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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.
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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
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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



50
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.
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In sheep, Keenan et al. (1969) recorded losses of 45% water,
39% tat and 13% protein during restricted feeding., When feed was
offered ad libitum the sheep regained their liveweight deticit of
1l kg in 5 weeks, but only 754 of the energy deficit, due to the
high water and low tat contents of the regained tissue. This
trend was confirmed in a later study (Keeman et al., 1970),
Similarly, sheep wundergoing compensatory growth laid down less
body fat, more protein and retained more water in their bodies
than did control sheep (McManus et al., 1972).

These findings are supported by several other reports. Reid
et al. (1968) observed that partial fasting followed by refeeding
resulted in a little more protein, considerably more water, but
much less fat and energy at a given body weight cthan in
continuously grown controls, Likewise, sheep which had undergone
weight loss and regrowth tended to deposit less fat and more
protein than normal grown controls (Burton et al., 1974), Little
and Sandland (1975) reported that the response of sheep to
rehabilitation was associated with the accumulation of less fat
and more protein than those grown  continuously. Sheep
realimented atfter 25% empty body weight loss contained, at 45 kg
empty body weight, more body water and protein and less fat and
energy than continuously full-fed animals of the same empty body
weight (Drew and Reid, 1975a).

Searle et al. (1972) studied the composition of sheep
throughout various growth phases, They found that the protein
and water content of the gains were high during the early phases
and these declined during the later phases of growth. [n a

subsequent study, Searle et al. (1979) reported a reduction in

—
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protein content with a corresponding increase in fat, during the
later stage ot weight loss in sheep.

By contrast, sheep which lost weight contained more fat and
protein and less water than ad libitum fed controls (Buttler-
Hogg, 1984). Realimented sheep showed increases in fat, water
and protein (Thronton et al., 1979). Searle and Graham (1975)
reported increased water, less protein but similar amount ot fat
in restricted sheep. During recovery, however, previously
restricted sheep gained less water, but more protein and fat
compared to controls full-fed throughout. Severely restricted
sheep rapidly lost bone water but bone fat continued to increase
(Drew and Reid, 1975b). During realimentaction bone water soon
returned to normal and the previously accummulated bone fat was

readily mobilized.
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MATERIALS AND METHODS

2.1. Location of the Experiment

The study was conducted in Shika Research Station of the
National Animal Production Research Institute, Zaria, Nigeria,
trom April 1984 to September, 1985. Shika is situated at 11°N
Latitude and 640m above sea 1evel.' The area lies within the
Northern Guinea Savannah Zone. The climate of the area consists
of a total annual rainfall of 1100 mm, with about 90% falling
during May to September (wet season). Mean daily temperature
during the wet season is 25°C and mean relative humidity 72%.
The dry season commences with a period of dry, cool weather known
as the "harmattan" lasting from October o January. Daily
temperatures range from 14 to 30°C, with 21% mean relative
humidity. The harmattan is followed by dry, hot weather from
February to April. Mean daily temperature at this period vary

from 21 to 36°C, with 37% mean relative humidity,

2.2, Animals, Care and Management

2.2.1. Experimental Animals

The study involved Sokoto Gudali (Bokoloji) breed of cattle,
The Sokoto Gudali is a short-horned Zebu, and thrives within the
Sahelo-Sudan region ot Nigeria. Females vary from essentially
white or pale grey to a dark cream colour and bulls are grey or

cream coloured with dark shading over the head, neck, shoulders
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and tail (Wheat and Broadhurst, 1972). Though the pastoralist
Fulani keep them primarily for milk, there are indications that
Sokoto Gudali 1is the breed of cattle in Nigeria which produces
the most desirable carcasses (Wheat and Broadhurst, 1972;

Olayiwole, 1932),

2.2.2. Preliminary treatment and Design of Experiment

Forty eight Sokoto Gudali bulls, consisting of 24 young
(aged l%-ls months) and 24 old (aged 24-30 months) were used.
The young and old animals averaged 185 (range 160-210) and 255
(range 235-275) kg, respectively. The bulls were purchased from
cactle markets around Zaria. Upon arrival, the animals were fed
mixed hay ad libitum for 30 days in quarantine during which cthey
were observed for sickness and treated when necessary.

At the end of the 30-day quarantine period, the bulls were
weighed and scored tor body condition on the scale of | = very
lean to 6 = very fat based on the system described by Pullan
(1978). Thereafter, three animals per age group were slaughtered
to determine initial carcass composition. The remaining animals
were then dewormed and thereafter fed low (L) plane of nutrition
for 90 days (early period) to simulate poor feeding conditions
that exist in the dry season. At the end of this early period
three bulls per age group were slaughtered. The remaining
eighteen animals in each age group were randomly assigned to
three treatments in the mid period (91 to 180 days) according to
the level of feeding viz, high (H), moderate (M) and low (L), In

the final phase of the trial (18l to 270 days) all animals were
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finished on a high plane. The three treatment categories were
thus designated as LHH, LMH and LLH presented in the schematic
design of the expeciment (Table 1). The LHH group of bulls

constituted the control group.

2.2.3. Feeding, Weighing and Sampling

(a) Feeding

The bulls were confined to individual pens (1l x 7.5m) cthat
had concrete floors and were partially shaded. They were fed

Gamba (Andropogon gayanus) hay and concentrate mixture according

to the prescribed plane of feeding. The Ingredient and chemical
composition of the ration are as presented (Table 2). Molasses
was diluted with water 1in a ratio of 3 parts by weight of
molasses to | part by weight of water before mixing with the rest
of the ingredients. This dilution facilitated mixing.

The animals were fed twice daily at 08.00 and 16.00 hours.
The concentrate was offered and eaten before the hay was put in
the feeding troughs. At the low and maintenance levels of
feeding, animals received approximately 25% and 45% of high plane
or ad libitum feeding respectively. The ad libitum fed group was
offered enough concentrate and hay to ensure a 15-20% feed weigh
back., Water and trace mineralized salt were supplied at all

times. Orts were taken daily before the morning feeding.

(b) Weighing and measurements

The bulls were weighed at two week intervals to assist

dietary manipulation to achieve desired weights, The animals
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Table 1: Schematic design uf the Experiment. i

Number of Animals

Pariod Duration Treatment™ Feading

(days) laevel Young | old Totalj
Initial O BT 1 48
Barly 0-90 L 21 21 42
Mid 31-130 LHH H 6 6 12
LMH M 6 6 12
LLH L 6 6 12
Final 131-270 LHH H 33 6
LMH H -3 3 d

LLH H 3 3

P - 3

2LHH = Animals on low plane of nutrition (L) in early period and
switched over to high plane of nutrition {(H) in mid and
final perioeds, '

LMH = Animals on low plane of nutrition In early period, moderate
plane (M) in wmid perind and high plane in the final pericd.

LLH =  Animals on low plane of nutritfon in early and nid
- . - pariods and then switched over to high plane of
netrition in the Final period.

