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Forty-eight lambs were fed as follows: GR, lambs and dams grazed perennial pasture; GR+S, the same as
GR except that lambs had access to concentrate; DRL-GRE, lambs in drylot and dams in rationed grazing;
DRL, lambs with dams were stall-fed. DRL-GRE and DRL lambs were weaned at 45 days of age. Lambs
were slaughtered when they reached 22–24 kg of live weight. Plasma cortisol concentration was deter-
mined three times before slaughter. Subcutaneous fat and meat colour, and texture were analysed.

The different levels of cortisol did not affect meat quality. Both grazing systems gave yellower subcu-
taneous fat and redder muscles than drylot lambs. Differences between systems relating to colour and
texture of the meat disappeared with ageing time, which supports the idea that grazing systems are a
good alternative in order to offer similar meat to that coming from drylot systems to which consumers
are accustomed. Subcutaneous fat colour was a suitable method to discriminate between grazing and
drylot systems, but not within them.

� 2009 Published by Elsevier Ltd.
1. Introduction

In Spain, the conventional light lamb production system is
based on ad libitum concentrate feeding until slaughter between
20 and 30 kg of live weight, the most common slaughter weight
being 22–24 kg. Nowadays, this production system has been al-
tered due to several limiting factors: firstly, the EU Agricultural
Common Policy is promoting extensive production systems
and secondly, consumers demand clear information about
animal feeding, showing an interest in the ‘green’ image of ani-
mal products (Mclnerney, 2004). These factors are reason enough
to focus research studies on feeding strategies to assess their ef-
fect on carcass and meat characteristics. When pastures are
available for livestock, extensive feeding is often the cheapest
strategy (Zervas, Hadjigeorgiou, Zabeli, Koutsotolis, & Tziala,
1999) and provides meat with the quality required by some
consumers.

Extensive systems show some disadvantages when compared to
indoors systems. Environment and handling practices can influence
the behaviour of animals with respect to the presence of humans,
transport, lairage and other stressful situations (Roussel et al.,
2006). Stress can have a negative influence on meat quality, causing
economic losses (Warris, Kestin, Young, Bevis, & Brown, 1990). The
Elsevier Ltd.
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concentration of plasma cortisol and other components such as
catecholamines are considered good indicators of stress (Apple
et al., 1995).

Moreover, lamb carcass characteristics (such as fatness de-
gree, fat colour) and meat quality parameters (such as pH, meat
colour, water holding capacity and meat toughness) might
change as a result of the feeding system (Joy, Álvarez-Rodríguez,
Revilla, Delfa, & Ripoll, 2008; Priolo, Micol, Agabiel, Prache, &
Dransfield, 2002). Meat from grazing animals has often been
associated with yellow fat (Priolo, Micol, & Agabiel, 2001; Ripoll,
Joy, Muñoz, & Albertí, 2008) and dark, tough and little flavoured
meat (Priolo et al., 2002). Given that fat and meat colour have
great influence on the purchase decision of consumers (Carpen-
ter, 1966), it is necessary to assess the effect of the feeding sys-
tem on these qualities in order to avoid meat rejection. Spanish
consumers in particular show a preference for pale-coloured
meat from light lambs (Sañudo et al., 2007). Finally, in response
to consumer demands on food safety, it is necessary to develop
techniques that allow the traceability of animal production sys-
tems and to distinguish between lambs raised on pasture and
those fed concentrates.

Thus, the aim of this study was to assess the effect of the feed-
ing system on the level of plasma cortisol, on subcutaneous fat and
muscle colour, and on some instrumental meat characteristics in
Churra Tensina light lambs. The potential of instrumental colour
to discriminate between carcasses from forage-fed or concen-
trate-fed lambs was also studied.
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2. Materials and methods

2.1. Experimental site and animals

Forty-eight Churra Tensina spring single-born male lambs were
used. After birth, lambs were provided a complement of selenium
and remained indoors with their dams for one week to ensure
maternal bonding, then they were randomly allocated to four
treatments (n = 12) taking into account the lambing date and lamb
live-weight at birth. The treatments were:

1. Grazing (GR): Lambs and ewes were continuously stocked on a
permanent pasture. No concentrate was available to dams or
lambs. Lambs suckled their mothers and grazed until transport
and subsequent slaughter.

