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Fourty-eight Churra Tensina single male lambs were used to evaluate the effect of different
feeding systems on carcass composition and predict the carcass tissue composition from joint
composition and carcass measurements. Four treatments were studied: GR, unweaned lambs
continuously grazing with ewes; GR + S, the same as the previous group, but lambs had free
access to concentrate; DRL-GRE, lambs remained indoors with free access to concentrate and
ewes grazed for 8 h/day, thereafter remaining with lambs; and DRL, lambs and ewes were kept
in confinement, they had free access to concentrate and dry unifeed respectively. In the DRL-
GRE and DRL groups lambs were weaned when 45 days old. Lambs were slaughtered at 22–
24 kg live weight. Commercial joints from the half left carcass were obtained, recorded and
dissected to determine carcass tissue composition.
The feeding system had an effect on the proportion of the carcass tissue composition. GR
treatment showed higher muscle (M) (pb0.05) and bone (B) (pb0.001) percentages, and a
lower total fat (F) percentage (pb0.001) than the rest of treatments. Hence it revealed higher
M/F (pb0.01) and lower M/B (pb0.05) and subcutaneous fat/intermuscular fat ratios (SF/IF;
pb0.001). Carcass composition predictions were more accurate for grams than for
percentages. In predictions from joint composition, pelvic limb was the most accurate joint
for grams (R2=0.84, R2=0.68, and R2=0.77 for muscle, bone, and fat, respectively) as well as
for percentage (R2=0.65, R2=0.56, and R2=0.73 for muscle, bone, and fat, respectively).
Predictions from carcass measurements were greater in muscle and fat grams (R2=0.87 and
R2=0.86 for muscle and fat, respectively) than in percentage (R2=0.58 and R2=0.73 for
muscle and fat, respectively). Equations to predict carcass tissue that include carcass
measurements are a simple method to assess accurately saleable muscle yield from different
lamb feeding systems without involving carcass damage.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Light lamb production (18–24 kg live weight, younger
than 90 days) represents the largest share of the lambmarket
in many Mediterranean countries (Sañudo et al., 1998).
Consumers show a greater preference for this type of muscle,
characterised by its pale pink colour and white fat (Sañudo
et al., 1998). Usual feeding systems are based on ewes' milk
plus a concentrate until weaning (around 45 days old) and
thereafter concentrate only. Nowadays, the increasing
: +34 976 71 63 35.
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demand for safemeat products, the on-farm cost of purchased
concentrate feeds and the EU Common Agricultural Policy are
stimulating market interest in pasture-based production
systems. Within this framework, lamb carcass quality (joint
weights, fatness degree, marbling, muscle and fat colour) and
composition attributes (saleable meat yield or percentage of
fat, muscle and bone) vary according to the farming system
used for lamb rearing.

The value of lamb carcasses is largely determined by the
muscle yield, pattern of muscle distribution and muscle
quality. The effect of the feeding system on the above-
mentioned characteristics is not clear. Reduced carcass fat
(mostly subcutaneous fat rather than intermuscular fat) was
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observed in lambs that had grazed on pastures compared to
lambs fed on concentrate (Diaz et al., 2002; Joy et al., 2008b).
However when the diet of grazing lambs is supplemented
with concentrate their fatness degree is similar to that
observed in indoor lambs (Carrasco et al., 2009). Collectively,
earlier works proved that the source of available energy
influences carcass composition, but that it can be altered
through mixed feeding systems based on ewe's milk, pasture
and concentrate.

The prediction of carcass composition from the dissection
of all joints is the most accurate system (Kempster et al.,
1976). However, dissection is very expensive method and
other non-invasive methods have been studied in order to
predict carcass composition without damage to the carcass
(Allen, 1990; Delfa et al., 1996, Diaz et al., 2004; Miguelez
et al., 2006). To improve the accuracy of predicting composi-
tion using intact carcasses and simple methods, many
investigations have used several carcass measurements
(Kempster et al., 1976; Delfa et al., 1996; Hopkins and Fogarty,
1998; Diaz et al., 2004; Miguel et al., 2007). The results of
these studies indicate that carcass weight is usually the most
precise measurement for predicting carcass tissue composi-
tion. However, the prediction equation obtained in an
experimental study may not be appropriate for predicting
the carcass composition of another lamb population. Kemp-
ster et al. (1981) found significant discrepancies between real
and predicted values when they applied equations obtained
from other studies. Several animal factors such as breed, sex
and age can affect tissue composition (Hopkins and Fogarty,
1998; Safari et al., 2001).

Previous studies carried out in mountain conditions have
demonstrated that spring lambingChurra Tensinaewesare able
to raise lambs on permanent mountain pastures without any
penalisation of either their performance or carcass quality
(Alvarez-Rodriguez et al., 2007; Joy et al., 2008a,b). Although
lamb performance, carcass conformation score and fatness
degree (according to the subjective classification scale of the
EU) was lower in grazing and unweaned lambs than in indoor
weaned light lambs, barely detectable differences inmuscle and
fat colourwere foundwhen assessed subjectively and using the
CIEL⁎a⁎b⁎ space (Joy et al., 2008a; Ripoll et al., 2008).

The aims of this study were to evaluate the effect of
feeding systems on partitioning of muscle, bone and fat in
Churra Tensina light lambs carcasses, and predict the carcass
tissue composition from joint composition and carcass
measurements.

