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ABSTRACT

Forty-eight Sokoto Cudali bulls belonging to two age groups
were used to study conpensatory growt h. The animals were fed
either low (L), noderate (M or high (H plane of nutrition
during three peri ods. The feeding periods were arranged to give
LLH, LMH and LHH feeding regines. Feed intake, growth,
physi ol ogi cal parameters and body conpositional changes were
neasured at various stages of the trial.

Daily Liveweight gains during the full feeding peri od
averaged 0.53, 0.67 and 0.79 kg/day respectively for animals on
LHH, LMH and LLH feeding regines and were significantly higher in
LLH and LMH animals than in LHH controls. Animals on LLH and LM
feeding regines were nore efficient In converting dry natter Into

enpty body weight gain than the bulls on LHH feeding regine.

Serum thyroxine fevelLs showed no significant differences
between feeding regimes during both feed restriction and. full
feeding periods. Younger bulls had significantly higher serum
thyroxine values than the older bulls at alL stages of trial.
Plasma urea nitrogen levels were significantly lower in LLH and
LMH bulls during feed restriction and during the first part of
the full feeding period, but simlar to the level of LHH controls

during the last part of the full feeding period.

At final slaughter dressing percentage was significantLy
lower in LLH (50.1% and LMH (49.5% than in LHH (52.8% bulls.
Carcass lean were 68.9, 69.3 and 67. 7% respectively for LLH LM
and LHH and were significantly higher in favour of LLH and LM

ani mal s. The control LHH bulls had significantly higher fat



percentages but |ower bone percentages than LLH and LMH bulls.
Animals on LHH feeding regime were more efficient in
converting M. to carcass energy gain than LLH and LWMH animals at
the end of the full feeding period. Di gestible crude protein
efficiencies for carcass protein gain were 17.55, 26.19 and
35.399g DCP/g protein gain, respectively for LLH, LMH and LHH
bul I's. It was concluded that increased efficiency of protein
utilization during the first half of full feeding was Largely
responsible for compensatory growth response in Sokoto Gudali

bul I's.
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GENERAL INTRODUCT LON . 1

In Nigeria, the traditional system ot cattle husbandry
comprises nomadic and semi-nomadic herding. With an estimated
90%Z ot Nigeria®s total cattle production under Lhe control of the
pastoralists (Ogunfowora et al., 1975), the system constitutes
Lhe major  component of beel cattle production, These
pastoralists move thelr livestock south or north ol® the country,
depending on the season and availability of ftorages.

The adverse eftect of seasonality of rainfall on  the
productivicty of beef cattle maintained uaonder the extensive
grazing system 1s well known. Growth rates of grazing cattle
tluctuate as a result of the seasonal patterns of torage growth,
Thus, during the wet secason when there is an abundant supply of
good quality forages, cattle gain body weight. During the dry
season, however, there is decline 1in both the ﬁuduLiLy and
quality ot lorages avallable lor grazing animals, Calltle grazing
these poor quality forages without supplemental feeding lose body
weight and condition. In the Northern Guinea Savanna, de Leeuw
(1971) reported that cattle on natural grazing during the dry
season lost 15-20%4 of the weight they had attained at the end of
the rainy season, Zemmelink (1974) observed that unsupplemented
cattle grazing upland shrub in the Northern Guinea Savanna lost
300-400g body weight per head per day in the dry scason.
However, the animalg are able to grow rapidly and recover body
welghts during the ensuing wet season, This ability to recover
from a period of undernutriction and grow at relatively rapid

rates is known as compensatory growth.



The implications of the concept of compensatory growth and
its application to beef cattle production are very important in
developing countries such as Nigeria that depend largely on
natural pastures to feed livestock. In Nigeria, the supply ol
cereal grains and industrial by-products to supplement dry season
grazing is inadequate (Umunna et al., 1980). The problem ot dry
season feed supply is compounded by difficulty and cost of
conserving enough of the surplus wet scason forages in the form
of hay or silage.

Lt may be necessary and more economical to coansider a
production system that fully exploits compensatory growth,
Feeder cattle may be maintained over the dry season ;n low plane
of nutrition. Such cattle will then exhibit compensatory growth
either during the wet season grazing or when fed high energy
diets to finish in confinement. In spite of its advantages and
the widespread seasonal occurrence, there is a lack of published
information on compensatory growth responses of Nigeria®™s grazing
livestock. Indeed, no research has been published on
compensatoury growth in the ifndigenous cattcle, [n sheep, Lakpini
(1981) studied compensatory growth response of male and female
Yankasa lambs ftollowing a period of low protein intake. The
study examined efficiency ot feed utilization tor live weight
gain and changes in carcass lean, fat and bone lor compensatory
Lambs and controls continuously fed high protein diets, Further

work is needed to” determine the mechanisms involved in

compensatory growth responses of grazing livestock in Nigeria.
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primary objectives ol Lhis study were:
to determine etfect of age of Sokoto Gudali (Bokoloji) bulls
on subsequent compensatory growth following a period or fteed
restriction.
to determine the roles of feed intake and feed digestibility
in compensatory growth response,
to  examine physiological changes that occur during growth
restriction and subsequent compensatory pgrowth,
to observe changes occuring In carcass physical and chemical
«composition  during growth retardation and during thae
subsequent period of recovery.
to determine the efticiency of energy and protein utilization

in Sokoto Gudali bulls during compensatory growth.



CHAPTER |

REVIEW OF LLITERATURE

[utroduction

Animal growth, and in particular compensatory prowth, s a
complex phenomenon  that s influenced by a variety of  factors,
The purpose of this review s to bring into perspective, the many
diverse Facets of compensatory growth in meal production  stwdics
with cattle. The review, therefore, is composed of toar main
sections:

i. concept of animal growth.

it. occurrence of compensatory growth in catcle,
fii. factors contributing to accdélerated growth FTollowing
suppression,

ive body compositional changes in compensatory ﬁruwth.

L.ls Concept of animal growth

Growth s a complex phenomenon which lacks a clearly defined
meaning, However, the term growth has been used to desceibe cell
multiplication or mitesis, cell migration, protein synthesis,
reproduction, increase in dimension, lincar increase, pgain in
weight and gain in organic mass (Gall, 1969). Growth of an
organism takes place as a cellular process by iucr;asu in the
number of ecells or- hyperplasia, increase in cell size or
hypertrophy, and the formation of intercellular substances. Thus
in the early stages of muscle growth, the increase is mainly in

cell oumber, later the increase is entirely in the size ol the



cells. Adipose tissues, on the other hand, grow partly by the
addition of new cells, but largely by the continued intracellular
accumulation of lipids (Hafez, 1969).

The growth of the cell involves the synthesis of a wide
variety of cell constituents such as nuclei, chromosomes ,
mitochondria, cytoplasmic organelles, enzymes and cell mc&hraues.
The nucleus is the functional centre of the cell, controlling its
growth, differentiation and biochemical processes (Hatez, 1969),
The growth characteristics of a species are contained in the
genes.

Growth in the biological sense is intimately connected with
metabolism and the organization of living systems In self-
reproducing units (Gall, 1969). This is the concept of growth as
it pertains to the animal as a whole, It involves a correlated
increase in total body mass resulting from an Increase in size of
the individual tissues and organs (Carlson, 1969),

Hammond (1932) as cited by Palsson (1955), in his studies on
the growth and development of mutton qualities in  the sheep,
established the basic principles of animal growth  and
development, The studies show that as animals grow not only do
they increase in weight but their body proportions also change.
The changes are as a result of the different tissues growing at
different rates, The organs and organ groups also exbibit marked
heterogonic growth; some like the brain, eyes and gut-organs
vital for maintenance of life - are early developing.

The developmental changes in the animal are caused by waves
of growth (Palsson, 1955). Palsson (1955) described a primary

wave of growth from the cranium down to the facial parts off the



head and backwards to the lumbar region. A secondary wave of
growth starts from the lower parts of the limbs (metacarpals and
metatarsals) down to the digits and upwards along the limbs and
the trunk, also ending in the lumbar region which is the latest
maturing part of the animals, A similar pattern of an early
onset of high growth intensity at centres near the extremities
passing with an lncreasing growth rate backwards and upwards to
the lumbar region also occurs in each of the major tissues, bone,
muscle and fat. More recently, however, Butterfield (1964) as
cited by Preston and Willis (1970) showed that the abdominal -

not the loin and lumbar - wmuscles develop last.

lols1. Patterns of Post-natal growth in Beef cattle

The basic principles of animal growth and development were
subsequently verified in cattle (Callow, 1948; Berg and
Butterfield, 1968; Butterfield et ai., 1971; Mukhoty and Berg,
1971; and Berg et al., 1978a). The findings of these workers
show that post-natal growth in beef cattle generally involves two
aspects. The first is an increase in overall body ﬁ;us per unit
time measured by the liveweight growth for the whole animal.
This assumes a sigmoid curve as the animal matures, Thus from
birth, given adequate nutrition, a calf will grow along a
sigmoidal curve showing acceleration up to puberty and slowing
down thereafter as maturity is approached (Berg and Butterfield,
1976) .

The second aspect of beef cattle growth involves changes in

the form and composition of the animal as a result  of



differential growth of the component parts ob the body, namely,
muscle, fat, bone and connective tissues. The growth patterns of
the tissues show bone growing at slow rate, and muscle growing

relatively fast, so that the ratio of muscle to bone Increases

with maturity. Fat tissue grows at high impetus rate,
particularly after the fattening phase begins, In normal
slaughter welght ranges muscle percentage decreases, fat

percentage Increases and bone percentage decreases with Increase
in weight or maturity (Berg and Butterfield, 1968).

