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Effect of two Spanish breeds and diet on beef
quality including consumer preferences
Guillermo Ripoll,∗ Mireia Blanco, Pere Albertı́, Begoña Panea, Margalida Joy
and Isabel Casasús

Abstract

BACKGROUND: Farmers in dry mountain areas are changing their management strategies to improve livestock farming
efficiency, by using different forages or different breeds. The effect of breed (Parda de Montaña vs. Pirenaica) and finishing diet
(grazing on meadows vs. a total mixed ration (50% alfalfa, 40% maize grain, 10% straw)) on carcass characteristics and meat
quality of steers was studied.

RESULTS: Parda de Montaña had a greater (P < 0.01) amount of intramuscular fat than Pirenaica. The finishing diet did not
influence carcass fat color, but fatty acid composition was slightly affected. Finishing steers on a total mixed ration increased
the percentage of fat of the 10th rib (P < 0.001). Supplementation with concentrates increased the diet energy concentration
and also increased the dressing percentage.

CONCLUSIONS: Both breeds had similar carcass characteristics. Consumers preferred beef from the Pirenaica breed because
of its greater tenderness. Consumers did not differentiate between beef from animals fed different finishing diets. However,
consumers who like meat very much preferred meat aged in a cooler at 4 ◦C for 15 days rather than 8 days.
c© 2013 Society of Chemical Industry
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INTRODUCTION
Farmers in dry mountain areas of Spain are changing their
management strategies to improve livestock farming efficiency.
Principally, grazing periods have been lengthened, and additional
forest and mountain pastures are now utilized in an attempt to
replace off-farm feedstuffs with internal resources.1 In addition,
the beef industry is interested in increasing the healthiness and
quality of meat by modifying the total amount of fat and the
proportions of fatty acids in meat.

Feeding forages instead of grain-based (concentrate) diets to
cattle usually results in lower fat deposition in beef and a reduction
in the polyunsaturated fatty acids (PUFA) n-6:n-3 ratio.2 However,
the magnitude of the reduction might depend on the conservation
(fresh or conserved), the species (grass vs. legumes) and the
physiological state of the forages, as these factors affect the fatty
acid profile of the forage.3 Moreover, ruminant meat and milk are
the main sources of conjugated linolenic acid (CLA) in the human
diet. However, meat with increased PUFA content could be more
prone to oxidation4 and color deterioration. Concentrate-based
diets are often used to finish cattle, but they can be expensive
owing to the cereal crisis.

The literature regarding the effect of forage and concentrate
feeding on carcass and meat quality is often contradictory, as many
factors are involved in producing quality meat. The low fatness
degree of carcasses can negatively affect certain aspects of meat
quality due to the shortening of the muscle fibers during carcass
chilling. Some studies have reported negative effects of forage
feeding on meat color and toughness.5

Parda de Montaña and Pirenaica are local beef cattle breeds
adapted to dry mountain areas. Parda de Montaña is a dual-
purpose breed, while the Pirenaica is a fast-growth breed. Thus,
because of this difference in the degree of maturity, they may
respond differently to forage feeding.

The aim of this study was to determine the effect of breed (Parda
de Montaña vs. Pirenaica) and finishing system (grazing on valley
meadows vs. a total mixed ration fed indoors) on carcass and meat
quality of steers raised in dry mountain areas.

MATERIAL AND METHODS
Animals
The experiment with eight Parda de Montaña and 16 Pirenaica
calves was conducted at La Garcipollera Research Station (Spain;
42◦ 37′ N, 0◦ 30′ W; 945 m above sea level). The traditional
management of spring-born calves from birth to weaning is
described elsewhere.6 Animals were castrated at 8.2±0.11 months
of age by surgical removal of the testes with local anesthesia and
analgesia. During the 169-day winter housing period, the 24 steers
received a total mixed ration (TMR) composed of alfalfa hay,

∗ Correspondence to: Guillermo Ripoll, Centro de Investigación y Tecnologı́a
Agroalimentaria de Aragón (CITA), Avda. Montañana, 930, 50059 Zaragoza,
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Table 1. Chemical composition (g kg−1 DM) of feedstuffs offered
throughout the experiment (average ± standard deviation)

Concentrate Maize

Total mixed

ration Meadow

DM 849 ± 6.4 880 ± 1.3 854.± 6.2 219 ± 39.6

CP 144 ± 14.7 122 ± 39.0 107 ± 8.5 186 ± 24.5

Fat 41 ± 70 34 ± 3.4 20.± 3.2 —

NDF 294 ± 56.2 290 ± 62.8 491 ± 29.4 513 ± 72.9

ADF 60 ± 7.1 26 ± 0.2 253 ± 22.5 232 ± 22.7

Ash 64 ± 3.2 153 ± 0.2 74 ± 3.7 109 ± 10.7

ME (MJ kg−1 DM) 148 ± 1.3 151 ± 0.1 112 ± 0.3 117 ± 4.4

DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF,
acid detergent fiber; ME, metabolizable energy.

barley straw and maize grain (50:10:40) on an ad libitum basis.
At the beginning of May, steers were 14.6 ± 0.11 months old
and were turned out to valley meadows (80% Graminaceae, 4%
Leguminosae, 16% other families; for chemical composition, see
Table 1) and supplemented with 2 kg maize grain per head per
day until they were 17.0 ± 0.11 months old (grazing period). Eight
Parda de Montaña steers (PAM) and eight Pirenaica steers (PIM)
were left to continue grazing on the meadows and received 3.7
kg maize (dry matter) per head daily; the other eight Pirenaica
steers were finished indoors (PII) on the same TMR ad libitum used
during the winter housing period. Animals were weighed weekly
throughout the experiment and all animals were slaughtered the
same day when the overall average weight was 500 kg.