2. Material and methods

2.1. Animal management

Forty-eight Churra Tensina singlemale lambs (3.6±0.08 kg
live weight at birth) were selected from the experimental flock
of “LaGarcipollera”ResearchStation (945ma.s.l., north-eastern
Spain). Animal management has been widely described by
Carrasco et al. (2009). The treatments were:

1. Grazing (GR): lambs and their dams were continuously
stocked on a permanent pasture. No concentrate was
available to dams or lambs. Lambs suckled their mothers
and grazed until slaughter.
2. Grazing with supplement for lambs (GR + S): the same
management as for GR, with the addition that the lambs
received concentrates ad libitum in lamb creep feeders.

3. Drylot lambs with grazing-ewes (DRL-GRE): the lambs
remained in the drylot and their dams grazed at pasture for
8 h a day (08:00 to 16:00 h) and thereafter remained
indoors (10 m×10 m) with them, receiving a supplement
of 0.5 kg of fresh barley meal/day (119 g CP /kg DM, 248 g
NDF /kg DM). This system aimed to reproduce the
commonly used system in the region.

4. Drylot (DRL): the lambs and ewes were kept always in
confinement. Ewes had free access to dry unifeed (110 g CP /
kg DM, 681 g NDF /kg DM) and lambs were fed concentrate
ad libitum.

Treatments were balanced by liveweight at birth of lambs.
Therewere no differences among treatments in the initial live
weight of lambs (3.7, 3.8, 3.9 and 3.8±0.1 kg in GR, GR + S,
DRL-GRE and DRL, respectively). For further details of
concentrate and pasture characteristics see Carrasco et al.
(2009). Briefly, the most abundant pasture species were
Dactylis glomerata, Festuca arundinacea, Trifolium repens, Poa
pratensis and Lolium perenne, with a mean botanical composi-
tion of 67% grass, 19% leguminous and 14% other species from
different botanical families. The components of the unifeed
provided to DRL treatment were (in g/kg fresh-weight basis):
barley straw (400), gluten feed (228), palmist cake (108),
barley grains (81), cracked soybean (60), citric pulp (60),
cotton seed (34), calcium carbonate (10), calcium salt of fatty
acids (7), salt (6) and urea (6).

2.2. Slaughter procedure

The general slaughter procedure and the objective and
subjective carcass measurements have been reported else-
where (Carrasco et al., 2009). After slaughter, carcasses were
chilled at 4 °C for 24 h. Subjective carcass measures were
conformation (scale EUROP system: E, excellent; U, very good;
R, good; O, fair; and P, poor), the fatness degree (scale 1, very
slim, to 4, very fat), and the amount of pelvic and renal fat
(kidney knob channel fat score, KKCFs, scale from low fat,
normal fat and high fat). The tail was then removed, the carcass
was carefully split longitudinally and the two halves were
weighed. Kidney and pelvic fat from the left carcass side was
removed and weighed to obtain the contents of kidney knob
and channel fat (KKCF); the left side was divided into thoracic
limb (shoulder), breast (portion split off by a line from the
cranial side of the manubrium sterni to the intersection of M.
Rectus addominis and M. Obliquus internus abdominis), pelvic
limb (leg cut between sixth and seventh lumbar vertebrae),
neck (from first to sixth cervical vertebrae), anterior-rib (from
seventh cervical vertebra tofifth thoracic vertebra), and loin-rib
(from sixth thoracic vertebra to sixth lumbar vertebra) (Fig.1a),
according to Colomer-Rocher et al. (1988). Each joint was
weighed, packed in polyethylene bags and frozen at−20 °C for
subsequent dissection. Jointswere thawed overnight at 4°C and
dissected into muscle, bone and fat comprising subcutaneous
fat (SF), intermuscular fat (IF), kidney fat (KF) and pelvic fat
(PF), and waste (major blood vessels, ligaments, tendons, and
thick connective tissue sheets associated with some muscle
tissue) according to Colomer-Rocher et al. (1988). The muscle/



Fig.1. Joints of the half carcass lamb: I, thoracic limb; II, breast; III, pelvic limb; IV, neck; V, anterior-rib; VI, loin-rib; VII, tail (a); and objective carcass measurements
(b) (Colomer-Rocher et al., 1988).
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bone (M/B), muscle/fat (M/F) and subcutaneous fat/intermus-
cular fat (SF/IF) ratios were determinate. The corrected weight
after the dissection of left half-carcass, obtained by adding up
the weights of muscle, bone, fat and waste of the carcass,
excluding testicle, thymus and kidneyweights,was used for the
calculations related to carcass composition. The percentage of
each tissue from each joint was calculated from the corrected
weight.

2.3. Statistical analysis

A statistical analysiswas performedwith the SAS statistical
software (9.1 version, SAS Institute, Cary, NC, USA). The effect
of the feeding system as a fixed effect on all variables was
analysed according to the following model (PROC GLM):

Yij = μ + Di + nij

where Yij = dependent variable; μ = overall mean; Di =
effect of i feeding system (GR, GR+ S, DRL-GRE or DRL); ξij =
residual error.

Differences among feeding systems were determined
using the Duncan test. A level of significance below 0.05 was
considered significant.

