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Abstract

Carcass data of 114 19-month-old Merino sheep descended from two lines that were divergently
selected for maternal multiple rearing ability (H and L lines, respectively) were used. In study A only ram
progeny of the same age were slaughtered, while ewes and rams of the respective selection lines were
included in study B. Study A: Mean slaughter weight of H line rams was 12% heavier than that of L line
contemporaries. A corresponding difference of 13% was found for carcass weight. Carcass component
weights, body measurements, retail cut weights and eye-muscle areas were higher in the H line than in the L
line, barring a few exceptions. Adjustment for the higher slaughter weight resulted in most of the line
differences being eliminated, but the difference in the loin retail cut remained in favour of the H line. Study
B: Mean slaughter and carcass weights of H line animals were respectively 7% and 11% heavier than that of
L line contemporaries. Adjustment for the higher slaughter weights of H line animals resulted in most of the
differences in the retail cut weight being eliminated, but the hindguarters of H line animals remained heavier
than that of L line contemporaries. Line did not affect the moisture, protein, lipid or ash content of the M.
longissimus dorsi toracis in study B. The effect of gender on the retail cut weights and proximate analysis
was consistent with results from the literature. Selection for multiple rearing ability did not result in any
unfavourable responses in retail cut weights or meat chemical properties. Carcasses in the H line, in fact,
yielded better in the highly priced loin and hindquarters areas, independently of slaughter weight.
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Introduction

Reproduction of sheep plays a major role in the economic viability of the industry in South Africa
(Olivier, 1999). Breeding is one of the avenues to be explored in a quest for an improved reproduction rate.
Reproduction and survival rates are two important factors determining the efficiency of lamb production
(Olivier et al., 1998). Prolificacy of the dam and the growth rate and slaughter quality of her offspring
determine the efficiency of a lamb-meat production system (Visscher et al., 2000). The effect of the
presence of the Booroola F gene on reproduction has been studied widely (Metherell, 1984; Ponzoni et al.,
1985; Bradford & Quirke, 1986). The impact of reproduction on carcass parameters, however, received
much less attention. Visscher et al. (2000) found that Merino crosses that include the Booroola F gene had
bigger and fatter carcasses compared to their contemporaries without the gene. The consumer prefers lean
meat at present, and an increase in fatness is thus not acceptable. Greeff et al. (2003) recently estimated
genetic parameters for meat quality traits, as well as genetic correlations of meat quality with wool traits.
The latter study was motivated against the increase of the importance of meat production in the traditional
wool-producing Merino industry, and a lack of knowledge on the impact of improvements in the meat
production capacity of Merinos on wool traits.

If economic production and consumption are striven for, attention has to be paid to meat quality
(Safiudo et al., 1998). Jeremiah et al. (1997) also expressed the need for definite research to provide
guidelines to optimise the balance between carcass weight, quantitative yield of retail cuts and meat quality.
Meyer et al. (1998) studied the effects of the callipyge gene on lamb growth, carcass traits, muscle weight
and meat characteristics. They found that lambs with the callipyge gene had higher growth rates and muscle
weights, but that the shearing value of the meat was high, making it less acceptable to consumers.

It is evident that there is a lack of knowledge of the effects of selection for other traits on aspects of
meat production. The effects of selection for an increased reproduction rate on carcass weight, mutton
production, retail cut yield and chemical composition in Merino sheep has not yet been studied. This paper
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examines the effect of divergent selection for an increased reproduction rate on those traits in similar-aged
Merino sheep.

Materials and Methods

Data of 114 19-month-old Merino sheep (40 ewes and 74 rams) were used in this study. The study was
conducted in two sections over two years. Only rams (52) were slaughtered over a two-week period in study
A. Twenty-two rams and 40 ewes were slaughtered over a three-week period in study B. The sheep were
descended from two selection lines, a high (H) line and a low (L) line. Numbers within lines were 89 and 23
individuals, respectively. The lines have been divergently selected for maternal multiple rearing ability since
1986. Cloete et al. (2004) have described the selection procedure in detail. In brief, ewe and ram progeny of
ewes rearing more than one lamb per joining (i.e. that reared twins at least once) were preferred as
replacements in the H line. Descendants of ewes that reared less than one lamb per joining (i.e. that were
barren or lost all lambs born at least once) were preferred as replacements in the L line (Cloete et al., 2004).
The sheep used in this study were roughly subjected to four to five generations of selection.