Slaughtering and carcass characteristics
Cattle were transported to a commercial slaughterhouse
authorized by the European Union (MercaZaragoza, Zaragoza,
Spain), where they were slaughtered immediately upon arrival to
minimize pre-slaughter stress. Steers were stunned by captive bolt
pistol and dressed according to standard commercial practices.
The hot carcass weight was recorded immediately after dressing
and carcasses were chilled for 24 h at 4 ◦C. The degree of fat
cover of the left half of the carcasses and their conformation were
graded using the European grading system.7 Carcass conformation
was based on a visual assessment (SEUROP classification) of the
development of carcass profiles, with particular attention to round,
back and shoulder, and scored on an 18-point scale (1 = poorest,
18 = best). The degree of fat cover, which takes into account the
amount of fat on the outside of the carcass and in the thoracic
cavity (1 low; 2 slight; 3 average; 4 high; 5 very high), was evaluated
with a 15-point scale, where 15 represented 5+ (very high) and 1
represented 1− (very low).

Subcutaneous fat color was measured 24 h after slaughter on
the dorsal area (between T6 and T13), avoiding blood spots and
uncovered areas using a Minolta CM-2006 d spectrophotometer
(Konica Minolta Holdings, Inc., Osaka, Japan) in the CIELAB space8

with a measured area diameter of 8 mm, including specular
component and a 0% UV, standard illuminant D65, which simulates
daylight (color temperature 6504 K), observer angle 10◦ and
zero and white calibration. The lightness (L*), redness (a*) and
yellowness (b*) were recorded, and hue angle (H*) and chroma (C*)
indexes were calculated as H* = tan − 1(a*/b*) 57.29 (expressed in
degrees) and C∗ = √

b∗2+b∗2.
The reflectance spectrum of fat each 10 nm between 450 and

510 nm was collected and the absolute value of the integral

of the translated spectrum (SUM) was calculated according to
the method described by Prache and Thériez.9 The reflectance
spectrum was translated (TR) to make the reflectance value at 510
nm equal to zero. On the translated spectrum, the integral value
was calculated as follows:

SUM = (TR450/2 + TR460 + TR470 + TR480

+TR490 + TR500 + TR510/2) × 10

where TRi is the reflectance value of the translated spectrum at i
nm.

The beef rib between the 5th thoracic vertebra and the 3rd
lumbar vertebra of the left side of each carcass was removed, and
then the 10th rib was excised. The m. longissimus cross-sectional
area (LMA) at the 10th rib was drawn on an acetate sheet and
measured with a Koizumi digital planimeter (KP-82; Koizumi Inc.,
Tokyo, Japan). At the 10th rib, subcutaneous fat thickness was
measured with a caliper. Then, the rib joint was weighed and
dissected into muscle, fat (subcutaneous and intermuscular), bone
and others (tendons and noticeable blood vessels) according to
the methodology described by Panea et al.10

Sample preparation and meat quality analyses
The longissimus thoracis (LT) muscle was excised and sliced
into one 2.5 cm steak for the determination of pH, chemical
composition and fatty acid composition, one 3.5 cm steak for
instrumental texture and one 2.5 cm steak for instrumental color.
The longissimus lumborum (LL) muscle was sliced into two 2 cm
steaks for the consumer sensory test.

Chemical and fatty acid analyses
One 2.5 cm steak of LT muscle per steer was halved. One half
was randomly chosen to measure ultimate pH (24 h) with a Crison
pH meter (Crison Instruments SA, Barcelona, Spain) and chemical
composition. Before the determination of chemical composition,
the half steak was minced and freeze-dried in a Virtis Wizard
2.0 lyophilizer (Virtis SP Scientific, New York, USA) for 7 days at
−50 ◦C and 13.332 Pa and subsequently ground. The meat was
weighed before and after freeze-drying to calculate dry matter
content. Crude protein (CP) was determined following the Dumas
procedure11 using a nitrogen and protein analyzer (Model NA 2100,
CE Instruments, Thermoquest SA, Barcelona, Spain). Intramuscular
fat content (IMF) was quantified using the Ankom Procedure
(AOCS Am 5–04) with an Ankom extractor (model XT10, Ankom
Technology, Madrid, Spain) using petroleum ether as solvent. Ash
content was determined by weighing the sample before and after
ignition in a muffle for 8 h at 550 ◦C.11 Analyses were run in
duplicate.

The remaining half steak was minced for fatty acid deter-
mination. The fatty acids were extracted,12 methylated and
analyzed with a gas chromatograph (Autosystem XL Agilent
Technologies 7890 Net Work GC system, PerkinElmer, Boston, MA,
USA) equipped with a flame ionization detector, Hamilton injector
and Omegawax 320 capillary column (30 m × 0.32 mm, with a film
thickness of 0.25 µm; Supelco, Bellefonte, PA, USA) with He as the
carrier gas at 30 cm s-. The temperature of the inlet detector was
260 ◦C and the initial temperature of the oven was held at 190
◦C for 2 min and then increased to 205 ◦C at a rate of 5 ◦C min−1

for 3 min. Fatty acids were quantified using the internal standard
(C21:0) after adjusting for response determined using the Sigma-
Aldrich standard mixtures. Proportions of polyunsaturated (PUFA),
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Table 2. Effect of the breed and finishing diet on steers performance.

