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Abstract

The effect of different sources of energy (lipids and carbohydrates) was studied on 36 Apennine male lambs divided by age,
weight and paternity into three homogeneous groups receiving three different diets: lambs on diet 1 received ad libitum
lucerne hay + concentrate supplemented with barley flakes (9%) (BC); lambs on diet 2 received ad libitum lucerne
hay + concentrate supplemented with maize oil (5%) (MC) while lambs on diet 3 received only the concentrate given in diet 2
(MC). The two concentrates were isoenergetic and isonitrogenous. Lambs were slaughtered at 105 days of age. The
conversion indices were similar (4.52, 4.77 and 4.61 Meat FU/kg gain) for the three treatments, but the diet 3 led to heavier
carcasses (17.57 kg), although with greater adipose covering, and better dressing percentages than the other two diets. The
histological dissection of the proximal pelvic limb indicated a good tissue composition (total lean 56.16%) but confirmed the
higher fat percentage (total fat 16.24%), particularly subcutaneous (11.44%), of the group receiving only MC. Animals on diet
3 gave carcasses with an adequate commercial weight at the age of 90-95 days and therefore it seems possible to anticipate
slaughtering these animals earlier and perhaps obviate the excessive adiposity of the carcass. In general, this study further
confirmed the good meat quality of Apennine carcasses slaughtered at 105 days. © 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction inhibitory effect of unsaturated and polyunsaturated
fatty acids of feeds on methanogenesis with an

In polygastric species the metabolism is complex increase in the percentage of propionic acid at ruminal
because of the digestive processes which modify feed level, is well known which is probably due to the
elements either partially or totally by the ruminal selective toxic influence on methane bacteria, which
fermentation (Huerta-Leidenz et al., 1991; Solomon leads to a better productive performance (Van Nevel

et al.,, 1992; Lough et al., 1993). Moreover, the and Demeyer, 1988; Giorgetti and Lucifero, 1989;
Lucifero et al., 1989; Van Nevel, 1991).

Despite this, experiments showed that the addition

*Corresponding author. Tel.: +39-50-570-595; of vegetable oil in a feed ration can at least partially

fax: +39-50-540-315. modify the acid profile of meat and depot fat (Rumsey
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et al., 1972; Skelley et al., 1973; Garret et al., 1976;
Field et al., 1978; Westerling and Hedrick, 1979;
Busboom et al., 1981; Marmer et al., 1984; Larick
and Turner, 1989; Bozzolo et al., 1991; Solomon et al.,
1991, 1992; Lough et al., 1992, 1993; Murphy et al.,
1994; Aharoni et al., 1995).

The main objective of this study was to test whether
different sources of energy (lipids or carbohydrates)
might influence growth and quality of the carcasses.

2. Materials and methods

Thirty six Apennine single-born male lambs taken
from the same farm, sons of two rams and reared with
their dams up to 45 days, were weighed and divided
into three groups of 12, homogeneous for age, weight
and paternity.

The trial was carried out during winter at the
experimental stables of the Department of Animal
Production at Pisa, housing the animals in three multi-
ple pens on straw litter.

The three groups were given ad libitum water and ad
libitum three different diets based on two isoenergetic
and isonitrogenous concentrates. In the concentrate
(BC) given in diet 1, barley flakes (9%) were added,
while in concentrate (MC) given in diets 2 and 3,

maize oil (5%) was added. The animals on diets 1 and
2 also received ad libitum lucerne hay.

Table 1 presents the formulation of the concentrates
and the chemical composition of feeds.

From weaning until slaughtered at 105 days of age
the animals were weighed weekly and the feed con-
sumption was recorded.

The lambs were weighed and slaughtered after a 12-
h fast and the weights of the fifth quarter and of warm
carcass (head and feet off) were recorded: the fifth
quarter composition was: head, distal thoracic and
pelvic limb (metacarpus and metatarsus), pelt, thor-
acic, abdominal and pelvic organs without kidneys,
gastrointestinal tract (empty). After 24 h at +4°C, the
carcasses were weighed again and the chilling loss was
calculated; carcasses were compared on the basis of
conformation (muscularity of proximal pelvic limb,
loin and proximal thoracic limb) and state of fattening
(fat covering of proximal pelvic limb, loin and kidney
fat) (EEC, 1992). Then the carcasses were sectioned
into two symmetric halves and then into the following
cuts: neck, proximal thoracic limb, proximal pelvic
limb, steaks -+ brisket, lumbar + abdominal region
(Fig. 1) (ASPA, 1991), and the weight of each cut was
recorded.

