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The effects of dietary protein level during food restriction on carcass
and non-carcass components, digestibilitt and subsequent
compensatory growth in lambs

G. R. Iason and A. R. Mantecont

Macaulay Land Use Research Institute, Craigiebuckler, Aberdeen ABg 2QL

Abstract

The effect of proportion of dietary rumen non-degradable protein during food restriction on the weight of
components of the digestiae tract, carcass nnd subsequent growth zuas inaestigated in 37 Scottish Blackface wether
Iambs (initial líae weight, 25 kg) . Lambs zuere giaen indíaidually ad libitum for 4 zneeks a complete pelleted diet
containing 150 glkg rahite fish-meal (HP,10'4 MI metabolizable energy (ME) per kg dry matter (DM),195 g uude
protein (CP) per kg DM) Seoen lambs were then slaughtered and 15 were switched to a díet containing no white

fish-menl (LP,10'4 MI ME per kg DM,122 g CP per kg DM) offered at 78 g DM per kg M per day, i.e. sufficient
to maíntain constant liue weight. A further 15 continued to receízte the HP diet at the same rate as the lambs gioen
LP. After 6 and 12 weeks, fiae lambs on each diet were slaughtered. At 12 weeks the remaínder receir,¡ed the HP diet
ad libitum for a further 7 weeks bet'ore slaughter. During food restríction on both díets, the proportion of liae
raeight formed by the carcass, the dissected components and the chemical composition remained the same as in the
initial slaughter group. The relatioe weight of the non-carcass complnents fell during food restriction on both diets.
There was a significant Q <0.05) interaction beteueen slaughter date and dietary treatment for reticulo-rumen
weight as a proportion of empty body weight (EBM); it zuas smaller in lambs on the HP díet after 72 u,eeks of
restriction (HP: 0'022, LP: 0'026). A similar pnttern was obserued t'or the small intestine and the total digestiae
tract. During the 7 weeks ot' realímentation, lambs preaiously on HP and LP diets hsd similar intakes (1343 and
1208 g DM per day) and digestioe tract components, body components and chemical composition of carcass and
non-carcass components ruere all unaffected by preaious treatment. The apparent digestibility of CP of the HP diet
uas greater than that of the LP díet although it zoas ooerall less degradable in the rumen. IMen both groups ot'
Iambs were realimented on the HP diet, there were no dit't'erences in the apparent digestibility of any ot' the dietary
components. A high dietary protein : energy ratio during restriction reduced the weight of some of the components
of the dígestiae tract but did not sígnificantly affect carcass composition. The effect did not persist foltowing
realimentation and did not signit'icantly influence ntbsequent performance.

Keywords: dietary proteín, food restríction, growth, lambs

Introduction
Food restriction followed by compensatory growth
provides a means of delaying growth and
maturation of animals and in the case of sheep
production systems in the United Kingdom provides
the possibility of a more even supply of lamb to the
market. Many studies have concentrated on appiied
aspects of carcass composition resulting from

I Present address: CSIC, Estacion Agricola Experimental,
24071,, Leon, Spain.

compensatory growth whilst the mechanisms
underlying the phenomenon are not well
understood. It is, however, intuitivelv expected that
changes in nutritional conditions during food
restriction provide the background againsi which
changes in animal performance during
realimentation take place. Several parameters of the
food restriction period have been shown to influence
the compensatory growth response including the
duration of food restriction and the severity of
restriction. These responses vary with the age or
stage of maturity at which the restriction is applied
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(O'Donovan, 1984; Ryan, 1990). The nature of the
food restriction, e.g. restriction of protein or energy
has also been identified as affecting the extent and
composition o{ the compensatory growth resPonse
(Wilson and Osbourn ,1960).

A previous study showed rapid, short-term increases
in the apparent digestibility of diets on
realimentation and this was likely to have been due
to the increase in intake and content of the digestive
tract (Asplund, Hedrick and Haugebak, 1975). Level
of intake also affects the thickness and weight of the
rumen wall (Fell and Weekes, 1975).