The most common measure of growth is probably increase in
liveweight but very often various other measures of size such as
height and length of body are used. A combination of livewelight
and measures of size is likely to be more informative Cthan
liveweight alone because it records the changes in shape which
occurs during normal growth and also demonstrates that an  animal
may continue to increase In size even though the body weight is
kept constant (Pomeroy, 1975).

An alternative method of measuring growth is by means of rhe
relative growth rate. Methods of deseribing relative growth have
been described by Palsson (1955). These include (1) weight of
part expressed as percentage of body welight, (2) weight of part
expressed as a fraction of body weight at one age compared with
the fraction calculated at another age, and (3) by use of
equations relating growth of part to the whole body.

Huxley (1932) és cited by Berg and Butterfield (1976)
studied growth of parts of the body relative to the whole body by
use of allometric equation of

Y = axb



where Y = size of the organ or part

X = size of the rest of the body

b = the growth coefficient of the organ or part

a = constant
when converted to regression, the equation becomes log Y da+ b
log X. The growth coefficient “b” represents the ratio of the
percentage or relative post-natal growth of ¥ on X and it
therefore allows relative maturity to be expressed, Thus the
size of “b” is high when Y represents a late maturing tissue, and
low when Y represents an early maturing tissue,

The allometric equation has been used to compare the growth
of muscle, fat and bone relative to muscle plus bone in  beef
cattle. (Mukhoty and Berg, 1971, Berg et al., 1978a, Seebeck,
1973b and Fortin et al., 1980a). Seebeck (1968) observed that the
allometric equation was easy to handle statistically and
concluded that it was the most appropriate model to describe
part-to-whole relationship. Similarly, Berg et al. (1978a), who
studied the wuse of linear regressions, ratios and allometric
regressions in determining genetic influences in tissue growth
patterns, concluded that the allometric regression was the most
useful method since it provided the lowest residual standard
deviation. Mukhoty and Berg (1971) ftound that the growth
coefficients for bone 1in beef cattle were all less than 1.0
indicating a fall 1In proportion of bone as musulel plus bone
increased, The growth coefficients for muscle were greater than
1.0, indicating an increase in the proportion of muscle with an

increase 1in muscle plus bone. The growth coefficients for fat



9
were high, generally from 1.5 to 2.0 showing an increase in the
proportion of fat as muscle plus  bone lncrfused. The
coefficients support the observations that during post-natal
growth, bone grows at low {mpetus rate, muscle growth Is
Intermediate and fat grows at high fmpetus  rate (Berg and
Butterfield, 1968).

The  growth of chemical components in beef cattle is
important since it influences the distribution of nutrients in
the tissues. The major chemical components of the animal body
are water, protein, minerals or ash and chemical fat, Haecker
(1920) as cited by Berg and Butterfield (1976) carried out one of
the most extensive studies on body composition in cattle, The
studies 1involved steers slaughtered from 91 to 682 kg live
weight, The data showed that relative to liveweiht, water was
the major component of the body; it decreased steadily. as the
animal grew, Protein and ash showed a fairly steady increase
relative to liveweight. The amount of chemical fat increased at
an  accelerating rate, slowing somewhat in the heavier animals,
Reid et al. (1968) examined the relationships among  the
concentrations of the gross chemical components of the empty fat-
free and dry body of cattle by means of correlation and
regression analyses, They found that with increasing body
welght, age and weight of fat, the percentages of water declined,
and those of protein and ash increased,

l+1.2.  Breed, Sex and Nutritional effects on Post-natal growth
patterns in beef cattle

(a) Breed effects
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Although carcass composition of cattle appears to be largely
a function of weight (Callow, 1948) breed differences in growth
patterns exist at any given weight (Preston and Willis, 1970;
Koch et al., 1976). Berg and Butterfield (1968) obscerved breed
differences in relative growth between dairy and beef types of
cattle, They reported that Hereford steers showed a marked
tendency Lo begin the tattening phase at lower muscle plus  bone
welghts  than did the Friesians. There also was less bone
relative to muscle plus bone 1in the Hereford steers. The
Friesians had relatively more muscle and bone in their carcasses
and less fat than the Herefords. Callow (1961) and Cole et al.
(1964) reported similar findings. Cole et al. (1964) found that
Angus and Hereford steers had the least percent of muscle, while
Bralmans and Holsteins had the highest proportion of separable
muscle, Lohman (1971) who compared four breeding groups for
fatness at four welghts, found that Angus fattened at lighter
fat-free weights than did Holsteins, with Angus x Holstein and
Charolais x Angus intermediate in fattening palterns. Kertz et
al. (1982) showed that in Aberdeen - Angus, cattle, wmuscular
growth was due to an Increase in cell size, whereas in Holstein -
Friesians it was due to increase in the number of cells and/or
nuclei or a combination of these with increased cell size,

In an extensive study, Mukhoty and Berg (1971) examined the
growth patterns of mu;cle, bone and fat relative to the growth of
muscle plus bone in bulls, steers and helifers of several dairy
and British beef breeds over a wide range of slaugl&ur weights,

They found that the growth coefficients for muscle and bone were
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homogenous between breeds, whereas the growth coeflicients for
fat were significantly different among breed groups, indicating a
genetle  influence 1in  the rates of Fattening. Similarly,
Broadbent et al, (1976), who studied growth and carcass
characteristics of purebred and crossbred cattleg, found no
significant differences between the breeds in the lean contents
of their carcasses, However, Angus had carcasses with a higher
fat content, a lower bone content and a higher lean to bone ratio
than the Friesfans and the Ayrshire. Berg and  Betterfield,
(1976) suggested that breed differences in carcass composition
could result from a breed difference in the onset of fattening
phase, a breed difference in the rate of fattening or a
combination of both,

Despite the relative homogeneity of growth patterns of
muscle and bone among breeds (Mukhoty and Berg, 1971; Broadbent
et al., 1976), carcass composition adjusted by regression to a
common side weight has been found to be significantly influenced
by breed (Truscott et al., 19765 Berg et al., 1978a; “Geay and
Robelin, 1979 and Fortin et al., 1980a). 1In observing the growth
pattern of muscle, fat and bone in the male progeny of eight sire
breeds, Berg et al, (1978a) did not find significant sire breed
differences in the regression of muscle, fat or bone on carcass
or livewelght, Breeds, however, differed significantly in amount
of muscle, fat and bone when compared at standard weights. Geay
and Robelin (1979) showed that the large sized, late maturing
continental beef breeds represented by Charolais and Limousin
produced more muscle and protein and less fatty tlssues  and

lipids than did the dairy breeds represented by Friesians
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(Holsteins) at the same range of body weight,

Fortin et al. (1980a) compared the physical composition
of the carcass and the growth rates of muscle, fat, and bone
among bulls, steers and heifers of the Holstein and Angus breeds
fed at two levels of energy intake. They noted that the
expression of a genetic influence in the growth rate of carcass
Lissue was altered by the level of energy intake. Thus, whereas
in the high energy intake animals, the growth coefficients for
muscle, fat and bone did not differ among Dbreeds, different
growth coefficient for the different breeds were observed in the
low energy intake animals, However, when carcass cumpusitt?n Was
adjusted to a common side welght, significant differences were
observed in tissue growth patterns between high energy Intake
Angus and Holsteins. Within sex and level of energy intake, they
found that Holsteins contained less fat and more bone than Angus,
while the muscle content was simllar for both breeds, Comparing
Bunaji (White Fulani) and Bokoloji (Sokoto Gudali) breeds of
cattle rattened and slaughtered at liveweights of 250, 300 or 350
kg, Buvanendran et al. (1983) reported that the two breeds did
not differ significantly In percentage of muscle, bone or fat
although the Bunaji had a slightly higher muscle percentage and
lower fat and bone percentages than the Bokoloji.

The commercial value of beef carcass depends not only on the
overall proportions of muscle, bone and fat but also on the
distribution of these tissues since some reglons or cuts command
higher prices than others, Numerous studies have indicated

significant differences between breeds 1in tissue weight
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distribution. Mukhoty and Berg (1973) examined wmuscle weipght
distribution among several different breed groups. Their results
indicated that breed differences were significant although small
tor abdominal muscles  and  muscies of  Lhe neck region.
Perceatages  of muscle classified as expensive were found 1o be
remarkably similar amouny breed groups. They concluded that breed
difterences in muscle-weight distribution in cattle are a minimum
when compared at  somewhat similar stages of  physiological
deve lopment .

Seebeck (1973b) assessed the effects of body weight loss on
Brahman cross and Afrikander cross steers ol the Fq generation
with respect to gross dissccted carcass composition and  Lhe
distribution of these components over the dressed carcass,.  Gross
composition was similar in the two brecds, fircespective of  Lhe
budy weight loss treatment, However,  the Alrikander steers had
heavier muscles arcund the spinal  column  and  lighter  shin
muscles, at the same total muscle weight, They also found that
the expensive muscles were slightly but not sipgnificantly heavier
in che Brahman cross steers.  Similarly, Carpenter et al. (1961)
found that Brahman and 3/4 - Brahman rib cuts had wore lean than
I/y = and 3/, Shorthorn rib cuts,

Kempster et al. (1976a) studied the discribution of lean
among steer carcasses of different breeds and crosses, They
found that at equal total lean weight, Charolais x Friesian,
Limousin x Frieslaa and Simmental x Friesian groups had the
highest weight of lean in the combined higher priced joints and

the Ayrshire and Friesian x Ayrshire groups the lowest. Their

results and those of Truscott et al. (1976) and Berg t al.
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(1978b) showed that the larger continental beef brecds and their
crosses  had  higher proportion of wmuscle  in the  high=priced
regions  than the traditional British beet breeds and their
Crosses. Berg et al. (1978b) concluded that differences in
muscle-weight distribution of breed groups were probably a
reflection of a combination of different maturity status and
minor differences in size, shape and muscling.