2. Grazing with supplement for lambs (GR+S): The same manage-
ment as GR, but these lambs received concentrate ad libitum
in lamb creep feeders until transport and slaughter.

3. Drylot lambs with grazing ewes (DRL-GRE): Lambs remained
indoors and fed creep while ewes grazed during 8 h a day
(08:00–16:00 h). Thereafter, they received a supplement of
0.5 kg fresh matter of barley meal/day (119 g CP, 248 g NDF,
on dry matter basis). This system aimed to replicate the com-
monly used management in that region. Lambs were weaned
at 45 days of age.

4. Drylot (DRL): Lambs and ewes were kept always in confinement.
Ewes had free access to dry unifeed (110 g CP, 681 g NDF, on dry
matter basis) and lambs had concentrate ad libitum . Lambs
were weaned at 45 days of age.

During the whole trial, lambs of GR+S, DRL-GRE and DRL had
free access to concentrate (185 and 175 g CP; 190 and 212 g NDF,
on dry matter basis, for the first month and subsequently, respec-
tively). In both drylot treatments, DRL-GRE and DRL, ewes and
lambs had ad libitum barley straw (37 g CP, 807 g NDF, on dry mat-
ter basis). Ewes were removed from the experiment after weaning.
All the animals were supplied fresh water and mineral vitamin
supplement ad libitum.

The pasture characteristics were broadly described in Alvarez-
Rodriguez, Sanz, Delfa, Revilla, and Joy (2007). Briefly, the botanical
composition was 68% grass and 20% legumes. The stocking rate
was 24 ewes per hectare (0.5 ha/paddock). Herbage mass and qual-
ity were non-limiting throughout the experiment, with a mean
sward height between 8.4 and 12.7 cm, CP between 179 and
215 g and NDF content between 490 and 524 g, on a dry matter ba-
sis, depending on the grazing pressure exerted by each treatment.
For further details see Carrasco et al. (2009).

2.2. Slaughter and sampling procedures

Lambs were weighed weekly until 76 ± 2.3, 62 ± 1.3, 65 ± 1.8,
and 72 ± 2.5 days of age for GR, GR+S, DRL-GRE and DRL, respec-
tively, when they reached 22–24 kg live weight. Before they were
transported to the abattoir, trained people collected blood samples
from the lamb’s jugular vein with minimum disturbance to avoid
stress. Thereafter, lambs were transported to the experimental
abattoir of the Research Institute in Zaragoza, which is located
180 km away from the farm. Transport was performed according
to EU regulations with regard to animal welfare. A second blood
sample was collected after transport when lambs arrived to the Re-
search Institute. Lambs were accommodated separately according
to their original treatment until slaughter. There was no fasting
period. Grazing lambs (GR and GR+S) received fresh cut alfalfa
(vegetative stage) and drylot lambs (DRL-GRE and DRL) and GR+S
were provided the same concentrate as during the experimental
period. Twenty hours after their arrival, lambs were slaughtered
according to the guidelines of the Council Directive 86/609/EEC
(European Communities, 1986). During lamb bleeding a third
blood sample was collected.

All blood samples were collected using disposable tubes con-
taining potassium-EDTA as an anticoagulant. Samples were kept
on ice until plasma was separated by centrifugation at 4 �C for
12 min at 3000 rpm. Plasma was removed and stored at �20 �C
for subsequent cortisol assay.