In order to investigate the mechanisms of
compensatory growth, this study varied the dietary
protein: energy ratio during the period of food
restriction, providing two diets simiiar in all respects
except the addition of non-rumen degradabie protein
to one of them. The rationale for the approach
adopted was to vary the diet quality of two gióups of
lambs during a period of restriction to constant live
weight whilst simultaneously holding their intake
constant. Changes in digestibility and dimensions of
the components of the digestive tract were measured
during restriction and after realimentation. It was
intended that this procedure would permit
comparisons of the nutritional changes occurring
due to diet quality during restriction, independently
of differences in intake.

Material and methods
Experimental design
Thirty-seven castrated Scottish Blackface lambs from
the Macaulay Land Use Research Institute's
Sourhope Research Station, Roxburghshire were
housed from weaning at the end of August. All
lambs were given food ad libitum until the 26
September with a high protein (HP) complete diet
which incorporaied fineiy chopped straw into 10 mm
diameter pellets (Table i), when an initial group of
seven were slaughtered (group I). From this date 15

lambs remained on the HP diet whilst 15 were
switched to a low protein diet (LP) with no fish meal
but similar metabolizable energy (ME) content (Table
1). The intakes of the LP group were calculated on an
individual lamb basis to maintain them at a constant
live weight, the intakes being about 18 g dry matter
(DM) per kg M (see Doney, Milne, Maxwell, Sibbald
and Smith, 1988). The intakes of the HP group were
then adjusted to equal the average of the LP group.
Groups of five lambs per dietary treatment were then
slaughtered after 6 weeks and 12 weeks of food
restriction (6R and 12R slaughter groups). The
remaining five lambs per treatment were then all
offered the HP diet ad libituttt for a further 7-week

Table 1 Tlrc ingredients and compositiott of the lozt: protein (LP)
and higl't protein (HP) diets

LP

877
953
122
293

10.'1

19.8 79.7

realimentation period before slaughter (AD slaughter
groups).

Animal measurements
All lambs were individually penned throughout and
the food offered and refused was weighed daily and
live weight was recorded weekly. Lambs were shorn
prior to slaughter and their fleeces weighed. At
slaughter, the totai digestive tract was weighed both
full and empty. The reticulo-rumen, omasum/
abomasum, small intestine and large intestine were
separated and their surrounding fat depots were
removed by hand. The components were washed
and dried with paper towels before being weighed.
The pelt, feet, head and internal organs were
weighed separately and combined with the
components of ihe gastro-intestinal tract to form the
non-carcass component. Note that empty body
weight (EBM) included fleece and blood which were
not incorporated into the non-carcass component.
The complete carcass was weighed 'hoi', chiiled and
split mediallv. One half was retained and stored at
-20'C for subseauent dissection into three
components, muscle-plus associated (intermuscular)
fat, subcutaneous fat and bone. These were weighed
and recombined for mincins. The minced carcass
and non-carcass components were subsampled and
were chemically analysed for fat by soxhlet
extraction, ash, protein by a Kjeldahl technique and
water.

N tt tr i ti on al me asur ement s
Two further groups, each of five lambs were placed
on the same feeding regimes as the slaughter groups.
Durine both restriction and realimentation, these
groupé were placed in standard metabolism crates
fitted with urine separators and collectors for faeces.
Lambs were given 14 days acclimatization to the

Ingredients (g/kg)
Barley straw (chopped)
Sugar-beet pulp
Dried grass
Fish meal
Vitamin/mineral / molasses

Composition
Dry matter (g/kg)
Organic matter (g/kg DM)
Crude protein (g/kg DM)
ADF (g/kg DM)
Estimated ME (MJ/kg DM)
Estimated undegradable
protein (g/kg DM)