The right proximal pelvic limb was removed
from each carcass, and was dissected into the

Table 1
Formulation of concentrates and chemical composition of the feeds
Components (%) Concentrate with Concentrate with Lucerne
5% of maize oil 9% of barley flakes hay
Soybean 25 25 -
Maize 29 39 -
Barley 17 17 -
Bran 20 6 -
Maize oil 5 - -
Barley flakes - 9 -
Limestone 1.2 1.2 -
Calcium diphosphate 1.2 1.2 -
NaCl 0.6 0.6 -
Vitamin trace element supplement 1 1 -
Total 100 100 -
DM (%) 88.86 89.20 87.39
Crude protein (%) 18.26 17.69 12.34
Ether extract (%) 6.27 2.38 1.80
Crude fibre (%) 6.82 471 3291
Ash (%) 8.71 8.49 7.57
NFE (%) 59.94 66.73 45.38
Meat FU (no/kg DM) 1.09 1.09 0.52
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1) Neck

2) Proximal thoracic limb

3+4) Steaks + Brisket

5+6) Lumbar + Abdominal regions
7) Proximal pelvic limb

Fig. 1. Commercial cuts.

main tissue components (lean, subcutaneous and inter-
muscular fat, bone, and remainder). The ratio of
various tissues on the total weight of proximal pelvic

limb was calculated along with the lean/fat and lean/
bone ratios.

We also estimated the total cost of feed given to the
three groups, multiplying feed weight by their price.
Live weight data were analyzed using Harvey (1990).
All data underwent a variance analysis (Wilkinson,
1990).

3. Results and discussion
3.1. Growth

Diet 3 induced significantly higher daily weight
gains (P < 0.01) than diet 2 (0.28 kg versus 0.24 kg),
composed by same MC but with the addition of hay.
Diet 1, BC and hay, gave intermediate results
(0.26 kg). This result is not in agreement with Lough
et al. (1993) who found that lambs fed a diet with palm
oil have better average daily gains than lambs fed diet
without palm oil.

Feed conversion ratios were similar for the three
treatments: 4.52, 4.77, 4.61 Meat FU/kg gain, respec-
tively on diet 1, 2 and 3.

Fig. 2 shows changes in live weight during the test.
Until the lambs were 75 days old (weight 23-25 kg)
there was no difference between the three diets, but
thereafter the lambs receiving only MC (Diet 3) grew
faster, and at slaughter had a higher, though not
significant, average live weight than those on the other
two diets.
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Fig. 2. Live weight trend.



12 G. Preziuso et al./Small Ruminant Research 33 (1999) 9-15

Table 2
Slaughtering data: least square means

Diet 1! Diet 2° Diet 3° Error variance
Live weight (kg) 33.00 31.58 34.28 1.85
Cold carcass weight (kg) 16.17 AB 1534 B 17.57 A 241
Chilling loss (%) 1.16 1.38 1.21 0.07
Dressing percentage (%) 49.54 B 4924 B 51.87A 3.94
Fifth quarter (%) 35.42 36.45 3533 2.46
Thoracic, abdominal and pelvic organs (%) 541 5.34 5.38 0.16
Bone" (%) 8.53 AB 9.04 A 831 B 0.24
Pelt (%) 10.67 10.95 10.46 0.55
Gastrointestinal tract (empty) (%) 10.81 11.11 11.18 0.58

! Diet 1: concentrate with barley flakes + hay.
2 Diet 2: concentrate with maize oil + hay.

3 Diet 3: concentrate with maize oil.

" Bone: distal thoracic and pelvic limb, head.
On the row: A, B: P <0.01; a, b: P <0.05.

3.2. Carcass results

Diet 3 caused heavier carcasses and better dressing
percentage (P < 0.01) (Table 2). These results are
confirmed by the lower percentage of the fifth quarter
for those lambs as compared to diet 2, in terms of
percentage of bone (P < 0.01). Diet 1 lambs, fed a BC
and lucerne hay, gave intermediate results.

The chilling loss was similar for all three diets.

Carcass classification (EEC, 1992) highlights that
diet 2 (MC + hay) gave the best carcasses in terms of
conformation and state of fattening. Diet 1 produced
carcasses with the same amount of fat covering as diet
2 but, on average, a worse conformation; diet 3
carcasses had a similar conformation to diet 2 car-
casses but with notably more fat cover, in agreement

Table 3
Commercial cuts: least square means

with Chestnutt (1994) who found a significant effect of
carcass weight on the level of carcass fat.

3.3. Commercial cuts

Lambs on diet 3 showed less proximal thoracic limb
cuts than those on diet 1 and 2 (P < 0.01) (Table 3).
However they tended to give better percentages in
steaks + brisket and lumbar + abdominal region cuts,
though this difference was not statistically significant.