In  experiments Lo comparce muscle growth and distcibution in
two breed = types, Herclord and Dafcy Synthetic, Jones et al,
(1980) found that growth coetficients were homogenous  among
breeds, iIndicating that breed did not influence relative muscle
growth. However, some significant though minor breed ditlcerences
were  Tound  when muscle weipght distreibulion was adjusted  to
constant side muscle weight, Dairy Synthetic animals  had
signiticantly more muscle in the high-priced cuts (sum ol round,
sirloin, loin and rib) than Hereford animals., Fortin et al.
(1980b) obtained similar results when comparing growth rates  and
distributions of muscle In the trunk and thoracice and pelvie
Limbs of Holstein and Angus bulls, steers and helters. They
found that, while the growth rates of muscle in the three joints
relative to the carcass side or total muscle were similar for the
Angus  and Holstein, there were signiticant but small  breed
ditterences in the distribution of muscle in the trunk and pelvic
Limb. Holstein animals contained more muscle in the pelvie Limb
and less muscle in the trunk than did their Angus counterparts.

They  conciuded that  the commercial  lwportance ol these

signilficant but small differences was questionable.
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breed groups 1in fat trim distribution for round, loin, rib,
chuck, flank and kidney and pelvic fat. Stmilarly, Berg et al,
(1978c) reported small but significant differences amonyg sire
breeds  for the amount of fat in each joint at a standard amount
of total fat on the carcass.

Few studies have been rveported of genetic influences in
patterns of bone growth and distribution, This 1is probably
because  bone distribution in beef carcasses has less  commercial
significance than either lean or fat weight distrcibution,
Seebeck (1973b) found that Afrikander cross steers Lended to‘huvu
slightly lighter leg bones and heavier axial skeleton and ribs
than Brahman crosses at the same total bone weight. Similar
difterences were recorded between Frieslan and Angus carcasses by
Truscott et al. (1976), Friesians having more of their bone
welght in  their legs and Angus more in  the thoracle reglon,
Kempster et al. (1977) and Berg et al. (1978d) reported small,
but significant ditferences between breed groups in distribution

of bone weight in all joints and bone groups tested.
(b) Sex effects

Numerous reports indicate that at equal weights and ages,
heifers, steers and bulls differ in growth patterns of muscle,
fat and bone. The most pronounced sex influence on growth
patterns 1is achieved through the fattening process. Sex
influences the onset of fattening with heifers fattening at
lighter weights than steers and steers at lighter weights than
intact males (Bradly et al., 1966 and Beryg and Butterfield,

1968) . Berg and Butterfield (1976) indicated that fattening
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relative to muscle plus bone growth appeared Lo be curvilinear
with the sharp rise occurring earlier in heifers lh;n stecrs and
in steers earlier than in bulls,

Mukhoty and Berg (1971) found that muscle and bone weight
adjusted to a common muscle plus bone weight were similar for sex
Aroups. Similarly, sex did not have a significant effect on
growth coefficients for fat although in all comparisons growth
coeflicients for fat were lowest for bulls, intermediate for
steers  and highest for heifers, Sexes, however, differed
signiticantly in weights of [at adjusted to common wuscle plus
bone weight, helfers being fatter than steers and steers  fatter
than bulls,

[n  the study by Fortin et al. (1980a) no sex inlluence on
the growth rates of muscle, fat and bone relative to the carcass
side and muscle plus bone was detected in the Angus breed, When
carcass side composition was adjusted by regression to a  common
side weight, they found that Angus steers contained more muscle
and less fat than heifers but less muscle and wore fat  than
bulls, In a latter study, Fortin _:._B_t_il_. (1981) observed that
among Holsteins, rates of deposition for subcutanecous,
intermuscular and internal fat relative to weight of carcass side
were influenced by sex.  The growth coefficients for these fat
depots were lower for bulls than for steers or heifers. However,
when rate of deposition was expressed relative to total fat, no
sex influence was detected,

Mukhoty and Berg (1973) appraised sex influence on muscle

welght  distribution and reported a general trend of heifers
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having a higher percentage in the proximal pelvie Llimb and
abdominal areas than steers while steers exceeded bulls, They
observed  that  sex Influences rellected the differential
development  of bulls compared with other sexes as  they mature,
Muscle of the neck and thorax in bulls increased in  proportion
and  olher groups decreased, Thus the bulls had o higher
proportion of their muscles in the neck and shoulder regions  and
heifers had a greater percentage in the high-priced regions,
Similar findings were reported by Jones i al. (1960) and
Prescott et al. (1964). Prescott et al. (1964) found chat the
difference in carcass proportions between bulls and steers  was
reduced alfter removal of the kldney and channel fat  which  was
heavier in the steers.

Contrary to the above reports, Fortin et al. (1980b) did not
find significant sex influences on the distribucion of muscle in
trunk and thoracic and pelvie joints. Similarly, Fortin et al.
(1981) found that the distribution of subcutaneous,
intermuscular, internal and iantramuscular fat was not aftected by
sex among Holsteins and Angus,

Jacobs et al. (1977) compared bulls and steers in terms of
composition, wholesale yields and retail values. They found that
bull carcasses had larger rib-eye arcas, less trimmable fat and
higher retail yields than steers, Boneless bull  carcasses

contained less crude-fat and more crude protein than steers.

(c) Effects of Plane of Nutrition

The influence of plane of nutrition on the grodth pattern of

muscle, bone and fat in cattle has been demonstrated in nomerous
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studies (Callow, 1961; Luitingh, 1962; Hendrickson et al., 1965
and Andersen, 19Y75). In a study involving Hereford steers,
Hendrickson et al, (1965) determined the effect of different
nutritional planes at different times on growing = fattening
calves. They observed significant differences in fat, lean and
bone amonyg treatments. Andersen (1975) found that the relative
weight of lean and bone increased and [at decreased when the
feeding levels were reduced.

Waldman et al. (1971) studied weight and autritional
influences wupon the carcass composition of  Holstein steers
slaughtered at birth, 91, 227, 341, 455 and 590 kg liveweight.
The animals were fed to two levels, wmoderate and high planes.
Their moderate plane was designed Lo result in 60 to 70 percent
as much gain as the high plane group which were tull-fed.  They
found that muscle growth to 91-227 and 341 kg weights was not
different regardless of nutritional variation. However, animals
rcd;cd to 455 and 590 kg on medium regimens produced
significantly more muscle than those reared on high regimens,
Similarly, Callow (1961) dissected the joints of catLl; grown at
either a high or a moderate plane of nutrition into bone, muscle,
and ftat and found the weight of muscle to be greater in the
moderate group. Hinner and Bond (1971) found that the weight of
muscles increased more rapidly in Angus steers restricted in
thelr feeding than the full-fed conlrol animals.

Other workers contend that animals reared on high plane of
nutrition tend to produce more muscle than  those  rceared  on
moderate plane, Guenther et al. (1965) exawined the effect of

plane of aoutrition on carcass composition of Hereford steers
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slaughtered on both an age and a weight=constant  basis, They
noted that the high level calves deposited Lean in all parts  of
the carcass at a faster rate than did the moderate calves
slaughtered at the same time. However, when the wmoderate calves
were fed to approximately the same Livewcipght as the high calves,
only small differences were noted in the leaa content of  the
various wholesale cuts, Levy et al. (1974) similarly found that
animals on 100 percent level of feed iatake had a  higher
percentage of  saleable meat in thelr carcasses than those  that
were restricted in thelr feeding.

The plane of nutrition was nobt a signilicant lactor in  the
study by Sucss et al. (1969) in which Holstein calves Evd Lwa
nutritional levels were compared.  They reported that  muscle
growth coefticients were not significantly ditfterent between high
and medium planes of nutrition. Butterticld and Johason (1971)
obtained similar results and concluded that "under differences of
feeding  encountered commercially, no  changes of practical
importance in the relative growth of muscle are likely to be
produced which are attributable to rate of growth of  the
musculature",

Seebeck (1973b) found that body-weipght loss affected muscle-
weight distribution, the most marked el fect being that  the
relative  proportion of abdominal wuscle tell.during body-weight
loss, Seebeck and Tulloh (1968a,b) who examined the etfects of
developmental growth and a 13 percent body weight-loss on carcass

composition of Angus steers, obtained simlilar vesulls,
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Callow (1961) slaughtered animals trom  tour  plancs  of
nutrition and found a significant ditference in the percentage of
fat in the carcasses; those In the high plane in the [inal
feeding  period had fatter carcasses Lhan those on the  wmoderate
plane, Hendrickson et al. (1965) supported this finding, noting
that cattle grown at 0,9 kg/day had more fat in a  three = rib
juilnt than others grown at 0,7 kg/day.