The prediction equations of carcass tissue composition from
joints and carcass measurements were studied by multiple



Table 2
Percentage and ratios of the main tissues obtained by dissection of half left
carcass joints 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 SE Effect

Muscle % 59.5 a 57.8 a b 58.5 a b 57.0 b 0.56 ⁎

Bone % 21.8 a 20.6b 20.0 b 20.0 b 0.31 ⁎⁎⁎

Total fat % 17.9 b 20.8 a 20.6 a 22.2 a 0.71 ⁎⁎⁎

SF a% 4.9 b 6.6 a 6.8 a 7.3 a 0.34 ⁎⁎⁎

IF b% 10.7 c 11.6 a b 11.0 b c 12.3 a 0.58 ⁎⁎

PF c% 0.8 0.7 0.9 0.8 0.06 NS
KF d% 1.5 1.8 2.0 1.8 0.16 NS

Other tissues % 0.85 0.80 0.87 0.79 0.07 NS
M/F e 3.38 a 2.83 b 2.88 b 2.61 b 0.13 ⁎⁎

M/B f 2.73 b 2.81 a b 2.94 a 2.86 a b 0.05 ⁎

SF/IF g 0.46 b 0.57 a 0.62 a 0.59 a 0.02 ⁎⁎⁎

SE: standard error; NS: not significant; ⁎p≤0.05; ⁎⁎p≤0.01; ⁎⁎⁎p≤0.001.
a SF: subcutaneous fat.
b IF: intermuscular fat.
c PF: pelvic fat.
d KF: kidney fat.
e M/F: muscle/fat.
f M/B: muscle/bone.
g SF/IF: subcutaneous/intermuscular fat.
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regression analysis with the stepwise option. Terms were
retained in the models when pb0.05. Pearson correlations
between variables were performed by CORR procedure.

3. Results and discussion

The feeding system affected slaughter weight (SW;
pb0.01), hot carcass weight (HCW; pb0.01), cold carcass
weight (CCW; pb0.001), conformation score (Cs; pb0.001),
fatness degree (Fd; pb0.01) and KKCF score (KKCFs pb0.01)
(Table 1). The average daily gain of GR lambs was significantly
lower than the rest (261, 313, 299, and 282 g/day in GR, GR +
S, DRL-GRE and DRL lambs, respectively) (Carrasco et al.,
2009). The mean concentrate intake per lamb during the
experimental period was 6.9, 39.3 and 35.0 kg for GR + S,
DRL-GRE and DRL respectively.

As expected, GR lambswere lighter, poorer conformed and
leaner than the rest of treatments (pb0.05) (Chestnutt, 1994;
Murphy et al., 1994; Priolo et al., 2002), as a result of the lower
energy intake (Thériez et al., 1992; McClure et al., 1995; Karim
et al., 2007), the greater physical activity in relation to indoors
lambs (Priolo et al., 2002) and/or the changes in the
metabolism of grazing lambs vs. concentrate-fed lambs
(Butterfield, 1988; Diaz et al., 2002).

3.1. Carcass tissue composition

The carcass tissue composition and its ratios are shown in
Table 2. The feeding system affected the percentage of muscle
(pb0.05), bone (pb0.001) and total fat (pb0.001). The
greater energy intake registered in lambs supplemented
with concentrate (GR + S, DRL-GRE, DRL) is partitioned
according to the tissue maturation (bone, muscle and fat)
(Rouse et al., 1970; Kempster et al., 1987). Some of the effects
of the feeding system on carcass composition were probably
due to the effects of growth rate on the partitioning of energy
for tissue gain (Borton et al., 2005a, b). The excess of energy
intake, over the requirements for maximal bone and muscle
accretion is used for fat accretion in a linear manner (Murphy
Table 1
Carcass characteristics in Churra Tensina light lambs reared under grazing
(GR), grazingwith supplement (GR+ S), drylot lambswith rationed grazing-
ewes (DRL-GRE) and drylot lambs with ewes fed in confinement (DRL).

GR GR + S DRL-GRE DRL SE Effect

Number of animals 12 12 11 12
SWa (kg) 21.6 b 22.3 a 22.8 a 22.9 a 0.25 ⁎⁎

HCWb (kg) 10.5 b 11.7 a 11.5 a 11.7 a 0.22 ⁎⁎

CCWc (kg) 10.2 b 11.4 a 11.2 a 11.4 a 0.22 ⁎⁎⁎

Cs d 5.5 c 6.4 b c 7.6 a 7.3 a b 0.39 ⁎⁎⁎

Fd e 4.0 b 6.0 a 6.5 a 6.4 a 0.45 ⁎⁎

KKCFs f 3.0 b 4.8 a 4.7 a 4.6 a 0.42 ⁎⁎

SE: standard error; NS: not significant; ⁎p≤0.05; ⁎⁎p≤0.01; ⁎⁎⁎p≤0.001.
a SW: slaughter weight.
b HCW: hot carcass weight.
c CCW: cold carcass weight.
d Cs, conformation score: scale from 1 (P−: poor) to 15 (E+: excellent) of

the EUROP classification (E, excellent; U, very good; R, good; O, fair; and P,
poor).

e Fd, fatness degree: scale 1 (1−: very low) to 12 (4+, very high) of the
scale 1 (low), 2 (slight), 3 (average), 4 (high) (Colomer-Rocher et al., 1988).

f KKCFs, kidney knob channel fat score: scale 1 to 9 (1: without fat, 9:
completely coveredwith great thickness of fat) (Colomer-Rocher et al., 1988).
et al., 1994). Byers et al. (1988) suggested that as average daily
gain increases, fat deposition increments at increasing rate
while protein deposition increments at decreasing rates.
Consequently, low energy intake implies a more notable
reduction of fat accretion than protein (McClure et al., 1995;
Diaz et al., 2002). Furthermore, the greater physical activity in
grazing lambs is concomitant with less fat and greater muscle
volume (Aalhus et al., 1991) especially in both limbs
(Butterfield et al., 1983).