T T T ——r =
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Table 2: Composition of the diets used.
Diets

[tem Concentrate Gamba Hay1

Ingredients: (Z)2

Molasses 25.0

Cottonseed cake 35.0

Palm Kernel Cake 15.0

Wheat bran 13,0

Rice braa 10.0

Common salt 1.0

Bone meal 0.6

ZOUdry3 0.4

Chemical Analysis: (Z)A

Dry Matter (DM) 88.6 91.4

Crude protein 17.2 3.3

Neutral detergent fibre 41.7 74.5

Acid detergent fibre 22.7 54.9

Cellulose 16,1 44,0

Lignin h.b 7.4

Ash 5.8 6.5

Gross Energy, Kcal/g DM 4,11 3.96

}deba hay = Andropogon gayanus
Values expressed on as fed basis

Zoodry VM 701,

product of F, Hoffman La Roche and Co. Ltd, (See

,Appendix table 19 for composition).
*Values expressed on dry matter basls.
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were weighed before the morning feeding. Weights taken at
beéinnlng and end of each study period were after a 24 hour feed
and 12 nour water withdrawal.

At the end of each Y9U-day period, cthe animals were scored
tor body condicion, Linear body measurements wére taken every
two weeks, This was done by moving animals from the feeding pens
to a cattle crush and chest girth and wither height measurements
taken according to proecedures described by Buvanendran et al.

(1980).

(c) Blood sampling

The bulls were bled every two weeks at the time linear body
measurements were taken. Blood samples were collected via
jugular vein puncture into vacutainer tubes. At each sampling
two 5 ml - samples were obtained from each animal, one into a
tube containing an anticoagulant, disodium salt of ethylene
diaminetetracetic acid (EDTA) and the other into a tube without
an anticoagulant. The sample without an anticoagulant was
centrifuged about 5 hours after collection and the serum was
frozen for thyroxine determination. A portion of the sample with
anticoagulant was used to measure haemoglobin (Hb), packed cell
volume (PCV) and total protein. The rest was spun and the plasma
stored in a treezer for the eventual analysis of plasma urea

nitrogen.
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2.3, Digestibility trials

Three digestibilicy trials on the ration used were carried
out separately for the two age groups. The trials were conducted
at the end ot the mid period (l130-day of trial), midway through
tinal period (125-day of trial) and at the end of the final
p2riod (270-day of trial). Three bulls from each Ctreatment
category were used in the trials.: The animals were cestrained in
individual metabolism crates and écd the diets twice daily at
08.00 and 16.00 hr. Orts were weighed and recorded daily betore
the mocrning teeding.

Each digestibilicy trial consisted of a 7 day adjustment
period followed by a 5 day period of total collection of faeces
and urine. During collection, faeces were mixed thoroughly and a
10% aliquot sample was taken daily and oven dried at 80°C for 2
days. At the end of the collection period, the 5 day samples
were bulked. Urine was collected daily in plastic tubs
containing 100 ml of concentrated Hydrochloric acid (HCL). Ten
percent of daily urine was saved in composite bottle containing
50 ml of conc. HCL for further analysis. Samples of Gamba hay,
concentrate mixture and feed residues were taken daily and
composited at the end of each collection period. Dried samples of
feed and faeces were ground through | mm screen and stored for

subsequent analysis.

2,4, Carcass compositional study

The comparative slaughter techalqe (Lofgreen and Garrecr,

1968) was used to determine composition of carcass gain.
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2.4.1. Slaughter procedures and processing

The plan of slaughter is presented in Table 3. For each age
group three bulls were intended tor slaughter at the beginning
and end of the designated early period to determine initial body
composicion, At the end of each subsequent peciod three bulls
pec treatments were intended for slaughtar, Howevar, because of
death losses over the early and mid periods there were reductions
in the actual numbers slaugﬁfered (Table 3). In all slauéhter
periods, animals were killed aftar a 24 hour feed and water
withdrawal.

Following slaughter, the skin was removed and weighed.
Attec severing the head, the tongue was removed and weighed. The
rest of the head was weighed, the tail, tront and back legs were
removed and weighed separately.  After evisceration, the heart,
liver and spleen were removed and weighed. The gall and urinarcy
bladders were weighed full, emptied of their contents and
reweighed. The rest of the wurinogenital tract and  the
respiratory tract were weighed. The gastrointestinal tract was
ligatured at the abomaso-duodenal junction and the reticulum,
rumen, omasum and abomasum (hereatter referred to as the "rumen'")
cut off from the small and large intestine. The rumen and the
small and large intestine were welghed separately with the
adhering rtat tlssues, emptied of their contents and reweighed.
Theceatter, the adhering omental and meseatery fars were removed
and weighed separately.

The carcass was sawn down the dorsal mid Lline {into two

sides. Both sides including thz xidneys were weighed, chilled



Table 3:

Number of animals staughtecad per period,

Number of Aninmals

Staughter Pariod Treatment Younz 014 Total

Beglianing »f Initial body

early peciod compasition 2 3 2

tned of Early Initial body

p2ciod composition 3 2 3

End of Mid

period LHH 2 3 5
LMH 3 . 3 )
LLH 2 3 5

Ead of final

period LHH 3 3 b
LMH 3 3 6
LLH 3 3 ]
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for 24 hours at 3-49C and reweighed. The kidneys were removed
and the weights ot kidneys and kidney fat were recorded
separately, The left haltf of the carcass was then divided into
ten wholesale cuts (Fig. 1) as described by Buvanendran et al.
(1983). The 9-10-1lch rib section was separated from the cib cut
as described by Hankins and Howe (1946) and saved for separate
study not within the scope of the present thesis. Rib eye area
was measured by means of tracing on acetate paper over the 12th

rib. A plastic overlay grid lined off in ten squares per square

- -

inch was wused to measure the traced area, The wvalues were

2

converted to cm® by multiplying by 6.45.

2.4,2. Physical and Chemical composition

The wholesale cuts and the 9-10-1lth rib were weighed and
physically separated into lean, fat, bone and connective tissues.
The 1lean and tat were weighed separately while the bone and
connective tissues were weighed together, The lean and fat from
the wholesale cuts were bulked, labelled "side boneless carcass"
and stored in freezer for further processing. The lean and fat
from the 9-10-1lth rib were combined, labelled "9-10-llth rib
boneless carcass" and similarly handled.