The concentration of cortisol was determined from plasma
(EDTA k3), by enzyme immunoassay using a ‘‘home-kit” (validated
by Chacón, García-Belenguer, Illera, & Palacio, 2004). Each sample
was determined in duplicate from a volume of 50 ll of plasma
and the results are expressed in ng ml�1, with the corresponding
controls. During the first incubation of the sample, the plasma cor-
tisol competes with the cortisol merged with the enzyme HRPO
(horseradish peroxidase) for the specific sites of the antiserum that
covers the cup walls. After incubation, all the materials that are not
stuck to the walls are removed by vacuuming and washing. The en-
zyme activity which is bound to the solid phase is inversely pro-
portional to the cortisol concentration in standards and samples,
which is revealed by incubating the wells with a chromogen solu-
tion in a substrate buffer. Colorimetric reading was carried out
using a spectrophotometer at 450 nm. The detection limit was
found to be 0.024 ng ml�1, the intra and interassay coefficients of
variation were 3.47–6.3% and 3.92–9.93%, respectively; the recov-
ery of added cortisol ranged from 92.60% to 103.96% and Pearson’s
correlation with a commercial RIA technique was r = 0.973,
p < 0.001, n = 50.

2.3. Carcass and meat quality

After slaughter, carcasses were hung by the Achilles tendon and
chilled for 24 h at 4 �C. From this time, all the next measures were
determined. Subcutaneous fat colour at the tail root (Diaz et al.,
2002) was measured at three selected locations, avoiding blood
spots, discolorations areas with thin fat cover. In addition, the col-
our of M. Rectus abdominis was assessed at two locations on the
internal face of each selected piece to obtain a mean value repre-
sentative of the surface colour, after having removed the covering
fascia (Ripoll et al., 2008).

About 24 h post mortem, carcasses were carefully split into two
halves. The M. Longissimus thoracis and the M. Longissimus lumbo-
rum from left-half carcass were removed. Ultimate pH was mea-
sured on M. Longissimus lumborum at the 4th lumbar vertebrae
using a pH-meter equipped with a Crison 507 penetrating elec-
trode (Crison Instruments S.A., Barcelona, Spain). Then, M. Longiss-
imus thoracis was sampled from 11th to 12th, and from 12th to
13th thoracic vertebrae. Samples were placed in a polystyrene tray,
wrapped with an oxygen permeable film and kept in the dark at
4 �C. Muscle colour was measured at moment 0 (immediately after
cutting) on the cranial side of 11th thoracic vertebra, the 3rd day of
blooming was measured on the caudal side of the same sample,
and the 6th day of blooming was measured on the cranial side of
the other sample. Samples had a minimum thickness of 2 cm and
colour was measured with a white surface below the samples.

All colour measures were performed with a Minolta CM-2006d
spectrophotometer (Konica Minolta Holdings Inc., Osaka, Japan) in
the CIEL*a*b* space (CIE, 1986); the lightness (L*), redness (a*) and
yellowness (b*) were recorded, and hue angle (H�) and chroma (C*)
indices were calculated as H� = tan�1(b*/a*)*57.29, expressed in de-
grees and C* = (a*2 + b*2)0.5.

Samples from 1st to 3rd lumbar vertebrae were weighed, vac-
uum-packaged and aged at 4 �C until the 4th or the 7th day post
mortem for texture measurements. After ageing, samples were
heated in a 75 �C water-bath to an internal temperature of 70 �C
and monitored with a Jenway termocouple provided with a probe.
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Cooking losses were calculated as the difference between the loin
portion weight before packaging and its weight after cooking and
it was expressed as a percentage. For texture analysis, 1 cm2

cross-section blocks obtained in longitudinal configuration (Lepetit
& Culioli, 1994) were used and were tested using a Warner–Brat-
zler device fitted on an Instron Universal testing machine (Model
5543). Toughness (energy per unit of volume needed to shear the
sample under the shear blade until the point of maximum load,
in N/cm2) and maximum stress (maximum load per unit of
cross-section, in N/cm2) were determined.

2.4. Statistical analysis

All data were analysed using SAS v.9.1. Subcutaneous fat colour,
pH and the colour of the M. Rectus abdominis data were analysed
by an ANOVA procedure.