All the sheep in the same study (A or B) were maintained in the same flock from birth until slaughter
at 19-months of age. In study B, two flocks were maintained, separated on gender. Both lines were
subjected to the same level of husbandry (e.g. parasite control) during this period. The sheep were shorn
approximately 21 days prior to being slaughtered. Full body live weight was determined 24 hours prior to
slaughtering (Hopkins et al., 1996). The sheep were slaughtered at a commercial abattoir using standard
South African slaughter techniques, which included electrical stunning (4 seconds at 200 Volts) before being
exsanguinated. The carcasses were subsequently hung to bleed out and then skinned. One day after
slaughter the dressed carcasses were transported from the abattoir to a deboning facility, where they were
kept for another 24 hours prior to deboning and sampling.

In study A recordings on the carcass included the weight of carcass components, cold carcass weight
(after 24 hours in a cooler at 2 °C), the weight of the retail cuts and backfat depth. The latter was taken at a
site 25 mm off the midline at the 13" rib (Gilmour et al., 1994). Carcass components that were weighed
included the head, trotters and skin. Carcass length was measured on the hanging carcass from the anterior
tip of the pubis bone to the front of the first rib. The leg circumference was measured at two points: the first
leg circumference (1) was taken at the maximum circumference of a line passing over the distal end of the
iliac wings of the pelvis and the most caudal point on the median line between the legs (Stanford et al.,
1997), and the second leg circumference (2) was taken at the stifle (Oman et al., 1999). Hind leg length was
measured from the inner edge of the proximal end of the tibia to the anterior tip of the pubis (Enright, 1990).
The eye-muscle area was also measured at the 13" rib (Gilmour et al., 1994) by tracing the eye-muscle
circumference onto wax paper. The silhouette of the eye muscle was then passed through a Li Cor LI13100 (1
mm? resolution) for the determination of surface area. Each silhouette was measured five times. The five
replicates were then used to calculate a mean for usage in the statistical analysis of the data.

After 48 hours in the cooler the carcasses were partitioned into different retail cuts, which were
weighed separately. These cuts consisted of the neck, shoulder, chuck, flatrib, prime rib, loin and
hindquarters. The neck was removed at the seventh cervical vertebrae (the point where the neck starts
bending), the cut being made at right angles to the spine. Thereafter the hind legs were removed. This
consisted of loosening the flanks on the inside of the legs (following the curve of the leg muscle) to an
imaginary line perpendicular/vertical to the ilium (seen from the inside of the carcass). The leg was then
removed by cutting along this line, just missing the ilium (through the last lumbar vertebrae). The rest of the
carcass was then halved prior to being separated into trade cuts. The shoulder was removed by sawing along
an imaginary line from the elbow joint to a point below the spinal column, between the fifth and sixth ribs.
The carcass was then swivelled so that the spinal column was sawn through at right angles. The flank was
removed by sawing from the M. obliquus abdominis internus parallel to the spine. The loin and rib were
separated perpendicularly to the spinal column at the junction of the thoracic and lumbar vertebrae
(Hoffman, 2000). All commercial cuts were weighed on a digital computing scale to the nearest gram.

In study B the same slaughtering procedures were used as in study A. Most of the recordings in this
study were similar to those in Study A. In addition to these measurements the carcass depth and width were
also taken on the hanging carcass (Kenney et al., 1995). After 48 hours the carcasses were cut into the
different retail cuts, which were weighed separately (Hoffman, 2000). These cuts were the same as in study
A, except for the hind legs, which were cut at the second last lumbar vertebrae and not the last. The hind leg
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length and circumference were also measured. The backfat depth was taken at a site 25 mm off the midline
at the 13" rib. Individual eye-muscle areas were also determined as in study A.

The loin retail cut of 26 carcasses (6 H line and 6 L line rams; 7 H line and 7 L line ewes from study
B) were randomly removed and taken to the laboratory for the measurement of proximate chemical analysis.
The M. longissimus dorsi toracis was dissected, minced, freeze-dried and analysed for proximate chemical
composition. The protein was measured by a FP-428 Nitrogen and Protein Determinator (Leco). Lipid
(petroleum ether extraction) was measured according to AOAC (1995). Moisture content was determined by
drying a sample (ca. 1.0 g) at 100 °C to a constant weight and ash content by cremation overnight at 500 °C
(AOAC, 1995).