The frozen side and 9-10-11th rib boneless carcass were cut
into small pieces, followed by grinding in a | l!z horsepower
(HP) Cripto meat mincer, model AE 22 (Crypto-Peerless Limited,
London), wusing a 0.32 cm plate once. During grinding small
aliquot samples were removed as the minced wmeat passed through
the platae, To ensure crepresentative sampling, the samples were

taken throughout the entire grinding period. Approximactely 600~
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Round ﬂ(

Sirlom
Flank
Shurt luin
Plate
Rib
Ufhkc[
Chuck
Shank

Fig. 1. Carcass wholesale cuts,
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800 gm samples were taken, thoroughly mixed by hand, labelled and
stored for freeze-drying, The mincer was cleaned in between
samples to prevent sample contamination,

Frizeze-dried samples were crushed and broken into smaller
pleces by hand and thoroughly mixed. Small juantities of sample
sere put in a kitchen blender and zround into fine powder,
During grinding chips of dry ice were added to facilitate the
jrinding process and reduce frictional heating of sample which
might result in loss of enercgy. The ground samples were stored
in Laballed plastcic bottles, tighrly capped and kept in a freezaer
for proximate analysis. Chemical composition was based on
boneless carcass partly because of the physical Llimitation of
grinding whole carcass and partly because boneless meat 1is the

most valuable portion of carcass.

2.5. Analytical procedures

2.5.1. Chemical analysis

Pre-dried (80°C) feed and faecal samples were subjected to a
second stage drying at 100°C to determine the true dry matter
(DM) of samples. Moisture content of meat samples was determined
by treezer-drying. All subsequent chemical analysis were done on
the pre-dried samples.

Ash was determined by heating in a muffle furnace at 550°C
tor 5 hours (AVAC, 1975). Nitrogen in feed, faeces, urine and
meat samples was determined by the Kjeldahl procedure (ADAC,
1975). Feed and faecal samples were analysed for neutral

detergent bibre (NDF), acid detergent fibre (ADF), callalose and
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lignin by the procedures of Quering and Van Soest (1970), the
Aross energy of the feed, meat and faecal samples was determined
by combusting 1.2 gm sample in a Gallenkamp (Gallenkamp, P.O.
Box 290, London, E,C 2PER U.K) adiabatic autobomb calorimeter.
Meac samples were analysed for ether extcact according to AOAC
(1973).

Haemoglobin (Hb), packed cell volume (PCV) and total protein
(TP) in blood samples were detarmined using routine laboratory
procedurzs (Coles, 1967). Plasma wurea nitrogen (PUN) was
determined using the method ot Natelson (151). The procedures is
outlined in  Appendix Table |I7. The concentrations of
tetraiodothyronine (T,) in the serum samples were determined by
radioimmunoassay, using appropriate Amerlex RIA Kic from
Radiochemical Centre, Amersham, England. The detailed procedure

tor this is described in Appendix Table 18.

2,5,2. Calculations

Feed intake wvalues were calculated ftrom the difference
between feed otffered and feed refused. These differences were
also taken on a DM basis to arrive at the appropriate DM intake
values. Daily gzain was computed from the ditference between
initial and final body weights divided by the number of days on
feed. Feed conversion efficiency was caleculated from the ratio
nf DM intake to bhody weight gain, Index »f compensation was
calculated trom the difference in weight existing between the
control group (LHH) and the treatment groups (LMH and LLH) at the

end >t mid period minus the ditfereace existing arfter



71

realimentacion in final period, divided by the original
ditterence at the end of mid period (Wilson and Osbourn, 1960).

DM  digestibility was calculated trom the dirffzrence between
DM intake and faecal DM output, expressed as a percent of DM
intake. Crude protein (CP) digestibility was computed from the
difference between CP intake and CP output in faeces, expressed
as a percent of CP intake, Digestible crude protein (DCP)
peccent was calculaced by multiplying CP digescibilicy by _CP
content ot diet. Daily DCP incake was obtained by multiplying
VCP percent by daily DM lncake. Digestible energ (DE) was
calculated ftrom gross ensrgy intake mious faecal gross energy,
divided by DM Lntake. Metabolizable energy (ME) intake was
decermined by multiplying DE by a factor of 0.82 (A.R.C., 1980).

Empty body weight was obtained by subtracting the weights of
gut contents and the bladders from the shrunk body weight., Empty
body weight zain was computed from the difference between inftial
empty body weight and the final empty body weight divided by the
number of days on feed. Initial empty body weight of surviving
bulls was determined by means of a regression equation generated
from ten bulls slaughtered at the beginning ot the trial (early
period). The equation was Y = 27.02 + 0.65X (r? = 0.97, C.V, =
16.2%4) where Y is the initial empty body weight, g and X is the
inftial full body weight, kg.

Dressing percent was obtainad by dividing warm carcass
weight by the slanghter welght. Carcass gain was computed Crom
the difference between initial carcass weight and the Ffinal
carcass waighe, [nitial carcass weight of surviving bulls was

decermined by means of a regeession equation genarated froam the
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ten initial slaughter bulls, The equation was Y = 18.53 + 0,34X
{rz = 0.93, C.,V. = 15.8%) where Y is the initial warm carcass
weight, kg and X is cthe initial full body weight, kg.

Energy  and protein etfficiencies of utilization  were
calculated from the ratio of ME intake to bonel2ss carcass energy
Zain; and the ratio orf DCP intake to protein gain in boneless
carcass, craspectively. Daily protein, fat and energy gain were
determined trom the differences batween initial and €inal
boneless _carcass protein, fat and engrgy values, Boneless
carcass protein, fat and energy values were obtained by
multiplying boneless carcass weight by caccass concentrations of
protein, fat and energy. [nitial boneless carcass weight and
initial carcass concentrations of protein fat and energy were
derived from cthe ten initial slaughter group (lofgreen and
Garrett, 1968).

Economics of feeding was determined for bulls previously
subjected to varying degrees of undernutrition. Factors
considered in the relative cost calculations included live weight
gain, carcass weight gain, quantity ot feed consumed and cost of
feed consumed, Input eosts such as capital required for
construction of teeding pens, depreciation, purchase of stock,
and labour were not considered as such costs were the ones likely
to be exaggerated by the special high demands of cesearch inputs.,
Furthermore, since feed costs were generally consideced to be the
jreatest input costs per unit throughout ot feeder catile and the
ones closely monicired in the study, these were cthe praduction

costs considered [a the computations.
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[n determining the economics of teeding, only the final
teeding phase (180-270 days) was considered, The value of
economic analysis of the other feaeding periods, 0-=270 and 90-270
days, is doubttul since no feedlot ouperator will sabj=ct animals
to  early (L) period of teeding. The mid period teeding regimes
was to create three different types of teedlot animals for

tattening in cthe final tzeding phase.