Plasma cortisol, colour of M. Longissimus thoracis, cooking losses
and texture variables were analysed using the MIXED procedure
for repeated measures (SAS Inst. Inc., Cary, NC, USA). The models
included sampling time for plasma cortisol, blooming time for col-
our of M. Longissimus thoracis and ageing time for texture variables
as within-subjects factor and feeding system as fixed between-
subjects. A t-test was used to evaluate differences across treat-
ments. In all cases, differences with a level of significance below
0.05 were considered significant.

A forward stepwise discriminant analysis was carried out in or-
der to classify feeding systems by studied variables. This analysis
was carried out using the SPSS v.13 package.

3. Results and discussion

3.1. Plasma cortisol concentration

Plasma cortisol concentration is shown in Table 1. Lambs from
grazing systems had a noticeably higher plasma cortisol concentra-
tion before transport than lambs from both drylot systems
(p < 0.05), indicating a marked stress at the beginning of the han-
dling tasks. Animal management that leads to new situations, such
as lamb handling in grazing animals, implies a stress situation (Lin-
ares, Bórnez, & Vergara, 2008). In GR treatment, lambs and dams
were grazing a paddock without human presence and in GR+S
the only human presence was when supplement was offered to
the lambs. Goddard, Fawcett, Macdonald, and Reid (2000) observed
that under the human presence lambs reared in extensive condi-
tions had slightly higher cortisol concentration than those in in-
doors conditions. Additionally, GR and GR+S lambs were weaned
just before transport, which is considered the most stressful event
for lambs (Napolitano, De Rosa, & Sevi, 2008). That event could
cause the high cortisol concentrations in GR and GR+S recorded
at all sampling times, which shows that animals were not able to
recover from the stress in any later experimental phase. No differ-
Table 1
Effects of feeding system (FS) and blood sampling time (BST) on cortisol plasma
concentration (ng/ml) in Churra Tensina light lambs reared under grazing (GR),
grazing with supplement (GR+S), drylot lambs with rationed grazing-ewes (DRL-GRE)
and drylot lambs with ewes fed in confinement (DRL).

GR GR+S DRL-GRE DRL s.e. FS

Before Transport 17.38a 13.95axy 6.88by 6.32by 1.93 ***
After Transport 19.44 20.99x 17.22x 17.64x 3.05 NS
At Slaughter 18.95 11.56y 13.10xy 12.96xy 3.02 NS
s.e. 3.06 2.57 2.73 2.85
BST NS * * *

s.e.: standard error. NS: not significant; *p < 0.05; **p < 0.01; ***p < 0.001. Values in
columns with different superscripts (x, y) differ significantly (p < 0.05). Values in
rows with different superscripts (a, b) differ significantly (p < 0.05).
ences in plasma cortisol concentration were observed after trans-
port and at slaughter associated with the feeding system (p > 0.05).

The effect of blood sampling time was significant in all treat-
ments except in GR. In both drylot systems (DRL-GRE and DRL),
there was a significant increase in plasma cortisol concentration
due to transport, with an intermediate concentration at the time
of slaughter. Differences among treatments disappeared as the re-
sult of the significant increase of cortisol concentration after trans-
port in indoors lambs (p < 0.05), while in both grazing treatments
the increment was less noticeable (p > 0.05). Animals except GR
lambs were partially able to get over the transport stress, as the
cortisol concentration at slaughter was lower than after transport,
although only GR+S showed a significant reduction (p < 0.05). Sev-
eral authors reported that after a stressful event, plasma cortisol
concentration can return to basal levels within a short time if the
animals are in their familiar environment or after a period of ade-
quate lairage (Cockram et al., 2000). Therefore, a lairage period
would be recommendable in young animals in order to prevent
possible defects in meat quality due to stress.

3.2. Subcutaneous fat colour

The effect of feeding system on subcutaneous caudal fat colour
is shown in Table 2. Feeding system affected b* and C* parameters
(p < 0.001), whereas there were no differences for L*, a* and H�
(p > 0.05). Both grazing groups (GR and GR+S) displayed higher yel-
lowness (b*) and consequently higher C* values than drylot lambs
(DRL and DRL-GRE; p < 0.05). These results were in agreement with
Priolo et al. (2002) who argue that b* and C* seem to be the most
appropriate parameters to assess fat colour.