Prior to testing for differences of the various parameters between the two lines and sexes, an analysis
of variance was done according to a 2 (lines; H and L) x 2 (birth type; singles and pooled multiples) factorial
design in study A. Least squares procedures were used to account for uneven subclasses in an unbalanced
design (Harvey, 1990). These methods have been successfully used over the past few decades for the
analysis of unbalanced designs in animal breeding experiments (Harvey, 1982). Line did not interact (P <
0.05) with birth type in any of the studies and these results are not presented. There was also no significant
interaction between sex and line in study B. It was found that the two lines diverged for line weight, H line
animals becoming heavier and L line animals becoming lighter (Cloete & Olivier, 1998). Corresponding
results were obtained in initial analyses during this study. In subsequent analyses, the higher mean slaughter
weight of individuals in the H line was accounted for by analysis of covariance. Only the main effects of
line (both studies) and sex (study B) are thus presented. The differences between the various parameters
determined for the two lines and between sexes were tested separately by means of the null hypothesis (H,)
with Ho: 1 = M, and the alternative hypothesis (H,) being Hy; 1 # Ho. This was done by means of contrast
analysis and estimated least square means as reported in the tables. Differences between the variables were
accepted as being significant if the possibility of rejection of H, was equal to or less than 5% (P < 0.05)
between the two lines or sexes.

Results

Study A: The mean slaughter weight of the H line rams was 12% heavier (P < 0.01) than that of their
L line contemporaries (Table 1). A corresponding difference (P < 0.01) of 13% was found for the mean
carcass weight. Mean carcass component weights, retail cut weights and eye-muscle area were higher (P <
0.05) in the H line than in the L line, barring a few exceptions. Among these was a suggestion of a heavier
mean skin weight (P = 0.20) in L line animals compared to H line contemporaries. Mean carcass length and
leg circumference were higher (P < 0.01) in the H line than in the L line (Table 1).

Adjustment for the higher mean slaughter weight of H line rams by analysis of covariance resulted in
most of the line differences being eliminated (Table 2). The difference in the adjusted mean weight of the
loin retail cut remained heavier in the H line after being adjusted for higher slaughter weight (P < 0.05). The
mean skin weight was heavier (P < 0.01) in L line rams than in H line contemporaries after adjustment for
slaughter weight. Rams in the L line also had heavier (P < 0.05) trotters than their H line contemporaries
after adjustment for slaughter weight.

Study B: Since there were no significant sex x line interactions the data were presented as the main
effects of line and sex, although the interaction was incorporated in the final analysis. The mean slaughter
weight before adjustment for higher slaughter weight of H line animals was only 7% heavier (P = 0.05) than
that of the L line contemporaries in this study (Table 3). A corresponding difference (P < 0.05) of 11% was
found for carcass weight between the two lines.

In study B most of the line differences corresponded to study A. There were no differences between
lines for the weights of the trotters, as well as for the shoulder and loin retail cuts (Table 3). The mean
carcass length (P < 0.01) and leg circumference (P < 0.01) were higher in the H line than in the L line. The
mean leg length of the H line was longer than that of the L line animals (Table 3).

Mean slaughter weight of the rams was 15% heavier (P < 0.01) than that of ewes (Table 3). However,
there was only a tendency for rams to have heavier carcasses than ewes (P = 0.09). The neck and shoulder
retail cut weights were higher for rams than for ewes. No gender differences were found for the chuck,
flatrib and prime rib retail cuts. The loin retail cut and eye-muscle area of the ewes were higher (P < 0.01)
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than those of the rams. The mean carcass length, depth and width of rams were higher (P < 0.01) than in
ewes, but there were no differences in leg circumferences.