2.5.3. Statistical Analysis

Data were analyzed for a randomized block design with
feeding regime  and age of animal as the criteria of
classification. Analysis of variance peocedure was used to study
the effects of diet restriction and age of animals on Cche
various parameters. Treatment means wevre compared using Duncan”s
Multiple Range Test (Steel and Torrie, 1960). All scatistical

tests were done at the 5% probability level.
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Table 4 Continued.

l'eeding 181 to 225 Days 226 to 270 Days 0 to 270 Days
Regine Young 01d Means  $SEM Young 014 Means  #SEM Young  01d Means  +SEM
LHH 7,33 7.50 7.u22 6.97  8.00  7.49 5,49 6,37 5,942
LMH 5,20 7.17 6.69°  0.10 6.78  8.38 7,59  0.22 4.60 5.26 4,942  0.08
LLH 6.72 6.93 6.83° 7.94 8,28  8.11 4,82 .86  u.gu>

c d c d c d
Means 6.76° 7.20 0.08 7.24° 8,22 0.18 4,97 5.51 0.06
S.E.M 91 to 180 Days 0 to 270 Days

Feeding Regime x Age
a,b

c,d N o
’"Means in a row within a

+0.07

0,11

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)

stage of trial with different superscripts are significantly different (P<0.05)
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animals on LLH feeding regime and lowest for LHH animals, though
these differences were not significant,

Over the entire experimental perciod (0 to 270 days),
signiticant interaction vccurred between feeding regime and age
of animal, [n younger group, DM intake was significantly higher
for LHH animals than LLH or LMH animals, while differences
between  animals on LMH and LLH rfeeding regimes were not
significant. ln  the older group, DM intake was significancly
highec in LHH than LMH which had higher DM intake than LLH
animals.,

At all stages of the trial, the older, heavier bulls had
jreater DM intakes than the younger, lighter bulls,

The body weight gain of bulls at the respective trial stages
are presented in Table 5. The dietary treatment imposed in the
early period to simulate poor dry season feeding conditions
resulted in weight losses for all treatment groups, In géneral,
younger bulls lost an average of 0.32 kg per day while the mean
daily weight loss in the older bulls was 0,46 kg. Total body
weight loss at the end of the period as percent of the {nitial
body weight averaged 19.6 and 17.0 for the younger and older
bulls, respectively,
| The objective u{ the mid period was to create differences in
body weight and/ocr composition due to dietary treatment in order
to determine their influence on performance of bulls during the
subsequent  full feediog period, Daily gains during this mid
period directly reflected the feaeding levels as the LHH animals
which  Were full Ffed gained significantly higher than the

the LMH and LLH animals in both age groups.
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Table 5: Means for full body weight gain (kg/day) by feeding regime and age of animal at various trial

. periods.
Feeding C to 90 Days 91 to 180 Days . 181 to 270 Days
Nogine Young  01d Means +SEN Young 0ld Means  *SEM Young 01d Means  *SEM
LHH <0.31 -0.49 =-0.41 0.60 0.90 0.76% 0.67 0.38 0 53%
LMH «0;31 -0.43 =0,37 0.03 0.10 0.05 o.oqHU 0.02 0.70 0,63 o.mqw 0.0y
LLH -0,34 =0.43 =0.39 -0.01 -0.11 |o.c..~.HU 0.88 0,70 o.qov

Means -0.32° -0.us® 0.02 0.22 0.28 0.02 0.75 0.57 0.03
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Table & Continued.

Feeding 181 to 225 Days 226 to 279 Days 0 to 270 Days
e Young ©0ld  Means  +SEM Young 0ld Means +SEM Young 01d Means  £SEM
LAH 0.83  0.49 0.66 0.49  0.28 0.39° 0.37  0.34 0.36°
LMH 0.73 0.81 0.77 0.07 0.67  0.46 0.57° 0.04 0.20  0.1u 0.17°  o0.01
LLH 0.93  0.78 0.85 0.82  0.61 0.72° 0.25  0.11 0.18°

d e d e _
Means 0.83  0.69 0.06 0.67°  0.45 0.28°  0.20 0.01
S.E.M. 91 to 180 Days 0 to 270 Days
Feeding Regime x Age = 20.04 +0.02
a,b,c

Means in a column within a stage of trial with different superscripts are significantly different (P<0.0%5)

a.ozmmsm in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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The mean daily gains during the first half of the final
peciod (181-225 days) were greater for animals on LLH and LMH
feeding regimes than those of the control LHH animals. These
differences were, however, not significant., 1In the second half
of the final period (226-270 days), galns were highest for LLH
animals, lowest for LHH animals and intermediate tor animals on
LMH feedinz regime. Overall daily gain during the final period
was signiticantly lower in LHH animals while differences between
LMH and LLH animals were not significant.

Table 5 shows that during the final period, the younger
bulls gained significantly taster than the older bulls. Over the
entire experimental period, signiticant interaction occurred
between feeding regime and age of animal (Appendix Table 3). In
younger bulls, daily gains were significantly higher in LHH than
IMH which gained significantly higher than LLH animals. In the
older group, daily gains were signiffcantly higher in LHH
controls while differences between LMH and LLH animals were not
significant.

The respective daily gains of animals on LHH, LMH and LLH
feeding regimes during early, mid and final periods created
differences in body condition score at the various stages of the
trial. At the initial stage, body condition score of all animals
average 3.0 to 3.5 on the scale of | = very lean to 6 = very fat
(Table 6)., Following feed restriction in early period, the bulls
lost condition and were characterized by marked emaciation, At
the end of the mid period, animals on LLH and LMH feeding regimes

4hiich were further restricted, were significantly poorer ia body
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Table 6: Means for body condition score by feeding regime and age of animal at various trial stages

Feeding Day © Day 90 cmm 180 Day 270

wmmmamr Young 0Old Means +SEM Young O0l1d Means +SEM Young O0ld Means #SEM Young 0ld Means +SEM
a a a

LHH 2.7 3.3 3.0 1.0 1.5 1.3 4.0 4.5 4.3 5.0 5.7 5.3

LMH 3.2 4.0 3.6 1.9 1.3 2.8 u.pv 0.13 2.0 2.3 m.mv 0.19 4.3 4.7 :.mu 0.22
b b b

LLH 3.0 4.0 3.5 1.8 2.7 2.3 1.2 1.7 2,5 4,7 4,3 4.5

Means 3.0° u.ma 0.15 1.4° m.ua 0.11 2.4 2.8 0.15 4.7 4.9 0.18

a,b

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)
c;d
& a $ o ey .
The interactions between feeding regime and age of animal were consistently non-significant in all the parameters
measured in this study, and so are henceforth being excluded.

Means in a row within a stage of trial with different superscripts are significantly different (P<0,05)



82

condition compared to full-fed LHH animals, Alcthough LLH and LMH
animals capidly improved in condition upon rvefeeding, the control
LHH aanimals maintained significantly superior body condition at
the end of the final period,

During the final full fereding period, animals on the LLH
feeding regime recorded higher rates of empty body weight zain
(Table 7), which failed to reach statiscical signiricance than
LMH animals which had non-significantly higher empty body weight
Zains than LHH contfols. Gains In empty body weight were greater
ln the younger bulls than in older bulls during the final full
faeding period, though the ditfzrences were non-significant.

