulls (p<0.01). The carcass weight of the Li bulls was 10 and
12% higher than that of the AbxLi and Ab bulls (p<0.01), respectively. The dressing proportion of the Li bulls was
8% higher than that of the AbxLi and Ab bulls (p<0.001), and the carcass fat score of the Li bulls was clearly lower
than that of the AbxLi and Ab bulls (p<0.001). In carcass conformation, all breeds differed significantly from each
other. The conformation score of the Li bulls was 80 and 46% better than that of the Ab and AbxLi bulls, respec-
tively (p<0.001). In addition, the carcass conformation score of the AbxLi bulls was 23% higher than that of the
Ab bulls (p<0.001) (Table 2).

Breed had a clear effect on the amount (kg) and yield (%) of valuable cuts (Table 2). The yields of tenderloin
(p<0.001) and entrecote (p=0.07) from the Li bulls were 43 and 25% (tenderloin) and 12% (entrecote) higher than
those from the Ab and AbxLi bulls, respectively. The yield of loin was 13% higher (p<0.01) from Li than from Ab
bulls. Regarding the yields of outside round, inside round and corner round all the breeds differed significantly
from each other (Table 2). For the Li bulls the yields of outside round, inside round and corner round were 28, 33
and 17% higher than those for the Ab bulls, and 16, 16 and 13% higher than those for the AbxLi bulls, respectively
(p<0.001). In addition, for the AbxLi bulls the yields of outside round, inside round and corner round were 10, 15
and 3% higher than those for the purebred Ab bulls, respectively.

In the Li and AbxLi bulls the yield of roast beef was 27 and 20% higher than that in the Ab bulls, respectively
(p<0.001). The yield of subcutaneous fat was 34 and 132% higher in the Ab bulls than in the AbxLi and Li bulls, re-
spectively (p<0.001). Furthermore, the yield of subcutaneous fat was 74% higher in the AbxLi bulls than in the Li
bulls (p<0.001). There were no significant differences in the yield of bones between Ab and AbxLi bulls. However,
in the Ab and AbxLi bulls the yield of bones was 10 and 7% higher than that in the Li bulls, respectively (p<0.001).

Breed had no significant effect on the pH of the longissimus lumborum, but the pH for the Ab bulls tended to be
higher than for the AbxLi bulls (p=0.07) (Table 3). The longissimus lumborum muscle of the Li bulls had higher
moisture (752 vs. 737 g/kg, p<0.05) and protein (218 vs. 211 g/kg, p<0.05) and lower fat (21 vs. 38 g/kg, p<0.001)
contents than that of the Ab bulls. Additionally, the longissimus lumborum muscle of the AbxLi bulls had 57%
higher fat content than the Li bulls (p<0.001). The treatments had no significant effects on the drip loss or shear
force value of the bulls (Table 3). Furthermore, breed had no significant effects on the sensory analysis (tender-
ness, juiciness or beef flavour) of the longissimus lumborum muscle.
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Table 2. Effect of breed on growth performance, carcass characteristics and valuable cuts (half carcass) of
growing bulls. Between-breed comparisons (Tukey, p<0.05): estimated means with the different letters
were significantly different (p< 0.05).

