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Carcass composition and meat quality in lambs reared indoors and on pasture
T. Popova*, P. Marinova
Institute of Animal Science, 2232 Kostinbrod, Bulgaria
Abstract. An experiment was carried out with 28 male lambs of Northeastern Bulgarian Fine Wool Breed (NBFWB) and lamb crosses of this breed with Ile de
France (NBFWB x IDF) reared indoors and on pasture in the Institute of Animal Science – Kostinbrod. Carcass composition and quality parameters of m.
Longissimus dorsi and m. Semimembranosus were studied in the lambs according to their rearing and breed. (S)EUROP system was used to classify the
carcasses. Most of the lambs reared indoors and on pasture belonged to O and R conformation classes. According to the breed the highest percentage of
lambs of NBWFB were in the O class while the carcasses of the crossbred lambs were equally distributed between O and R classes. Lambs reared indoors or
on pasture were in classes 2 and 3 according to their degree of fatness. The distribution in both breeds showed that the carcasses of the NBFWB were fatter
than those of the cross. Rearing did not affect significantly the thickness of fat in different carcass locations as well as the content of muscle, bone and total fat in
the half carcasses. Breed influenced the pelvic fat content which was higher in the lambs of the cross (P<0.05). No significant effect of rearing on the content of
meat, bone and fat in the separate parts of the carcass was observed while breed affected significantly the percentage of pelvic fat (P<0.05) and intermuscular
fat (P<0.01) in the loin, as both were higher in the lambs of NBFWB x IDF. Rearing influenced the meat colour of m. Longissimus dorsi. It was brighter (P<0.05)
in the lambs reared on pasture, compared to the indoors reared lambs. Breed affected significantly the colour of both m. Longissimus dorsi and m.
Semimembranosus (P<0.05) and in the lambs of the NBFWB x IDF it was darker. The way of rearing the lambs led to significant differences in the content of
myoglobin in m. Longissimus dorsi (P<0.05).

Keywords: lambs, indoors, pasture; carcass composition, meat quality

Introduction
The increasing requirements of the consumers for producing
meat with high nutritional and healthy parameters as well as the
standards for carcass quality make it necessary to focus on ways for
obtaining animal production with certain quality traits. The value of
carcasses from ruminants is mainly determined by the muscle yield,
the pattern of muscle and fat distribution as well as muscle quality. A
great number of factors affect the above mentioned characteristics,
among which rearing and breed. The exact effect of rearing on the
carcass composition still remains unclear. According to some
studies (Diaz et al., 2002; Joy et al., 2008), lower content of fat in the
carcass was observed in lambs reared on pasture, while the addition
of concentrate to the diet of the grazing lambs led to similar degree of
fatness with the indoor reared animals (Carrasco et al., 2009)
Pasture rearing is the most natural system for sheep since it
provides them the best welfare conditions while being relatively
cheap. However, for some consumer groups, especially those from
Europe, slaughter lambs fed extensively on pasture forage, achieve
poorer weight gain and are not fat enough (Font i Furnols et al.,
2009). Rearing may have influence on the physicochemical traits of
meat that are very important for the sensory characteristics and
overall consumers' acceptance, though some studies report no
differences in quality and acceptability in meat from animals finished
on pastures and concentrates (French et al., 2001). Carcass and
meat quality is also affected by the breed characteristics of the lambs
(Titi et al., 2000; Sheridan et al., 2003). In some previously
conducted studies the effects of either rearing (Mahgoub et al.,
2000) or breed (Taylor et al., 1989; Friggens et al., 1997) on the

carcass and meat quality are compared separately and still there is
little information how these factors can interact and affect the
composition and quality of the lamb carcass and meat.
The aim of this work is to study the influence of rearing and
breed on the carcass composition and meat quality in lambs.