Etficiency of DM utilization for empty body weight gain
during the first half of the full feeding period (Table 7)
followed the same trend as did DM efficiency for full body weight
gain (Appendix Table 4). The bulls on LLH and IMH feeding
regimes vrequired significantly less DM per unit of empty body
welght gain during that period than the control LHH bulls.
During the second half of the full feeding period, LLH animals
were more efficient than LHH animals which were more efficient
than LMH animals in coverting DM into empty body weight gain
(Table 7). These differences were, however, not significant.
Overall, DM efficiency for empty body gain during the final full
teeding period was better, though not significantly in LLH than
in LMH and LHH creatment gZgroups. Younger bulls ware
signiticantly more eftficient than older bulls in DM conversion to

empty body sfaln at all stages of the full feeding period.
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Table 7: Influence of feeding regime and age of animal on empty body weight gain and feed conversion efficiency during
the full feeding period.

Feeding 181 to 270 Days 181 to 225 Days 226 to 270 Days
Trem RegiMe o ung 01d Means 2SEM Young 0ld Means +SEM Young Old  Means  +SEM
Empty body LHH 0.64 0.58 0,61 0.54 0.32 0.43 0.75 0.8  0.79
gain, kg/day

LMH 0.64 0.57 0.61 0,04 0.47 0.52 0.49 0.04 0.82 0.62 0.72 0.06

LLH 0.79 0.65 0.72 0.60 0,51 0.55 0,98 0.80  0.89

Means 0,69 0.60 0.03 0.53 0,45 0.04 0.85 0,75 0.05
Kg DM/kg Empty &
body gain LHH 11.23 13,29 12.26 13.74 24,08 18,91 9.48  9.51  9.49

LMH 10.32 14.14% 12.23 088 13.37 14.07 13.72°  1.25 8.47 14.27 11.37 0,93

LLH 9.39 12.05 10.72 11,48 14,83 13.15° 8.10 10.79  2.uu

c
Means  10.31° 13.16° 0.72 12.96° 17.66° 1.02 8.68 11.52% 0.76

m.vzoa:u in a column within a stage of trial with different superscripts are significantly different (P<0.05).

n.aznm:m in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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J.l.2. Body measurement changes

The changes In heart gicth and helight at withers during
various stages of the trial are given in Table 3. At the end of
the early period when all animals were restricted in feed intake,
negative changas in hearct gicth but positive changes in heighec at
withers wer2 shown by all treatment groups. In mid period,
changes ia heart girth were negative and significantly lower in
LLH and LMH animals than LHH controls, Changes In height at
withers were positive and non-signiticantly different between
fending regimes. All treatment zroups exhibited positive changes
in heart girth during the final period but values for LHH animals
ware significantly higher than those of LMH and LLH animals which
ware not significantly different from each other, There were no
significaat ditferences between treatments in height at withers
during the final period.

During feed restriction, older bulls showed greaterc
resistance to decreased heart girth than younger bulls. During
the full feeding period, however, the younger bulls showed
significantly higher changes in both heart girth and height at
withers,

3.2, Digestibility and Nitrogen balance

3.2.1. Digestibility of nutrients

The digastibility of nutrients and metabolizable energy
content of diet determined at different phases of the study are
presented in Table 9. The two age groups, being mature

ruminants, would not diffar in digestibility given the same
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Table 8: Changes (cm) in heart girth and height at withers during various stages of trial.

0 to 90 Days 1 91 to 180 Days 2 181 to 270 Days®
Item Feeding Young 01d Means  +SEM Young Old Means +SEM Young 01d Means  :SEM
Regime
Heart girth  LHH -2,94 =2,37 =2.66 2.38 11,08 6.73% 20.77 13,53 17.15%
LMH ~1.96 =2,13 =2.01 0.24 0.65 -0.84-0.10" 0.38 8.30 9.77 9.03" 0.7u
=
LLH -2.37 =2.84 =2,u40 -0.90 -2.10-1.50" 8.73 6,u0 7.57°
) 2 Lo c d c q d
Means =-2.u42 =2.31 0.20 0.71 2.71 0.31 12.60° 9.90 0.61
Height at
withers LHH 1.46  1.34  1.40 2.23 1,90 2.07 5.03 0.87 2.95
LMH 1.05 1.26 1.15 0.33 0.61 1.38 1.00 0,42 2.40 0,74 1.57
LLH 1.21  1.40 1,30 1,73 1.18 1.46 1.40 0.67 1.04
Means  1.2%  1.33 0.28 1.52 1,49 0.34 2,94 0.76° 0,4l

1

nwoaw measurement at the end of mid period less body measurement at the end of the early period.

Body measurement at the end of early period less initial body measurement.

umoaw measurement at the end cf the trial period less body measurement at the end of the mid period.

m.w.zmm:m in a column within a stage of trial with different superscripts are significantly different (P<0.05)

n.azmmsm in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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diets, hence only feeding regimes were considercd in the study,
In the first trial conducted at the end of the mid period, the
digestibility coefficients of dry matter, crude protein and gross
energy were significantly lower when detzarmined on LLH compared
to LMH and LHH bulls, There were no significant differences
between treatment groups in the digescibilicy ofr neutral
detergent fEibre at this peried, although lower wvalues were
recorded for animals on LLH feeding rcogime. The cunt?ut of
me:abol}zable energy (ME) was significantly depressed in LLH
bulls compared to bulls on LMH and LHH feeding regimes at that
period.

Data obtained half way into the final pariod showed marked
improvement in the digestibility of nutrients by the most
severely restricted LLH bulls as the study progressed. Thus, no
slgnificant differences were detected between treatment groups in
the digestibilities of dry matter, energy, crude protein and
neutral detergent fibre, and in the ME content of diets at this
period, although the values were lower in LLH bulls than In LMH
and LHH bulls.

The results obtained at the end of the sccond half of the
final period (Table 9) showed that the differences between
feeding regimes in the coefficients of dry matter, crude protein,
energy and neutral detergent fibre digescibility and in the ME

content of the diet were minor and non-significant.

3.2.2. Nitrogen balance

The data 1in Table 10 indicate chat nitrogen Latake at the

end of the mid period was highest in full fed econtrol bulls,
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Table 9:  Digestibility of nutrients and contents of metabolizable energy (ME) in the diet according to feeding
regime within stage of tria),

41 to 1R0 Days 181 to 225 Days 226 to 270 bays
Ttem L IMH +SEM LHH  IMH LLH  #SEM  LHH  ©MH LLH i
Digestibility Coefficient
w Dry matter 56,97 50,37 wa.s® 1,33 67.8 65.4  61.0 3.41 68.4 69.1 67.8 1.57
Crude protein 65.67 68.1% 7.3® 2.u3 73.6  69.3 66.0 3.09 71.2 70.6 69.8 2.79
Neutral detergent fibre 5.6 56,6 50.2 2.49 63.4 62.0 56.4 3.16 65.8 67.1 66,0 1.57
ME, Mcal/kg DM 2.10° 2.11% 1.83° o.06 2.21 2.18 2,03 0.09 2.30 2.33 2.29 0.06

m.wzmmsm in a row within a trial stage with different superscripts are significantly different (P<0,05),
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Table 10:

Nitrogen intake, losszes and reteation aceording to feeding regime within stage of trial.