Treatmenta Contrast

PAM PIM PII SE Breed Finishing

n 8 8 8

Initial live weight (kg) 245 250 239 9.6 0.858 0.631

Slaughter weight (kg) 496 488 510 15.6 0.526 0.347

Average daily gains
(g d−1)

Winter housing
periodb

1.04 1.00 1.04 0.021 0.567 0.280

Grazing periodc 0.85 0.90 0.81 0.023 0.514 0.155

Previous to slaughter
periodd

0.64 0.56 1.03 0.027 0.142 <0.001

Slaughter age (days) 607 614 587 10.9 0.467 0.008

a PAM, Parda de Montaña steers finished on meadows; PIM, Pirenaica
steers finished on meadows; PII, Pirenaica steers finished indoors on
total mixed ration.
b All animals fed a total mixed ration (169 days).
c All animals grazed a valley meadow (78 days).
d PAM and PIM remained in the valley meadow and PII were fed
indoors with a total mixed ration (84 days).

monounsaturated (MUFA), saturated (SFA) fatty acids, n-6 and n-3
PUFA and PUFA:SFA (P:S) and n-6:n-3 ratios were obtained from
individual fatty acid expressed as percentages of total fatty acids.

Instrumental texture
Three 3.5 cm steaks of LT muscle per steer were vacuum packaged
and stored in a cooler at 4 ◦C for 1, 9 and 16 days post-mortem
ageing for subsequent Warner–Bratzler shear force determination.
Vacuum-packaged steaks were heated in a water bath (75 ◦C) to
an internal temperature of 70 ◦C. When they cooled, no fewer
than 10 probes were cut into 10 × 10 mm2 cross-sections with
the fiber direction parallel to a long dimension of at least 30 mm.
Samples were sheared perpendicularly to the long axis of the core
using an Instron machine (model 5543, Instron Limited, Barcelona,
Spain) with a Warner–Bratzler device with a cross-head speed of
150 mm min−1. Values for maximum peak shear force (N cm−2)
were recorded.

Instrumental meat color
Two 2.5 cm steaks of LT muscle per steer were cut in half, placed
in four polystyrene trays, wrapped with an oxygen-permeable film
and kept in darkness at 4 ◦C for color determination at 4 h of
blooming, and 1, 2, 8 and 15 days of display. Muscle color was
measured with the same configuration of the spectrophotometer
as previously described. Each sample was measured twice and the
values averaged.

Consumer sensory test
Two 2 cm steaks of LL muscle per steer were sliced, vacuum packed
and aged at 4 ◦C for 8 or 15 days before freezing and kept at −18 ◦C
until analysis. On the day of analysis, samples were thawed inside
their vacuum bags (4 h) in tap water until the internal temperature
reached 15–17 ◦C. Then, the samples were taken out of the vacuum
packaging, wrapped in aluminium foil and cooked at 200 ◦C in a
double-plate grill (Sammic P8D2) until the internal temperature,
which was monitored using an internal thermocouple (Jenway,
Bibby Scientific Ltd, Stone, UK), reached 70 ◦C. Each steak was

trimmed of fat and external connective tissue, cut into 10 pieces
of 2 × 2 × 2 cm, wrapped in aluminium foil coded with three-digit
random numbers and stored at 55 ◦C until they were served to
consumers. The test was performed over 11 sessions with 9–10
consumers per session. A total of 106 consumers were enrolled
in a comparative multi-sample test using a completely balanced
design. Two plates were presented to each consumer, with three
samples per plate. Hence six samples were assessed per consumer
per session. The samples were served in a random order to avoid
the possible effects of the order of presentation and first-order and
carry-over effects. Consumers were asked about their age, gender,
level of preference for meat and frequency of consumption of
fresh meat (Table 6). Consumers used 6-point structured scales to
quantify the taste preference, tenderness and overall appraisal of
the meat (1 = lowest preference, 6 = highest preference).

Statistical analysis
Hot carcass weight and carcass characteristics, pH, chemical
analysis and fatty acid composition were analyzed using a one-
way analysis of covariance (ANCOVA) with slaughter weight (SW)
as covariate effect. Because the effect of SW as a covariate was
not significant (P > 0.05) the covariate was excluded from the
model. The ANCOVA for fatty acid composition also included the
intramuscular fat content but the covariate was not significant (P <

0.05) and was excluded of the model. Pre-planned non-orthogonal
contrasts of means were then conducted and used for the basis of
the discussion (effect of breed: PAM vs. PIM; effect of finishing: PIM
vs. PII). Therefore, results are presented and discussed separately
for the effects of breed and the effects of finishing diet on meat
quality.

Instrumental LT color and texture were analyzed using
the MIXED procedure for repeated measures based on
Kenward–Roger’s adjusted degrees of freedom solution. The
analyses were performed with the breed or finishing diet as
between-subject fixed effects, time as a within-subject effect and a
random animal effect as subject (experimental unit). In all analyses,
the Akaike information criterion (AIC) closest to zero was used to
choose the matrix of the error structure. The final selected matrix
was the heterogeneous first-order autoregressive. Least square
means were estimated and pair-wise comparisons of the means
were obtained with the probability of difference (PDIFF) option of
the LSMEANS procedure. For all of the tests the level of significance
was 0.05.