The growth coefficients for fat relative to  carcass  side
welight was affected by the level of energy intake (Fortin et al.,
1Y80a) . The growth coetticlent ltor fat was larger tor the high
encrpy  Latake animals than for the low encergy  intake  animals,
Fortin et al. (1981) similarly found that amony Angus steers, the
rate  of  fat deposition in the subcutaneous and  Iatermuscular
depots  were generally lower for the anfmals in the low energy
intake group. Warwick et al. (1964) reported differential
abilities  of monozygot e bovine twin palrs to deposit
intramuscular fat when fed on different rations,

Others have found little relationship betwaen the plane ot
nutricion and the rate of fat deposition, Battertficld et al,
(1971) slaughtered calves at predetermined weights alter  being
fed dindividually on fresh and reconstituted whole milk ar  three
levels,  The highest level of feeding was ad Libitum:® and  the
lowest was aimed at keeping the calves at their birth weipghts lLor
72 days before providing extra milk to allow growth to  proceed,
They found that the amount of tat in the carcass was oot
significantly affected by the rate of Lliveweight increase.

Similarly, the distribution of subcatancous fat was unallected by

wieight=loss Lreatment (Seebeck, 1973b) while the hindguarter
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intermuscular fat was decreased and the forequarter intermuscular
fat was Increased at the same total intermuscular fat welight.

The pattern of growth and disteibation of bone In cattle as
influenced by plane of nutrition has becen shown by lew  studics,
The results of these experiments gencrally indicate  that  bone
development is relaced both to age and to body weight. Guenther
et al. (1965) found that when calves were compared on a weight -
constant basis, the moderate level calves teaded to deposit more
bone in  all cuts than their high level counterparts. They
suggested that bone deposition was more related to animal age and
feedlot time than to nutritional levels imposed. Waldwan ot al,
(1971) and Butterfield et al, (1971) also showed that bone growth
was associated with body weight and influenced very little by
nutritional energy levels during all phases of dcvulhpmcnt.
Seebeck and Tulloh (1968b), however, reported an increase in bone
weight during a period of weight loss, Sccebheck (1973b) obtained

similar results but noted that the eflfects were mainly in the leg

bones rather than axial skeleton.

1.2, Occurrence of compensatory growth in cattle

Numervus review studies have been published o recent years
concerning most aspects of compensatory gprowth (Wilson and
Osbourn, 1960; Moran and Holmes, 1[978; O Donovan, 1984). The
studies show that a wide variety of domestic animals  have the
capacity to recover from growth restriction amd resume growth at
accelerated rates during liberal feeding, The  phenomenon by

which animals previously retarded in growth cateh up with their
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unretarded counterparts as a result of relatively higher rates of

gain during full feeding is described as compensatory growth,

L.2.1. Compensatory growth observations in calves

Several  experiments  have been conductad Lhd; demonstrate
compensatory  growth in ecalves tollowing periods of under-
nutrition. Heineman and  Van Keuren (1956) fed three encrgy
levels to beef calves to determine the ceflects of winterving rates
of  gain on thelr subsequent performance on  drrigated  pastare,
During the wintering period, the average daily gain tor high,
medium and low energy levels of feeding were 0,59, 0.46 and 0.15
kg/day respectively. Average daily gains on  pasture  were,
however, 0.86, 0,87 and 1.1l kg per day respectively, suggestcing
a wepgative ecorrelation between winter galns  and  subsequent

pasture gains, Similarly, Kercher et al. (1965) foumd that

summer  gains  on pasture and  feedlot  gains  were inverscly
proportional to the previous winter gains by steer calves,

In  a study designed to compare the growth of castrated male
calves reared under two planes of nutrition, Broadbent et al.
(1969) observed that restricted feeding for 12 weeks Lo Lhe time
the calves were turned out Lo grass created a ditfecence of 23,0
kg per head o liveweight gain in favour of (ull-fed anlmals, At
pasture the restricted animals gaived (aster than the  full-ted
controls  although there was a commalative  differeonce in
Iveweight gain of 7.1 kg in favour of the latter ygroup at
slaughter. Carroll et al. (1964) obtalned similar results with

heiter calves, They found that during liberal feeding heifers

previously restricted in protein intake increased in  liveweight
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125.9 kg compared to 117.7 kg far controls.

‘olman et al. (1974), in a study with bull calves, examined
the cffect of two liberal levels ol encrgy led during releeding
tollowing a maintanence period ol 90 days. They  noted  chat
during the refeeding period, previously restricted ball  calves
showed  compensatory growth and gained significantly Faster  than
the respective continuously led controls,

Restricted nutrition for 200 days did not  impair  the
capacity of Herceford calves to resume normal pgrowth when  prazing
or when held in yards and fed on a high quality cation (Tudor and
0" Rourke, 1980). These workers found that calves that had been
restricted and allowed to recover on pasture prew  faster Chan
unrestricted controls also finished on  pasture, They noted,
however, that calves that had been restricted and allowed to
recover in yards did not demonstrate compensabory growth,
although they did exhibit growth rates equivalent to those ot the
unrestricted controls. Similarly, other workers have found no
evidence of compensatory growth response in previously restricted
calves, Stuedemann et al. (1968) cxamined the cireet of various
nutritional levels imposed from birth to cight months of age  on
subsequent  growth of calves and found no significant diflerences
in the average daily gains of the calves from the various
Lreatment groups. The workers attributed the Inablility of  the
animals previously éustrlcted in feeding  to  compensate  with
greater  average dally gains to variation in severity and time of

imposition of the restriction.



25

Wardrop (1966) underted calves during the first 13 weeks of
postnatal Llife and found that when fully ted from 13 to 52  weeks
the calves did not exhibit compensatory growlth. He concluded
that short perlods of undernutreition in carly life can cause
permanent  stunbing. Levy et al. (1971) wnderted calves at
maintenance and 125% malntenance levels rtor 30, 75 and 120 days,
followed by tull feeding. During realimentation the daily pgain
and body dimensions of Lhe restricted animals were gigailicantly
lower than those of the control animals  full  fed  Cthroughout.
They sugpested that none of the restricted feeding treatments wis
severe enough as to cause welght loss, and possibly to stimulate

some compensatory growth,

1.2.2, Compensatory growth observation in older growing cattle

Most of the reported studies on compensatory growth in older
growing cattle are oun  pasture fed animals with *=or without
supplementary concentrate feeding. Thus, Joubert (1954) who
studied the influence of winter nutritional depressions  on Lthe
growth of cattle, reported a tendency for animals wintered on low
plane of nutrition to make higher relative Increases on  pasture

in summer than those wintered on high plane,
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Bohman (1955) wintered cattle at two planes of nutrition
using an early-and late-cut hay. Steers fed the poorer quality
late-cut hay gained less during the winter but  gained taster
during the following summer pasture feeding than those ted the
higher quality early-cut hay. However, the entire difference on
weight at the end of winter period was not compensated at the end
of the grazing period as the steers ted the late-cut hay were
still lighter than those fed the ecarly-cut hay. In a subsequent
study (Bohman and Torrell, 1956) complete compensation was
obtained at the end of the second summer as steers wintered in
the late cut hay were as lhwavy as those wintered on the better
quality forage.

Lawrence and Pearce (1964a) studicd the growth rate and
conformation changes of cattle subjected to dilferent levels ot
nutrition during their yearling winter and then realinmented on
grass. Average daily gailns during the winter were 0,73, 0,34 and
0.01 kg per day for the high, medium and wmaintenance vations
respectively. Average daily gains during the S-months recovery
period were, however, 0,57, 0.98 and 1.20 kg per day
respectively. They noted that summer gain was increased by 0.35
kg for each kg decrease in winter gain, In a similar ‘s[udy,
0" Donovan et al. (1973) fed young bulls high, medium or low plane
ol nutrition in confinement during the winter dry scason followed
by grazing on Pangola pastures during the subsequent sSummer,
Animals fed on high, medium and low planc of anutrition during the
dry season gained 0.64, 0.50 and 0.0 kg/day respectively.
Corresponding gains uu-pasturcs were 0429, 0.32 and 0.74 kg/day,

indicating a compensatory growth response.
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In investigations to determine the influence of  stockiog
rate (4.5, 9.0 and 13,5 steers per hectare) on beef production
from irrigated pastures, Hull et al. (1965) noted that at  all
levels of grazing intensity, steers previously feJ low energy
intakes during winter made greater gains on pasture than those
previously fed the medium energy intake. O"Donovan et al.
(1972), who fed cattle two winter planes of nutrition reported
similar findings. The winter planes of nutrition were "low" (hay
only) and "medium" (hay plus 1.8 kg concentrate). The former
group of 18 bullocks lost an average of 21.5 kg while the latter
galined 26.5 kg. They abserved higher daily gains on pasture of
bullocks previously ted on low plane of nutrition.