The higher b* values in both grazing treatments are related
with the carotenoids deposited in fat as a consequence of pas-
ture intake, whereas concentrate is a poor source of carotenoids
(Diaz et al., 2002; Joy et al., 2008). Ripoll et al. (2008) found
more yellow carcass fat (high b* values) in all treatments includ-
ing fresh forage, independently of the concentrate supplementa-
tion, than in concentrate-fed lambs. In cattle, Kerth, Braden, Cox,
Kerth, and Rankins (2007) and Walsh, O’Kiely, Moloney, and Bo-
land (2007) concluded that carcass fat yellowness tended to de-
crease as the concentrate intake increased. Contrary to the
instrumental colour assessment, the subjective fat colour, deter-
mined by trained evaluators according to Colomer-Rocher, Delfa,
and Sierra (1988), did not detect any colour differences (p > 0.05;
see (Carrasco et al., 2009). Differences between two colour stim-
uli should be interpreted from the total colour difference (DE�ab)
(Wyszecki & Styles, 1982) better than differences between indi-
vidual attributes of visual sensations (i.e. b* or C*). DE�ab around
2–3 are considered noticeable differences by non trained evalu-
ators, but DE�ab under six points are often acceptable if the colour
stimuli are not closer to each other. In this study DE�ab between
GR and DRL was 5.2, corresponding with a non-significative dif-
Table 2
Effects of feeding system on subcutaneous caudal fat colour in Churra Tensina light
lambs reared under grazing (GR), grazing with supplement (GR+S), drylot lambs with
rationed grazing-ewes (DRL-GRE) and drylot lambs with ewes fed in confinement
(DRL).

GR GR+S DRL-GRE DRL s.e. Sig.

L* 74.20 72.90 72.71 72.70 0.70 NS
a* 2.88 3.55 2.86 3.04 0.41 NS
b* 18.75a 17.90a 13.80b 13.75b 0.51 ***
H� 81.28 76.86 77.85 78.30 1.65 NS
C* 19.03a 18.31a 14.12b 14.11b 0.53 ***

s.e.: standard error. NS: not significant; ***p < 0.001.
Values in rows with different superscripts differ significantly (p < 0.05).



Table 3
Effect of feeding system on pH and colour of M. Rectus abdominis, in in Churra Tensina
light lambs reared under grazing (GR), grazing with supplement (GR+S), drylot lambs
with rationed grazing-ewes (DRL-GRE) and drylot lambs with ewes fed in confine-
ment (DRL).

GR GR+S DRL-GRE DRL s.e. Sig.

pH 5.54 5.58 5.58 5.59 0.02 NS
L* 51.62 49.03 51.22 51.24 0.94 NS
a* 8.26a 8.42a 6.97b 7.32b 0.31 **
b* 2.74 1.43 2.12 2.14 0.79 NS
H� 15.34 7.39 15.87 15.35 4.83 NS
C* 9.13a 8.99a 7.48b 7.84b 0.45 *

s.e.: standard error. NS: not significant; *p < 0.05; **p < 0.01.
Values in rows with different superscripts differ significantly (p < 0.05).
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ference of 0.9 points in a 9-point of the subjective fat colour
scale (Carrasco et al. 2009), which may be because the carcasses
were evaluated separately. Carcasses from grazing-based systems
could be introduced into the market without any problem be-
cause humans do not detect these differences, but this effect
of the grass intake could be used as a tool to trace the feeding
systems.