Material and methods
Experimental animals and feed regimens
The experiment was carried out with 28 male lambs of
Northeastern Bulgarian Fine Wool Breed (NBFWB) and lambs
crosses of this breed with Ile de France (NBFWB x IDF) in the
Institute of Animal Science – Kostinbrod. The animals were divided
in two groups (containing 14 lambs) according to the breed and each
of the groups was subsequently divided in 2 subgroups (of 7
animals) – one reared indoor and the other reared on pasture. The
mean age and live weight of the animals at the beginning of the
experiment were 95 /±5/ days and 19.47kg /±0.5/. Before the onset
of the experiment two groups of lambs - NBFWB and the cross received concentrate for 10 days, hay and water were ad libitum.
The other two groups received hay which was gradually replaced by
fresh grass and the lambs were adapted to pasture. During the
experiment the two groups reared reared indoors received 620g
concentrate and the pastured lambs received 420g concentrate.
The composition of the diet was as follows: maize 29.5 %, wheat -36
%, sunflower meal -32 %, vitamin premix -0.5 %, lime -2%. The
experiment continued 73 days.

* e-mail: tlpopova@yahoo.com
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Slaughtering and sampling
After finishing the experiment 5 animals of each group were
slaughtered. The mean live weight at slaughter was as follows:
NBFWB: indoors–31.13 kg, pasture – 31.80 kg; NBFWB x IDF:
indoors – 34.25 kg, pasture-32.32 kg. Hot carcass weight was
measured 1 h after slaughter, and cold carcass weight – after 24
hours of storage at 4°C. Carcass classification was made up to 1 h
post mortem according to (S)EUROP system, examined and
introduced by Marinova and Raicheva (2002) and Regulation
№15/08.05.2009. The carcasses were classified according to
conformation and the degree of fatness. After the classification each
carcass was split along the vertebral column, mid line into two
halves. The left half was weighed and the thickness of subcutaneous
fat over m. Longissimus dorsi at the 11th rib, breast plate and at the
base of the tail was measured. After storage at 4°C for 24 h, the half
carcasses were dissected in the following cuts – leg, loin, shoulder,
neck and abdomen. These were further dissected into bone, lean
meat, intramuscular and subcutaneous fat, which were weighed.
The pelvic and kidney fats were also separated and weighed. Two
muscles - m. Longissimus dorsi (m.LD) and m. Semimembranosus
(m.SM) were carefully dissected from each left half of the carcasses.
Samples for physicochemical analysis were taken from both
muscles and the following parameters were determined: pH 24h,
colour (R/525nm), water holding capacity (Grau and Hamm, 1952),
myoglobin content (Hornsey et al., 1956), fat content (Soxhlet),
protein content (Kjieldal), moisture and ash. Cooking loss was
calculated as difference between the initial weight and final weight
after cooking of the sample at 100°C, expressed as percentage.

%
100

Statistical analysis
Data was analysed using two-way ANOVA (JMP, v.7) to
determine the influence of rearing and breed on the carcass
composition and on the quality and chemical traits in the muscles.
The model included fixed effects ascribed to the rearing (indoors and
pasture), breed (NBFWB or NBFWB x IDF) and rearing x breed
interaction.
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Figure 1 A. Percentage of carcasses of indoors and
pastured lambs according to their conformation
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Results and discussion
Carcass composition
Carcass conformation of the lambs according to the rearing
(Figure 1A) showed that the higher percentage of the lambs reared
indoors and on pasture were classified as O (75 and 70%,
respectively). The rest of the carcasses were classified as R.
According to the breed (Figure 1B) the highest percentage of the
lambs of NBWFB (90%) belonged to O class while the carcasses of
lambs from the cross were equally distributed in O and R classes.
The data for the carcass fatness showed that the grazing and
indoors fed lambs had carcasses distributed in classes 2 and 3
(Figure 1B). Most of the carcasses were in class 3 as the lambs
reared indoors form higher percentage than those reared on
pasture. The rest of the lambs were in class 2 and here most of the
carcasses belonged to the pastured animals. This is in agreement
with the observations of Carrasco et al. (2009) who reported that the
carcasses of pastured lambs are leaner compared to the indoors
reared ones. The distribution of the lamb carcasses of both breeds
according to their degree of fatness showed that the carcasses of the
NBFWB were fatter than those of the cross (Figure 2 A and B).
Carcass conformation measurements (Table 1) did not differ
significantly between pasture and indoors reared lambs of both
326
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Figure 1 B. Percentage of carcasses of NBFWB and
NBFWB x IDF lambs according to their conformation

