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Effects of index selection on the carcass composition of sheep given
either ad libitum or controlled amounts of food

R. M. Lewis’, G. C. Emmans and G. Simm
Animal Biology Division, Scottish Agricultural College, West Mains Road, Edinburgh EHS 3]G, UK

¥ Present address : Department of Animal and Poultry Sciences (0306), Virginia Polytechnic Institute and State
University, Blacksburg, Virginia, USA 24061. E-mail: rmlewis@vt. edu

Abstract

Sheep of a line (S) selected on an index to increase lean weight and decrease fatness at an age, and a control line (C),
were given a high quality food at different levels including ad libitum. Ltve performance was measured from about
21 to 114 kg live weight. The carcasses of each line were analysed for lean, fat and bone at three widely varying
weights in both males and females. Level of feeding did not affect the extent to which S was superior to C in either
the level of fatness in the carcass (0-86 as much) or the ratio of lean to fat (1-28 as much). The lean to bone ratio was
slightly greater in S (1-028 of the value of C; P < 0-05) and was higher on the lowest level of feeding compared with
the two higher levels used (P < 0-05 in one experiment on females and P < 0-001 in another on males). On ad
libitum feeding the S line grew 1-19 times as fast and was 1-17 times as efficient compared with C. These
advantages to S decreased as level of feeding decreased to become virtually zero at the lowest level of feeding used,
which allowed C to grow at only 0-53 of the rate seen on ad libitum feeding. On ad libitum feeding growth was
well described by a Gompertz growth function of the form W = (Z/B) exp(-exp (Gy -B 1)). The maximum growth
rate is (Zfe). Line S had a value of Z that was 1-10 that of C averaged across the two sexes. A Spillman function
W = Wy + (A-Wy) (1-exp (-k F)) was used to describe weight, W, in terms of cumulative intake, F. It worked well for
ad libitum feeding and for the two restricted regimes used. The value of the combined parameter (A k) varied across
treatments in the same way as efficiency did.

Keywords: carcass composition, feeding, genotype environment interaction, sheep.

Introduction (Simm and Dingwall, 1989). The index was applied

Lamb carcasses produced in the UK (Kempster, 1983; to a seiect;ion‘ flock of Suffolk sheep starting in 1986
Woodward and Wheelock, 1990) and in other and substantial responses in each of the selection
countries (Beauchemin, 1995; Fennessy, 1993) are cri.teri'a haye been achie}red. After 9 years, the
considered to be excessively fat and this has  Selection line sheep weighed 49kg more, had
contributed to a reduction in lamb consumption. A 1'1 mm lower fat depth and 2:8 mm greater muscle
reduction in the fatness of lamb, through changes depth at 150 days of age across sexes; these responses
both in breeding and finishing systems, can help the ~ 2r¢ between 7 and 15% of the overall means of the
sheep industry to better meet consumer (raits concerned (Simm et al., 2002).
requirements.

The genetic change created allows the consequences
Having examined a wide range of techniques for  of index selection on carcass composition to be
estimating carcass composition in live sheep Simm  estimated. Although the lines have been compared
(1987) concluded that ultrasonic scanning provided  on live predictors of carcass composition (Simm et al.,
an acceptable compromise between accuracy and  2002) it is important to establish how these changes
cost. A selection index that combined ultrasonic  in live measures correspond with those in the carcass
measures of fat and muscle depth and live weight  itself. It is also important to see if the ability of
was designed to improve the rate of lean growth  measurements on the live animal to predict carcass
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characteristics applies across degrees of maturity and
continues under selection.

In the UK, lambs in terminal sire flocks are usually
reared intensively. One benefit of this is that genetic
variation within a group of lambs in carcass
composition may not be constrained by nutrition or
maternal effects. The selection flock {(Simm et al,
2002) was given, ad libitum, a food with high energy
and protein contents to allow genetic differences
between animals for lean growth and fatness to be
fully expressed. In commercial flocks, where terminal
sire rams are used in crossbreeding, lambs are
usually reared in more extensive grazing systems. It
has been found that the use of high index Suffolk
rams improves the carcass composition of crossbred
lambs at grass (Lewis et al., 1996; Simm and Murphy,
1996; Jones et al, 1999). However, these benefits
appeared to be lower than expected. It is important
to test whether the advantage from selection for lean
growth rate and less fat in terminal sires remains
regardless of nutrition, or whether there is an
interaction between the lines and their feeding
environment.

The first objective of the work reported here was to
test whether selection decisions based on the lean
growth index have produced an improvement in
carcass composition in purebred terminal sire sheep.
The second was to test whether these changes persist
when level of feeding and live weight at slaughter
differ from those under which selection was carried
out. The data collected were also used to explore the
relationships between weight and time and between
weight and cumulative food intake, as affected by
line and level of feeding.

Material and methods

Suffolk selection experiment

In the early 1980s a Suffolk flock was established at
the Scottish Agricultural College (SAC) and in 1986 a
regimen to test performance was started with ram
lambs and, from 1989 onward, also with ewe lambs.
In this regimen lambs were offered a creep food from
1 week of age and gradually switched to ad libitum
access to a complete pelleted ration by weaning at 56

days of age. The food used was high in energy and
protein (Table 1).