Consumer evaluation of taste, tenderness and overall appraisal
was standardized to the mean score of each consumer to reduce
the dependence on magnitude and the different use of scale.
Hence the score of each consumer was expressed as a deviation
from their own mean. Because the mean-centered variables were
continuous, they were studied using the GLM procedure with
age, gender, frequency of consumption of fresh meat, the level of
preference for meat, ageing time and treatment (PAM, PIM and PII)
and their interactions as fixed effects in a complete design. Only
2nd and 3rd level interactions were considered. Statistical analyses
were performed with SAS 9.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS AND DISCUSSION
Effect of breed

Performance and carcass characteristics
Parda de Montaña and Pirenaica steers had similar weight gains
throughout the experimental period (Table 2). Thus they attained

J Sci Food Agric (2013) c© 2013 Society of Chemical Industry wileyonlinelibrary.com/jsfa



www.soci.org G Ripoll et al.

Table 3. Effect of breed and finishing diet on carcass characteristics

Treatmenta Contrast

PAM PIM PII SE Breed Finishing

Hot carcass weight (kg) 291 300 286 4.0 0.011 0.003

Conformation score (1–18) 9.7 8.9 8.9 0.21 0.010 0.965

Dressing percentage 57.1 58.8 56.0 0.51 0.118 <0.001

Fatness score (1–15) 5.4 5.3 5.0 0.30 0.350 0.517

Fat depth (mm)b 4.6 3.4 3.7 0.47 0.047 0.606

LMA, cm2c 62.6 67.8 64.8 2.60 0.549 0.618

Rib composition (%)b

Lean 57.29 61.56 58.02 2.24 0.047 0.506

Subcutaneous fat 2.17 1.60 2.34 0.41 0.037 0.025

Intermuscular fat 16.35 13.80 22.92 1.54 0.032 <0.001

Total fat 18.52 15.41 25.27 1.76 0.010 <0.001

Bone 24.19 23.04 16.72 1.20 0.343 <0.001

Subcutaneous fat color

L* 71.18 70.03 66.24 0.700 0.228 0.001

a* 2.86 3.18 2.77 0.322 0.493 0.381

b* 16.33 15.70 15.41 0.661 0.522 0.766

H* 80.16 78.54 79.84 1.048 0.302 0.400

C* 16.60 16.04 15.68 0.698 0.574 0.705

SUMd 368 336 265 14.38 0.151 0.003

a PAM, Parda de Montaña steers finished in meadows; PIM, Pirenaica steers finished in meadows; PII, Pirenaica steers finished indoors on total mixed
ration.
b Measured at the 10th rib.
c LMA, m. longissimus thoracis cross-sectional area at the 10th rib.
d SUM, integral of the translated spectrum from 450 to 510 nm.

Table 4. Effect of breed and finishing diet on longissimus thoracis
muscle pH and chemical composition

Treatmenta Contrast

PAM PIM PII SE Breed Finishing

Ultimate pH 5.52 5.59 5.45 0.031 0.183 0.008

Dry matter (%) 26.18 25.66 25.06 0.251 0.005 0.113

Crude protein
(% FMb)

22.70 23.22 22.58 0.264 0.732 0.105

Intramuscular
fat (% FM)

2.48 1.41 1.57 0.227 0.003 0.618

Ash (% FM) 0.95 1.05 1.00 0.016 0.031 0.042

a PAM, Parda de Montaña steers finished in meadows; PIM, Pirenaica
steers finished in meadows; PII, Pirenaica steers finished indoors on
total mixed ration.
b FM, fresh matter.

slaughter weight at similar ages. Similarly, Parda de Montaña and
Pirenaica young bulls fed on concentrates had similar weight gains
from weaning until slaughter.6

Despite the similar slaughter weight, carcasses from Parda de
Montaña steers were lighter than those from Pirenaica steers
(P < 0.05) (Table 3). Similar results were reported for 450 kg
young bulls of these breeds.6 In contrast to the results of Blanco,
Villalba, Ripoll, Sauerwein and Casasús,6 we found that the Parda
de Montaña steers had better carcass conformation (P < 0.05)
than the Pirenaica steers. However, at heavier weights cattle of the
Bruna dels Pirineus breed, which derives from Brown Swiss breed
as Parda de Montaña breed, had better carcass conformation than

Pirenaica bulls.13 In our study, there were no differences in fatness
score between breeds. Similar results were previously reported
in young bulls.6 Concerning dissection of the 10th rib, Pirenaica
steers had greater lean (P < 0.05) and lower total fat (P < 0.05)
percentages than Parda de Montaña steers. Similar results were
reported in Pirenaica and Bruna dels Pirineus young bulls.13

There were no significant differences in instrumental fat color
variables between breeds. Other authors found that Parda de
Montaña animals had greater L* values than Pirenaica animals,6,14

although the animals of these other studies were fed with
concentrates instead of pasture. Fat from Parda de Montaña
and Pirenaica young bulls slaughtered at 450 kg had similar H*

values,6 in agreement with our results. In contrast, Sañudo et al.14

found differences in L*, a* and H* but not in b* or C* between
young bulls of the Parda de Montaña and Pirenaica breeds fed
with concentrates. The different results found in different studies
could be related to diet differences. There were no significant
differences in SUM between breeds, even though the deposition
of carotenoids in fat is influenced by breed.15