150
350
450

50

150
250
400
150
50

872
949
795
280

70.4
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metabolism crates, 5 of which were prior to the
change over from the initial HP ad libitum feeding
period to the restricted diets (HP and LP). As with
ine slaughter groups, intake was measured
continuously and total collections of faeces were
made for 3 days, beginning 1 week after the change
over. This was repeated after 4 and 8 weeks of
restriction but with-only 5 days prior acclimatization
to the metabolism crates. This procedure was
repeated during realimentation, after the reversion to
ad libitum feeding on the HP diet, with
measurements again being made 1, 4 and 8 weeks
after the change over. It would have been preferable
to have measured apparent digestibility over a
longer period but if digestibility was changing
within the period of measurement then any
differences between weeks would not have been
observed. Faeces were subsampled, freeze-dried,
milled and stored at -20'C prior to analvsis for acid-
detergent fibre (ADF), otgartic matter tOM) and totat
nitrogen.

Statistical analysis
Standard analysis of variance (aNove) techniques
were used using crNsrer (Lawes Agricultural Trust,
1984). Any data derived from the initial slaughter
group (I) were entered in a category within both
dietary treatments. Under these circumstances the
statistic of primarv interest is the interaction between
slaughter group" (or time) X dietary treatment.
Specific post-hoc comparisons between groups were
made using the LSD test (Snedecor and Cochran,
1980).

Results
Animal oerformance
During the restriction period of 12 weeks, the food
intake and live weight of the iambs were successfully
controlled. During the 7-week period of

Table 2 Animal performance during the period of realimentation
rulfft ad libitum high protein diet

s.e.d

Live-weight gain (g/day)
Live-weight gain (g/kg

Mo 7s per day)
Intake (g DM per day)
Food conversion ratio

(g DM food per g M gain)

17B 794 263

73.2 13.7 2'09
1208 1343 70.1.

7.78 7.04 0.915

realimentation on the ad libitum HP diet, there were
no significant differences in live-weight gain, intake
or food conversion ratio, associated with dietary
treatment during food restriction (Table 2).

Body components and chemical composítion
The successful maintenance of the lambs at constant
live weight during food restriction is confirmed by
the consistency of live weight at slaughter and fleece-
free EBM in slaughter groups I and R6 and R12 on
both HP and LP diets (Table 3). Absolute weights of
carcass and non-carcass components did not differ
significantly between the I and R6 and Rl2 groups,
but had increased considerably after realimentation
(Table 3). The proportion of live weight formed by
carcass (killing-out proportion) also remained
constant during LP and HP dietary restrictions. The
proportion of the non-carcass components in the live
weight fell significantly during food restriction on
both diets as compared with the I slaughter group
(P < 0.05), the lower vaiues persisting in the R6 and
R12 groups (Table 3).

The three dissected components of the carcass,
subcutaneous fat, bone and muscle plus associated
fat also showed the typical consistency between the I

Table 3 The lioe weights nnd weights of the major body components of lambs in each slaughter group. The s.e.d. derizses from the interaction
term ín the tzuo-way tNova of slaughter group X restrictíon diet

interaction
s.e.d.

Live weight (M) at slaughter (kg) 27 2a 25'2u 25.7u 37.6b 25.6^ 25'9^ 38 9b 1 51

Empty body weight Gg) 22.5^ 20.0" 20.4u 32.5b 20.2u 27 5o 33.9b 1'47
Carcass weight (kg) 11.6u 10'6u 11.3o 173b 10.9u 11.4^ 18.0b 0.91

Non-carcass weight (kg) 9.0ub 7.2 6.9u 11.0b 6.9u 7.2u 11.9b 0.50
Carcass weight (g/kg M) 424.2 479'4 449'3 461.'4 426'0 439'4 463'2 15 2A

Non-carcass weifht (g/kg M) 3293b 287.6^ 274.8^ 294.2ub 271,.0^ 279.3^ 306.] ub 8.12

subcutanecrus fat (kgt - 0.76o 0.73u 0.85" 2.52b 0.97o 0.86u 2.69b 0.307

Bone (kg) - 2.59u 2.76a 2'57u 3'68b 2'69n 2'58" 3'62b 0'192

Lean &!) 7.49u 6.83u 7.66u 10'53b 7'1'2^ 7'69a 17 23Ó 0'566

u,b Different superscripts denote significani differences within rows (P < 0 05).