3.3. pH and meat colour

The pH values are shown on Table 3. No significant differences
in meat pH among feeding systems were found, ranging from 5.54
to 5.59 (p > 0.05), in agreement with Diaz et al. (2002) and Sañudo
et al. (1997) working with light lambs. These values correspond to
a normal range ruling out dark-cutting or stress problems. The cor-
tisol concentrations observed in this study were not high enough
to affect the pH values, which implies that transport and slaughter-
ing processes were not stressful enough to modify the meat pH.
Bianchi et al. (2004) and Rivero (2007) observed that in spite of
the differences observed in plasma parameters during the trans-
port, there were no differences in the pH of meat.

Table 3 shows the effect of feeding system on M. Rectus abdo-
minis. Feeding system only affected the redness index (a*) and
chroma (C*). Grazing lambs (GR and GR+S) showed higher a* and
C* than both drylot groups (DRL and DRL-GRE). High a* values
are frequently reported in grazing lambs (Ripoll et al., 2008; Sañu-
do, Sánchez, & Alfonso, 1998) and it is correlated with a higher con-
centration of haem pigments in the muscle both in lambs
(Martínez-Cerezo et al., 2005) and in cattle (Dunne, O’Mara, Mona-
Table 4
Effect of feeding system (FS), blooming time (B) and the interaction (FS�B) on M. Longissimu
supplement (GR+S), drylot lambs with rationed grazing-ewes (DRL-GRE) and drylot lambs

Blooming time (B) GR GR+S DRL-G

L* 0 d 42.27y 40.89y 42.23y

3 d 45.31x 44.84x 46.92x

6 d 44.99x 44.84x 46.42x

a* 0 d 11.18ay 11.16a 9.43by

3 d 12.31x 11.75 12.41x

6 d 12.66x 11.95 11.58x

b* 0 d 10.87y 10.57y 10.17y

3 d 15.55ax 14.34bx 14.90a

6 d 15.74ax 14.38bx 14.16b

H� 0 d 44.09by 43.38by 47.22a

3 d 51.61x 50.66x 50.27x

6 d 51.11x 50.22x 50.82x

C* 0 d 15.62ay 15.39ay 13.89b

3 d 19.87ax 18.55bx 19.40a

6 d 20.22ax 18.70bx 18.30b

s.e.: standard error; NS: not significant; *p < 0.05; **p < 0.01; ***p < 0.001.
Values in columns with different superscripts (x, y) differ significantly (p < 0.05). Values
han, & Moloney, 2006; Vestergaard, Oksbjerg, & Henckel, 2000).
Besides, grazing animals are characterised by a higher physical
activity (Vestergaard et al., 2000) and a greater carotenoids intake
(Ripoll et al., 2008) which involve a more red muscle. The weaning
procedure did not have clear influence on meat colour. Sañudo
et al. (1998) reported that weaning had no influence on muscle col-
our, except for a*, which was higher in weaned than in unweaned
lambs.

The development of M. Longissimus thoracis colour is shown in
Table 4. The feeding system had an effect on a*(p < 0.05), b*
(p < 0.01) and C* (p < 0.001), while there was an important effect
of blooming time on all colour parameters (p < 0.001). Moreover,
there was a significant interaction between feeding system and
blooming period on a* and H� (p < 0.05). The effect of feeding sys-
tem on M. Longissimus thoracis colour at cutting time was similar to
that observed in M. Rectus abdominis. This fact confirms that graz-
ing lambs had redder meat at cutting time because it contains high
amounts of pigments as it was explained previously. However,
those differences disappeared with the blooming process (3 and
6 days after cutting time), which coincides with the result of Ripoll
et al. (2005) when comparing meat from grazing and drylot light
lambs. Between 0 and 3 days of blooming all parameters increased
due to the myoglobin oxygenation, and it became stable after that
time (p > 0.05). Similar results were found by Santé-Lhoutellier,
Engel, and Gatellier (2008), who observed that the highest differ-
ences in the colour parameters appeared at 4 days of blooming,
but at longer storage times (7 days) they scarcely varied.