91 to 180 Days 181 to 225 Days 226 to 270 Days

Item LHH LMH LM ASEM LR LMH LLH  +SEM LHH LA T +SE)
Nitrogen intake, .
g/ day 134.0% 60.7°  30.9% 4.87 138.5 126.3 138.8 8.52 132.1 13444 147.8 10,19
Faccal Nitrogen,
s/day 4817 20,20 15020 2059 6.6  3R.9  45.7  4.30 36.9 3RS 44.0 311
Urinarvy Nitrogen,
u/day 22.5% j4:9” 9.2P 2.: 211 13.7° 10.8° 1.83 22.0 18.1 .8 406
Nitrogen rotained, - i
wl/day 62.1" 25.5" hoh® 4,02 RO.5 74.6 81.5 7.55 73.3 7749 1.9 9.89
3,PsCheans in a row within a trial stage with different superscripts are significantly differcat (P<O.N5).
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lowest in severely restricted LLH bulls and intermediate in
moderately restricted LMH bulls. Nitrogen losses in faeces and
ucine waere siganificantly lower ia LLH and LMH bulls compared to
tha controls, Retained nitrogen par day was siganificantly lower
in LLH bulls than in LMH bulls which in turn had Llower values
than the LHH controls.

During the first half of the final fz2eding phase, animals oan
LMH feeding regime consumed less nitrogen pzr day than did
animals on LLH and LHH feedfag regimes. The diffecences were,
hOfever. not significant, No signiricant ditferences existed
between feeding regimes in faecal nicrogen output, Urinary
nitrogen loss was significantly less in LMH and LLH bulls than In
LHH controls. There were no significant dirterences in aitrogen
retention between treatment groups,

During the second half of the final feeding period no
significant differences were observed across feeding regimes in
nitrogen intake, and in faecal and wurinary nitrogen output.
However, from the stact of realimentation to end of final period,
nitrogen retention progressively increased in LLH and LMH bulls
but declined in LHH bulls, Consequently nitrogen retention at

the end of the final period was higher, though not significancly,

in LLH and LMH animals compared to LHH control animals.

3.3. Physiological changes

In order to determine the role of physiological changes in
compensatory growth, haemotalogic parameters, secruam thyroxine and

plasma urea nitrogen levels were measured during feed restriction
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and full feeding periods.

3.3.1. Haematologic parameters

Means for packed cell volume (PCV), haemoglobin (Hb) and
total blood protein (TBP) as atfected by feeding regime and age
of animals are presented in Table L1, In all the parameters, no
significant interactions were noticed between feeding regime and
age of animals (Appendix Tables 5-7). Consequently only main
effects are considaered.

There were generally no significant differences between
treatment groups in PCV, and Hb at all stages of the trial,
However, PCV values tanded to decline during mid and final
periods for animals on LMH and LLH feeding regimes while values
for LHH animals remained unchanged throughout the periods. The
values for Hb tended to decrease during mid period and increase
during full feeding period for all treatment groups. During
early period, TBP values were similar across fteeding regimes.
However, 1in mid period, TBP values were significantly lower in
animals on LLH feeding regime than those of rthe LHH, while
differences in TBP between either LMH and LHH or IMH and LLH
animals failed to reach significance. In the final period, LHH
animals had higher TBP values than LMH and LLH animals which had
similar TBP values.

Age of the animal had a significant effect on PCV, Hb and
TBP levels during early period, the younger bulls having
significantly lower values than the older bulls (Table 11). No
gignificant age effects were detected in PCYV, Hb and TBP values

during mid and ftinal periods, although the trend Ffor higher

]
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Table 11:

Means for packed cell volume (PCV), haemoglobin (Hb) and total blocd protein (TBP) by feeding regime and
age of animal.

0 to 90 Days 91 to 180 Days 181 to 270 Days
Item Feeding Young 0ld Means  +SEM Young 0ld Means +5EM Young 0l1d Means  *SEM
Regime
PCV(3) LHH 26.2 29,7 28.1 27.3 28,8 28.0 27.0 29.3  28.1
LMH 29,7 30,9 30.3  0.75 27.0 26,4 26.7 0.71 27.2 25.8  26.5  0.64
LLH 29.4  31.3 30.4 27.0 25,4 26.1 27.1 24,7 25.9
Means 28.5° 20,6 0.61 27.1 26,8 0.59 27.1 26,6 0.53
Hb(gm/d1) LHH 8.1  10.1 9.2 8.8 9,5 9,1 9.3  10.2 9.8
LMH g.1 10.3 9.7 0.39 8.8 8.9 8.9 0.28 9.0 5.0 9.0 0.38
LLH 8.8  10.5 9.7 8.7 8.5 8.6 9.2 8.3 8.8
O d N
Means 97 10.3 0.32 8.8 B.9 0.23 9.2 9,2 0.31
TBP(gm/d1) LHH 7.1 7.8 7.5 7.5 7.3  7.4° O X 7.5
IMHE 7.2 7.6 7.4 0.15 7.3 6.8 7.1% 7.1 6.8  6.3°  0.15
LLH 7.0 7.8 7.4 7.0 6.7 6.9° 6.9 6.6 6.8
Means 7.1° 7.79 0.12 7.3°  6.9° 0.12 7.4 7.0 0.12

a,b
c,d

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05).

Means in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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values in younger animals was evident in all the parameters,

3.2.2. Serum thyroxine and Plasma urea nitrogen

Serum thyroxine (TQJ levels averaged 6.6, 6.3 and 6.7 ug/100
ml for LHH, LMH and LLH animals, respectively during the early
period (0 to 90 days) when all animals were underfed (Table 12).
In mid. period (91 to 180 days, T, levels were greater in LLH than
in LMH and LHH bulls, The differences were, however, ot
significant. Similarly, in the final full feeding period (181 to
270 days), T4 levels were non-significantly higher in LLH and LMH
bulls than in LHH control bulls., Serum T, levels ‘were not
analysed separately for first and second half of final period
because of fewer samplings during that period.

Age had a significant effect on T, levels regardless of the
feeding regime imposed. Serum T, levels were greater in the
younger than in the older bulls at all stages of the trial.