Table 1 The means (x s.e.) of carcass traits of 19-month-old Merino rams selected for (H line; n = 42) and
against (L line; n = 10) maternal multiple rearing ability, before adjustment for higher slaughter weight
(study A)

Trait H line L line Significance
Carcass characteristics:
Slaughter weight (kg) 47.8 +0.09 426+1.6 **
Carcass weight (kg) 17.6+£0.36 15,5+ 0.63 **
Dressing % 36.7 £4.29 36.4+£2091 n.s.
Skin weight (kg) 3.42 £0.09 3.65+£0.15 P=0.20
Trotters (kg) 0.97 £ 0.02 0.99+0.04 n.s.
Head (kg) 3.94 £ 0.07 3.50+£0.13 *
Carcass length (cm) 78.04 £ 0.46 75.78 £ 0.80 faied
Leg length (cm) 34.44+£0.41 34.03+0.71 n.s.
Leg circumference (1) (cm) 38.86 £ 0.35 36.90 + 0.61 faie
Leg circumference (2) (cm) 27.54 £0.33 26.15 + 0.58 faie
Eye-muscle area 13" rib (cm?) 10.4 £0.26 8.95+0.45 *
Fat depth 13" rib (mm) 0.50 +0.11 0.29+0.19 n.s.
Retail cuts:
Neck (kg) 0.97 £0.03 0.84 £0.04 *
Shoulder (kg) 2.97+£0.15 2.68+0.14 *
Chuck (kg) 3.05+0.07 2.62£0.12 *
Flat rib (kg) 1.92+0.05 1.68+0.09 *
Prime rib (kg) 1.29+0.04 1.19+£0.07 n.s.
Loin (kg) 1.70 £ 0.05 1.30+£0.08 *
Hindquarters (kg) 5,58 +0.11 5.09+0.20 *

* = Significant (P < 0.05) ** = Significant (P <0.01) n.s. = Not significant

Table 2 Mean (x s.e.) adjusted weights of carcass components that differed statistically between the H and L
lines after adjustment for slaughter weight (study A)

Weight H line L line Significance
Carcass characteristics:
Skin weight (kg) 3.34 £0.07 3.93+0.15 *x
Trotters (kg) 0.96 +0.02 1.05+0.03 *
Retail cuts:
Loin (kg) 1.64 +0.04 1.37 +0.08 *x

* = Significant (P < 0.05) ** = Significant (P < 0.01)

Adjustment for the higher mean slaughter weight of H line animals by analysis of covariance resulted
in most of the line differences being eliminated (P > 0.05). The adjusted means for the parameters that still
tended to differ (P < 0.10) between the two selection lines are shown in Table 4. The difference in the mean
adjusted weight of the retail hindquarter cut remained significantly higher for the H line after being adjusted
for higher slaughter weight (P < 0.01). The mean carcass length, depth (P < 0.01) and leg circumferences
also remained higher (P < 0.05) in the H line after adjustment for slaughter weight. The adjusted mean skin
weight (P < 0.01) was heavier in L line animals than in H line contemporaries, as in Study A.

After adjustment for the higher mean slaughter weight of the rams by analysis of covariance, all the
differences in carcass component weights remained significantly higher in the rams, the exception being leg
circumference (1) that were higher (P < 0.05) in the ewes than in the rams. In all the adjusted mean retail
cuts, weights were generally heavier (P < 0.05) in the ewes, except for the neck and hindquarters weights that
were heavier (P < 0.05) in rams (Table 4).
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Table 3 Least squares means (£ s.e.) for carcass traits of 19-month-old Merino sheep, depicting main effect