breed and cross. This is in agreement with Zervas et al. (1999) and
Carrasco et al. (2009). Fat thickness measured in different locations
of the carcass was not significantly influenced by rearing or breed.
Only slight tendencies towards lower thickness of the adipose tissue
at the breast plate in the pastured lambs (by 13 %) and higher fat
thickness at the base of the tail (22%) in the lambs of the cross were
observed. In experiments with lambs raised indoors and on pasture
Diaz et al. (2002), Joy et al. (2008), Carrasco et al. (2009), observed
leaner carcasses of pastured lambs. However, these data concerns
animals reared exclusively on pasture without any supplement and
hence lower energy intake. The relatively high degree of fatness in
the pastured animals in this experiment might be due to the
presence of concentrate in their diet. In another study Carrasco et
al. (2009a) observed similar degree of fatness in grazing lambs
when supplemented with concentrate which is in agreement with our
results. Other works also proved that the energy source of diet might
influence the carcass composition but it can be altered through
mixed feeding including ewe's milk, pasture and concentrate
(Carrasco et al, 2009).

Table 1. Conformation and fat measurement in the lamb carcasses (values least square means)

Item
Carcass length, cm
Leg length, cm
Leg width, cm
Fat over m. LD, mm
Fat over breast plate, mm
Fat over base of the tail, mm

Rearing

Breed

Indoors

Pasture

61.08
37.56
36.35
2.67
3.27
4.05

61.35
37.05
37.55
2.88
2.85
3.83

NBFWB NBFWB x IDF
61.93
37.36
37.55
2.57
3.06
4.43

60.5
37.25
36.35
2.98
3.06
3.45

SE

Significance
Rearing

2.32
1.49
1.54
0.87
0.92
1.09

NS
NS
NS
NS
NS
NS

Breed
NS
NS
NS
NS
NS
NS

Interaction
NS
NS
NS
NS
NS
NS

** P< 0.01; NS- non significant; SE – standard error

The data concerning the tissue composition of lambs showed
no significant influence of the rearing on the content of muscle,
bones and total fat in the half carcass (Table 2). Total fat tended to be
lower in the pastured lambs, which was mainly due to their lower
intermuscular fat content. Breed affected significantly the content of
pelvic fat. It was higher in the lambs of the cross (P<0.05) which is in
agreement with the observations of Gökdal et al. (2004). The
content of total, intermuscular and subcutaneous fat in the crossbred
lambs tended to be higher compared to the lambs of NBFWB as well.
Contrary to our results Diestre et al. (1981) reported that lambs
crosses of Ile de France had lower total fat content due to the higher

weight of the sire breed.
We did not observe significant influence of rearing on the
content of meat, bone and fat in the separate parts of the half carcass
(Table 3), although there were diverse tendencies in the distribution
of fat according to rearing. Intermuscular fat was reduced in the loin,
shoulder and the abdomen, while subcutaneous fat was increased in
the neck of the lambs, reared on pasture. Breed affected significantly
the percentage of pelvic fat (P<0.05) and intermuscular fat (P<0.01)
in the loin, as both were higher in the lambs of NBFWB x IDF.
Tendencies towards higher content of intramuscular fat in the
shoulder and lower in the neck was observed in the crossbred lambs

Table 2. Half carcass composition (values least square means)

Item
Cold carcass weight, g
Muscle, %
Bone, %
Total fat, %
SC, %
IM, %
PF, %
Ratios
M/F
M/B
SC/IM