Santé-Lhoutellier et al. (2008) indicated that the myoglobin
oxidation over time induced an important decrease in colour
parameters especially a* values. The blooming time increases
the H� values (Ripoll et al., 2008), which is a good indicator of dis-
colouration in meat (Ripoll, Joy, & Muñoz, 2007). When b* and C*
values were analysed, it was observed that GR lambs had a ten-
dency to be more vivid than the rest of treatments, although it
was significant only at 6 days of blooming (p < 0.05) but not at
3 days (p > 0.05). This can be related to the antioxidant concentra-
tion in the meat, being higher in grass than in concentrate fed
lambs. GR+S lambs showed a similar colour evolution to drylots
treatments. That tendency is related to the concentrate intake
and, lower forage intake, involving a lower antioxidant concentra-
tion than their grazing counterpart lambs (GR). The highest C* in
GR lambs is associated with the presence of carotenoids and
flavonoids and the high a-tocopherol concentration in their diet
(Lynch et al., 2000).
s thoracis colour in Churra Tensina light lambs reared under grazing (GR), grazing with
with ewes fed in confinement (DRL).

RE DRL s.e. FS B FS�B

43.07y 0.96 NS *** NS
46.91x

44.23x

10.14by 0.34 * *** *
12.19x

12.14x

10.57y 0.33 ** *** NS
bx 14.66abx

x 14.64bx

y 46.92ay 0.80 NS *** *
50.36 x

50.36 x

y 14.84by 0.41 *** *** NS
bx 19.09abx

x 19.03bx

in rows with different superscripts (a, b) differ significantly (p < 0.05).
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3.4. Cooking losses and Instrumental texture variables

Cooking looses were not affected either by the feeding system
or by the ageing time (Table 5, p > 0.05). Several authors, compar-
ing different diets observed no differences in cooking losses (Lanza,
Biondi, Bella, & Priolo, 2001), whereas others reported higher cook-
ing losses on forage diets (Santos Silva, Mendes, & Bessa, 2002).
Kemp, Johnson, Stewart, Ely, and Fox (1976) suggested that the
cooking losses were mostly due to differences in fatness. Leaner
meat should have more evaporative losses while fatter meat
should have more drip loss. In the current study there were no dif-
ferences among feeding systems in the intramuscular fat content
(Carrasco, Joy, Ripoll, & Panea, submitted for publication), nor pH
values which could explain the lack of differences in cooking
losses.

Maximum stress and toughness were affected by feeding sys-
tem and ageing time (Table 5; p < 0.01). GR lambs had meat with
lower toughness values than drylot lambs (DRL-GRE and DRL)
and the GR+S system had intermediate values. Lambs were slaugh-
tered 22–24 kg BW, with 63, 66, 72 and 76 days old for GR+S, DRL-
GRE, DRL and GR, respectively (Carrasco et al., 2009). Thus, the age
Table 5
Effects of feeding system (FS), ageing period (A) and the interaction (FS�A) on cooking loss
light lambs reared under grazing (GR), grazing with supplement (GR+S), drylot lambs wi
(DRL).