means for selection line (H or L ) and gender (ram or ewe) in study B

Trait Line Gender

H line L line Significance Ram Ewe Significance
Number 49 13 22 40
Carcass characteristics:
Slaughter weight (kg) 440+£0.69 41.2+1.26 * 456+1.09 39.7+0.95 faled
Carcass weight (kg) 16.0+0.30 144+055 * 15.8 +0.47 14.7+£0.41 P =0.09
Dressing % 36.5+0.33 35.1+0.60 * 346+051 37.1+0.44 bl
Skin weight (kg) 477+0.10 5.16+0.19 P=0.07 545+0.16 4.48+0.14 bl
Trotters (kg) 0.86+0.01 0.84+0.02 n.s. 0.93+0.02 0.78+£0.02 fol
Head (kg) 3.02+0.05 2.86+0.09 P=0.11 3.62+0.07 226+0.06 fol
Carcass length (cm) 729+0.38 70.7+0.69 *x 73.8+0.59 69.8+0.52 fol
Carcass depth (cm) 29.3+£0.22 27.1+0.40 ** 29.2+0.34 27.2+0.30 **
Carcass width (cm) 225+020 21.7+0.37 P =0.06 22.7+0.32 21.5+0.30 **
Leg length (cm) 33.8+0.37 32.1+0.67 * 34.1+0.57 31.8+0.50 **
Leg circumference (1)
(cm) 37.2+0.28 35.4+0.50 faled 36.6+043 359+0.38 n.s.
Leg circumference (2)
(cm) 243+0.18 23.0%0.36 *x 23.9+0.31 234+0.27 n.s.
Eye-muscle area (cm?) 9.60+0.23 830042 *x 832+0.34 959+0.31 bl
Fat depth (mm) 140+£016 1.49%0.29 n.s. 1.04+£024 1.86%0.21 *
Retail cuts:
Neck (kg) 0.85+0.02 0.74+0.03 xx 0.97+0.03 0.62+0.03 foll
Shoulder (kg) 0.80+0.04 0.77+£0.03 n.s. 0.82+0.02 0.73+£0.02 *
Chuck (kg) 475+0.09 434+0.16 * 465+014  445+0.12 n.s.
Flatrib (kg) 149+005 1.29+0.08 * 1.39 £ 0.07 1.39 +£0.06 n.s.
Prime rib (kg) 1.19+£0.03 1.05+0.05 * 1.15+0.05 1.09 £0.04 n.s.
Loin (kg ) 1.78+0.07 1.73+0.13 n.s. 1.56+0.11 1.95+0.09 faled
Hindquarters (kg) 478+0.08 4.21+0.14 il 478+0.12 412+0.11 il

* = Significant (P < 0.05) ** = Significant (P <0.01) n.s. = Not significant

Table 4 Least squares means (£ s.e.) for carcass traits of 19-month-old Merino sheep, depicting main effect
means for selection line (H or L line) and gender (ram or ewe) in study B that still differed statistically after

adjustment for slaughter weight

Trait Line Gender
H line L line Significance Ram Ewe Significance

Number 49 13 22 40
Carcass characteristics:
Skin weight (kg) 473+0.09 5.35+0.16 faled 528+0.14 4.80%0.15 *
Trotters (kg) 9.16 £ 0.02 7.80+£0.02 **
Head (kg) 3.38+0.04 2.35%0.05 *
Carcass length (cm) 725+035 71.1+0.61 * 73.0+056  70.6+0.49 **
Carcass depth (cm) 29.0+0.18 27.4+0.32 faled 286+0.30 27.8+0.26 *
Leg circumference (1)
(cm) 36.7+£1.99 358+0.35 * 35.7+0.32 36.8+0.28 *
Leg circumference (2)
(cm) 239+0.15 23.3+0.27 * 23.3+024 239+0.21 P =0.06
Eye-muscle area (cm?) 9.35+0.20 8.53%0.36 P =0.06 7.80+0.33 10.08+0.29 **
Retail cuts:
Neck (kg) 0.87+£0.02 0.63+0.02 il
Chuck (kg) 432+0.10 447011 *
Flatrib (kg) 1.24 +0.05 1.54 +0.06 *
Prime rib (kg) 1.04 £0.03 1.20+£0.04 *
Loin (kg) 142+010 218+0.11 fala
Hindquarters (kg) 461+£0.07 4.27+0.12 ** 458+0.10 4.29+0.11 P=0.07

* = Significant (P < 0.05) ** = Significant (P < 0.01)
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According to Table 5, there was no difference between the H and L line for mean proximate chemical
composition of the M. longissimus dorsi toracis and subcutaneous fat (sampled from the 1% to the 6" lumbar
vertebrae). The moisture content of the meat of rams was higher (P < 0.01) than that of ewes, and the lipid
content of the meat from ewes was higher (P < 0.01) than that of rams.

Table 5 Mean (+ s.e.) proximate chemical composition of the 11/13™-rib cut (M. longissimus dorsi) of sheep
divergently selected for and against multiple rearing ability and differences between genders (study B)

Trait Line Gender
H line L line Significance Ram Ewe Significance
Number 13 13 12 14
Moisture (%) 65.1+1.73 64.9+1.73 n.s. 69.0 £1.80 60.9 £ 1.66 **
Protein (%) 19.7+£1.10 19.4+1.10 n.s. 19.4+1.10 19.6 £1.10 n.s.
Lipid (%) 15.6 £ 2.00 16.8 +2.00 n.s. 11.6 £2.10 20.9+1.92 bl
Ash (%) 0.99 +0.05 0.95+0.05 n.s. 1.00 + 0.05 0.94 +0.04 n.s.