Plasma urea nitrogen (PUN) levels were similar across
feeding regimes during early period (0 to 90 days), when all the
animals received low plane of nutrition (Table 12). During mid
period (91 to 180 days), LLH and LMH animals which were fed on
low and moderate planes of nutrition respectively, had
significantly lower PUN levels than LHH animals which received ad
Libitum feeding. Differences between LLH and LMH animals were
not significant. PUN levels were significantly lower for LLH and
LMH bulls during the first part of the final full feeding period
but were similar to PUN levels for LHH control bulls during the
last part of the full feeding period, Overall PUN levels during

the finmal full feeding period were significantly lower in LLH and
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Table 12:

Serum thyroxine (T,) and plasma urea nitrogen (PUN) concentrations in

bulls at various trial stages,

Feeding 0 to 90 Days 91 to 180 Days 181 to 270 Days
Item Regime Young 0ld Means +SEM Young 01d Means +SEM Young 014 Means *SEM
T, (ug/100m1) LHH 8.80 4,35 6,58 7.62 5.76 6,69 11.30 6.83 9.07

LMH 8.82 3.75 6,29 0.98 7.87 5,35 6.61 0.84 13.27 6.30 9.79 0,99

LLH 10,18 3,12 6.65 8.64 6.53 7.59 12,90 7.86 10.38

Means 9.27° 3,74 0.81 8.0u% 5,88 0.69 12.49% 7,00% 0,81
PUN(mg% ) LBH 8.6  10.8 9.8 11.1 13.4 12,37 15.0  18.4 16.4°

LMH 8.8 11,2 10.0 0.23 9.4 11,1 10.2° 0.23 11.2 1.5 12.9°  0.33

LLH 9.4  11.5 10.5 9.4  11.6 10,37 11.5 14,1 12,8°

Means 8.9° 11.1 0.19 9.9° 12.0 0.19 12.6° 15,79 0.27




o Table 12 Continued
(9]

Feeding 181 to 225 Days 226 to 270 Days
Item Reg ime Young 01d Means +SEM Young 0ld Means %SEM
PUN(mg%) LHH 15.1  18.4 16.7° 15,2 17.1 16.1
LMH 0.2 12.9 11.2° 0.4l 13.8 15.2 14,5 0.35
LLH 9.4 11.8 10.6° 14,0 16.0 15.0
Means 11,15 1u.3¢ 033 1m.3¢ 16,14 0.28

\m.— . . . - - - - - . - -
.wzom:m in a column within a stage of trial with different superscripts are significantly different (P<0.05).

n.azmmsn in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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LMH animals than control LHH animals,

Though there was a trend for iaw PUN levels during feed
restriction and increased levels during full feeding in both old
and young bulls, the latter group recorded significantly lower

PUN values at all stages of the trial.

3.4, Carcass compositional changes

3.4,.,1. Carcass traits

In all the traits studied there were no significant
interactions between feeding regime and age of animal.
Consequently, only main effects are presented (Table 13). The
data obtained at the end of the mid period (day 180 of trial)
show that LHH control animals restricted in early period (0 to 90
days), but full-fed in mid period (91 to 180 days) were
significantly heavier at slaughter than IMH and LLH animals
restricted in both periods. Similarly, hot carcass weight,
dressing percentage, rib eye area and kidney fat were higher in
the control animals. There were no significant differences
between LMH and LLH animals, At the end of the Ffinal, full
feeding period, slaughter weight was significantly greater in LHH
controls than in animals on LMH feeding regime. However, no
significant ditferences existed between either LLH and LHH or LLH
and LMH animals. Hot carcass weight, dressing percentage and rib
eye area were significantly lower in bulls on LMH and LLH feeding
regimes compared to the controls. There were no significant
differences between treatments in kidney fat, although animals on

LMH and LLH feeding regimes exhibited lower values.
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Table 13: Means for carcass traits by feeding regime and age of animal at various trial stages.

Stage of Feeding Slaught Wt, Kg Hot Carcass wt, kg Dressing %
MMmev Regime Young 01d Means +SEM Young 0l1d Means +SEM Young 0ld Means #*SEM
ays
180 LEH 224.0 292.3 258.2°% 105.9 151,84 128,72 47.4 51,8 49.6°
LMH 157.6 201.3 179.5°  7.01 69.2 96.6 82.9° 4,11 44,0 47.7 45.9° 1.08
LLH 147.5 202.3 174.9° 63.1  93.2 78.2° 42.7 46.0 uy,yb
Means 176 .4 232.0% 5.74 79.4° 113.79 3.36 uy,6 ug,sd 0.87
270 LHEH 278,3 3u8,9 313.6° 145.9 186.4 166,22 52,1 53.8 52.8°
LMH 248.7 287,0 268.0°  9.40 122.0 141.6 131.8" 5,15 9.2 50.00 49.5° 0.57
LLY 282.3 286.0 285,220 142.3 136.9 139.6° 50.4 49.7 50.1°
¢ d & d
Means 269.8° 308.0 7.68 136.7° 154,3 4,20 50.7 51.2 0.49
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Table 13: Continued

Stage cof Feeding Rib eye area, cml Kidney fat, kg
trial Regiue Young  01d Means *+SEM Young 0l1d Means +GEM
(days)
180 LHH 33.75 56.56 u5,16 1.14% 1.67 M.CHD
LMH 32,20 37,73 35.00 4.78 0.10 0.37 0,24 .21
LLH 27.65 33,60 30.63 0,09 0.27 o.HmU
i
Means 31.20 42,63 3.99 0.Ly 0.77 0,18
270 LHH 49.47 68,60 59,042 2.27 1.65  1.96
LMH 39.03 42,10 n:.oqv 1.22 1,40 1.30 1.35 0,22
LLH 42,57 ugp,80 cm.mmv 1,70 1.50 1.60
c d s v
Means Wi.no 55.450 1.05 1.79 1.48 0.19
a;b

o]
-

d

Heans in a column within a stage of trial with different superscripts are significantly different (P<0,05).

Means in a row within a stage of trial with different superscripts are significantly different (P<0.0%)
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Age had a significant effect on dressing peccentage at the
eﬁd of the mid perind, the younger animals dressing lowar than
the older bulls., Rib eye areca and kidney fat were also higher in
favour of the older animals. From the end of the period of F=ed
restriction to the end of the Eull teeding peciod, dressing
percentage Increased by 6A.1%4 units la younger bulls and 2.7%
units in older bulls. At the end of the final (ftull feeding)
period no signiticant diftferences occurred between younger and
older bulls in dressing percentage and kidney ftat, but the latter

group significancly exceeded in rib eye area.

3.4.2, Offals and by-products

(a) Hide and other by-products

Table 14 shows hide and other by-products expressed as
percentages of the empty body weight., At the end of the mid
period, hide percentage was not significantly different between
treatment groups. However, animals fed on low plane during mid
period tended to have higher percentage hide than those fed on
moderate level which had greater values than animals on full
feeding. Head percentage followed similar trend, with LLH
animals showing significantly higher values than LMH animals
which yielded significantly higher head percentage than did the
controls,

Compared to the controls, front and back [e=L percentages
wera significantly greater at the ead of the mid parind in LMH
and LLH bulls. [In absolute tecrms the weights of hide, head, tail

and  Feet were slignificantly deprassed by feed restriction
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Table 14: Hide and other by-products expressed as percentages of the empty body weight of bulls.
Stage of Feeding Hide Head Tail
trial(days) Regime Young 01d Means #SEM' Young 0ld Means +SEM Young O01d Means 4SEM
180 LHH 10,9 11.2 11.1 6.8 6.0  6.4° 0.7 0.7 0.7
LMH 11.3 11.6  11.6 0.50 7.6 6.7 7.2° 0.1t 0.8 0.8 0.8  0.03
LLH 11:7 12.8 12.8 8.8 7.3 17.6° 0.7 0.7 0.7
Means 11.3  12.0 o2 7.8%9 5.7° 0.12 0.8 0.7 0.03
270 LHH 12.7 10.¢ 11.6 5.9 5.2 5.6 0.6 0.6 0.6
LMH 10,8 12 11,5 0.71 6.0 5.8 5,9 0,22 0.7 0.6 0.6  0.04
LLH 12.1 11.1  11.6 5.8 5.9 5.8 0,7 0.7 0.7
Means 11.8 11.3 0.58 5.9 5.6 0.19 0.7 0.7 0.04
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Table 14 Continued.