GR lambs showed a greater percentages of muscle
(pb0.05) and bone (pb0.05), and a lower percentage of fat
(pb0.05) than the rest of treatments. The greater percentage
of muscle observed in GR lambs only was significantly
different to DRL (pb0.05), and the rest of the treatments
revealed intermediate values. Murphy et al. (1994) and Santos
Silva et al. (2002) also observed the same trend. GR lambs had
less-developed fat depots probably due to the limited energy
intake, as observed by Field et al. (1990) and Chestnutt
(1994), which has a more important effect on subcutaneous
fat (Butterfield,1988; Diaz et al., 2002; Joy et al., 2008b). Daily
energy intake for GR lambs (milk and pasture) may provide
enough energy for bone and muscle tissue development but
not for use towards fat accretion.

The feeding system had a clear effect on the total fat
percentage, although the magnitude of the effect varies
according to fat depots. The treatment had a lesser effect on
internal fat depot (kidney and pelvic fat; pN0.05), than it did
on intermuscular (pb0.01) and on subcutaneous fat
(pb0.001), which may be due to different maturation rates
(Cuthbertson, 1978). Vézinhet and Prud'hon (1975), Ruiz De
Huidobro and Cañeque (1994) and Santos et al. (2000)
observed that KKCF developed earlier than the rest of fat
depots. GR carcasses presented lower subcutaneous fat
(pb0.05) and intermuscular fat depots (although they were
only significantly lower than GR + S and DRL; pb0.05), in
keeping with the findings of Diaz et al. (2002) and McClure
et al. (2000). Moreover, a negative correlation between bone



Table 3
Percentages of half carcass joints and joint tissue composition 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 SE Effect

Pelvic limb 33.3 32.9 32.8 33.2 0.3 NS
Muscle % 63.0 61.9 61.4 61.3 0.6 NS
Bone % 22.6 21.8 22.0 21.4 0.5 NS
Total fat % 14.0 b 15.9 a 16.1 a 16.9 a 0.6 ⁎⁎

SF a% 5.1 b 6.6 a 6.5 a 7.4 a 0.4 ⁎⁎⁎

IF b% 6.7 7.0 7.1 7.2 0.3 NS
PF c% 2.2 2.3 2.5 2.4 0.2 NS

Loin-rib 20.3 21.3 21.0 20.4 0.4 NS
Muscle % 54.9 50.9 52.5 49.6 1.5 NS
Bone % 18.7 a 15.3 b 13.7 b 14.1 b 0.8 ⁎⁎⁎

Total fat % 25.7 b 33.1 a 33.2 a 35.8 a 1.8 ⁎⁎

SF % 7.6 b 12.0 a 13.0 a 13.2 a 0.8 ⁎⁎⁎

IF % 10.6 b 12.2 a b 10.2 b 13.5 a 0.9 ⁎

KF d% 7.6 8.9 10.0 9.1 0.6 NS
Anterior-rib 7.1 a 7.0 a 6.7 a b 6.4 b 0.2 ⁎

Muscle % 58.6 59.8 61.3 56.6 1.6 NS
Bone % 24.1 a 20.4 b 22.0 a b 21.5 a b 0.9 ⁎

Total fat % 15.7 b 18.3 a b 15.4 b 20.5 a 1.4 ⁎

IF % 15.7 b 18.3 a b 15.4 b 20.5 a 1.4 ⁎

Thoracic limb 20.0 20.2 20.1 20.4 0.2 NS
Muscle % 64.5 63.3 60.2 63.0 2.4 NS
Bone % 22.4 22.6 21.1 22.3 0.6 NS
Total fat % 12.3 13.2 17.7 13.9 2.4 NS
SF % 3.4 3.9 3.7 4.7 0.4 NS
IF % 8.9 9.3 14.1 9.3 2.3 NS

Breast 10.6 b 10.7 b 11.5 a 11.4 a 0.3 ⁎

Muscle % 49.6 a 47.3 a b 48.9 a 45.8 b 1.0 ⁎

Bone % 19.5 18.5 18.3 18.0 0.5 NS
Total fat % 29.4 b 33.4 a 31.7 a b 35.2 a 1.2 ⁎

SF % 6.1 7.0 7.1 7.5 0.5 NS
IF % 23.4 b 26.4 a b 24.7 a b 27.7 a 1.0 ⁎

Neck 8.7 7.9 7.9 8.2 0.3 NS
Muscle % 57.6 56.6 58.1 58.9 1.2 NS
Bone % 25.0 25.5 25.6 24.7 0.6 NS
Total fat % 15.5 15.4 14.5 15.0 1.1 NS
SF % 4.5 4.9 4.7 4.6 0.5 NS
IF % 11.0 10.5 9.8 10.4 0.9 NS

SE: standard error; NS: not significant; ⁎p≤0.05; ⁎⁎p≤0.01; ⁎⁎⁎p≤0.001.
a SF: subcutaneous fat.
b IF: intermuscular fat.
c PF: pelvic fat.
d KF: kidney fat.