* = Significant (P < 0.05) ** = Significant (P <0.01) n.s. = Not significant

Discussion

Previous research has shown divergent genetic trends for live weight in the H and L lines (Cloete &
Olivier, 1998). It thus comes as no surprise to find significant differences in slaughter weight between lines.
Most of the carcass component weights, retail cut weights and eye-muscle areas were consequently higher in
the H line than in the L line. Animals from the H line also had a higher dressing percentage that L line
contemporaries in both studies. This observation could possibly be related to the higher skin weight in the
latter line, when related to slaughter weight. The heavier skin weight of the L line was probably related to
skin thickness, which was shown to be thicker in the L line than in the H line (Cloete, 2002). Williams &
Thornberry (1992) found that Merinos that were offspring from a high wool-producing flock had thicker
skins in comparison with a low wool-producing flock. However, in this flock, there was no conclusive
difference in genetic trends for two-tooth clean fleece weight between the H and L lines (Cloete & Olivier,
1998). Williams & Thornberry (1992) found a positive (P < 0.05), although small, relationship between skin
thickness and wrinkling. Cloete & Olivier (1998) reported that the genetic change in fold score in the L line
flock was positive (i.e. the animals became more developed), while H line animals became plainer. This
could explain why L line animals had heavier skins than H line contemporaries when adjusted for slaughter
weight.

The larger eye-muscle areas of the H line animals in both studies, and after adjustment for slaughter
weight in study B suggested a higher muscularity in the H line. Eye-muscle area was found to be a
significant predictor of leg muscle (Hopkins et al., 1992). Progeny of the H line had heavier hindquarter
weights in study B after adjustment for slaughter weight. This finding, together with corresponding
differences in leg circumference in favour of H line sheep in Study B after adjustment for slaughter weight,
supports this line of reasoning. The differences between the results in the two parts of the experiment
(heavier loins in the H line in Study A vs. heavier hindquarters in the H line in Study B) could be due to the
difference in the partitioning of the retail cuts by different blockmen.

Chemical analysis of the M. longissimus dorsi toracis showed no differences between the selection
lines. A previous study on a smaller sample from the same population and using samples from the M.
semimembranosus similarly found no significant line differences (Hoffman et al., 2003).

The difference in dressing percentage between the rams and ewes could be due to the fact that the
ewes were fatter than the rams, and the heads and trotters of the rams were heavier than those of the ewes.
The average skin weight of rams was also higher than that of ewes. Ewes had larger eye-muscle areas than
the rams after adjustment for slaughter weight. Fahmy et al. (1999) also found that ewes had heavier loin
retail cuts and bigger eye-muscle areas than rams, although they worked on rams and ewes that were
heterozygous or homozygous for the Callipyge gene. Jeremiah et al. (1997) correspondingly reported that
rams had heavier neck retail cuts than ewes. This phenomenon of heavier forequarters in rams is typical of
sexual dimorphism, and is expected when sheep are slaughtered after sexual maturity. The animals in these
two studies were all 19 months old and therefore sexually mature.
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Teixeira et al. (1996) stated that ewes were fatter than rams of the same age. Similar results were
found in this study, as reflected by a higher backfat thickness and higher lipid content in the proximate
chemical analysis of the M. longissimus dorsi toracis for ewes. Ram carcasses contained a higher percentage
of moisture in the M. longissimus dorsi toracis than ewe carcasses, which agrees with the results of Kemp et
al. (1976).

Conclusion

Selection for the ability to rear multiples thus resulted in higher carcass weights of H line animals at
the same age as L line animals. This is an important observation from the producer’s point of view, because
of the obvious monetary advantages. Line differences in favour of the L line were in comparatively lower-
priced carcass components, e.g. the skin (in both studies) and trotters (study A). The consistent differences
in loin (study A) and hindquarter weight (study B) in favour of the H line suggested a higher percentage of
the most valuable meat in this line. The outcome of this study indicates that selection for overall
reproduction rate improved meat attributes, without any unfavourable correlated response. This is unlike the
response to selection for highly fecund sheep, by using the Booroola gene, which led to an increased fat
content (Visscher et al., 2000). The Callipyge gene correspondingly resulted in a marked improvement in
muscling, but at the expense of tenderness (Meyer et al., 1998).
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