When 150 days old, the lambs' live weights (LW) and
ultrasonic measurements of their muscle (UMD) and
fat depths (UFD) were recorded. Lambs were
ultrasonically scanned at the level of the 13th rib and
3rd lumbar vertebra on two or three occasions
spanning the 150 day target age, and the scan depths
averaged. The measurements, after adjusting for the
effects of dam age and birth rank, were then

Table 1 Composition of the food used

Ingredient (g/kg) 5825
Barley 200.0
Dried grass 700
Hipro soya-bean meal g
Fish meal oo
Molasses o Py
Mineral and vitamin mix

Chemical composition -
Dry matter (DM; g/kg) i
Crude protein (g/kg DM) b
NDEF (g/kg DM}t 4
AHEE (g/kg DM)t -
Ash (g/kg DM) g
NCGD (g/kg)t 8
Metabolizable energy (MJ]/kg DM)} .

+ NDF = neutral-detergent fibre; AHEE = acid hydrolysed
ether extract; NCGD = neutral cellulase gammanase
digestibility. _

i %’redictetg from 0-014 NCGD + 0.025 AHEE (Thomas éf al.,
1988).

combined into a selection index constructed as
0-103LW + 0257UMD — 0-406UFD. The index ‘was
designed to increase the rate of lean deposition
whilst restricting the rate of fat deposition (Simm
and Dingwall, 1989). Lambs were selected on the
basis of their index scores. The selection (S) line had
high scores while the control (Cy line were
maintained at the flock’s average index score at the
start of selection experiment. Index scores were
scaled such that the average of the C line was 100,
and the standard deviation of the index was 40.
Further details are given in Simm et al. (2002).

Lambs

Three experiments were conducted over 2 years.
Multiple ovulation and embryo transfer (MOET)
produced the S line lambs used in the 1994
experiment. This was an additional lambing to that
of the main Suffolk flock. Scottish Mule (Bluefaced
Leicester X Scottish Blackface) ewes were used as the
surrogate dams for the MOET programme. No
control line lambs were available for use in the 1994
experiment. The surrogate dams were approximately
1% years of age at embryo transfer. The lambs were
born over a period of 1 week in March from their
surrogate dam. Genetically they were the progeny of
seven rams and 34 mature ewes that contributed
progeny only in this year. The MOET born lambs
were either used in this experiment or sold once
achieving market weight; none was retained as
replacement animals in the Suffolk flock.

Starting in mid August of 1994, 195 S line and 112 C
line ewes from the main SAC Suffolk flock were
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mated over a period of 7 weeks to produce the lambs
used in 1995. Within each line, ewes were separated
into six paddocks and mated to a single ram. The
rams used had been chosen from the 1994 lambing of
the Suffolk flock at the end of the ninth performance
test. At that time, across the two sexes, the S line
differed from the C line by 4-88 kg in live weight,
-1-1 mm in ultrasound fat depth and 28 mm in
ultrasound muscle depth (Simm: et al., 2002).

Management

Following MOET or natural mating, the ewes were
managed as a single flock. Ewes were housed 6
weeks before lambing. Within 1 day of birth, the
weight and sex of each lamb was recorded. All lambs
were reared as singles or twins. Triplet-born lambs
were cross-fostered to ewes nursing a single lamb.
Within a week of birth, lambs were offered free
access to the same or a very similar food as that used
in the performance test. From 2 weeks of age lambs
were weighed on the same day (on a Monday in 1994
and on a Thursday in 1995) each week starting at
10:00 h.

Only those lambs reared by their birth dam were
used. Once a female or male lamb reached a target
weight of 19-0 or 22.0 kg, respectively, or a lamb was
8 weeks of age (whichever came first), it was
weaned. All lambs were group penned and allowed
free access to the food described in Table 1. Once a
lamb was 2 kg more than its target weaning weight,
it was shifted to an individual pen (1-52 X 1-40 m)
with slatted floors, and its feeding treatment started.
The mean starting weights were 22-6 (s.d. 1-25) kg for
females and 252 (s.d. 1-40) kg males.

On the day when the lambs’ live weights were taken,
the residual food was also collected, weighed and
discarded. For animals on feeding treatments M and
L as described below, if food remained at the end of a
week, this weight of food was added to their

Table 2 The three levels of feeding used

Peeding Experiment

treatment  food usedin  Amount offered

H 1,23 Ad libitum

M 1,2 600 g/day 1st week on
treatment;
105 g/day increment each
week thereafter to 2070 g/day

L 2,3 400 g/day st week on
treatment;
70 g/day increment each

week thereafter to 2080 g/day

allocation in subsequent weeks. Only a very few
animals did not eat their entire food quota.

Carcass evaluation

Lambs were grown to three slaughter weights chosen
as described below. On reaching their slaughter
weight, animals were shorn. The following morning,
they were weighed and transported for slaughter at
the SAC Carcass Evaluation Unit. At slaughter the
weight of the head, tail, feet, pelt, body organs and
blood were recorded. The carcass was weighed after
processing and chilling overnight to give the cold
carcass weight, and then split, shrouded and frozen.

After defrosting, the left side of each carcass was
weighed and then separated into eight joints (breast,
chump, end-neck, leg, loin, mid-neck, scrag and
shoulder) as described by Cuthbertson et al. (1972).
Each joint was dissected into lean, fat (subcutanedbus
and intermuscular), bone (vertebral and other) and
waste components.

Experimental design

Three levels of feeding (H, M and L) were used as
described in Table 2. Level L was intended to give
growth rates comparable to those seen in commercial
systems and M was intermediate. Animals were
given food twice daily (at 8:30 and 15:30h). On
treatment H, the level of food allowance was such
that there were always food refusals. Samples of the
food offered and bulked refusals were analysed for
dry matter (DM) weekly. Although the food refused
on H in both years had a lower DM centent than that
offered the difference was small (854 v. 885 g/kg in
1994, and 880 v. 898 g/kg in 1995). For this reason,
intakes are reported on an as-fed basis. Starting part
way through 1994, lambs were offered 150 g of poor
quality hay (833g/kg DM; 87g/kg DM crude
protein; 434 g/kg DM modified acid-detergent fibre;
56 g/kg DM ash) at each morning feeding. This was
also done in 1995. Most animals ate all of their hay
allowance in most weeks. The reported food intakes
exclude hay.