Baker (1975) compared the winter avevage daily gain of
steers with their total livewelght gain over winter plus the
following summer, he found that the pgroups wintered at 0.5 to 0.6
kg/head/day gained highest, while the total winter plus  sumner
livewecight gain in animals wintered at 0,23 kg/head/day was
identical with that in animals wintered at 0.77 kg/head/day. In
a similar study Baker et al. (1982) found that spring calving
Hereford x Friesian cows restricted over 2 months post-calving,
compensated on pasture, having similar weights at the end of the
grazing period with the unrestricted controls,

Carroll et .El' (1963) examined the effect of a diet
cestricted in proteid and energy on Cissue growth and the extent
of compensatory growth during realimentation. On the restricted
diet, supplemented steers gained an average 0,23 kg daily for 156

days while unsupplemented steers  lost 0.11 kg daily.
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Realimentation on green pasture for 95 days and on a fattening
ration for 158 days resulted in greater weight gain during both
periods by steers previously unsupplemented. Bond and Lehman
(1967), Meyer et al, (1965) and Horton and Holmes (1978) obtained
similar results, In the study by Horton and Holmes (1978), gains
were held at 0.22 and 0.50 kg/day for 20 weeks for two groups of
Friesian and Friesian cross-bred cattle by restricting iIntake.
During.the subsequent 8 weeks on pasture, gains were greater for
the low intake group, suggesting compensatory growth response.
Meyer et al. (1965) fed steers high, medium and low energy levels
during cthree periods followed by realimentation on .high energzy
ration. They reported that compensatory growth was demonstrated
in each period following a low energy intake period, even though
the animals were realimented at different planes of nutrition,
Hironaka and Kozub (1973) found that steers restricted in
feed intake for 12 or 24 weeks compensated by higher rates of
gain when placed on full feed but required a longer time to reach
market weight than the full fed controls. Thomson et al. (1982)
similarly found that steers previously restricted in feed intake
exhibited significantly higher livewelight gains than continuously
fed control steers when realimented, but when expressed as empty
body weight gain, the difference did not reach significance.
They noted that compensatory growth enabled restricted steers to
improve significantly thelc energy conversion ratio compared with
cantrol animals. In contrast, Hironaka et al. (1984) reported
that control steers continuously full fed consumed the most
feed/day, gained the fastest and required the least time to reach

market weight than steers that were praviously restricted in fced
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intake.

The relationship of low to moderate gains at pasture to the
dagree of later compensation is important since a decrease In
Zain per anlmal at above avarage stocking rate can be offset by a
significantly higher meat production per unit area (0"Donovan,
1984). Consequently, several trials dealing with restriction at
pasture followed by realimentation on finishing dizts have been
reported. The findings are, however, variable, Wilkinson and
Prescott (1970) reported that Friesian steers grazed. at two
intensities had mean daily gains of 0.59 and 0.89 (first
experiment), and 0.84 and '0.95 kg (second experiment) or
respective liveweight differences of 38 and 16 kg at the start of
the winter feeding. They found that the higher stocked steers
did not make significant compensatory growth over the subsequent
winter feeding periods although they had a significantly higher
intake of feed organic matter than the control steers.

Lake et al. (1974) supplemented steers grazing irrigated
pasture with from 0 to 2.7 kg concentrate and reported that
subsequent feedlot gains were not significantly affected by
previous energy supplementation. Besides, animals gaining on
pasture as a result of high levels of supplement, maintained a
slight superifority in the feedlot, In a similar investigation,
Coleman et al. (1976) found no consistent trends which suggest
that increasing levels of supplementation and rate of zain on
pasture result In a decrease In subsequent rate of gain in
feedlot., While gains on pasture ranged from 0.38 for animals

receiving no supplement to 0,67 kg/animal/day for animals
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receiving supplement, they observed that drylot gains averaged
0.99 kg/head/day for all ygroups, with only a slight tendency for
fzedlot gains to decrease Efollowing higher supplementation on
pasture,

Others have found that cattle restricted on pasture can
compensate for a period of reduced growth and show faster galas
in drylot than their unrestricted countecparcts. Parry et al.
(1971) fed varying amounts of concentrate to cattle grazing
spring pasture and found that animals which gained more during
that period gained less rapidly per day in drylot than those
#hich had reaceived lesser amount of concentrates during the
pasture phase. They indicated that for each additional kg the
cattle gained during the pasture season, they gained 0.20 kg less
on the same daily concentrate intake during the drylot finishing
period.

In a subsequent study (Percy et al., 1972), cattle on spring
plus summer pastures were supplemented with 0 to 8.5 kg of
concentrate per head daily. The workers reported that gains
during the drylot finishing phase ware negatively correlated with
the previous gains on pasture, showing evidence of compensatory
growth. Hinks and Prescott (1972) obtained similar results with
grazing steers supplemented with barley. They found that during
the drylot finishing period, the unsupplemented groups maintained
a  higher cate of galn compared to the supplemented group and by
the time of slaughter had fully compensated In terms of

livaweight Ffor their slower gains at pasture,
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1.3. Factors contributing to accelerated growth following periods
of feed restriction

The ability of an animal to recover from effacts of feed
restriction wvaries considerably. An animal may cease to grow
altogether on removal of the nutritional restraint or {t may show
partial or complete recover of its normal size and development
(Wilson and Osbourn, 1960). Several factors have been suggested
as possible reasons for the variatioas In compensatory response
following undernutricion, The factors may‘*be categorized as (1)
those factors associated with the animals ability to recover and,

(2) those factors associated with the recovery mechanism itselt.

1.3.1. Factors associated with the animal”s ability to recover

(2) Nature of undernutrition

Animals” growth may be retarded by restricting any one of
the many nutrients in its diet. The nature of the nutrient
restricting growth may be important in governing the extent of
any recovery during realimentation (Wilson and Osbourn, 1960).

Blaxter (1950), studied energy and protein needs of calves
in terms of whole milk requirements. He found that at the
maintenance level of nutrition the energy needs of the calf was
met by 2.8 litres of whole milk containing 4 percent fat, To
supply just sufficient protein for maintenance howaver, only 2.6
litres was required. He eoncluded that the 1ill-etfects of
undecfeeding milk diet was due more to a lack of energy than a
protaia  shortage. However, Winchester and Howe (1933) showed
that if the energy fraction only of the ration was rastricted,

cattle would be maintained at constant weight rfor 6 moaths,
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without a loss in the subsequent power of rcecovery. Similarly,
Fox et al. (1972), reported that cattle subjected to a period of
energy restriction could recover.

The study by Bohman and Torrell (1956) suggests that protein
restriction may be more harmful than an energy shoctage. This is
probably because there is little reserve protein in animals and
consequently active tissues must be depleted during
undernutrition and tﬁe damage thus inflicted may well prove
irreparable (Wilson and Osbourn, 1960).

Others have found, however, that complete recovery is
possible in animals subjected to either energy or protein
restriction. Winchester et al. (1957) compared the effects of
restiction of calves by either rations differing in quancity and
quality. The eight treatments produced very large differences in
response during the restriction period. At one year of age the
cattle were full-fed until slaughter at maturity. They found
that in spite of the widely different compositions of the ration
as regards energy and protein content, the efficiency of feed
utitizacion and the meat quality were similar for all eight
treatments. It would therefore, appear that complete recovery is
possible after quite severe restriction of either the energy or
the protein content of an animal”s diet. Similarly, Donald and
Allden (1959) found that a check in the growth of wether weaners
resulting from grazing mature sown pasture deficient in protein
and energy did not atfect ultimate size nor influence subsequent

productivity.
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(b) Severity and duration of undernutrition

Wilson and Osbourn (1960) classified nutritional
restrictions as severe (when animals lost weight), moderate ('Jﬁc|1
animals maintained weight) and mild (when animals made small
weight gains) and suggested that there could be fundamencal
differencas in the rcesponses of animals during recovery,
depending on the severity of restriction. Not'unly the severity
but also the duration of restriction is considered to play an
important role in the ability of animals to recover (Bohman,
1955; Wilson and Osbourn, 1960; Hight and Barton, 19653).

Wilson and Osbourn (196U) raported that r=alimantation
following upon short periods of restriction resulted in Increased
growth rates compared to unrestricted control animals. Normal
weights were eventually reached in the realimented animals.
Longer periéda of restriction, however, diminished this recovery,
resulting in normal weights being achieved at a much later
chronological age or sometimes in a permanent stunting of the
animals. Similarly, Meyer and Clawson (1964) found that as the
severity of undernutrition increased the restricted and
realimented animals had difficulty 1In compensating during
refeeding period when given the same quantity of feed consumed by
the continuously grown animals.

In the scudy by Panarztto (1964) ewes were undecnourished by
feeding progressively diminishing quantities of a mixture of
lucecne chaff 4nd oats until they lost 34-39 percent of their
initial weight in 130-200 days. The loss in body welght was met

by considerable depletion of tissue reserves which in turn
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affected the animals”™ ability to recover completely, Gills
(1968) obtained similar results with Marino ewes restricted from
weaning to 17 months of age. During realimentation a typical
compensatory growth pattern reduced the liveweight difference
from 27 perceant of the high plane mean at 17 months of age to 5-7
percent, The difference, however, remained at this level for
more than 4 years, indicating a permanent stunting effect,

Octhers have found that the more Severe the restriction, the
greacer is the initcial rate of gain immediately after
raalimentation. Ledger (1973) fed Boran Zebu steers to elither
maintain weight or 1losa 15-25 perceat body weight over 12-24
weaks and found that upon realimentation animals previously
rastricted all zrew fastar than did the full fed controls, He
noted that the longer the period of restriction, the greater and
more persistent the compensatory growth. Similarly, Buttler-Hogg
and Tulloh (1982) showed that the greatar weight loss was
assoclated with higher and more persistent growth rates during
realimentation in sheep. Also, their study suggests that the
more vrapid the loss, the more repid will recovery be during

realimentation.

(¢) Age and/or weight of animal

The age of cthe animal at the commencement of teed
restriction appears to he a signlfleant factor in determining the
degraee of compensation.

Winchester and Howe (1955) found that complete recovery was

obtained in cattle undz2cfed between 6 and 12 nonths of aza. In a
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later study, Winchester and Ellis (1957) reported that complete
recovery could be obtained aven in calves fed maintenance diets
from the younger ages of 3-6 months, However, Wardrop (1966)
reported data showing no compensatory growth to 12 months of age
in calves maintained at a low level of nutrition by nursing for
13 weeks, He concluded that restriction of growth during the
non-ruminating phase of the calf”s life may have deleterious
effect on the subsequent powers of recovery.