116 S. Carrasco et al. / Livestock Science 126 (2009) 112–121
and fat percentage was observed (r=−0.73, pb0.001) in
agreement with Rouse et al. (1970), Lambuth et al. (1970),
and Hammond et al. (1983).

The feeding system had a significant effect on M/F
(p b0.01), M/B (pb0.05) and SF/IF (p b0.001) ratios
(Table 2). GR treatment had a higher M/F ratio (pb0.05),
and in the rest of treatments ratios were similar one to
another. DRL-GRE revealed the highest M/B ratio, which was
significantly different to that observed in GR (pb0.05), and
similar to GR + S and DRL (pN0.05). Lambs fed with low
energy diets had less fat accretion and greater bone weight
(Lambuth et al., 1970). Slaughter and carcass weights and
conformation score were positively correlated with the M/B
ratio (r=0.33, pb0.05; r=0.81, pb0.001; r=0.35, pb0.01,
respectively). In relation to this, Hopkins and Fogarty (1998)
concluded that a good conformation is associated with a high
M/B ratio. When subcutaneous fat was related to intermus-
cular fat (SF/IF), GR presented a lower ratio (pb0.05) than the
rest of treatments, which showed similar values. This ratio
tended to increase with the slaughter weight because of the
concomitant increment SF (Joy et al., 2008b) due to its later
development (Alvarez-Rodriguez et al., 2009).

3.2. Joint tissue composition

With regard to joint carcass composition, the feeding
system only affected anterior-rib and breast proportions
(Table 3; pb0.05). Grazing lambs (GR, GR + S) showed
higher anterior-rib and lower breast percentages in relation to
drylot lambs (DRL-GRE, DRL; pb0.05). Both joint percentages
are related to slaughter weight, although differently. Anterior-
rib percentage was negatively correlated (r=−0.38,
pb0.05), whereas breast was positively related (r=0.32,
pb0.05). The proportion of early joint development is that
which is most reduced by increasing carcass weight (Boccard
et al., 1962), reflecting the different pattern of joint develop-
ment (Kempster et al., 1987; Santos et al., 2000). The present
results suggest that joint percentages are affected by slight
variations in the slaughter weight (22–24 kg) due to the
feeding strategy applied to light lambs.

The most important effect of the feeding system on joint
tissue composition was registered on fat deposition. Total fat,
SF and IF of the first category joints (pelvic limb, loin-rib and
anterior-rib) were affected by treatment (pb0.05). The rest of
the joints did not reveal any differences among feeding
systems, except for total fat and IF of breast (pb0.05). GR
always presented the smallest fat percentages, in accordance
with Diaz et al. (2002), Santos Silva et al. (2002) and Olleta
et al. (1992). When grazing lambs were supplemented with
concentrate (GR + S), the fat percentages were similar to
those registered in indoor treatments (DRL-GRE and DRL), as
a result of the considerable effect of level of nutrition on fat
accretion rate (Russel et al., 1969). Besides, the effect of
energy supplementation is greater in late-developing tissues,
such as SF, than in earlier-developing tissues (Cañeque et al.,
1999; Diaz, 2001).

Fig. 2 shows the variation of tissue ratios of carcass joints.
Feeding systems affectedM/B ratios only in loin-rib (pb0.01);
M/F in pelvic limb (pb0.05), loin-rib (pb0.01), and breast
(pb0.05); and SF/IF in pelvic limb and loin-rib (pb0.05). GR
presented the loin-rib with the lowest value of M/B (GR: 3.05
vs. GR + S: 3.35; DRL-GRE: 3.95; DRL: 3.53; pb0.05) mainly
due to its greater bone percentage. In a similar study, but
comparing only two feeding systems, similar to the current GR
vs. DRL-GRE lambs, Joy et al. (2008b) concluded that lambs
reared indoors showed greater M/B ratio in all joints except
pelvic limb and neck, which agree with the present results
when both treatments are compared. M/F ratiowas only affect-
ed by treatment in pelvic limb, loin-rib and breast (pb0.05). In
pelvic limb and breast, GR lambs presented a higher M/F ratio
than the rest of treatments (GR 4.54, 1.73 vs. GR + S 4.05, 1.44;
DRL-GRE 3.88, 1.57; DRL 3.73, 1.33, for pelvic limb and breast,
respectively; pb0.05) mainly as a result of the lower sub-
cutaneous fat content (Murphy et al., 1994; Karim et al., 2007).
However, in loin-rib this grouphad the lowestM/F ratio due to a
lower fat percentage and higher muscle percentage compared
to the rest of groups (Table 3). As previously mentioned,
treatment affected fat deposition in the first category joints
(pelvic limb and loin-rib). Consequently, the feeding system
affected the SF/IF ratio (pb0.05), the GR treatment having



Fig. 2. Muscle to bone, muscle to fat and subcutaneous to intermuscular fat ratios in the carcass joints of 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).
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always the lowest ratio (Fig. 2), aswas expected (Carrasco et al.,
2009), due to of the early development of intermuscular fat and
the late of subcutaneous fat (Butterfield et al., 1983; Ruiz De
Huidobro, 1993).