Experiment 1 in 1995 was of a full factorial design
with two lines (S and C), two sexes (ram and ewe
lambs), two levels of feeding (ad libitum, H, and the
restricted regime M; Table 2) and three slaughter
points (SP3, SP4 and SP5). The weights at SP4
approximated that at the selection age of 150
days : 66-0 kg for males and 575 kg for females. The
weights at SP3 were 380 kg for males and 33.0 kg for
females and at SP5 114-0 and 100-0 kg respectively.
The weights at SP3 and SP5 are equidistant from SP4
on a logarithmic scale. There were five replicates for
each treatment at SP3 and SP5 and 10 at SP4 giving
160 animals in total.
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iment 2 used the rams of both lines in 1995 on
gp&fﬂd L and taken to SP3 and SP4. There Wt;ret
five replicates of each of the 12 treatments except &t
there were 10 on the H and M feeding treatments a
SP4. An additional comparison, t‘reated as
experiment 3, was for females of the S line only in
1994 taken to SP4 on either H (no. 25) or L (no. 23).

Derived variables

For consistency the starting weight of each lamb was
called SP2 although none was slaughtered at this
weight. For each animal present for an mt_erval (SPZ
to SP3, SP3 to 5P4 and SP4 to SP5) gain in live weight
(ADGy; g/day), food intake (ADI;; g/day), and the
food efficiency (EFF;=1000 -(ADG,/ADL,); g/kg)
were calculated, were i and j are the slaughter point
numbers that define the three intervals (SP2-SP3,
SP3-SP4 and SP4-SP5). Live weight was related both
to cumulative time and cumulative food intake from
the starting weight. The data were edited so that the
same animals contributed information at all weeks
considered to avoid bias. This was done by using
data only up to the week that the first animal on a
treatment reached slaughter.

The carcass yield (KO; expressed as% to be consistent
with the industry norm) was calculated as the ratio
of cold carcass weight to pre-shorn live weight. The
weights of lean and total fat (the sum of
subcutaneous and intermuscular fat) were expressed
as proportions of the sum of the weights of the eight
dissected joints (g/kg). In addition, we calculated the
proportion of total fat that was subcutaneous fat
(pPSQFAT), the ratio of lean to fat weight
(LEAN : FAT) and the ratio of lean to bone weight
(LEAN : BONE), all as g/kg.

Statistical methods

Heterogeneity of wvariance. We expected that on
testricted feeding treatments that are time-based,
such as those used here, there would be no variation
in food intake between a pair of ages with no
refusals. In this study, although food allowances
were time-based (see Table 2), the start and end
slaughter points  were weight-based. As a
consequence we expected some variation on the
restricted feeding treatments, but that it would be
less than on the ad libitum treatment. This was tested
using Bartlett's test in Genstat (Genstat 5 Committee,
1998). There was marked and highly significant
(P<001 in eight of nine cases) heterogeneity of
variance for the growth, intake and efficiency
measures. The CVs were also higher on ad libitum
than on the restricted treatments for both ADG
(about 1-5 times) and EFF (about 1-2 times) showing
that a logarithmic transformation of the data would
not have removed the heterogeneity.

Lewis, Emmans and Simm

In preliminary analyses, the residual maximum
likelihood procedure (REML,; Genstat 5 Com{zuttee,
1998) was used to fit a linear model to describe the
derived variables, REML was used, as the data were
unbalanced for some of the fixed effects test_ed.
Initially, rearing type (as single or multiple), rearmg
category (weaned at target weaning weight or at
weeks of age) and genetic dam age (2, 3, 4 or 5 years
of age), and the linear covariate of day of birth were
included in the model in addition to treatment
effects. None defined substantial variation in any of
the measurements and significance at P <0-05 was
rare. As this could have been due to heterogeneous
variance between the feeding treatments, the
importance of these fixed effects was then tgsteci
within feeding levels. The conclusions drawn were
the same as with the analyses across feeding
treatments. The fixed effects were therefore excluded
from the final models fitted. The experiments were
analysed as factorial designs.

For growth rate and intake, there were the obvx‘ous
expected effects of level of feeding. We were mainly
interested in the effects of line (S v C), and in
particular in whether line differences within a sex
interacted with level of feeding. Answering these
questions was complicated by the presence of
heterogeneous variances between levels of feeding.
The s.e. s of differences were calculated after making
allowance for the heterogeneous variances as
described by Snedecor and Cochran (p. 96, 1980).

Weight by time and cumulative food intake, For the H
treatment the values of the parameters of the
Gompertz growth function (Winsor, 1932) were
estimated using ftreatment mean data from the
starting weight through to both SP4 and SP5. The
function was fitted in two ways (Lewis et al., 2002).
The first was

W = A exp(- exp(Gy - B ) )

where W is live weight (kg) and t is time (days), and
the parameters A and B are the mature weight (kg)
and a rate parameter (per day). The third parameter,
Gy, is a transformed initial weight given by Gy = In{-
In(Wo/A4)) and W, (kg) is the weight at t=0.
However, the estimates of A and B were found to be
very highly correlated (Lewis ef al., 1998 and 2002).
One way to overcome this inevitable problem of
estimating A and B as separate parameters is to
consider them together by defining a variable Z as
the product (A B). This lumped parameter Z has a
lower error of estimation, and a distribution of
values closer to normal than A and B separately.