Ageing period (A) GR GR+S

Cooking losses (%) 4 d 21.40 21.95
7 d 22.01 24.09

Maximum stress (N/cm2) 4 d 29.9ax 33.8abx

7 d 22.1y 24.4y

Toughness (N/cm2) 4 d 10. 3ax 12.6abx

7 d 7.0y 8.1y

s.e.: standard error; NS: not significant; *p < 0.05; **p < 0.01; ***p < 0.001; Values in colu
with different superscripts (a, b, c) differ significantly (p < 0.05).
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Fig. 1. Discriminant analysis of studied variables that discriminate light lambs from four
drylot lambs with rationed grazing-ewes (DRL-GRE) and drylot lambs with ewes fed in
at slaughter could not affect the instrumental texture parameters
studied. Sañudo, Alfonso, Sánchez, Delfa, and Teixeira (2000) did
not observe differences in shear force and toughness when study-
ing light carcasses, with a narrow LW range and with a �2 and + 3
fat class according to the EU carcass classification system for light
lambs. Effect of the diet on meat toughness is not clear and some-
times results from different studies are contradictory. Some
authors found higher values for shear force and toughness of meat
from concentrate-fed lambs than from pasture animals (Ripoll
et al., 2005; Santos Silva et al., 2002), whereas others did not find
significant differences (Notter, Kelly, & Berry, 1991). Other studies
related the highest level of intramuscular fat in the meat from dry-
lot systems with tender meat (Angood et al., 2008; Kemp, Mahyud-
din, Ely, Fox, & Moody, 1980). On the other hand, as was reported
by Sañudo et al. (1998) and Vergara and Gallego (1999) in light
lambs, weaning did not affect meat tenderness. The present results
may be related to the amount of exercise that the lambs belonging
to both grazing systems did, as Aalhus, Price, Shand, and Hawrysh
(1991) suggested. In that study, muscles from exercised lambs
were significantly tenderer than those from their indoor
counterparts.
es and on instrumental texture variables of M. Longissimus thoracis, in Churra Tensina
th rationed grazing-ewes (DRL-GRE) and drylot lambs with ewes fed in confinement

DRL-GRE DRL s.e. FS A FS�A

18.83 22.14 1.12 NS NS NS
21.15 22.89
41.2bx 40.8bx 2.7 ** *** NS
28.9y 27.4y

15.1bx 14.0b 0.9 *** *** NS
10.7y 10.2

mns with different superscripts (x, y) differ significantly (p < 0.05). Values in rows

42

DRL-GRE
DRL
GR+S
GR

GRAZING LAMBS

utaneous fat (99.1%)

feeding systems: lambs reared under grazing (GR), grazing with supplement (GR+S),
confinement (DRL).



Table 6
Percents of lambs classified correctly into their current groups according to a discriminant function based on studied variables.

Predicted

GR GR+S DRL-GRE DRL

Original GR 36.4 63.6 – –
GR+S 41.7 50.0 – 8.3
DRL-GRE – – 45.5 54.5
DRL – – 50.0 50.0
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With regard to the ageing process, as was expected, values of
both variables decreased significantly from 4 to 7 days of ageing
regardless of the feeding system so that at the end of the ageing
period no differences could be detected among groups. Similar re-
sults were obtained by Warris et al. (1990).

3.5. Discriminant analysis

The result of the discriminant analysis including all data vari-
ables is shown in Fig. 1. There was a clear separation of carcasses
between grazing (GR and GR+S) and drylot groups (DRL-GRE and
DRL). Function 1 accounted for 99.1% of the total variability and
was mainly determined by b* from subcutaneous fat (r = 0.82),
while Function 2 accounted only for 0.9% of total variability and
was mainly determined by a* of M. Rectus abdominis (r = 0.93).

Table 6 shows the proportion of lambs classified correctly into
their current groups. Some lambs belonging to GR group were in-
cluded in the GR+S group and vice versa. A similar state happened
among drylot groups. On average, 45.47% of the lambs were cor-
rectly allocated into their current group. It can be concluded that
the studied variables were able to accurately distinguish between
grazing and drylot lambs, but not to clearly separate the four feed-
ing systems studied.
4. Conclusions

In the present conditions, handling, transport and slaughtering
processes were not stressful enough to modify the instrumental
meat characteristics. The meat pH was not affected by the feeding
system. Grazing lambs had yellower subcutaneous fat and redder
muscle colour (M. Rectus abdominis and M. Longissimus thoracis)
than drylot lambs. The effect of feeding system on meat colour dis-
appeared with the blooming. The same tendency was observed in
meat texture. At 4 days of ageing, the meat from grazing lambs
was more tender than that from drylot lambs, but at 7 days these
differences disappeared. Subcutaneous fat yellowness was a suit-
able factor to discriminate between grazing and drylot systems
but not within them. From the present results, it can be concluded
that both grazing systems are viable since meat from these lambs
had only small instrumental differences from lambs on the indoors
systems. Meat produced in outdoor conditions differs from indoor
conventional meat only in some attributes, such as instrumental
colour, which can be used as an attribute to identify a differential
meat product.
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