Breed
AB LI ABxLI SEM p-value
Number of animals 8 8 8
Age at slaughter, d 526 561 547 10.9 0.091
Duration of the experiment, d 345° 3532 385° 10.2 0.027
Initial live weight, kg 285% 3250 276° 11.4 0.015
Final live weight, kg 705 732 718 14.9 0.454
Live weight gain g d* 1224 1154 1152 41.5 0.394
Carcass gain, g d* 726% 785° 679° 21.7 0.009
Carcass characteristics
Carcass weight, kg 3912 439° 3992 8.2 0.001
Dressing proportion, g kg* 5552 600° 5552 4.3 <0.001
Conformation score, EUROP 7,4° 13,3¢ 9,1° 0.31 <0.001
Fat score, EUROP 3,8° 2,10 3,3" 0.19 <0.001
Valuable cuts of half carcass
Tenderloin, kg 2.1° 3.0 2.4° 0.08 <0.001
% yield 1.1° 1.3° 1.2° 0.04 <0.001
Loin, kg 6.0° 7.7° 6.7° 0.23 <0.001
% yield 3.1° 3.5° 3.3 0.08 0.003
Entrecote, kg 3.4 4.1° 3.4° 0.12 <0.001
% yield 1.7 1.9 1.7 0.05 0.065
Outside round, kg 11.5° 16.3¢ 12.9° 0.34 <0.001
% yield 5.8° 7.4¢ 6.4° 0.12 <0.001
Inside round, kg 6.4° 9.7¢ 7.7° 0.28 <0.001
% yield 3.3° 4.4¢ 3.8° 0.11 <0.001
Corner round, kg 5.8° 7.9° 6.32 0.20 <0.001
% yield 3.0° 3.5¢ 3.1° 0.05 <0.001
Roast beef, kg 3.0° 4.2° 3.5° 0.14 <0.001
% yield 1.5° 1.9 1.8° 0.05 <0.001
Subcutaneous fat, kg 15.5¢ 7.4° 12.0° 0.96 <0.001
% yield 7.9¢ 3.4° 5.9° 0.47 <0.001
Bones, kg 36.0 36.7 35.7 0.82 0.676
% yield 18.2° 16.6° 17.8° 0.30 0.003

Carcass conformation score: (1 = poor, 15 = excellent).
Carcass fat score: (1 = low, 5 = very high).
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Table 3. Effect of breed on meat quality of Musculus longissimus lumborum. Between-breed comparisons (Tukey,
p<0.05): estimated means with the different letters were significantly different (p< 0.05).

Breed
AB LI ABxLI SEM p-value

Number of animals 8 8 8
pH (24 h post mortem) 5.62 5.58 5.53 0.024 0.066
Chemical composition, g kg™

Moisture 737° 752° 748%® 3.2 0.011

Protein 211° 218° 214%® 1.9 0.011

Fat 38° 212 33k 1.9 <0.001
Shear force value, kg (cm?)* 13.2 12.1 11.3 1.74 0.727
Drip loss, % 0.78 0.88 0.93 0.127 0.700
Colour

“L” (lightness) 37.2 36.2 36.6 0.63 0.484

“a” (redness) 25.0% 22.7% 25.7° 0.68 0.015

“b” (yellowness) 7.5 6.5 7.8 0.40 0.071
Sensory analysis

Tenderness 5.5 5.6 5.6 0.27 0.934

Juiciness 5.7 5.4 5.2 0.18 0.230

Beef flavour 5.7 5.7 5.6 0.13 0.774
Marbling score

longissimus lumborum 1.56° 0.66° 1.25° 0.151 0.001

longissimus thoracis 1.34° 0.25° 0.94° 0.170 <0.001

Sensory analysis: scale from 1 to 7.
Marbling score: scale from 0 to 5 (O=devoid, 5=abundant).

The longissimus lumborum (p<0.01) and longissimus thoracis (p<0.001) muscles of the Ab and AbxLi bulls had
clearly higher marbling scores than those of the Li bulls but there were no significant differences in the marbling
scores between the Ab and AbxLi bulls (Table 3). Breed had no significant effects on the lightness (L value) or yel-
lowness (b value) of the longissimus lumborum muscle. However, the muscle redness (a value) was 13% higher in
the AbxLi bulls than in the Li bulls (p<0.05).