HPLP

ADRl2R6ADR12
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Table 4 The chemical composition of tlrc carcass and non-carcass cotllponents of each slaughter group according to diet during restriction.
The s.e.d. deriaes from the interaction term in the two-llay ANovA of slaughter group X restriction diet

HPLP

R12R6Rl2 AD
Interaction

s.e.d.

Carcass (g/kg)
water
fat
ash
proteln

Non-carcass (g/kg)
water
fat
ash
protein

626.9^
726.7^
55.5

1.87.1

680.5.
109.8"
38 1.

771.6

603.9"
747.3^
58.5

189.2

662.3^
726.5^

42.8b

767.9

584.4"
153.3'

56.7
205.6

636.80b
746.3ub
38.10

778.8

f,JO.4-

202.0^
47.0

193.8

ozo /'
161.4b
37.00

174.8

620.7"
138.6"
48.3

192.4

673.1^
115.10
42.8b

769 7

591.5"
767.9a
55.6

197.3

692.6^
106.6"

41.7b

759.1,

547.0b
21.8.4b

505
183.3

ot.)./"
773.0b
35.6u

177.7

18.46
19.83
4.94
6.57

24.53
79.76
3.02

10.90

".b Different superscripts denote significant differences witirin rows (P < 0.05).

slaughter group and the R6 and R12 groups on both
restriction diets.

Although the relative size of the non-carcass
components fell significantly on food restriction
(Table 3), their chemical composition remained
constant between the I and the R6 and R12 slaughter
groups (Table 4). The only change was a slight
increase in the proportion of ash, which
subsequently feli again in group LP-R12 and on
realimentation in the HP-AD group. On
realimentation the proportion ol fat in the non-
carcass component increased significantly (P < 0.05)
and water decreased significantly (P < 0.05) in the
HP group but not in the LP group.

The chemicai composition of the carcass components
was constant between the I slaughter groups and the
R6 and R12 slaughter groups regardless of the diet
during restriction (Table 4). On realimentation the
proportion of fat increased and the proportion of
water decreased (P < 0.05) in lambs previously
restricted on both HP and LP diets.

Size of the gastro-intestinal organs
Weights of the gastro-intestinal tract and its
components are expressed as proportions of EBM,
since EBM did not vary with dietary treatment and
increased on realimentation equally, regardless of
the dietary treatment during restriction. When the
initial slaughter group was compared with the
restricted groups, the overall weight of the empty
fat-free gastro-intestinal tract declined on restriction
(Figure 1). The weight of the total digestive tract
increased on realimentation but did so in proportion
to growth of the empty body, and in the AD
slaughter groups did not recover its large size

reiative to EBM; it remained lower than in the I
group. The significant reduction in relative weight of
the gastro-intestinal tract (P < 0.05) was more
marked in the lambs restricted on the HP diet after 6
weeks of restriction, but by 12 weeks those restricted
on the LP diets were equally small. This resuit for the
overall gastro-intestinal tract can be explained by the
changes in relative sizes of its two largest
components, the reticulo-rumen and the small
intestine. The reticulo-rumens of the lambs restricted
on ihe HP diet for 12 weeks (R12) were significantly
smaller than those of both the I group (P < 0.05) and
those restricted for 12 weeks on an LP diet (Figure 1).
The small intestine also became smaller during
restriction and remained small during realimentatioñ
in comparison with the I group (P < 0.05). Neither
large intestine, omasum nor abomasum varied in
size relative to EBM between the slaughter groups.