Proximal pelvic limb cuts were higher (P < 0.05) in
lambs on diet 2 than in diet 3, while diet 1 had
intermediate values.

Considering that lambs on diet 3 reached heavier
live weights, the different percentage of the cuts may
be explained by the fact that generally proximal pelvic

Diet 1! Diet 2> Diet 3° Error variance
Right half carcass weight (cold) (kg) 7.82 B 743 B 8.51 A 0.57
Neck (%) 10.79 10.74 10.57 0.94
Proximal thoracic limb (%) 17.77 A 17.87 A 16.75 B 1.02
Proximal pelvic limb (%) 32.05 ab 32.56 a 31.29b 1.37
Steaks + brisket (%) 24.18 24.41 25.04 1.59
Lumbar + abdominal region (%) 11.76 11.46 11.90 0.87

! Diet 1: concentrate with barley flakes + hay.
2 Diet 2: concentrate with maize oil + hay.

* Diet 3: concentrate with maize oil.

On the row: A, B: P <0.01; a, b: P <0.05.
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Table 4
Histological dissection of proximal pelvic limb

Diet 1! Diet 2° Diet 3° Error variance
Proximal pelvic limb (kg) 2.49 AB 241 B 2.64 A 37.56
Total lean (%) 5897 a 57.11 ab 56.16 b 5.76
Subcutaneous fat (%) 8.55B 8.26 B 1144 A 3.29
Intermuscular fat (%) 4.64 5.01 4.79 1.58
Total fat (%) 13.19 B 13.27 B 16.24 A 347
Bone (%) 20.64 21.79 20.10 4.64
Other tissue (%) 4.71 5.31 4.96 1.46
Lean/fat ratio 459 A 438 A 3.51B 0.46
Lean/bone ratio 2.86 2.65 2.85 0.12

! Diet 1: concentrate with barley flakes + hay.
2 Diet 2: concenrate with maize oil + hay.

3 Diet 3: concentrate with maize oil.

On the row: A, B: P <0.01; a, b: P <0.05.

and thoracic limb have an allometric coefficient
lower than 1, while steaks -+ brisket and lumbar +
abdominal region cuts show a relatively greater
growth (Boccard and Dumont, 1976; Gigli et al.,
1988; Sarti et al., 1991).

3.4. Histological dissection

The proximal pelvic limb underwent histological
dissection as it is considered to be the most represen-
tative cut of the tissue composition of the entire
carcass (Nitter and Parvaneh, 1975; Gigli et al.,
1982; (see also Zezza et al., 1978); Piccolo et al.,
1993) (Table 4).

The weight of proximal pelvic limb was statistically
greater (P < 0.01) in lambs on diet 3 than on the other
diets. The histological dissection indicated that ani-
mals on diet 3 had a higher (P < 0.01) adiposity than
the others, due to a higher deposition of subcutaneous
fat, while the intermuscular fat was similar for the
three diets. This is in agreement with Murray and
Slezacek (1976), who found that high growth rate was
associated with more subcutaneous and less intermus-
cular fat, but not totally with Chestnutt (1994) who
found that all measures of fat increase significantly
with increasing weight. In lambs on diet 3 a lower
percentage of lean was found and consequently a
significantly unfavourable lean/fat ratio (P < 0.01).
This confirms that a fatty diet without hay induces
greater adiposity, as was seen when assessing the
carcasses. Lean/bone ratio was similar in the three

diets but the values were lower than those found by
Hopkins (1996), probably due to the different carcass
weight of the lambs used in the two trials.

The histological dissection of the proximal pelvic
limb confirmed the good tissue composition of Apen-
nine lambs slaughtered at 105 days, whichever diet
was given because of their meaty carcasses evidenced
by the favourable lean/bone and lean/fat ratio.

4. Conclusions

The use of concentrate with maize oil (MC) without
hay (diet 3) for lamb feeding did not have an adverse
effect during the time period of 105 days and seemed
to favour the growth with respect to both diet 1 and
diet 2.

Animals on diet 3 gave carcasses with an adequate
commercial weight at the age of 90-95 days and
therefore it seems possible to anticipate slaughtering
these animals earlier and perhaps obviate the exces-
sive adiposity of the carcass. In general, this study
further confirmed the good meat quality of Apennine
carcasses slaughtered at 105 days.

Analysis of feeding costs showed that exclusive
feeding with concentrates is not more costly than a
mixed diet and, if hay is bought at market price, even
more advantageous. In addition, the only use of con-
centrate, giving the possibility to anticipate slaughter-
ing at the age of 90-95 days will induce a smaller
rearing cost.
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