The work of Bohman (1955) and Joubert (1954) suggest. that
older amimals are better able to withstand undernutrition and to
demonstrate compensatory growth than the younger animals. This
vizw 1s supported by Morgan (1972) who underfed catcle from 0-16
or 16-32 weeks of life. On refeeding, all calves previously
underfed recovered well, However, calves underfed from an early
age did not compensate by growing faster during refeeding.
Calves underfed from 16-32 weeks, on the other hand, expressed
some degree of compensatory growth.

It would thus appear that the powers of recovery from
periods of growth {inhibition and the ability to  express
compensatory growth increased with increasing age of the animal
{Lawrence and Pearce, 1964a)., Similar results have been obhtained
with sheep. Allden (1968a) found that the effects of retarded
growth in Merino lambs during the first 6 months of life
persisted for 56 months, whereas undernutrition during the 6-12
months of life lasted for only 1l months. Although all groups
ultimately attained normal adult weight and stature, compensatory
growth was recorded only for the sheep which were subjected to

growth restrictions during 6-12 months of life. (Allden, 1968b).
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Morgan and Owen (1972a) found that the reduction of milk
allowance for artificially reared lambs had no effect on their
subsequent performance. In another raport, Morgan and Owen
(1972b) noted that growth rate and feed efficiency of lambs in
the 15-25 kg were considerably reduced by restriction of wmilk
allowance, Howevar, there was no avidence that restriction in
the middle period of growth (25-35 kg) had any effect on the
pecrformance of lambs fed ad libitum In the final period.
Similarly, Buttler-Hogg and Tulloh (1982) observed . that,
following periods of nutritional stress during which sheep at
diftferent stages of maturity l;st similar proportions of thelr
body weight, the more mature sheep made more rapid recovery when
ad libitum feeding occurred.

Others have reported contrary findings. Coleman and Evans
(1982) studied the effect of age, size and biological type on the
feedlot performance of Angus and Charolais steers following two
planes of nutrition. They found that growth rates for the
growing and finishing phases combined were greater for the
younger than the older steers. The younger steers were more
efficient in conversion of dry matter and metabolizable energy
for live weight gain. Gunn (1964) suggested that compensatory
growth response is likely to decline as an animal approaches 1its
mature weight.

Thornton et al. (1979) imposed periods of feed restriction
on Merino wethers when their liveweight were either below 23 kg
or above 43 kg. They found that both groups exhibited

compensatory growth wupon realimentation, although there were
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marked differences {in the meat of Lmmature and mature animals.
The meat from immature sheep was depleted of Fat, whereas that
from mature sheep increased in fat content.

More evidence of the effect of age and/or weight on
compensatory growth i{s available from the study of Saubidet and
Verde (1976). They found that in beef cattle subjected to
different levels of feed restriction, age and weight diffarences
accounted for 65 and 43%Z of the compensatory growth responses
during realimentation while both parameters jolatly explained
73%. They concluded that in restricted and realimented animals,

age was the best single predictor of cesponse variation.

{d) Breed effects

Breed differences may exert an influence on the ability of
animals to compensate for retarded growth., Joubert (1954)
reported that earlier maturing breeds of cattle were more
affected by restricted growth than were late maturing breeds. He
found that as the age increased the more rapidly maturing
Shorthorn cattle of Southern Africa showed greater differences
when fed well or poorly than did the slower maturing Afrikaner
cattle., Similarly, Wilson and Osbourn (1960) noted that slower
maturing breeds were able to make a more rapid recovery from
periods of growth restriction than faster maturing breeds.

These results support those of Coleman and Evans (1982)
which 1indicated that restricted late maturing Charolails steers
exhibicted compensatory growth response when compared with
continuously full fed Charolais steers while no difference in

average daily gain was observed between restricted and control
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early maturing Angus steers.

Preston and Willis (1970), however, suggested that the early
maturing breed would tend to lose mainly carcass fat during
growth restriction whereas the late maturing ones would tend to
lose more muscle and would consequently take longer to

rscuperdte.

(2) Quality of the realimentation diet

There is a considerable body of avidence to suggest that the
quality of feed avallable during realimentation affects the
ability of animals to recover from growth restriction and express
compensatory growth response. Bohman (1955) noted that the
quality of feed available during the summer influenced the
ability of beef cattle to recover from winter undernutrition.
Lawrence and Pearce (1964a) suggested that compensatory growth is
likely to be greatest when the  subsequent  period  of
realimentation 1s accompanied by a change in the type of diet,

Swingle et al. (1979) fed cows to constant condition on
diets containing 80 or 40% concentrate and 40 or 22% concentrate.
In 2ach comparison, they found that higher rates and efficiencies
of gain were achieved in the higher concentrate diet, although
performance of all groups was acceptable, Similarly, Fox et al.
(1972) reported a greater degree of compensatory growth response
in steers realimented on a diet of ME content 10.84 than in those
fed a diet with ME content 6.28 MJ/kg DM.

When grass silage was the basis of realimentation diet there

was no apparent compensitioa In beef cattle (Wilkinson and
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Prescott, 1970; Hinks and Prescott, 1972). However,
supplementing grass silage with increasing amounts of barley has
been found to increase nitrogen retention and compensatory growth
response of heifers (Griffiths et al., 1973). Moran and Holmes
(1978) observed that the feseding of high energy diets during
realimentation ecould promote close to maximum compensatory growth

rasponse.

1.3.2. Factors associated with the recovery mechanism

(a) Feed intake

There are indications that beef cattle previously underfed
consume more feed during realimentaciun than their full-fed
counterparts. Meyer et al. (1965) reported that steers
praeviously restricted (In energy intakes consumed more feed
relative to body size during recovery than did those previously
fed a medium or high energy intake. 0"Donovan et al. (1972)
attributed the higher daily gains on pasture of bullocks
previously fted on low winter plane of nutrition to the
significantly higher feed intake of the animals. Similarly,
Horton and Holmes (1978), who examined intake, digestibility and
body weight gains of beef cattle following periods of restricted
Zrowth, suggested that superior gains by the low treatment cattle
was a result of their significantly higher feed intakes during
recovery period.

In sheep,; higher feed intakes during welight regain has also
been reported. Allden and Young (1964) found that compensatory

growth was associated with a significantly greater herbage intake
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by the undernourished sheep. McManus et al. (1972) obsecved that
sheep undergoing compensatory growth drank more water and
ingested more feed per unit body weight that did control sheep.
Simillarly, there was evidence that eahanced appetits was a
f2ature of compensatory regain in weaned lambs following a period
of weight loss (Graham and Searle, 1979).

Others havae observad no differences in feed intake during

realimentation for restricted and continuously full-fed controls
(Fox et al., 1972; Hironaka and Kozub, 1973). Saubidet and Verde
_(1976) found that when realimentation began, feed consumption of
previously restricted beef cattle and their full-fed countarparts
rapidly became similir. When compared at equal liveweight, the
restricted animals had higher intakes than the controls; at an
equal age, however, feed intakes were practically the same. They
therefore discarded feed intake as a possible explanation for
compensatory growth,

The findings are supported by the results of several sheep
studies. Meyer and Clawson (1964) found that feed intake per
unit of metabolic weight during the refeeding period was similar
for restricted and continuously full-fed sheep, and concluded
that feed intake was not a factor {In compensatory growth.
Similarly, Drew and Reid (1975c) reported no Increase in feed
intake when expressed on the basis of metabolic body size for
previously undecfed sheep,

Asplund et al. (1975) noted that restricted sheep did not
2at a greater absolute amount of feed than the ad libitum animals
during the recovery period. However, they did =2at considerably
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more comparad to their body weight. Previously restricted and
rehabilitated sheep consumed similar amounts of  digestible
organlc mattar as those continuously fed on a high plane (Murray
and Slezacak, 1980a), Similarly, although commulative dry matter
intake varied widely at the beginninz of realimentation the total
dry matter intake required to reach 50 kg body weight was not
significancly Jdiffarent between rastricted and full-fed shaep
(Buttler-Hogg and Tulloh, 1982).

By contrast; compensatory Zrowth has pecn associated with
reduced feed consumption. Ledger (1973) noted that Boran-Zebu
steers previously restricted in feed intake For 24 weeks consumed
25-34  percent less feed ducring realimentacion than  the
continuously full-fed controls. Foot and Tulloh (1977) obtained
similar results with steers grown on two paths. The growth paths
were a 15 percent weight loss from 330 kg live weight, at 0.5
kg/day for 100 days, followed by recovery to 330 kg on ad libitum
feed intake, and constant weight at 330 kg for the same length of
time as the first group. They indicated that the mean total feed
intake of steers previously underfed to lose body weight was 12
percent less than that of the constant weight zroup,

In sheep, Allden (1968b) found that growth restriction
imposed in the first & months of lifa resulted in significantly
less herbage 1{Intake on the absolute basis during recovery
comnpared to continuously full-fed econtrols. However, after
ad justmeat  For diffecences In metabolic  slze, the faed
consumption of the two groups was found to be similar. Keenan et
al. (1970) reported that, Eollowing restcicted feeding, sheep ate

less faed during the First part of realimentation and no  more



42

during the last part than those which had previously mnaintained

their energy status.