Thus, the second form of the Gompertz function
fitted was
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W = (Z/B) exp(~ exp(Gy ~ B 1)) 2).

The parameter Z has a biological interpretation in
that Z/e, where e is the exponential function, is the
maximum daily growth rate (kg/day). As there was
no a priori reason to expect the sheep on M and L to
grow at a fixed proportion of their potential, the
function was not used for their data.

Weight was also plotted against cumulative food
intake for all treatments and the values of the
parameters of the Spillman function estimated. The
function (see page 26 of Parks (1982)) is

W = W, + (A-W,) [1-exp(k F)] 3)

where F is cumulative food intake (kg) from the start
of treatment, and A and k are the parameters to be
estimated. It was found that the estimates of A and k
were highly correlated so the values of the lumped
parameter (A k) are also reported.

Environmental sensitivity

Genotype by environment interactions may arise
because some genotypes show a greater sensitivity to
their environment than others. Regression
procedures can illustrate the extent of this
environmental sensitivity (Freeman, 1973; Jinks and
Connolly, 1973; Falconer, 1989).

Where there was an interaction between line and the
three levels of feeding, a least-squares procedure was
used to obtain the mean performance across line on
each feeding treatment ie. to estimate the
environmental means across the two lines. The mean
performance of each line on each feeding treatment
was also estimated. The line means were regressed
on the environmental means with a test for a line
difference in the slope of the regression for the two
lines. This was used as a measure of environmental
sensitivity (Jinks and Connolly, 1973; Falconer, 1989).

The regression model used for testing the
environmental sensitivity of the S and C line rams
was:

Y=a+bL+{c+dL)E 4)

where L=0 for S and 1 for C, and E is the
environmental mean across lines. The difference of
the value of the parameter d from zero tests whether
the two lines differ in their environmental sensitivity.

Results

Experiment 1

Lrve performance between slaughter weights. On average
female lambs on feeding level H grew at 0-76 of the
rate of males, ate 0-83 as much food and were 0-93 as

Table 3 Live performance in experiment 1 between successive
slaughter points 2, 3, 4 and 5+

Feeding treatment

H M
Variable Sline Cline Sline Cline sedi
ADG, (g/day) 4608 4363 2264 2151 1235
ADL, (g/day) 1467 1524 932 956  19:6
EFF. (5/k) 3111 2847 2436 2262 869
ADG, (g/day) 4634 3926 3172 2877 1009
ADL (g/day) 2374 2331 1828 1871 235
EFE. (g/kg) 1937 1678 1738 1540 441
ADE, (g/day) 2708 1975 2103 1936 706

ADI (g/day) 2627 2276 2048 2003 456
EFF, (g/kg) 1028 868 1027 964 229

t The variables are ADG =average daily gain, ADI =
average daily intake and EFF = 1000 ADG/ADI Feeding
treatments are H = ad libiluan and M = restricted. S = selected
line; C = control line.

f s.e.d. from aNova assuming homogeneity of variances.

efficient (all P<0-01). On feeding level M, where
intakes were essentially the same, the females grew
at 0-94 the rate of the males, a difference that is less
than that on H. The difference is consistent with the
difference in efficiency on H. As shown in Table 3,
the S line grew faster throughout and was more
efficient than C irrespective of level of feeding.
Variances were significantly heterogeneous between
feeding levels for ADG and ADI but not for EFF. The
interaction between line and feeding treatment was
not significant for EFF,; or EFF;, (P > 0-05) but was
for EFF,s (P < 0-01). The greater variance for gain on
H than on M meant that the testing of an interaction
between line and feeding level was not
straightforward. However, across the three periods,
the mean line difference for ADG was 56 g/day on
food H whilst only 19 g/day on M, a substantial
difference that was significant (P < 0-05).

Live weight by time and cumulative food intake. For the
H treatments the parameters of the Gompertz
growth function were estimated using mean data to
SP5. The estimates are shown in Table 4 (year 1995)
and the curves as lines in Figure 1. The latter also
shows points of live weight against time for Jambs on
the M as well as the H feeding level. The values of
the parameters of the Spillman function, equation (3),
are shown in Table 5 for both H and M feeding
treatments, again using mean data to SP5. The
growth curves are shown in Figure 2. The effect of
the decrease in the value of the parameter k as the
level of feeding is decreased can be seen clearly in
Figure 2.
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1bs 1 din
Table 4 Values of the parameters of the Gompertz growth function W = (Z/B) exp(- exp(G, — Bt)) for lambs in 2 years on feeding

treatment Ht - -
Year Line Sex Alkg) 1000 B (per day) Z (kg/day) G, Residual s.d. (kg}
1994 S Male 111-3 9.65 1074 8383 gggg
S Female 653 15.70 1-025 0:442 oo
R Femn %09 e 1301 0338 0155
S Pemale 909 - . =
. -351 0-234 0
C Male 90-7 1490 1-35 .
C Female 85-0 12-43 1-056 0-283 0-180

i ir s.e. values are
t s.e. values are not included as the estimates of the parameter values are highly correlated and thus their s.e

misleading.

Table 5 Velues of the parameters of the Spillman function W =
W, + (A - W) (I - exp(-kF)) with W = weight and
F < cumulative food intake for lambs on feeding treatments H and
Mt

Parameters Residual

Feeding sd.

Line Sex  treatment A(kg) 1000k Ak (kg)

S Male H 1198 3124 03743 0942

M 1407 1957 02754 1.422

Female H 105-8 3015 03190 0.993

M 121.0 2201 02663 1214

C Male H 1156 2970 03433 1.055

M 1455 1696 02468 1.609

Female H 1080 2563 02768 1-105

M 1211 1981 02399 1315

t The data are for animals taken to SP5 only.