3.3. Correlation coefficients between carcass measurements and
carcass tissues

The correlation coefficients between carcass tissues
(weight and percentage) vs. carcass measurements are
shown in Table 4. Carcass weights (HCW and CCW) were
always positive and significantly related to all tissues weights
studied (pb0.001). However, with regards to tissue percen-
tages, carcass weights were negatively correlated withmuscle
and bone and positively correlated with fat, reflecting the
tissue growth pattern (Kempster et al., 1987). Fat depot
amounts (KF, PF, and KKCF) were well correlated with carcass
fat weight and not correlated with carcass bone weight, as
expected (Ruiz De Huidobro and Cañeque, 1994). Tissue
composition as a percentage was correlated with all three fat
variables although in an opposite way: negatively with
muscle and bone percentage and positively with fat
percentage.

The subjective measurements, Cs, Fd and KKCFs, presented
significant correlations with muscle and fat weights and with
percentage of all tissues. These correlations were positive
withmuscle and fat weights, and fat percentage, and negative
with muscle and bone percentages. Subjective fat measure-
ments (Fd and KKCFs) showed the highest correlationwith fat
tissue, in keeping with Bruwer et al. (1987), Garrett et al.
(1992) and Diaz et al. (2004). Cs displayed better correlation
with fat thanmuscle weight as was found by Cuthbertson and
Kempster (1978) and Kempster et al. (1981), which could be
supported by the fact that Cs is evaluated considering a
concave or convex carcass profile, which in turn is influenced
by fat depot (Tatum et al., 1988).



Table 4
Pearson's correlations (r) between carcass tissues, in grams (g) or percentage (%), and objective and subjective carcass measurements.

(1) Muscle(g) Bone (g) Fat (g) Muscle (%) Bone (%) Fat (%)

Carcass measurements
HCW (kg) 0.85 ⁎⁎⁎ 0.51 ⁎⁎⁎ 0.78 ⁎⁎⁎ −0.43 ⁎⁎ −0.55 ⁎⁎⁎ 0.56 ⁎⁎⁎
CCW(kg) 0.84 ⁎⁎⁎ 0.52 ⁎⁎⁎ 0.78 ⁎⁎⁎ −0.44 ⁎⁎ −0.54 ⁎⁎⁎ 0.57 ⁎⁎⁎
KF (g) 0.51 ⁎⁎⁎ 0.18 0.75 ⁎⁎⁎ −0.51 ⁎⁎⁎ −0.62 ⁎⁎⁎ 0.66 ⁎⁎⁎
PF (g) 0.03 −0.12 0.48 ⁎⁎⁎ −0.46 ⁎⁎ −0.44 ⁎⁎ 0.54 ⁎⁎⁎
KKCF (g) 0.44 ⁎⁎ 0.11 0.76 ⁎⁎⁎ −0.56 ⁎⁎⁎ −0.65 ⁎⁎⁎ 0.71 ⁎⁎⁎

Subjective carcass measurements
Cs 0.33 ⁎ −0.07 0.56 ⁎⁎⁎ −0.34 ⁎ −0.61 ⁎⁎⁎ 0.52 ⁎⁎⁎
Fd 0.45 ⁎⁎ 0.2 0.80 ⁎⁎⁎ −0.62 ⁎⁎⁎ −0.59 ⁎⁎⁎ 0.72 ⁎⁎⁎
KKCFs 0.44 ⁎⁎ 0.19 0.74 ⁎⁎ −0.56 ⁎⁎⁎ −0.57 ⁎⁎⁎ 0.67 ⁎⁎⁎

Objective carcass measurements and indexes
Wr (cm) −0.06 −0.03 0.57 ⁎⁎⁎ −0.66 ⁎⁎⁎ −0.32 ⁎ 0.63 ⁎⁎⁎
Th (cm) −0.06 0.21 −0.24 0.12 0.39 ⁎⁎ −0.26
L (cm) 0.11 0.10 −0.25 0.31 ⁎ 0.18 −0.30 ⁎
F (cm) −0.28 0.06 −0.40 ⁎⁎ 0.19 0.47 ⁎⁎⁎ −0.36 ⁎
G (cm) 0.34 ⁎ 0.31 ⁎ 0.34 ⁎ −0.23 −0.13 0.24
D (cm) 0.62 ⁎⁎⁎ 0.43 ⁎⁎ 0.46 ⁎⁎ −0.19 −0.29 0.27
Wr/Th −0.02 −0.12 0.56 ⁎⁎⁎ −0.58 ⁎⁎⁎ −0.43 ⁎⁎ 0.62 ⁎⁎⁎
CCW/L (g/cm) 0.77 ⁎⁎⁎ 0.48 ⁎⁎⁎ 0.81 ⁎⁎⁎ −0.50 ⁎⁎⁎ −0.56 ⁎⁎⁎ 0.62 ⁎⁎⁎
Pelvic limb/F (g/cm) 0.74 ⁎⁎⁎ 0.44 ⁎⁎ 0.67 ⁎⁎⁎ −0.35 ⁎ −0.49 ⁎⁎⁎ 0.48 ⁎⁎⁎
G/F (g/cm) 0.44 ⁎⁎ 0.12 0.55 ⁎⁎⁎ −0.31 ⁎ −0.48 ⁎⁎⁎ 0.46 ⁎⁎
G/L (g/cm) 0.21 0.19 0.43 ⁎⁎ −0.37 ⁎ −0.21 0.37 ⁎

SE: standard error; NS: not significant.
(1): HCW: hot carcass weight; CCW: cold carcass weight; KF: kidney fat in grams; PF: pelvic fat in grams; KKCF: kidney knob channel fat in grams; Fd: fatness
degree (scale 1 to 4); Cs: conformation score (scale EUROP) (DOCE, 1994); KKCFs: kidney knob channel fat score (scale 1 to 3; Colomer-Rocher et al., 1988); Wr:
carcass width; Th: thoracic depth; L: carcass internal length; F: pelvic limb length; G: hindquarter width; D: hindquarter perimeter; Wr/Th: chest roundness index;
CCW/L: carcass compactness; pelvic limb weight/F: pelvic limb compactness; G/F: hindquarter width/pelvic limb length; G/L: hindquarter width/carcass internal
length index.