Discussion

Previous research has shown that when growing cattle of diverse breeds are compared at a similar age, with simi-
lar management, variation will be found in carcass weight, while carcass composition will depend on the range of
target weights and differences in growth curves of each breed (Kempster et al. 1982, Alberti, et al. 2008). In agree-
ment with our finding with grass silage-grain -based diet, Cuvelier et al. (2006a) reported no differences in LWG
between Aberdeen Angus and Limousin bulls fattened with a sugar-beet pulp or a cereal-based diet and slaugh-
tered at age 530 days. On the contrary, Alberti et al. (2008) observed that the average daily gain of Ab bulls was
superior to Li bulls (1.97 vs. 1.46 g d) when both breeds were slaughtered at age 428 days and offered a concen-
trate diet. After all, Alberti et al. (2008) reported that Aberdeen Angus bulls showed a very high LWG during the
experimental period (9 months to 12 months of age), and speculated that this may have been a result of compen-
satory growth. However, also Chambaz et al. (2003) found that Angus steers, reared until they reached the same
intramuscular fat content, had a higher growth rate than Limousin steers. Then the average slaughter age, LWG
and hot carcass weight for Angus and Limousin steers were 381 vs. 594 days, 1300 vs. 1030 g d* and 275 vs. 405
kg, respectively (Chambaz et al. (2003). In the present study, the concentrate level used was rather low compared
to many earlier experiments (e.g. Cuvelier et al. 2006a,b, Alberti et al. 2008) but, for example, in the study con-
ducted by Chambaz et al. (2003) the diet consisted maize silage (520 g kg’ DM), grass silage (260) and concentrate
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(220). Effects of concentrate level and feed intensity on performance and carcass traits of growing cattle are evalu-
ated, for example, Caplis et al. (2005), Huuskonen et al. (2007), Manninen et al. (2010) and Randby et al. (2010).

The differences found among breeds in dressing proportion are in line with those observations found by Bonaiti
et al. (1988), Wulf et al. (1996), Cuvelier et al. (2006a) and Alberti et al. (2008) for the Limousin breed and Barton
and Pleasants (1997), Sinclair et al. (2001), Cuvelier et al. (2006a) and Alberti et al. (2008) for the Aberdeen Angus
breed. For example, Bonaiti et al. (1988) observed a dressing proportion of 591 g kg™ for Limousin bulls offered a
diet based on dehydrated alfalfa and sugar beet pulp and slaughtered at 18 months old. For Aberdeen Angus bulls
offered a concentrate diet, Cuvelier et al. (2006a) observed a dressing proportion of 550 g kg™ while it was 548 g
kg with concentrate-finished Angus steers (Sinclair et al. 2001). In agreement with our findings, Chambaz et al.
(2003) reported that carcasses of Angus steers had lower conformation scores compared to those of the Limou-
sin steers when all animals had ad libitum access to the same diet consisting of maize silage, grass silage and con-
centrate. Similarly, Rgdbotten et al. (2002) perceived that the Limousin crossbred bulls obtained higher scores for
conformation than the Angus crossbred bulls. On the contrary, Alberti et al. (2008) observed no significant differ-
ence in conformation score between Angus and Limousin bulls offered a concentrate diet. In the present experi-
ment the lower dressing proportion and conformation score of the Ab bulls can also be explained partly by their
lower average slaughter weight compared to the Li bulls because it is established that these traits increase with
increasing slaughter weight (Kempster et al. 1988).

The higher average fat score of Angus carcasses compared to late-maturing beef breeds is well documented (e.g.
Chambaz et al. 2003, Barton et al. 2006, Alberti et al. 2008) and was observed also in the present experiment. Al-
though measures of carcass fatness generally increase with increasing carcass weight (Keane and Allen 1998), the
average carcass fat score of the Ab and AbxLi bulls was clearly higher than that of the Li bulls at a constant age in
our experiment. This is contrary to findings by Aass and Vangen (1998) who reported that sire breed differences
in carcass fatness traits became insignificant when comparisons were made at a constant age instead of weight.
However, carcass weights were considerably higher in the present study compared to those reported by Aass and
Vangen (1998) (295, 304 and 319 kg for Angus, Hereford and Charolais bulls, respectively). In agreement with our
results, Barton et al. (2006) concluded that, in general, the animals of earlier maturing breeds (Hereford, Angus)
produced relatively more fat than later maturing ones (Charolais, Simmental) in spite of the fact that they were
slaughtered at significantly lower live weights. This statement is supported by the present experiment with beef
bulls slaughtered at heavy carcass weights. In accordance with Cuvelier et al. (2006a), meat of Ab bulls had high-
er lipid contents and lower protein content than that of Li bulls. These results indicate that the increase in lipid
concentrations was associated with the decreased protein content, which is in accordance with the findings by
Van Koevering et al. (1995).