Carcass  composition. The data on Carcass

characteristics are summarized by line and feeding
treatment in Table 6. Clear effects of line on the
carcass variables were present at all slaughter points
and for both sexes. Interactions between line and
weight at slaughter and between line and sex were
either absent or small. The S animals had only 0-859
of the fat content of C and had 1-080 times the lean
content. The difference in the lean to fat ratio was
present on both feeding treatments across which the
value for the S line was 1-28 that of the C line. The S
line had a lean to bone ratio that was 1.028 of that of
the C line (P < 0.05), a difference that was significant
but small. Although the proportion of fat in the
intermuscular depot was greater in the S than in the
C line (P<0001), the absolute weight  of
intermuscular fat was less (4543 1, 499¢ g P <0-001).

The large effects of slaughter weight and sex, and the
interaction between them, on carcass characteristics
are summarized in Table 7. The females, at the same
degree of maturity in weight, were fatter but also
had a higher ratio of lean to bone. The extents to
which lean content declined, and fat content

increased, with slaughter weight were greater in
females than in males. Similarly the increase in the
proportion of fat that was in the subcutaneous depot
as slaughter weight increased was more marked in

females.

120
(@)

100 4

80

60

Live weight (kg)

40 A

100 150 200 250 300 350 400
Time {days)

100

Live weight (kg)

0 50 100 150 200 250 300 350 400
Time (days)

Figure 1 Live weight against time for (a) males and (b)
females of the selected line on H (actual A, predicted ——,
M (actual @) and L (actual M), and the control line on H
(actual A, predicted —), M (actual Q) and L (actual 0.
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120 Experiment 2

Live performance between slaughter weights. In
experiment 1 it was found that the difference in ADG
between the lines was lower on M than on H. To see
if a further reduction in the difference between lines
occurred when level of feeding was further reduced,
the data for ADG and EFF between SP3 and SP4
were considered using the data shown in Table 8.
The difference between the lines in both growth rate
and efficiency decreased as level of feeding
decreased. Indeed on L the difference between the
lines in both ADG and EFF were negligible and no

Live weight (kg)

o longer significant.
0 100 200 300 400 500 600 700y, weight by time and cumulative food intake. The
Cumulative food intake (kg) weight by time and weight by cumulative food
100 - curves for treatment L are shown by square symbols
(b) saienst in Figures 1a and 2a, respectively, for the males of the

two lines. The clear differences due to level of
feeding in the weight by time graph, Figure 1, are
difficult to distinguish in the weight by cumulative
food graph, Figure 2.

Carcass composition. The level of feeding did not
significantly affect the size of the line difference for
lean and fat content, the proportion.of total fat in the
subcutaneous depot, and the ratios of lean to both fat
and bone. This is shown by the absence of any
interaction between the two factors (Table 9).

Live weight (kg)

0 100 200 300 400 500 600 700  Rat content was no lower on L than on M and the
Cumulative food intake (kg) lean to bone ratio was higher on L than on either H

Figure 2 Live weight against cumulative food intake to SP5 g‘l)‘mM.arg?ew;g:iige; ‘i;atuaclogt:in th:? f}:?g,;s 1;3 %6L0 ka >
for (a) males and (b) females of the selected line on H p 9 & & &

(actual A, predicted——) and M (actual @, predicted ----) meant that ;heep on L had greater fgt—free body
and the control line on H (actual A, predicted ——) and M welghts. Their higher lean to bqne ratio would be
{actual O, predicted----). In (a) the data to SP4 for males on expected as a consequence of the increased degree of
L are for the selected line (actual M, predicted ----) and for maturity.

the control line (actual O, predicted----).

Table 6 Effect of line and feeding treatment on carcass composition in experiment 1

H M Effect}
Variablet S Cc S C s.e.d. Line  Feeding treatment
KO (%) 4808 49-36 47-84 47.73 0-315 w
Lean content (g/kg) 5345 489-8 5507 5155 450 b i
Fat content (g/kg) 2992 351-8 2780 320-7 543 b b
PSQFAT (g/kg) 5519 5790 558-5 5757 5-25 et
LEAN:FAT 2113 1.624 2:391 1-8%0 0-0633 e hal
LEAN : BONE 3-508 3397 3-505 3-428 0-0490 *

t KO = killing out; pSQFAT = proportion of total fat in the subcutaneous depot; LEAN : FAT = ratio of lean to fat weights;
LEAN : BONE = ratio of lean to bone weights.
1 There were no significant interactions between line and feeding treatment (P > 0-10).
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Table 7 Carcass composition by sex and slaughter point in experiment 1 (feeding treatment H)
Female

Male Moo

Variablet SP3 SP4 SP5 SP3 SP4 SP5 s.e.d.}
. 8 5404 0-388

Cold carcass (kg) 1622 3097 59.99 14.81 27-57
KO (%) 5 4278 4676 53-16 4437 4802 54-43 g(ﬁz
Lean content (g/kg) 595-2 5330 472.7 554-3 5172 423-2 7:28
Fat content (g/kg) 1873 2983 3984 200-1 3244 466-1 os
pSQFAT (g/kg) 516-8 5781 5652 512:0 6090 616-5 - e
LEAN : FAT 3310 1-828 1.234 3098 1-637 0922 0-0
LEAN : BONE 2915 3316 3-891 3071 3-454 4-110 0-0657

t See Table 6 foomote.

} Sex and slaughter point were significant for all variables (P < 0-001), as was their interaction except for KO, LEAN : FAT and

LEAN: BONE (P > 0-10).