⁎ p≤0.05.
⁎⁎ p≤0.01.
⁎⁎⁎ p≤0.001.
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In relation to objective carcass measures, the most
significant correlations with carcass tissue weights were the
ratios related to carcass compactness (CCW/L and pelvic limb
weight/F) (Table 4). Both variables were highly correlated
with muscle and fat weights, with values of Pearson's
correlations between 0.67 and 0.81. Similar correlations
were observed by Cañeque et al. (2004) in a study on
Manchego light lambs.

3.4. Prediction of carcass tissue composition

3.4.1. Using joint tissue composition
Prediction equations of weight and percentage of carcass

muscle, bone and fat, from tissue joint composition, coeffi-
cients of determination (R2) and residual standard deviations
(r.s.d.) are shown in Table 5. Pelvic limb and loin-rib were
good predictors for muscle, bone and fat carcass in weights
and percentages. Anterior-rib and neck were the poorest
predictors.

Regarding tissueweight predictions, pelvic limb presented
the best R2 and r.s.d. for all tissues, in agreement with Flamant
and Boccard (1966) and Ruiz De Huidobro and Cañeque
(1994). Moreover, loin-rib and thoracic limb could also be
used as good predictors for muscle and fat tissue given their
high R2, although it was always lower than that observed in
the pelvic limb. When tissue percentages were predicted, the
best R2 and r.s.d. were found in loin-rib for all tissues, in
keeping with Timon and Bichard (1965) and Diaz (2001).
According to the present results, the best joint to predict
carcass tissue composition is the pelvic limb, followed by the
thoracic limb and loin-rib. However, studies on prediction
equations of commercial joints are inconclusive. In Talavera
light lambs Guía and Cañeque (1992) found that the best
prediction equations for muscle and bonewere obtained from
the thoracic limb and for fat from the pelvic limb. Velasco
(1999) used the loin-rib and pelvic limb as predictors of the
fat weight and obtained high coefficients of determination
values (R2=0.91 and R2=0.90, respectively). Differences
among studies in R2 when carcass composition is predicted in
light lambs might be due to the differences in age, breed and
sex of the animals (Safari et al., 2001), as well in the
differences between methods to obtain joints.

3.4.2. Using carcass measurements
Saleable muscle yield prediction could be used to know

carcass value (Hopkins and Fogarty, 1998). Prediction equa-
tions for carcass tissue composition in weight and percentage
are shown in Table 6. To predict carcass muscle weight four
variables were entered in the model by the stepwise
procedure (HCW, Wr, Pelvic limb/F and CCW/L). 87% of
variation was explained by this model, but 75% of this
variation being explained by HCWalone. To predict fat weight
the equation comprised three variables (CCW/L, KKCF and
Wr), CCW/L was the variable that explained 66% of the
variation. The equation for carcass bone weight was less
accurate (R2=0.45); HCWwas the first variable included and



Table 6
Prediction equations of half carcass tissue composition from objective and
subjective carcass measurements.

Y = Steps Indep. variables Sign R2 r.s.d.

Muscle gr 1 HCW (kg) ⁎⁎ 0.75 97.85
2 Wr (cm) ⁎⁎⁎ 0.84 79.12
3 Pelvic limb/F (g/cm) ⁎⁎ 0.86 74.39
4 CCW (kg) ⁎ 0.87 71.43

Equation: 1842.43+375.36 HCW−68.68 Wr−225.01 CCW+8.91 pelvic limb/F
Bone gr 1 HCW (kg) ⁎⁎⁎ 0.30 62.22

2 Cs ⁎⁎ 0.45 55.68

Equation:504.72+61.96 HCW−20.95 Cs
Fat gr 1 CCW/L (g/cm) ⁎⁎⁎ 0.66 117.58

2 KKCF (g) ⁎⁎⁎ 0.78 96.39
3 Wr (cm) ⁎⁎⁎ 0.86 77.39

Equation: −1450.69+5.34 CCW/L+1.98 KKCF+63.22 Wr
Muscle % 1 Wr (cm) ⁎⁎⁎ 0.44 1.52

2 KKCF (g) ⁎⁎⁎ 0.58 1.33

Equation: 80.94−1.13 Wr−0.02 KKCF
Bone % 1 KKCF (g) ⁎⁎⁎ 0.42 0.96

2 Cs ⁎⁎ 0.51 0.90

Equation: 24.55−0.02 KKCF−0.27 Cs
Fat % 1 KKCF (g) ⁎⁎⁎ 0.51 1.98

2 Wr (cm) ⁎⁎⁎ 0.70 1.57
3 L (cm) ⁎ 0.73 1.50

Equation: 17.44−0.45 L+0.04 KKCF+1.17 Wr

R2: determination coefficient. r.s.d.: residual standard deviation.⁎p≤0.05;
⁎⁎ p≤0.01; ⁎⁎⁎p≤0.001.
CCW: cold carcass weight; HCW: hot carcass weight; CCW/L: carcass
compactness index; Cs: conformation score (scale EUROP; DOCE, 1994);
KKCF: kidney knob channel fat weight; L: carcass internal length; pelvic limb
weight/F: pelvic limb compactness index; Wr: carcass width.