Meat chemical composition and fatty acid analysis
There were no differences in pH between breeds (Table 4) and pH
values were within the normal range for Parda de Montaña and
Pirenaica cattle.6,14 Crude protein content of the meat was also not
affected by breed (P > 0.05; Table 4). The protein content of bovine
LT muscle is often constant (approximately 22%), with low levels
of variation by breed, age, weight and diet.16,17 Dry matter and
intramuscular fat contents were affected by breed (P < 0.01). The
meat of Parda de Montaña steers had a greater intramuscular fat
content and concomitantly a greater dry matter content than meat
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Table 5. Effect of breed and finishing diet on fatty acid composition
of intramuscular fat of longissimus thoracis muscle

Treatmenta Contrast

PAM PIM PII SE Breed Finishing

C10:0b 0.07 0.10 0.09 0.007 0.008 0.324

C12:0 0.05 0.05 0.05 0.002 0.533 0.275

C14:0 1.95 2.09 2.15 0.080 0.226 0.643

C14:1 0.55 0.63 0.60 0.032 0.109 0.483

C15:0 0.48 0.39 0.41 0.023 0.008 0.460

C16:0 23.31 23.64 25.64 0.405 0.575 0.003

C16:1 2.67 2.84 2.65 0.114 0.318 0.257

C17:0 1.16 0.94 1.11 0.039 0.007 0.005

C17:1 0.66 0.54 0.64 0.026 0.004 0.002

C18:0 18.65 16.46 16.29 0.700 0.068 0.646

C18:1 n-9 35.70 31.08 32.97 0.907 0.002 0.162

C18:1 n-7 4.77 3.94 3.23 0.122 <0.001 <0.001

C18:2 n-6 5.65 9.27 7.50 0.831 0.006 0.152

C18:3 n-3 0.91 1.30 1.22 0.090 0.006 0.559

C18:2 n-7 0.61 0.45 0.30 0.021 <0.001 <0.001

C20:0 0.11 0.10 0.11 0.006 0.153 0.079

C20:1 0.12 0.09 0.09 0.009 0.043 0.925

C20:4 n-6 1.61 3.57 2.88 0.419 0.004 0.267

C20:5 n-3 0.26 0.66 0.52 0.80 0.002 0.235

C22:4 n-6 0.15 0.29 0.31 0.037 0.014 0.775

C22:5 n-3 0.57 1.28 1.25 0.155 0.004 0.901

SFA 45.78 45.85 44.06 0.980 0.229 0.217

MUFA 44.48 39.13 40.17 0.970 <0.001 0.158

PUFA 9.74 16.81 13.97 1.538 0.004 0.212

P:S 0.21 0.39 0.31 0.041 0.006 0.187

n-6:n-3 4.36 4.20 3.54 0.268 0.678 0.102

a PAM, Parda de Montaña steers finished in meadows; PIM, Pirenaica
steers finished in meadows; PII, Pirenaica steers finished indoors on
total mixed ration.
b Individual fatty acids are expressed as a percentage of total fatty
acids.

of Pirenaica steers. Differences in fat content could be explained
because Pirenaica is a late-maturing beef breed13 and, at the
same weight, the late-maturing breeds are leaner than the more
precocious ones,18 such as Parda de Montaña.

The dominant fatty acids, according to their percentages, were
oleic (C 18:1 n-9), palmitic (C16:0) and stearic (C18:0) acids (Table 5).
Similar percentages were reported in beef.19 There were no
significant differences in the most abundant saturated fatty acids
(C16:0 and C18:0) between breeds. However, the intramuscular fat
of Parda de Montaña beef had greater C18:1 n-9 and C18:1 n-7
and concomitantly greater MUFA (P < 0.01) than that of Pirenaica
beef. Parda de Montaña beef had lower percentages of linoleic
acid (C18:2 n-6) and PUFA, but higher percentages of stearic
acid and oleic acid19 than Pirenaica steers. In contrast, Indurain
et al.20 found that Parda Alpina and Pirenaica cattle had the same
intramuscular fat content and fatty acid composition when they
were slaughtered at the same live weight. In the current study,
intramuscular fat content differed by breed. In agreement with
our results, studies have shown that breeds or genetic types with
a low fat content in the muscle have higher proportions of PUFA21

and C18:2 n-6, and lower proportions of C18:1 cis-9.22 Similarly,
Pirenaica beef had a greater PUFA:SFA ratio than Parda de Montaña
beef, as according to an exponential model these two factors are

inversely related to fat content.22 Values of PUFA:SFA were similar
to those reported by Gatellier et al.23 in pasture-fed animals.

Effects of breed and ageing on meat texture and color
Peak shear force was affected by ageing time (P < 0.001) but
not by breed (P > 0.05; Fig. 1), as was observed in young bulls
slaughtered at 460 kg14 or 550 kg live weight (LW).24 However,
Parda de Montaña meat was reported to be tougher than Pirenaica
meat when the cattle were slaughtered at 330 kg LW24 or at 450 kg
LW.6 The Parda de Montaña breed was classified as a dual-purpose
breed (as it derives from the Brown Swiss breed), while the Pirenaica
breed was classified as a fast-growth breed.24 However, because
of recent genetic selection for meat production in the Parda de
Montaña breed, most authors currently classify both breeds as
beef breeds.25

In the current study, no significant correlations (data not shown;
P < 0.05) between intramuscular fat content and maximum stress
were observed at any ageing time. Intramuscular fat is often
reported to influence meat toughness positively.16 However, other
studies have reported a negative effect of intramuscular fat on
meat toughness26 or no relationship at all,27 as was observed in
the current study.