(b) Maintenance requirements

The animal”s maintenance requirement has also been

associated wich fts abilicy to cecover from growth restriction.
Exparimental findings taend to show that animals, sither losing or
maintaining weight over a considerablae time, appear to have lower
feed roquirements, accompanied in certaln instances by a reduced
basal metabolic rate (0"Donovan, 1984). The extension of a loser
maintenance requirzment induced by the low level of feaeding
during restriction into the full teeding period has heean proposed
as one of the possible explanations for compensatory respoase in
animals (Wilson and Osbourn, 1960; Fox, 1970).
Restricted animals are genarall} smaller than controls at the
begilnning of realimentation and these smaller animals normally
have a lower maintenance requirement {Lawrence and Pearce, 196h4a;
Asplund et al., 1975; Saudibet and Verde, 1976). Foot and Tulloh
(1977) found that daily dry matter intake of steers maintained at
constant welight declined over time from 5.9 to 4.4 kg. Ledger
and Sayers (1977) kept groups of Boran and Heraford x Boran
steers At constant live weights of 185, 275 and 450 kg for
periods up to 24 weeks, They noted that as time praogressed less
of the diet had to be fed daily to maintained constant live
weight. Similarly, Ledger (1973) observed a progressive decrease
in daily intake of dry matter in undernourished steers.

These findings are supported by results from several sheep
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studies, Graham (1964), who determined balances of energy and
nitrogen in sheep at several levels of feeding and at fasting,
found that as the sheep lost welght the net availability of
metabolizable energy at each level of food intake declined.
Estimated energy requirement for maintenance was depressed by 28
percent after a few weeks of undernutrition in lambs (Graham and
Searle, 1979). Similarly, Buttler-Hogg and Tulloh (1982) noted a
34 percent decline in digestible energy requlrements for
maintenance during compensatory growth in sheep previously

-

underfed. Gingins et al. (1980) also reported lower maintenance
requirements in undernourished than in well-fed sheep.

It has been shown that basal metabolism declines as energy
intake decrease (Blaxter and Wood, 1951). This mizht be expected
to decrease the maintenance requirement in underfed and refed
animals, Fox (1970) reported that metabolic rate of steers was
reduced during maintenance and the first part of full-feeding.
He indicated that a reduced energy expenditure for maintenance
during feed restriction would contribute to the animals ability
to make up for a period of retarded growth. Also, a lower
metabolic rate during the first part of recovery would contribute
to an increase 1in efficlency of energy wutilization during
compensatory growth, Similarly, Graham and Searle (1975)
observed a reduced @metabolic rate per unit metabolle slze of
weaner sheep during constant weight stasis. These earlier
raports on  reduction in maintenance needs associated with
lowering of basal metabolic rate in restricted and refed animals
are confirmed in rthe recent raports of Murray and Slezacek

(1980a) and Searle et al. (1982).
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Other workers contend that underfed and full-fed animals
have similar maintenance requirement. Meyer and Clawson (1964)
subjected sheep to undernutricion followed by Eull Ffeeding, and
tound a highly significant linear relationship between gross
2nergy intake and energy gain over levels of energy intake of ad
libitum and 84, 68, 52, 36 and 20 per cent of ad libicum,
indicating that the maintenance requirement for diletary enerzgy
was equal at :all. levels of nutrition relative to metabolic slze.
They concluded that since the maintznance caquirement was ot
decreased during starvation, it was not responsible tor
subsequant compensatory growth.  Thomson et al. (1982) estt;rlal:ed
maintenance energy requirement of steers and lambs after a mild
growth restriction by regressing daily empty body weight gain on
metabolizable energy (ME) Intake, They found that approximately
the same scaled ME intake of restricted and control animals was
achieved during realimentation and concluded that maintenance
requirament of control and realimented animals was similar. Drew
and Reid (1975¢) similarly observed that among sheep, there were

no significant differences between normal growth and refeeding in

malntenance requirements,

(c) Efficiency of fc d and nutrient utilization

There are indications that some degree of feed rcestriction
may favour efficiency of feed and nutrient wutilization in
animals. Fox (1970), who studied protein and energy utilization
during compensatory growth in steers, reported a trend for net

energy for maintenance and gain and etficiency of metabolizable
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energy utilization teo be higher for compensatory steers than
controls, In addition, compensatory steers were considerahly
more ebficient in protein utilization than continuously full-fed
controls. He concluded that increased eftficiency of energy and
protein utilization during the full-feeding period was
responsible for compensatory growth raesponse, After Ffurther
experiments on pasture, compensatory growth in steers following a
period of low e¢nergy intake was attributed to an ifmprovement iIn
partial e?ficlcncy of feed utilization independent of feed intake
(Hull et al., 1965; Meyer et al., 1965).

Folman et al. (1964) found cthat bull calves fed a
maintenance ration for 90 days converted feed to gain more
efficiently than controls fed ad libitum. Similarly, Drori et
al. (1974) observed that 80-90 per cent of the ad libitum level
of feeding promoted the most efficient gains in beef cattle,
Horton and Holmes (1978) suggested that cattle previously fed low
level of nutrition utilized digested nutrients more <ificiently
than the high intake controls. During recovery realimented
animals required less ME/kg daily live weight gain (Thomson et
al., 1982). Also, compared with control, previously restricted
animals showed a marked reduction in methane production during
feed restriction which persisted throughout realimentation., They

suggested improved utilization of ME for protein deposition as

one of the possible explanations of compensatory growth.
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Alchough  bullocks which lost weight over winter were
slightly more erricient on pasture than tnose which gained 0,26
kg daily over winter, (O07"Donovan et al., 1972), the former were
less etficient over the combined winter and grazing periods and
also when feed efficiency was expressed on the basis of metabolic
size. Similarly, inspite of the higher rate of gzain and
efriciency of feed conversion in the final feeding period of
cattle restricted in the first perind, as compared with animals
on ad libitum feed intake throughout, the former were less
efficient when the entire feeding period was considered (Levy et
al., 1974). During recovery period, restricted calves were more
efficient tn converting food into liveweight  gain than
unrestricted calves but there was no difference over similar live
weight ranges (Tudor and 0" Rourke, 1980).

In sheep it has also been shown that undernutrition would
improve efficiency of feed utilization during realimentation.
Meyer and Clawson (1964) found that efficiency of energy
utilization was increased during full feeding following a period
of restriction, and explained compensatory growth response in
sheep on the basis of an increased efficiency of feed utilization
above the maintenance requirement, Similarly, previously
restricted sheep were more efficient in their use of nitrogen
than were the ad libitum fed controls. (Graham, 1964; Asplund et
al., 1975).

Digestible orgaunic matter intake was utilized more
etficiently for gains in sheep rehabilitated after a period ot
weight stasis (Murray and Slezacek, 1980a). Gingins et al.

(1980) indicated that partial etficiency of metabolizable energy
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was  higher in wundernourished and realimented sheep than
continuously full-fed animals. In addition, they noted that a
protein sparing mechanism (lower heat production and lower
nitrogen losses) occurred during undernutrition and continued to
operate during realimentation. Buttler-Hogg and Tulloh (1982)
found that gross efficiency ot dry matter utilization was higher
for weight loss-weight gain process than live weight maintenance,
and attributed this to a combination of increased growth rates,
reduced teed intakes and lower maintenance requirement. A

Osman and Bradtord (1967) reported that sheep which were fed
Low blane succeeded by a high plane nutrition produced more gain
per unit of feed intake during liberal feeding, though they were
less efficient over the total period than those continuously fed
on a high plane of nutrition.

Contrary to the above findings, Winchester et al. (1957)
reported that neither protein nor energy restriction aftfected
overall efficiency of digestible calories consumed as judged by
increase in 1live weight. Carroll et al. (1964) studied the
effect of a low-protein tsocaloric ration followed by Lliberal
feeding on the overall efficiency of energy utilization in
heifers., They observed similar caloric values of the empty body
and carcass, indicating that the protein restricted 1isocaloric
ration prior to Lliberal feeding had no effect on the overall
efficiency of energy utilizaticn. The etficlency of utilization
of digestible energy was similar for cattle that were on a full-
fed regime throughout the feeding period or on a feeding regime

that restricted the cattle to low or medium rates of gain for 12
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or 24 weeks followed by tull-feeding (Hironaka and Kozub, 1973;
Hironaka et al., 1979).

In sheep, Keenan _ei_a_]z_. (1969) found that animals which lost
and then recovered welght were, overall, only 86 per cent as
efticient in food utilization as those that maintained their
original weight. Similarly, sheep offered food ad libitum after
A period or sub-maintenance feeding were not better in efficiency
ot energy utilization than those which had previously maintained
their energy status (Keenan et al., 1970).

Graham and Searle (1979) found that estimated enérgy
requirement for maintenance in sheep was depressed by 28 per ceant
after a few weeks of undernutrition, but etficiency of utilizing
additional energy was also lowered, cancelling the potential
benetit for compensation. There were no signiticant differences
in efficiency of energy retention above maintenance between sheep
exhibiting continuous growth and those previously restricted in
feed intake (Drew and Reid, 1975c).

Feed digestibility during realimentation is reported to be
unchanged (Allden and Young, 1964; Foot and Tulloh, 1977;
Buttler-Hogg and Tulloh, 1982), lower (McManus et al., 1972) or

higher (Thornton et al., 1979; Gingins et al., 1980).

(d) Hormonal and other physiological effects

Observations on the involvement of hormones and other
physiological factors in compensatory growth are quite limited
and somewhat contradictory. Armstrong and Hansel (1956) did not
detect any eftect trom level of nutrient intake on growth hormone

content  of pituitaries trom heifers, and concluded that
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ditferences in growth rates of heifers on different feeding
levels were due to differences in amount of nutrients available
ror growth rather than to any differences in hormone production
by the pituitary. Similarly, feeding or fasting up to A0 hours
or intusien of acetate, propionate or butyrate did not alter
plasma levels of growth hormone (McAtee and Trenkle, 1971).