Table 8 Effects of line on gain and efficiency from SP3 to SP4 on three feeding treatments int males in 1995 in experiment 2

ADG,, (g/day) EFF,, (g/kg)
Feeding
treatment t S C S-C(sed)t S C 5-C (s.e.d.)t
H 5427 4326 110-1 (14-4) 2093 172:2 37:1 (4-50)
M 333.7 306-1 27-6 (9:5) 180-0 160-8 19-2 (5-82)
L 2857 2883 -2:6 (120} 170-3 1652 51 (7-27)

1 Treatments are described in Table 2.

1 s.e.d.s are estimated from average line variances within a feeding treatment.

Experiment 3

To check the findings from experiment 2, the data
from the S line females that were grown to SP4 on
treatments H and L were used. The animals on L
(Table 10) had higher lean and lower fat contents
than those on H, and a higher ratio of lean to fat
(P <001), as expected. They also had the higher
(P < 0-05) lean to bone ratio in agreement with the
results seen in experiment 2,

Table 9 Effects of ihree levels of, feeding (H, M and L) in males of the 5 and C lines in 1995 at SP3 and SP4

Environmental sensitivity

The regression coefficients (s.e. ) for testing the
environmental sensitivity of the S and C line rams for
ADG,,; and EFF;, were:

ADGgy, = -758 (11-0) + 151-6 (15-6) L + (1-270 (0-0293)
- 05389 (0-0415) L) E
residual s.d.4-46 g/day

in experiment 2

H M L
Max

Variablet S C S C S C s.e.d. Effectd
KO (%3} 4445 45.84 4450 44.28 45.12 44.02 0-450 P, GXF*
Lean content (g/kg) 571-8 5363 5862 5621 5975 562.2 7-57 Gex, Prosn
Fat content (g/kg) 233.9 275.2 2150 2471 221.5 2569 9-53 Grwx, e
PSQEAT (g/kg) 537.4 5607 5451 5466 5293 5480 1026 G
LEAN : FAT 2:716 2126 2973 2:-462 2904 2.466 0-1369 G+, Pt
LEAN : BONE 3127 3-042 3157 3135 3-480 3295 0-0709 et

t See Table 6 footnote.

} G =line effect; F = feeding treatment effect; GXF = line by feeding treatment interaction effect.
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Table 10 Carcass composition on two levels of feeding (H and L)
in S line females in 1994 at SP4 in experiment 3

Variablet H L s.e.d. Effect
KO (%) 4815 4867 0342

Lean content (g/kg) 4932 5185 467 ot
Fat content (g/kg) 349.0 3254 598 b
pSQFAT (g/kg) 6042 5930 542

LEAN : FAT 1437 1-604 0-0408 i
LEAN : BONE 3342 3498 00518 *

t See Table 6 footnote.

EFF,, =-953 (38:6) + 190-6 (54:5) L + (1599 (0-218) -
1.197 (0-309) L) E
residual s.d.3-88 g/kg

where L=0 for S and 1 for C, and E is the
environmental mean across lines. The interaction
between line and environment was significant for
ADG,; (P < 0-01) and just failed to be so (P = 0-06) for
EFF

34¢

Discussion

During the selection phase of the flock from 1985 to
1994 (Simm and Dingwall, 1989; Simm et al., 2002),
lambs from both lines were offered ad libitum access
to the food in Table 1 from weaning to 150 days of
age. By the end of this selection phase the rams and
ewes weighed about 66:0 and 57.5 kg, respectively,
when averaged across lines. In the experiments
reported here the S line sheep produced a
substantially leaner carcass at these weights with a
0-23 proportional increase in the lean to fat ratio as
compared with the C line. Rams of the S line grew
proportionately 0-19 faster and were 0-17 more
efficient than rams of the C line. The S line animals
showed substantially higher lean to fat ratios in their
carcasses over the whole, very wide, range of carcass
weights used.

Different strategies have been used to affect the
composition of the carcass. Cameron and Bracken
(1992) divergently selected a Texel-Oxford composite
at 20-weeks of age on an index composed of
ultrasonic fat depth and live weight. The index was
designed to restrict change in live weight. After 3
years of selection, they predicted an advantage of
13-5 g/kg in lean content and -138g/kg in fat
content for the high over the low index line. That
difference is less than one-third the one observed in
the current study where selection had continued for
three times as long. Fennessy et al. (1993) also found
that selection on the basis of live-weight adjusted
ultrasonic backfat thickness could be expected to
result in leaner lamb carcasses. Abdullah ef al. (1998)

found that selection for lower weight-adjusted
backfat depths alone in Southdown rams over five
generations led to lower muscle to bone ratios
particularly at higher live weights. The index used in
the current study included ultrasound muscle depth
as an additional selection criteria with no constraint
on live weight. With approximately one generation
less of selection, lean to bone ratio in high index
lambs was on average 1-03 times that of low index
lambs across the wide range of live weights
considered in this study. Including muscle depth as a
selection criteria, and allowing live weight to
increase, appears to have compensated for the
potential reduction in lean to bone ratio described by
Abdullah et al. (1998) as an artefact of selection for
lean growth rate.

Restricting food intake reduced the extent to which
growth rate and efficiency in S exceeded that in C.
When given food at about half of the ad libitum intake
at a given live weight, with a consequent 0-47
proportional reduction in growth rate, there were
virtually no differences in growth rate or efficiency
between the lines. Thus live performance in the S
ling, expressed as growth rate and efficiency, was
more sensitive to level of feeding than was the C line.
However, the advantage to the S line in the lean to
fat ratio in the carcass persisted to a similar extent at
all levels of feeding. This suggests that the use of
progeny from the S line will yield leaner carcasses
across a wide range of finishing systems, even where
these systems themselves affect the fatness of the
carcass. Although the producer may not always see
the benefit of the improved genotypes in terms of
live performance, the consumer will probably see the
benefit of reduced carcass fatness. Selection decisions
based on an index of live weight and ultrasonic
measures of fat and muscle depth have thus led to
large improvements in carcass quality in terminal
sire sheep that are expressed across a range of
nutritional levels.