The lightness (L*), hue angle (H*) and chroma (C*) throughout
15 days of display of Parda de Montaña and Pirenaica meats are
shown in Fig. 2. Breed affected beef color at 0, 1 and 15 days
of display time. Lightness was affected by breed (P < 0.001) and
display time (P < 0.001). In general terms, Parda de Montaña beef
had lower L* values than Pirenaica beef throughout the display
time. In both breeds, L* increased rapidly from 0 to 1 day (P <

0.001) due to blooming, and then increased slightly (2 points)
from 2 to 15 days (P < 0.01). In 450 kg LW Parda de Montaña and
Pirenaica bulls, L* did not differ between breeds.6 In the current
experiment, L* values of steers varied between 29 and 41; in other
studies L* values of young bulls varied little with display time,
with values ranging from 37 to 43 for 2 weeks of display in meat
of the Pirenaica breed28 and from 40 to 45 in meat of the Parda
de Montaña breed.29 Coulon and Priolo30 argued that differences
in lightness could be partially explained by differences in the
intramuscular fat content. However, in our study, intramuscular fat
did not affect meat L* values at any time (P > 0.05), in agreement
with the results of other authors.31

Hue angle was affected by display time but not breed (Fig. 2).
Hue angle increased from 0 to 2 days (P < 0.01) and decreased from
8 to 15 days (P < 0.05) according to Blanco et al.29 Conversely, in
concentrate-fed young bulls, Pirenaica beef had greater H* values
at 1 day of display than Parda de Montaña beef.6

Beef chroma was affected by the interaction between breed and
display time (P < 0.05). After 1 day of display, Parda de Montaña
beef had greater C* values than Pirenaica beef (P < 0.001). The
Parda de Montaña meat had a maximum C* value at 1 day of
display, while the Pirenaica meat reached its maximum C* value
at 2 days of display. From 2 to 15 days of display, C* decreased
similarly in both breeds to values between 16 and 17 (P < 0.01).
MacDougall32 reported that beef with C* values below 18 was
considered dull red or clearly brown (>40% metmyoglobin). This
threshold has been accepted by other authors33 for young bulls,
but these values are not appropriate for every type of beef, e.g.
veal calves.34 Hence, in the steers of the current experiment, meat
color would not be considered acceptable after 8 days of display.
According to chroma values, the Parda de Montaña meat had a
slightly longer shelf life than the Pirenaica meat.
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Figure 1. Effect of breed and finishing diet on peak shear force (N cm−2) of meat. PAM, Parda de Montaña steers finished in meadows; PIM, Pirenaica
steers finished in meadows; PII, Pirenaica steers finished indoors on total mixed ration. Different letters (a, b) mean differences between treatment (breed
or finishing time) at P < 0.05 within ageing time. Different letters (x, y) mean differences between ageing times at P < 0.05 within treatment.

Consumer sensory test
The characteristics of the population sample are shown in Table 6.
The sample was equilibrated by gender but most of the consumers
were between 30 and 50 years of age (62.3%) (Table 6). Most of
the sample (96.1%) declared moderately liking meat, and 74%
of the sample consumed meat between three and six times a
week. Consumer preferences were not affected by gender, age or
frequency of meat consumption. The lack of influence of gender
was in agreement with the findings of Panea et al.35 There were
no differences in taste preference (P < 0.05) of PAM and PIM, but
meat aged for 15 days had greater taste than meat aged for 8
days (Table 7). However, the tenderness was higher in PIM than
in PAM (P < 0.01) and, as expected, meat aged for 15 days was
more tender than meat aged for 8 days (P < 0.05). The overall
appraisal of the meat was affected by breed and ageing. Monson
et al.36 reported that the effect of ageing was more important
for consumers than others factors such as genotype. However,
there were important differences in the overall appraisal of meat
by consumers according to their preference for meat (Fig. 3).
Consumers who reported liking meat very much penalized meat
aged for 8 days and showed a clear preference for beef aged for 15
days. The overall appraisal was highly conditioned by tenderness,
as reported by Panea et al.,37 but also by consumer characteristics.

Effect of the finishing diet
Performance and carcass characteristics
During the winter housing period and grazing period, PIM and
PII steers were identically managed and therefore had similar
LW and weight gains (Table 2). However, PII steers experienced
greater weight gains during the finishing period than PIM steers
(P < 0.001) and therefore reached the target slaughter weight
earlier; indeed, PII steers were 27 days younger at slaughter (P <

0.001). The steers finished on meadows had heavier carcasses but
similar carcass fatness score, conformation score, fat depth and
LMA to those finished on the total mixed ration (P < 0.01; Table 3).
According to Owens et al.,38 a greater gut fill is usually detected
with hay than with other roughages, especially fresh pasture.
French et al.17 found no significant differences in carcass weight
or daily weight gain between cattle fed pasture and different

silage diets. This difference in fill at similar live weights would have
resulted in lower carcass weights in PII steers than in PIM steers,
thus supporting lower dressing percentages in PII steers than in
PIM steers. The dissection of the 10th rib revealed that the steers
finished on the total mixed ration had greater subcutaneous (P <