Carl et al., (1968) reported a positive relationship between
pituitary growth hormone content per unit of body weight and
growth rates of cattle, However, Trenkle (1970) observed a trend
for growth hormone to be negatively related to galns when cattle
were fed high grain finishing diets. Similarly, Sters and Swiger
(1971) found negative correlations between growth rates aad
circulating growth hormone levels in swine, These results, would
suggest that animals exhibiting compensatory growth will show a
decrease in circulating growth hormone levels,

Fox et al. (1974) measured growth hormone levels and thyroid
secretion rates at different live weights in steers fed two
different energy levels continuously (controls) or following a
period of restriction (compensatory). They found that
compensatory steers had lower plasma growth hormone levels than
controls, They suggested that the faster growing animals
(compensatory) may remove growth hormone from the circulatory
system more rapidly because of a higher tissue utilization rate,
resulting in lower circulatory levels of growth hormone. Their
data also showed that compensatory steers had lower thyroild
secretion rates during the period of feed restriction and during

the first part of ftull teeding period, 1indicating, a lower
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metabolic rate during maintenance and the first part of the full
feeding as compared to continuously full-fed controls. They
indicated that the lower metabolic rate would suggest a lower
energy requirement for maintenance during the period of energy
restriction and the first pact of the full feeding period. A
reduction in the maintenance requirement would result in a higher
proportion of the total energy consumed being used for growth
than would normally be expected, thus contributing to

"compensatory growth,

Rule et al. (1985) determined the relationship in cattle
between the concentrations of some plasma hormones to
concentrations of free fatty acids and glucose in plasma during a
prolonged fast, They found that both growth hormone and insulin
decreased, concentration of free fatty acids increased and
glucose levels decreased, with fasting. They concluded that the
endocrine changes were responsible for greater rates of free
fatty acid mobilization from adipose tissue and glucose sparing
during an energy deficit.

Compensatory growth may also be associated with anatomical
changes in the animals” body, enabling it to consume more or
utilize ingested feed more efficiently. Lawrence and Pearce
(1964b) reported increase in the size of various portions of the
digestive tract, including the rumen, reticulum, omasum and
intestine, Broadbent et al. (1969) concluded that a considerable
part of the apparent compensatlion in calves previously restricted
in feed Intake was achieved as a result of a change in gut fill
at  turn out. Similarly, Winter et al. (1976) reported that

compensatory growth in sheep which had been subjected to weight
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loss was associated with an increased gut capacity.

l.4. Body compositional changes in compensatory growth

The  development of body composition during growth
restriction and compensatory growth has been studied by several
workers. The reports are however, not so clearly defined. While
some data have shown no differences in body composition between
restricted, full-fed and continuously full-fed animals, others
have indicated contrary findings.

l.4.1. Non-carcass components

In measures of weight gain, empty body weight is a better
cricerion of evaluation than full body weight (Alhassan, 1974;
Fox et al., 1976). This 1s largely because of gut Ffill
adjustments which tend to exaggerate cattle (Lawrence and Pearce,
1964b) and sheep (Burton Eg}__., 1974) gains.

In underfed sheep, empty body (Meyer and Clawson, 1964) and
gastro-intestinal tract (Meyer and Clawson, 1964; Murray and
Slezacek, 1980b; Morgan and Owen, 1972b) weights have been shown
to decrease. In cattle, body weight loss caused a reduction in
the rumen-reticulum and a gain in the hind gut (Seebeck, 1973a).

Changes 1in the empty body and gastro-intestinal tract
weights have also been observed when animals are realimented.
Hight and Barton (1965) reported an increase in the empty weights
of sheep alimentary tract during refeeding. Winter et al. (1976)
indicated cthat compensatory growth in sheep after a period of
weight loss was associated with an increased gut content and a
concomitant reduction in the proportion of empty body weight in

the full body weight.
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There are indications that weight changes occur in internal
organs during growth restriction and realimentation. Seebeck
(1967) observed that with body weight loss, the heart, liver,
Zall bladder, kidneys and lungs all declined in weight. These
observations were confirmed 1in a subsequent study (Seebeck,
1973a) which also indicated thar the liver showed most rapid
weight loss in the early period of weight loss, Foot and Tul loh
(1977) found that in cattle, liver weights reduced by nutritional
restriction were not fully recovered. Likewise, th? heart, liver
and hide all lost more weight during weight loss period than they
had gained during the growth phase (Winter et al., 1976). The

proportions of these components were Increased in relation to the

empty body during the ensuing compensatory growth.

l.4.2. Physical and chemical composition of carcass

There are numerous, but conflicting, reports on the effects
of growth restriction and realimentation on the physical and
chemical composition of animals. Lawrence and Pearce (1964b)
found that cattle subjected to different levels of restriction
during winter and cthen realimented on grass, had similar
carcasses. Morgan (1972), who underfed steer calves either from
birth to 16 weeks or 16-32 weeks of age and then refed them did
not find significant differences la carcass physical composition.
Similarly, restricted feeding during calfhood stage resulted in
only small differences in carcass physical composition (Broadbent
et al., 1969). These findings are supported by results from
sheep studies. Kellaway (1973) found that sheep which were

starved and later regrown had similar body composition to sheep
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grown continuously. Murray and Slezacek (1976) reported that at
the same dissected side weight, the amount of muscle, bone and
fat was similar in sheep previously restricted in feed intake and
those continuously full-red. Kirton et al. (1981) concluded that
carcass tissue deposition was influenced more by carcass weight
than by plane of nutrition.

In other reports, restriction and realimentation have been
showa to cause changes in carcass composition. Carroll et al.
(1963) found that restricted steers increased in carcass bone and
decreased in carcass fat, while realimentation on green pastures
resulted 1in greater lean growth by steers previocusly restricted
compared to controls fed ad libitum., Guenther et al. (1965) fed
cattle to slaughter on either high or moderate level to permit
the comparison of carcass composition data on both age and a
weight constant basis. Guenther et al. (1965) found that the
high level fed steers produced more total lean than moderate
level fed steers on age constant basis but no significant
difference was noted 1in lean content when the steers were
compared on a weight-constant basis. In a similar study, steers
that were restricted In feed intake ducing part or all of the
experiment had leaner carcasses than those that were given the
diet ad libitum throughout (Hironaka et al., 1984).

In sheep, body weight loss followed by realimentation
resulted in leaner carcasses compared to animals continuously
growa (Keenan et al., 1969). Drew and Reid (1975c¢) supported
this tinding, indicating that realimented sheep had higher muscle

to fat gain ratio than those exhibiting continuous growth,
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Guenther et al. (1965) found that the high-level steers fed
to mature weight had more fat than the moderate  steers
slaughtered at the same time. Others have similarly reported the
tendency for restricted steers to have less fat in their
carcasses (Hironaka and Kozub, 1973); Hendrickson et al., 1965);
Martin et al., 1978). Drew and Reid (1975b) found that sheep
which had lost 25% empty body welight to 26 kg and then refed to
31 kg empty body weight had 34X less separable carcass fat than
sheep which had been continuously fed to empty body weight of 36
kg then had lost weight from tﬁgt level to 31 kg empty body.
welght. .

Murray et al. (1975) found that the weight of bone was
significantly greater in restricted cattle than those full-fed,
indicating that bone development was related to age and carcasss
weight, Callow (1961) and Andersen (1975) obtained similar
results. However, in the study by Seebeck (1973b) bone
proportion remained approximately constant during body weight
loss. Guenther et al. (1965), noted that steers slaughtered at
the same age had similar total bone content. However, on a
weight-constant basis, the moderate-level steers had more bone
than did the high level steers. They concluded that bone growth
was related more closely to animal age and duration of feeding
than to the level of nutrition.

The  effects of restriction and realimentation on the
chemical composition of the body has been the subject of
consideration by several workers, Guenther et al. (1965) who
analysed the boneless carcasses of cattle grown to 440 kg live

weight at either 0,91 or 0.77 kg/day found no significant effects
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of growth rate on either chemical fat or protein contents.,
Similarly, Murray et al. (1975) who grew cattle from 300 to 440
kg at three different rates, high (0.8 kg/day), low (0.4 kg/day)
and high - maintenance (0.8 kg/day) followed by a period during
which body weight was maintained constant, did not find
significant differences between groups in water, protein and fat
content of dressed carcasses.

Callow (1961) reported cthat high growth rate in cattle
increased the chemical fat and decreased the protein and water
content of bone-less carcass tissue. As carcass weight
increased, the proportions in the carcass of protein, water and
ash decreased while the proportion of chemical fat increased
(Seebeck and Tulloh, 1969). Body weight loss led to a
significant increase in ash and a decrease in protein.

Swingle et al. (1979) found that in cull range cows
realimented on concentrate diets, carcass gain averaged over
experiments, consisted 51, 14 and 35% of fat, protein and water,
respectively, With increasing weight in realimented cull range
cows, the percentage protein decreased and lipid Increased
(Wooten et al., 1979). Fat increases were minimal after 108 days
and protein deposition was at maximum during the first 38 days of
realimentation, indicating that protein repletion {s rapid and is
a priority tunction when undernourished cows are realimented.
Baker et al. (1982) presented results which showed that cattle
previously restricted and later realimented on grass deposited
more protein and water, but less fat than those Ffull-fed

throughout.