A number of studies have confirmed a higher share of the most valuable cuts in the carcasses of Limousin breed
compared to Angus breed (e.g. Oprzadek et al. 2001, Cuvelier et al. 2006a, Alberti et al. 2008). For example,
Oprzadek et al. (2001) concluded that weight of valuable cuts showed significant differences among bulls of all
studied breeds (Angus, Charolais, Hereford, Limousin, Simmental and Piedmontese Black-and-White F, crosses),
and their share proved to be highest in the Limousin and Charolais and lowest in Hereford and Angus. Furthermore,
Oprzadek et al. (2001) reported that Limousines had more lean in valuable cuts than did other breeds, and Limou-
sin bulls had the highest and Angus the lowest weight of tenderloin. The observed higher percentage of subcuta-
neous fat with Ab bulls compared to Li bulls in the present experiment is in line with results reported by Oprzadek
et al. (2001) and Alberti et al. (2008) and is caused by physiological differences between earlier and later maturing
breeds. In agreement with our findings, also Alberti et al. (2008) observed that Li bulls had a lower percentage of
bones compared to Ab bulls. Also Oprzadek et al. (2001) reported that the highest percentage of bone in valuable
cuts was observed in Hereford and Angus bulls (17.5%), while the lowest was observed in Limousin bulls (13.9%).

Similarly, as observed by Chambaz et al. (2003) and Cuvelier et al. (2006a,b), the pH of the carcasses was not sig-
nificantly affected by the breed and was close to pH 5.5-5.6, which is in agreement with data reported earlier 24
h post mortem (Manninen et al. 2011). In the present study there were only minor effects of breed on the muscle
colour (redness was higher in the AbxLi bulls than in the Li bulls). In agreement, Chambaz et al. (2006) perceived
no differences in meat colour between Angus and Limousin steers. Also Cuvelier et al. (2006a,b) observed no dif-
ference in redness or yellowness in the meat samples between purebred Aberdeen Angus and Limousin bulls. How-
ever, Cuvelier et al. (2006a,b) reported that the muscle lightness value was 6% higher for Li bulls than for Ab bulls.

In agreement with our findings, Rgdbotten et al. (2002), Chambaz et al. (2006) and Cuvelier et al. (2006b) ob-

served no effects on the shear force value between Ab and Li breeds. Instead, the present drip loss results disa-
gree with findings by Chambaz et al. (2006) and Cuvelier et al. (2006b) who perceived that Angus animals had
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lower drip loss values compared to Limousin animals. The sensory evaluation reported by Chambaz et al. (2006),
mainly agrees with our present findings that there were no differences between breeds. However, Chambaz et al.
(2006) reported that differences between breed groups were found in juiciness, with the meat of the Limousin
and, to a lesser extent that of the Charolais steers being juicier than that of the Simmental and particularly the
Angus steers. In contrast, when comparing animals of the same age, Angus crosses with Charolais were found to
yield the same tenderness as purebred Angus while crosses with Simmental and Limousin gave less tender meat
(Koch et al. 1976). Even though several authors (e.g. Koch et al. 1979, Gregory et al. 1994, Wheeler et al. 1996)
have reported a favourable relationship between marbling score (intramuscular fat content) and shear force/ten-
derness scores, in the present study there were no differences in shear force or tenderness scores among breeds
though the Ab and AbxLi bulls had clearly higher marbling scores than the Li bulls.

In conclusion, the limited material studied here shows that the best performance parameters were attained by
the purebred Limousin bulls which produced the heaviest carcasses at the constant age and were superior for car-
cass conformation. The crossbred AbxLi bulls produced better conformed carcasses and a higher share of rounds
compared to pure Angus bulls, which indicates that this type of crossbreeding can enhance beef production un-
der the studied conditions.
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