0.05) and intermuscular (P < 0.001) fat and lower bone (P < 0.01)
proportions than the steers finished on the meadows. Fatness
scores of 2 and 2+ were reported in concentrate-fed Pirenaica
young bulls slaughtered at 450 kg39 and 482 kg, respectively.
Albertı́ et al.25 reported fatness scores of 2+ for Parda de Montaña
and Pirenaica cattle fed concentrates, but their animals had slightly
lower slaughter weights (470–480 kg) than the animals in our
experiment. Casasús et al.40 reported greater amounts of renal fat
in veal finished on concentrates than in veal fed with corn silage
and 1.5 kg d−1 of concentrates. Hence the energy intake of both
grazing and TMR-lot animals was insufficient for achieving higher
levels of carcass fattening.

The fat of PII steers had lower L* values and greater SUM values
than that of PIM steers (P < 0.01) (Table 3). The differences in L*

and SUM values could be explained by the different carotenoid
contents of the fresh forage and total mixed ration, as hays are a
poor source of carotene.15 However, feeding a total mixed ration
for 84 days did not change the remaining fat color variables. A
shorter period on concentrates (58 days) resulted in higher b* and
lower C* and SUM values than lucerne grazing in young bulls.41

Fat color changes depend on the initial color, the carotenoid and
energy content of the diet, the duration of the finishing period,
the amount of fat accumulated during the finishing period and
the rate of utilization of the carotene deposited in body fat to
several biological functions.15 Although the yellowness index (b*)
is often related to the carotenoid content of the diet,15 the lack of
difference in a* and b* values between finishing diets confirms the
usefulness of SUM in tracing or discriminating between diets.

Meat chemical composition and fatty acid analysis
The meat of PIM steers had a greater pH than that of PII steers (P <

0.001) (Table 4). Muir et al.42 reported that the meat of pasture-fed
steers had a higher pH value than that of concentrate-fed steers,
as pasture-fed steers were less accustomed to people and pens.
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Figure 2. Evolution of instrumental color of longissimus thoracis muscle throughout display time: (a) lightness; (b) hue angle; (c) chroma. PAM, Parda
de Montaña steers finished in meadows; PIM, Pirenaica steers finished in meadows; PII, Pirenaica steers finished indoors on total mixed ration. Different
letters (a, b, c) mean significant differences between treatments within time (P < 0.05).

However, the pH values observed in the current study were not
high enough to indicate glycogen depletion due to exercise or
lower glycogen potential because of a low energy intake from the
diet,43 as is sometimes reported in grass-fed animals.5,44 There were
no significant differences (P > 0.05) in intramuscular fat content
between finishing diets, but there were differences in the other fat
depots. Because fat tends to be deposited first in the internal and
intramuscular depots rather than inside the muscle,45 these results
suggest that grazing provided similar energy to the total mixed

ration, because TMR had lower energy levels than concentrate-
based feeding, or that the TMR was not fed for a long enough
period to enhance fat deposition in the longissimus muscle. These
results are in agreement with the results related to carcass fatness
degree, and with the results of other studies comparing steers
finished on pasture, silage and concentrate-based diets.46

Different dietary regimens have been reported to affect the fatty
acid composition of beef (Table 5). Palmitic (C16:0), vaccenic (C18:1
n7) and C18:2 n-7 acid contents were influenced by finishing diet
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Table 6. Characterization of the 106 consumer panelists

Variable Level Total (%)

Gender Male 48.1

Female 51.9

Age <30 15.6

30–50 62.3

>50 22.1

Preference for meat High 71.4

Intermediate 24.7

Low 3.9

Times of consumption of meat per week <2 15.6

3–6 74.0

>6 10.4

(P < 0.05), but no differences in oleic acid were observed
between the diets. These results are in agreement with those
reported by other authors.29 None of the groups or ratios of fatty
acids were modified by the finishing diet – a finding that agrees
with those reported in steers and heifers fed with pasture and
concentrates or with a mixed ration composed of hay, silage
and concentrates.47 Many authors compared pasture grazing with
forage- or concentrate-based systems17 and reported that the
proportions of linolenic acid and PUFA tended to be higher in
forage-based beef than in concentrate-based beef, while the n-
6:n-3 ratio was consistently lower in the former. Meat from both
treatments had lower n-6:n-3 ratios than meat from concentrate-
fed animals, which often had fivefold higher values. In conclusion,
the TMR is not different enough from the meadow-based diet to
produce large differences in fatty acid content.

Effects of diet and ageing on meat texture and color
Peak shear force was affected by the finishing diet (P < 0.01) and
ageing time (P < 0.001). There were no significant differences
in maximum stress between PII and PIM meats (P > 0.05) at 1
day of ageing (Fig. 1). Both PIM and PII steers had similar stress
values (approximately 90 N cm−2) at the beginning of the ageing
period, but stress decreased by 82% in PII steers and 62% in PIM
steers from days 1 to 9 of ageing (P < 0.001) and did not change
thereafter. Consequently, maximum stress was greater in PIM than
in PII steers after 9 and 16 days of ageing. Blanco et al.29 did not
find differences in the peak shear force of young bulls fed alfalfa
or finished on concentrates for 58 days after grazing alfalfa (450
kg LW) and reported similar stress values at 7 days of ageing.6 The
differences we observed between cattle finished on pasture and
cattle finished with a total mixed ration are in agreement with the