Rearing
Indoors

Breed

Pasture

NBFWB NBFWB x IDF

SE

Significance
Rearing

Breed

Interaction

6586.92
60.41
27.03
12.55
5.16
6.69
0.69

7024.29
62.46
26.71
11.67
5.1
5.89
0.68

6542.72
62.26
27.23
11.35
4.84
5.97
0.53

7068.50
60.6
26.52
12.86
5.42
6.6
0.84

592.49
2.29
1.77
2.15
1.41
1.27
0.26

NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
*

*
NS
NS
NS
NS
NS
NS

2.24
4.87
0.8

2.34
5.6
0.87

2.29
5.58
0.84

2.3
4.89
0.83

0.2
0.99
0.27

NS
NS
NS

NS
NS
NS

NS
NS
NS

SC- subcuteneous fat ; IM- intermuscular fat; PF- pelvic fat; *P<0.05 ; SE- standard error

while the lambs of NBFWB showed lower content of subcutaneous
fat in the neck and abdomen. Our results are in agreement with those
of Carrasco et al. (2009a), who observed similar percentages of fat
in the various carcass parts in lambs reared on pasture but
supplemented with concentrate due to the considerable effect of the
nutrition level on the fat deposition rate. Besides, the effect of energy
supplementation is greater in late-developing tissues, such as
subcutaneous fat than in earlier developing tissues (Caneque et al.,
1999; Diaz, 2001).
Meat quality parameters
Rearing affected significantly the meat colour of m. LD. It was
brighter (P<0.05) in the lambs reared on pasture compared to the
indoors reared lambs (Table 4). Meat colour is a very important

parameter as it influences the perceptibility of consumers. Contrary
to our findings other studies report that meat colour in pasture
grazed animals is darker compared to those of the indoors reared
lambs (Diaz et al., 2002; Priolo et al., 2002). Hopkins et al. (2001) did
not find differences in meat colour between lambs grazing pasture
(alfalfa or clover) and lambs grazing the same pasture but receiving
supplements of roughage or oats. Breed influenced significantly the
colour of both m. LD and m. SM (P<0.05) and in the lambs of the
NBFWB it was lighter. The values of pH generally affect greatly meat
colour, but no such dependence was observed in our study. pH
values were not significantly different between the breeds and
rearing in both muscles. Ultimate pH values were within the range of
5.50-5.56. Martinez–Cerezo et al.(2005) reported pH values
between 5.50 and 5.58 in Spanish breeds of lambs. Savell et al.
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Figure 2 B. Percentage of carcasses of NBFWB and
NBFWB x IDF lambs according to their degree of fatness

Table 3. Joint carcass composition (values least square means)

Item
Leg
meat, %
bones, %
IF, %
SC, %
PF, %
Loin
meat, %
bones, %
IF, %
SC, %
Shoulder
meat, %
bones, %
IF, %
SC, %
Neck
meat, %
bones, %
IF, %
SC, %
Abdomen
meat, %
bones, %
IF, %
SC, %

Rearing

Breed

Indoors

Pasture

33.78
67.66
24.5
2.65
3.1
2.07
9.26
64.97
23.09
5.35
6.58
35.92
56.77
28.15
9.18
5.89
7.35
54.59
34.12
6.68
4.6
13.66
52.38
28.76
11.24
7.6

34.75
68.51
23.51
2.54
3.41
1.95
9.57
63.86
24.3
4.57
7.25
35.89
59.8
27.1
7.85
5.06
7.54
53.43
31.64
6.94
6.52
13.35
52.83
30.71
9.23
6.99

NBFWB NBFWB x IDF
34.61
67.29
24.12
2.3
3.08
1.54
9.24
66.1
23.34
3.72
6.82
35.89
58.73
27.92
7.68
5.48
7.8
54.47
31.41
7.97
4.68
13.56
51.77
31.29
10.82
5.87

33.92
68.88
23.89
2.89
3.41
2.49
9.59
62.72
24.05
6.2
7.01
35.91
57.84
27.32
9.35
5.46
7.1
53.55
34.35
5.64
6.44
13.46
53.44
28.17
9.65
8.72

SE
1.92
2.01
1.94
0.89
1.46
0.79
0.9
3.84
3.05
1.66
2.13
2.22
3.86
3.21
2.1
2.47
1
4.81
3.67
3.05
2.89
1.25
4.56
4.14
4.31
3.18

Significance
Rearing
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

IF-intermuscular fat ; SC- subcuteneous fat, PF- pelvic fat ;*P<0.05 ; **P<0.01 ; SE- standard error
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Breed
NS
NS
NS
NS
NS
*
NS
NS
NS
**
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Interaction
NS
NS
NS
NS
NS
NS
*
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Table 4. Physicochemical traits of m. Longissimus dorsi and m. Semimembranosus (values least square means)