At the same estimated degree of maturity in weight,
females were fatter over the wide range of carcass
weights used (Table 7). McClelland et al. (1976)
concluded that there were no sex differences in
fatness at the same degree of maturity, as did
Thompson et al. (1985). In disagreement with this
Wrylie ef al. (1997) found that ewe lambs were fatter
at common slaughter weights compared with their
ram and wether siblings. The extent appeared to be
greater than could be accounted for by a difference in
degree of maturity. In general fatness is higher in
female mammals at maturity and so would be
expected to be so at all degrees of maturity (Emmans,
1988). In agreement with this Taylor et al. (1989)
estimated that mature females would have a higher
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proportion of fat than mature males using data from
sheep and goats. Our results are consistent with this
expectation.

In both lines the lean to fat ratio was somewhat
increased by the levels of food restriction used.
Beauchemin et al. (1995) also found that treating
lambs in such a way that their growth rate was
reduced by food restriction led to leaner carcasses.
Lambs growing faster were found to be fatter at the
same carcass weight than others growing more
slowly (Hall et al, 2001). The Agricultural Research
Council (1980) suggested that fat content would fall
as growth rate was reduced. While this may be the
case where growth rate is reduced by a lower level of
feeding, as found in the cases quoted, it may not
apply generally. Where the reduction is caused by,
for example, a low food protein content, the reverse
may be the case (R. M. Lewis et al., unpublished).

The data on weights collected over time on ad libitum
feeding could be described well by a Gompertz
growth function, as expected (Lewis ef al., 2002). The
high correlation between the estimated values of the
two main parameters A, mature size, and B, the rate
parameter, meant that little confidence could be
placed in their estimated values separately, but
together, in the form of their product Z = A B, a good
estimate could be attained. The maximum rate of
growth is given by Z/e. The function tracked the
data well and changes in the values of its parameters
can be seen as a suitable way of summarizing the
effects of selection on growth.

Expressing weight as a function of the cumulative
amount of food eaten, an approach that goes back at
least to Spillman (in Spillman and Lang (1924), as
quoted by Parks (1982)) was also of interest. The
exponential functional form worked well as seen in
Figure 2, both for ad libitum feeding and for the
restricted regimes used here. As with the Gompertz
function there is a problem in separately estimating
the values of the two parameters A and &, but again
their product is much more stable. The value of (A k)
was consistently greater in males than in females, on
H than on M, and in S than in C, all of which
differences reflected those in efficiency (Tables 3 and
5). Our lumped parameter (A k) is equivalent to the
efficiency parameter of Parks (1982). He found (his
Table 42, p. 64) that the value of this parameter
varied only between 0-30 and 0-62 in experiments on
mice, rats, chickens and pigs. Parks (1970) had found
that with rats the value of the efficiency parameter
was proportional to the level of dietary energy
content. Our slightly lower values found for sheep,
Table 5, are likely to reflect the lower energy value of
the food used due, in part, to the fermentation losses

that occur in ruminants and perhaps also the high fat
content of sheep.

As cumulative food intake approximates to the cost
of feeding and cumulative weight to the value of the
animal, a good description of the relationship
between the two has merit. Parks (1982) combined
the Spillman function with another, presumed to
describe the way in which ad libitum intake changed
with time, to develop a system of growth and intake
equations. The system depends on the intake
function being of the correct form. The data on intake
collected here suggest that the form used by Parks
(1982) does not apply to sheep (R. M. Lewis et al.,
unpublished).

Acknowledgements

The financial support of the Meat and Livestock
Commission and the Scottish Executive Environment and
Rural Affairs Department for this research is gratefully
acknowledged. We are also thankful to Bill Dingwall for his
long-term scientific contribution to the SAC Suffolk flock
and to Mitch Lewis for formulation of the food. We are very
grateful for the technical assistance of many current and
former SAC staff, especially Jack FitzSimons, Jim Praser, Jo
Donbavand, Mark Ramsay, Sue Murphy, Greg Callachan
and Kate Rjchardson.

References

Abdullah, A. Y, Purchas, R. W. and Davies, A. S. 1998.
Paﬂemq of change with growth for muscularity and other
composition characteristics of Southdown rams selected for
high and low backfat depth. New Zealand Journal of
Agricultural Research 41: 367-376.

Agricultural Research Council. 1980, The nutrient

requirentents of ruminants. Commonwealth Agricuitural
Bureaux, Slough.

Beauchemin, K. A., McClelland, L. A., Jones, S. D. M. and
:i(OZUb, G. C. 1995. Effects of crude protein-content, protein

egradability and energy concentration of the diet on
growth and carcass characteristics of market lambs fed high

;g;l_c;%t'rate diets. Canadian Journal of Animal Science 75

Cameron, N. D. and Bracken, J. 1992. Selection for carcass

lean content in g terminal si imal
Production 54: 367.377 inal sire breed of sheep. Ani

%tsithbertson, .f\., Harrington, G. and Smith, R. J. 1972.

S ;ue Separation fo assess beef and lamb variation. In

BJ‘ POSIURL o aspects of carcass evaluation. Proceedings of the
ritish Society of Animal Production, 1972, pp. 113-122.