Apparent digestibility during food restriction and
realimentation
The apparent digestibility of the ADF and to a lesser
extent the OM components of both LP and HP diets
declined from the lst week after restriction to the 4th
and 8ih weeks (P < 0.05 and P < 0.1 respectively,
Figure 2). The apparent digestibility of crude protein
did not vary with time during restriction but the
apparent digestibility of crude protein of the HP diet
was consistently greater than that of the LP diet
(P < 0.001). In addition to the imposition of food
restriction on those lambs in the LP dietary
treatment, this group also received a change in
dietary protein: energy ratio. This might have been
expected to have led to more of a disruption in
digestive ability of the LP restricted group than the
HP group which underwent only restriction without
qualitative dietary change. However, there were no
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Restriction diet: Efl lP
ffisp

R6 R12

Figure 1 The weights of the fat-free components of the gastro-intestinal tract of lambs in each slaughter group as a proportion
of empty body-weight (EBM). Bars represent the s.e.d. between means. *: significant difference (P < 0.05 LSD test) between
dietary treatments within slaughter groups.
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significant restriction diet X period interaction effects
for the apparent digestibility of any of the dietary
components measured.

The difference in apparent digestibility of crude
orotein in the HP and LP diets which was evident
during the restricted period, did not persist when all
lambs were realimented on the HP diet (previous
diet LP: 0.707; previous diet lHP: 0734,-P>0.05
(Figure 2)). There were no significant differences in
the apparent digestibility of ADF or OM of the ad
Iibitum HP realimentation diet according to the
group/s previous restriction diet. There was no
change with time, weeks 1, 4 and 8, in apparent
digestibility of any of the dietary components during
realimentation.

Discussion
Changes duríng restriction
The overall picture presented by the data shows the
carcass as being constant in both size and
composition during food restriction on the HP and
LP diets. This is in contrast with the data of Murray
and Slezacek (1988a) who found dissectabie carcass

fat to increase during a period of constant live
weight. The converse has also been shown, in that
when energy supply to a ruminant is restricted, and
a source of non-rumen-degradable dietary protein is
provided, net body fat can be used to fuel protein
deposition (Fattet, Hovell, Arskov, Kyie, Pennie and
Smart, 1984). These conditions of restriction of
exogenous energy along with added dietary fish
meal were similar to those in our HP-restricted
group. We found no evidence of enhanced protein
deposition in this group of young lambs, a result
which confirms the current evidence that the effect
only occurs in overfat animals (Vipond, King,
Arskov and WetheriII, 7989; Chowdhury, Arskov,
Hovell and Mollison, 1991).

Previous studies have shown a decline in the size of
the digestive tract (Murray and Slezacek, 1988b),
especially the reticulo-rumen and small intestine
(Murray and Slezacek, 1980) during food restriction.
In this experiment the reticulo-rumen became
smaller and the small intestine decreased in size
more ranidlv on the HP than on the LP diei. This
demonstrates that the changes in the gastro-intestinal
components during food restriction are related to the

Reticulo-rumen Large intestine
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Figure 2 The apparent digestibility in oiao of organic matter, acid-detergent fibre (ADF) and protein components of (a) the 1ow

protein (LP) and high protein (HP) diets during restriction and (b) of the HP diet during realimentation of the two groups. Bars

represent the s.e.d. between means.
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quality of the diet during this time. Weights of
digestive organs, especially the reticulo-rumen/ are
determined in part by food intake (Fell and Weekes,
7975),but this was held the same on the HP and LP
diets during restriction in this experiment.
Furthermore the ADF levels in the two diets were
also similar and we can dismiss phvsicai abrasion as

being the stimulus for the différence in rumen
weights during restriction on the two dieis. There
were no differences in apparent digestibility of OM
or ADF of the LP and HP diets during restriction.
Although we cannot distinguish between cause and
effect, the smalier rumens of the lambs restricted on
the HP diet were probably associated with shorter
rumen retention times. The apparent digestibility of
the protein fraction of the HP diet during restriction
was greater for the HP restricted lambs. This may
have been due to the slightly greater amounts of
rumen-degradable protein in the HP diet, or to
ruminal, but most iikely, post-ruminal, digestion of
the added fish meal.