Rearing

Item

Breed

Significance

Indoors

Pasture

pH24
Colour R/525
WHC,%
Moisture,%
Protein, %
Fat, %
Ash, %
Myoglobin,mg/g
cooking losses, %

5.52
39.83
41.67
77.24
20.15
1.8
1.05
2.4
50.61

5.54
40.85
42.18
77.54
19.3
1.99
1.07
1.98
46.19

5.56
40.91
41.73
77.69
19.44
1.71
1.05
2.1
49.53

5.5
39.78
42.11
77.09
20.01
2.08
1.06
2.28
47.27

0.07
0.91
1.74
1.15
0.31
0.84
0.03
0.35
4.96

NS
*
NS
NS
***
NS
NS
*
NS

NS
*
NS
NS
**
NS
NS
NS
NS

NS
NS
NS
NS
**
NS
NS
NS
NS

m. LD
pH24
Colour R/525
WHC, %
Moisture, %
Protein, %
Fat, %
Ash, %
Myoglobin,mg/g
cooking losses, %

5.54
40.02
43.34
77.12
19.84
2.08
1.08
2.88
49.06

5.54
40.36
42.23
77.14
19.52
2.09
1.04
2.66
49.09

5.53
40.83
42.81
77.49
19.62
1.78
1.05
2.69
49.53

5.53
39.55
42.76
76.77
19.74
2.4
1.07
2.85
49.62

0.05
0.97
2.23
1.05
0.59
0.88
0.03
0.39
3.61

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
*
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
*
NS
**
NS
NS

m. LD

NBFWB NBFWB x IDF

SE

Rearing

Breed

Interaction

*P<0.05 ; ** P<0.01 ; *** P<0.001 ; SE – standard error

(2005) showed that the pH in the muscle decreases from 7 at the
time of slaughter to approximately 5.30-5.80 pH. Another important
parameter of meat quality is the water holding capacity of the
muscles as it influences the product yield and thus has economic
implication. Cooking loss refers to the reduction of weight in meat
during thermal processing. Neither of these quality traits in both
muscles was affected by any of the two factors. Several authors,
comparing different diets observed no differences in cooking losses
(Lanza et al.,2001), whereas others reported higher cooking losses
on forage diets (Santos Silva et al.,2002). Some authors attribute the
difference of cooking loss to cooking time and temperature as well as
pH. The way of rearing the lambs led to significant differences in the
content of myoglobin in m. LD (P<0.05) as it was lower in the lambs
reared on pasture. This corresponded to the higher values for the
colour that we observed. Rearing and breed showed significant
influence (P<0.001; 0.01) on the protein content in the same muscle
as the lambs reared indoors and those from the cross showed higher
protein content. However, interaction was observed between these
two factors. Higher protein content was observed by Rodrigues et
al. (2011) in indoors reared goat kids. This may suggest that the
indoors reared animals respond to the rearing strategy and deposit
more protein. The content of intramuscular fat is an important factor
associated with the sensory and healthy parameters of meat. In this
study we did not observe significant difference in the fat content
between the rearing and the breeds. The intramuscular fat content
was relatively lower than that observed by the other authors. This
corresponded to the higher cooking losses. Kemp et al. (1976)
suggested that cooking losses were mostly due to differences in
fatness. Leaner meat should have more evaporative losses while
fatter meat should have more drip loss. Water and ash content did
not change in accordance to rearing and breed.

Conclusion
No significant influence of the way of rearing was observed on
the thickness of fat in different carcass locations and on the content
of muscle, bone and total fat in the half carcass. Breed affected the
pelvic fat content which was higher in the crossbred lambs. The latter
had significantly higher percentage of intermuscular fat in the loin.
Pasture rearing led to significantly brighter colour of m. Longissimus
dorsi in the lambs of NBFWB and NBFWB x IDF as the former had
brighter colour in both muscles. Significantly lower content of
myoglobin was found in m. Longissimus dorsi due to pasture rearing.
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