Table 7. Mean-centered scores of consumer test of meat according to breed, finishing diet, ageing (A) and preference for meat (PR)

Treatmenta Ageing (days) Contrast

PAM PIM PII 8 15 SE Breed Finishing A A × PR

Tasteb −0.04 0.02 0.02 −0.06 0.06 0.05 0.456 0.953 0.037 0.078

Tendernessb −0.30 0.12 0.18 −0.11 0.11 0.06 <0.001 0.654 0.004 0.142

Overall appraisalb −0.11 0.02 0.09 −0.08 0.08 0.04 0.049 0.369 0.003 0.038

a PAM, Parda de Montaña steers finished in meadows; PIM, Pirenaica steers finished in meadows; PII, Pirenaica steers finished indoors on total mixed
ration.
b Mean-centered scores are the deviation from the mean for each individual consumer.

findings of Moloney et al.,46 who reported that meat from steers
fed on pastures was tougher than meat from animals fed with
silage and concentrates from 2 to 14 days of ageing. Some authors
hypothesize that muscles of exercised animals grow faster and are
more tender48 than those of animals raised indoors. However, our
results reject this hypothesis and agree with other authors such
as Moloney et al.,49 who fed animals with the same diet indoors
or on pasture and did not find differences in shear force. Casasús
et al.40 also did not find differences in shear force of the meat of
Blonde d’Aquitaine and Pirenaica × Limousin crosses fed either
with concentrates or total mixed rations, although their values
were much lower than the values obtained in our study.

Several studies have analyzed the relationship between
Warner–Bratzler shear force of cooked beef and the acceptability
of the tenderness for consumers or panelists. Destefanis et al.50

found that 62.25% of Italian consumers of veal meat and young bull
described meat with shear force lower than 33.76 N cm−2 as tender
and meat with values higher than 41.48 N cm−2 as tough. Hence,
according to the above-mentioned classification, meat from PII
steers at 9 and 16 days would be classified as somewhere between
intermediate and tough, while PIM meat would be classified as
tough.

A significant effect of finishing diet on L*, H* and C* was
observed (Fig. 2). In general terms, meat of PIM steers had greater
L* and H* and lower C* values than that of PII steers. Gatellier
et al.23 reported greater values of L* in meat from pasture-finished
animals than from animals fed with a mixed diet at short times of
oxygenation. Meat from grazed animals is frequently characterized
by a darker, redder meat.27,42 Differences in meat color have been
partly ascribed to exercise. Vestergaard et al.44 concluded that the
effect of exercise is rather weak, while Moloney et al.49 supported
the hypothesis that intense exercise has more of an impact on
meat color than diet. However, Blanco et al.29 reported that young
bulls grazing on lucerne and young bulls fed concentrates had
similar meat color. The effect of grazing on meat quality seems
to appear in older animals that have spent longer periods of time
on pasture or in animals that have experienced intense activity in
the locomotor muscles of the hips or legs. Throughout the display
period, meat from PII steers took longer to achieve a C* value of
1832 because meat from steers finished on a mixed diet could have
a greater total antioxidant status than the meat of steers fed with
pasture, as reported by Gatellier et al.51

Consumer sensory test
Consumers reported no differences in taste preference, tenderness
and overall appraisal (P > 0.05) between meats from animals
fed different finishing diets (Table 7). Ageing influenced taste
according to Monson et al.,36 who reported an improvement of
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Figure 3. Consumers’ overall appraisal of meat according to ageing time
and preference for meat. The figure shows mean-centered scores as the
deviation from the mean of each individual consumer. Different letters (a,
b) mean significant differences between mean-centered scores (P < 0.05).

flavor acceptability in meat aged for 14 days. In the same way,
overall appraisal increases with ageing.36 The overall appraisal of
the meat increased with increasing tenderness. Consumers who
did not like or only moderately liked meat showed no preference
for 8 days or 15 days aged meat (Fig. 3). Dı́ez et al.52 reported
the existence of different market segments characterized by
divergent sensitivities in their appreciation of meat. Awareness of
the existence of such market segments is important for discovering
which products are preferred.

CONCLUSIONS
The results of our experiment confirm that both breeds should
indeed be classified as meat producers, as no differences in fat
color, percentage of saturated fatty acids, n-6:n-3 ratio or maximum
stress were observed between breeds, and only slight differences in
intramuscular fat content and tenderness were found. Consumers
showed a greater preference for Pirenaica beef because of its
tenderness.

In general terms, neither finishing diet produced a desirable
carcass fatness degree. However, finishing steers raised off-pasture
on a total mixed ration increased the amounts of subcutaneous
and intermuscular fat of the 10th rib, with slight effects on meat
quality compared to the steers finished on meadows. Additional
supplementation with concentrates could increase the energy
content of the diet and further increase carcass fatness degree.
The finishing diet did not influence carcass fat color, and fatty
acid composition was only slightly affected. Consumers did not
appreciate differences in meat from animals on different finishing
diets on their sensorial evaluation.

In general terms, meat from these production systems had
toughness values close to the acceptable thresholds. Thus
consumers, especially those who reported liking meat very much,
preferred meat that had been aged for 15 days.
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36 Monson F, Sañudo C and Sierra I, Influence of breed and ageing time on
the sensory meat quality and consumer acceptability in intensively
reared beef. Meat Sci 71:471–479 (2005).
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