Emma . .
actunl I:c;sr, G. C. 1988. Genetic components of potenhal and

owth. In Animal breedin it R G.
‘ ¢ opportunities (ed. R.
zand, G. Bulfield and W. G. Hill) British Society of Animl
ctence occasional publication no. 12, pp. 153-181.

5:15101;5 D. S. 1989, Introduction to quantitative genetics,
edition. Longman Scientific and Technical, England.

f’exgesisy, F. F, Greer, G. J,, Bain, W. E. and Johnstone,
« D 1993, Progeny test of ram lambs selected for low

A R T R T T e




Carcass response to selection for lean growth in sheep

ultrasonic backfat thickness or high post-weaning growth-
rate. Livestock Production Science 33: 105-118.

Freeman, G. H. 1973. Statistical methods for the analysis of
genotype-environment interactions. Heredity 31: 339-354.

Genstat 5 Committee. 1998. Genstat 5 release 41 (PC/
Windows NT). Lawes Agricultural Trust, Rothamsted
Experimental Station, Harpenden,

Hall, D. G, Gilmour, A. R,, Fogarty, N. M., Holst, P. J. and
Hopkins, D. L. 2001. Growth and carcass composition of
second-cross lambs. 1. Effect of sex and growth path on pre-
and post-slaughter estimates of carcass composition.
Austrglian Journal of Agricultural Research 52: 859-867.

Jinks, J. L. and Connolly, V. 1973, Selection for specific and
general response to environmental differences. Heredity 30:
33-40.

Jones, H. E, Simm, G., Dingwall, W. 5. and Lewis, R. M,
1999. Genetic relationships between visual and objective
measures of carcass composition in crossbred lambs. Animal
Scierce 69: 553-561.

Kempster, A, J. 1983. Carcass quality and its measurement
in sheep. In Sheep production {ed. W. Haresign), pp. 59-74.
Butterworths, London.

Lewis, R. M., Emmans, G. C, Dingwall, W. 5. and Simm,
G. 2002. A description of the growth of sheep and its
genetic analysis. Animal Science 74: 51-62,

Lewis, R. M,, Emmans, G. C, Simm, G., Dingwall, W. S.
and FitzSimens, J. 1998. A description of the growth of
sheep. Proceedings of the British Society of Animal Science,
1998, p. 47.

Lewis, R. M,, Simm, G., Dingwall, W. S. and Murphy,
S. V. 1996. Selection for lean growth in terminal sire sheep

to produce leaner crossbred progeny. Animal Science 63:
133-142.

McClelland, T. H., Bonatti, B. and Taylor, St C. S. 1976.

Breed differences in body composition of equally mature

sheep. Animal Production 23: 281-294.

Parks, J. R. 1970. Growth curves and the physiology of
growth. American Journal of Physiology 219: 837-839.

Parks, J. R, 1982. A theory of feeding and growth of animals.
Springer Verlag, Berlin.

Simm, G. 1987. Carcass evaluation in sheep breeding
programmes. In New fechniques in sheep production (ed. 1. F.

195

M. Marai and J. B. Owen), pp. 125-144. Butterworths,
London.

Simm, G. and Dingwall, W. S. 1989. Selection indices for
lean meat production in sheep. Livestock Production Science
21:223-233.

Simm, G., Lewis, R. M., Grundy, B. and Dingwall, W. 8.
2002. Responses to selection for lean growth in sheep.
Animal Science 74: 39-50.

Simm, G. and Murphy, S. V. 1996. The effects of selection
for lean growth in Suffolk sires on the saleable meat yield of
their crossbred progeny. Animal Science 62: 255-263.

Snedecor, G. W. and Cochran, W. G. 1980. Staiistical
methods; seventh edition. Iowa State University Press, Ames,
IA.

Spillman, W. }. and Lang, E. 1924. The lew of diminishing
increment. World, Yonkers.

Taylor, St C. S., Murray, J. I and Thonney, M. L. 1989,
Breed and sex differences among equally mature sheep and
goats, 4. Carcass muscle, fat and bone. Animal Production 49:
385-409.

Thomas, P. C., Robertson, S., Chamberlain, D. G,
Livingstone, R. M., Garthwaite, P. H,, Dewey, P. J. S.,
Smart, R. and Whyte, C. 1988. Predicting the metabolizable
energy (ME) content of compound feeds for ruminants. In
Recent advances in animal nutrition (ed. W. Haresign and D. J.
A, Cole), pp. 127-146. Butterworths, London.

Thompson, J. M., Butterfield, R. M. and Perry, D. 1985
Food intake, growth and body composition in Australian
Merino sheep selected for high and iow weaning weight. 2.
Chemical and dissectible body composition. Animal
Production 40: 71-84.

Winsor, C. P. 1932. The Gompertz curve as a growth curve.
Proceedings of the National Academy of Sciences of the Linited
States of America 18: 1-8.

Woodward, J. and Wheelock, V. 1990. Consumer attitudes
to fat in meat. In Reducing fat inr meat animals {ed. J. D. Wood
and A. V. Fisher), pp. 66-100. Elsevier, London.

Wylie, A. R. G., Chestnutt, D. M. B. and Kilpatrick, D. J.
1997. Growth and carcass characteristics of heavy slaughter
weight lambs: effects of sire breed and sex of lamb and
relationships to serum metabolites and IGF-1. Animal
Science 64: 309-318.

(Received 4 December 2001—Accepted 24 April 2002)




	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2002

	Effects of index selection on the carcass composition of sheep given either ad libitum or controlled amounts of food
	R. M. Lewis
	G. C. Emmans
	G. Simm

	tmp.1401382933.pdf.XaNvb