Table 5
Prediction equations of half carcass tissue composition from joint tissue
composition.

Y = Prediction equation of half carcass
tissue composition

R2 r.s.d.

Pelvic
limb

Grams
Muscle 594.24+2.24 M 0.84 77.44
Bone 268.94+1.27 B+0.29 M 0.68 42.37
Fat −60.28+1.02 B+4.80 SF+4.72 PF 0.77 98.11

Percentages
Muscle 60.99+0.01 M−0.02 B−0.05 PF 0.65 1.24
Bone 22.74+−0.004 M+0.01 B−0.02 SF 0.56 0.86
Fat 10.00+0.07 PF+0.07 SF 0.73 1.48

Loin-rib Grams
Muscle 1502.66+2.48 M+1.47 SF 0.70 107.14
Bone 566.57+0.52 M+1.03 B−0.42 IF 0.49 54.34
Fat 458.29+1.79 TF 0.87 72.99

Percentages
Muscle 57.83+0.01 M−0.02 TF 0.68 1.17
Bone 20.76+0.01 B−0.01 KF−0.01 SF 0.64 0.78
Fat 17.08+0.02 TF−0.01 M 0.81 1.25

Thoracic
limb

Grams
Muscle 560.53+3.15 M+1.29 B 0.72 105.07
Bone 423.19+0.57 M+1.08 B 0.41 57.61
Fat −378.34+1.10 M+4.91 TF 0.64 121.76

Percentages
Muscle 65.09−0.05 TF 0.42 1.54
Bone 24.07−0.02 TF 0.28 1.08
Fat 9.83+0.07 TF 0.51 1.97

Anterior-
rib

Grams
Muscle 1972.68+4.02 M+3.28 TF 0.31 163.47
Bone 719.29+1.27 M+1.29 TF 0.25 64.84
Fat a

Percentages
Muscle a

Bone 18.28+0.03 B 0.14 1.17
Fat a

Breast Grams
Muscle 2105.25+3.39 M 0.34 157.74
Bone 913.31+1.47 B 0.10 70.18
Fat 280.12+4.27 TF 0.67 115.11

Percentages
Muscle 62.11+0.01 M−0.04 TF 0.58 1.34
Bone 26.34−0.02 M+0.03 B−0.02 TF 0.48 0.94
Fat 9.80+0.06 TF 0.62 1.74

Neck Grams
Muscle 2479.17+2.34 M 0.10 184.37
Bone a

Fat a

Percentages
Muscle
Bone a

Fat a

R2: determination coefficient. r.s.d.: residual standard deviation.
Y=carcass composition (muscle, bone or fat); M:muscle of the joint (grams);
IF: intermuscular fat of the joint (grams); PF: pelvic fat of the joint (grams);
TF: total fat of the joint (grams); SF: subcutaneous fat of the joint (grams).

a No variable met with pb0.05 for entry into the model.
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it explained 30% of the variation, although when Cs was
included accuracy increased by 15%.

Less accurate results were obtained when the percentages
of carcass tissue composition were predicted. Two objective
variables, Wr and KKCF, were included to predict the muscle
percentage, both of which revealed negative regression
coefficients. This equation explained 58% of the variation in
the muscle percentage of carcasses. The prediction equation
for bone percentage included KKCF, which explained 42% of
the variation and increased by 9 percentual points when the
subjective Cs was included in the model. The model for
predicting the fat percentage included three objectives
measurements: KKCF, Wr and L, and explained 73% of
variability.

Measurements related to carcass weight (HCW, CCW,
CCW/L) were included in the prediction models for weight of
carcass tissues, but not for percentage. A fatness measure-
ment (KKCF) was also included, mainly in the prediction of
carcass tissue percentages. The prediction model for bone
(grams and percentage) had the lowest R2, which is in
concordance with the low correlation coefficients observed
(Table 4). In support of the present results, Timon and Bichard
(1965), Delfa et al. (1991, 1996), Hopkins et al. (1993) and
Hopkins and Fogarty (1998) observed that the best carcass
tissue composition predictors were carcass weight and fat
measurements.

4. Conclusions

Lambs suckling and grazing until slaughter showed the
lowest percentage of carcass fat and the highest percentage of
carcass bone and carcass muscle in relation to lambs suckling
and grazing with concentrate supplement and those indoors
lambs concentrate-fed treatments. The most important effect
of the feeding system on carcass tissue composition is with
regard to fat depot being the greatest effect in subcutaneous
fat.
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Prediction of carcass tissue composition in weight was
more accurate than in percentages. Pelvic limb was the most
accurate joint for the prediction of whole carcass tissue
composition, followed by loin-rib and thoracic limb. Never-
theless, carcass measurements are a good predictor of carcass
muscle and fat, but not bone. Equations to predict carcass
tissue that include carcassmeasurements are a simplemethod
to assess accurately saleable meat yield from different lamb
feeding systems without involving carcass damage.
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