Chanses on renlimentation
The main responses on realimentation were, as

occurred during restriction, in terms of differences in
the non-carcass components. Those lambs previously
restricted on the HP diet had a higher increment in
proportion of fat in their non-carcass components
than those nreviouslv restricted on the LP diet. The
overall weight of the non-carcass components and all
of the gastro-intestinal organs were similar in the AD
slaughter groups previously restricted on different
diets. Some studies have shown a rapid increase in
protein deposition in the carcasi soon after
reaiimentation foilowed by greater increments in fat
deposition later in the finishing period (Turgeon,
Brink, Bartle, Klopfenstein and Ferrell, 1986; Iason,
Mantecon, Milne, Sim, Smith and White, 7992). On
reaiimentation for 7 weeks with an HP diet after
restriction on LP or HP diets there was no difference
between groups in carcass growth or carcass
composition, except for a greater carcass fat
increment in those previously restricted on an HP
diet. Overall animal performance was at levels
expected from animáls showing compensarory
growth after restriction, but did not differ between
lambs according to their dietary protein: energy
ratio during previous restriction. Intake and live-
weight gain during realimentation were both greater
in those previously receiving the HP diets, but not
significantly so. Hence, given the diets and
treatments in this experiment there was no effect of
dietary protein: energy ratio during restriction on
carcass production, animai performance or digestive
ability, and the changes effected by diet quality on
non-carcass and especially gastro-intestinal tract
dimensions were short-iived.

The róle of the gastro-intestinal tract in compensatory
grorutn
There are several current hvpotheses as to how
changes in size and activity óf the gastro-iniestinal
tract during food restriction can influence the
subsequent compensatory growth. These include the
atrophication of the gastro-intestinal tract due to
food restriction (Murray and Slezacek , 7980), leading
to a reduced meiabolic requirement for maintenance
of this highly energy-demánding tissue {Ryan, 1990).
This would spare energy for more body growth
immediately on realimentation. Despite holding
intake constant in the restricted groups on both diets,
the HP lambs developed lighter reticulo-rumens
thant the LP lambs. The prediction would thus have
been that compensatory growih on realimentation
would have been greater in the HP lambs due to
their smaller reticulo-rumen size. Although the HP
restricted lambs had greater live-weight gains and
increases in EBM on realimentation than the LP
restricted lambs and the result was in the predicted
direction, it was not statistically significant. We can
hence neither refute nor confirm the hypothesis.
Since there was no difference in voluntary food
intake on realimentation between the two groups, it
is unlikely that rumen size, smaller in the HP
restricted group, limited food intake. Alternatively
our measurement of the weight of reticulo-rumen
may not be a reflexion of reticulo-rumen volume but
may be associated with the density or degree of
papillation of the rumen wall.

It has been suggested (Hoveil, @rskov, Kyle and
Macleod, 7987) that an increase in protein synthesis
and deposition in the gastro-intestinal tract occurs on
realimentation which functions to make good the
reduction in tissue occurring during restriction
(Ryan, 1990). Although dietary protein : energy ratio
during restriction led to a simultaneous reduction in
the size of the total gastro-intestinal tract relative to
EBM, the whoie tract remained at the same
proportion of EBM during realimentaiion as during
restriction. These results are concordant with the
constant digestibility of the HP diet on
realimentation from weeks 1, 4 through to 8. They
suggest that previously observed ef{ects of a large
increase in apparent digestibility of realimentation
(Thornton, Hood, Jones and Re, 7979), are very short-
lived and are due primarily to increased intake and
gut fill.
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