Stage of Feeding Front feet Back feet
trial(days) Regime Young 01d Means +SEM Young 01d Means - *SEM
180 LHH 1.5 1.8 147 1.6 1.4 1.5°
LMH 2.0 1.8 1.9° 0.06 2.0 1.8 1.9° 0.07
LLH 1.9 1.9 1.9° 1.9 1.8 1.9
Means 1.8 h o 0.05 1.8 17 0.06
270 LHH 1.3 1.2 13° 1.3 1.1 1.2%
b b
LMH 1.6 1.5 1.6 0.07 1.5 1.5 1.5 0.06
LLH 1.4 1.5 i 1.4 1.5 1.5°
Means 1.4 1.4 0.06 1.4 1.4 0.05
a,b

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)

a.mzmmnm in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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(Appendix Table [1).

From mid to final period, hide and tail percentages did ﬁot
change appreciably in all the treatment groups. Consequently,
the percentages of these by-products were not significantly
different between treatments at the end of the final period.
Similarly, the head as percentage of the empty body weight was
not significantly different, although LLH and LMH animals tended
to have greater values. At the end of the final period, relative
percentage of “both front and back feet were 'depressed in all
treatments, but values were higher in LLH and LMH animals than in
the LHH group. The actual weights of the by-products were not
significantly different between treatment groups at the end of
the full feeding period (Appendix Table 11).

At the end of the mid period, the head represented a higher
percentage of the empty body weight in younger bulls than in
older bulls. No significant differences between age groups in
percentages of hide, tail, front and back feet were found,
although  younger animals exhibited higher values for all
parameters except in hide percentage. At the end of final full
feeding period, younger animals maintained higher percentages of
hide, head, front and back feet, but the differences were all not

significant,
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iy
LA VY R

LY

¢
4

"~

(b) Components of gut tissue

Gut tissue components expressed as percentages of the empty

body weight are given in Table 15. During feed restriction, the

percentage of full rumen was significan LLH animals,
QA .
bs/// £ ] LY
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Table 15:

Components of gut tissue expressed as percentages of mawﬁw body weight of bulls,

W

Stage of Feeding mc;mzpu Full w¢am:h. Empty Omental fat -
trial Regime Young 0ld Means *+SEM Young 0ld Means  *SEM Young  01d Means +SEM
(days)
180 - LEH 17.8 14,9 16,3 4.5 3.8 4.1 0.8 0.7 0,8°
IMH  19.6 18.0 18.8°  2.03 N.1l . 4.1 4.1 0,20 0.4 0.3 0.3° 0.19
LIA . 29.0  26.3 27.8° B.5 WL U4 0.4 0.3 0.3
Means 22.1  19.7 1.66 4.3 u,1 0.17 0.5 i 0.4 0.16
270 LHH - 1u.8 13,0 13.9° 4.3 3.7 w0 1.1 1.1 1.1
IMH  16.0  19.6 17.8°  1.06 4.5 4.6 W.5 0.18 0.9.7 1.0 0.9 _0.08
LLH 15.5 18,0 17.2° Cu,i u,3 .2 0.8 - 0,9 0.8
Means 15.4 17.2 0.86 3.3 4.2 0,15 0.9 1.0 0.06
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Table 15 Continued.

2 = 2
Stage of Feeding Intestine , Full Intestine , Empty Mesenteric fat
trial Regime Young 0ld Means #SEM Young 0ld Means +SEM  Young 0l1d Means *SEM
(days)
180 LHH 6,8 3.8 5,3 4,3 3.4 3.8 0.6 0.4 0.5
LMH 6.5 6.7 6.6°  0.25 4.3  u.u 4,3 0.35 0.4 0.4 0.4 0,05
LLH 9,5 7.4 8.u° 5.2 5.0 5.1 0.7 0.3 0.5
Means 7.7%  6.0° 0.21 U4.6 4,3 0.04 0.6% 0.4° 0.04
270 LHH 5.1 4.7 4,9% W2 : 3.8 3.7 1.0 0.9 1.0
LMH 6.3 6.4 6.4  0.28 4.2 u.5 4.3 0.32 0.9 0.9 0.9  0.11
LLH 5.4 6.1 5,720 4.3 4.1 4,2 0.7 0.8 0.8
Means 5.6 5,7 0.23 4,2 3,9 0,26 0.9 0.9 0,09

1 i
Includes reticulum,rumen, omasum and abomasum

J
“Includes small and large intestine
a,b,c

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)
d,e

Means in a row within a stage of trial with different superscripts are significantly different (P<0.0%5).
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while differences between LMH and LHH treatment groups were not
significant, Similarly, the full intestine expressed as
percentage of the empty body weight was highest in LLH animals,
lowest in LHH control group and intermediate in LMH animals. The
percentages of empty rumen and empty intestine did not ditfer
significantly between treatment groups. However, the absolute
weights of the empty rumen, but not the empty intestine, were
signiticantly lower in LLH and LMH bulls (Appendix Table 12).
The percentage of omental fat was significantly lower at the end
of mid period in LLH and LMH animals than in LHH treatment group
while no significant difterences existed between the treatments
in the percentage of mesenteric fat.

In general, the proportions of rumen and intestine decreased
from mid to final period in all the treatments while those of
omental fat and mesenteric fat increased. At the end of the full
feeding period, animals on LMH and LLH feeding regimes had
significantly higher full rumen and intestine percentages than
animals on LHH feeding regimé. Empty rumen and intestine
percentages were also higher in favour of LLH and LMH animals,
but the differences were not significant, In contrast, omental
and mesenteric fat percentages were greater for the control LHH
animals than in LMH and LLH animals though the differences were
not signiticant. Also, there were no significant differences
between groups in the absolute weights of tissue components
(Appendix  Table 12). In mid period, younger bulls had
significantly higher proportions of full intestine and mesenteric
fat than the older bulls. The percentages of full rumen, empty

rumen, omental fat and empty intestine were also greater in the



105

younger than in older bulls. The differences were, however, not
significant. At the end of the full feeding period, no
significant ditferences attributable to age of animals were
evident In the components of gut tissue. However, younger bulls
tended to have greater proportions of empty rumen and empty
intestine while older animals exceeded in percentages of full

rumen, full intestine and omental fat.

(c¢) Internal organs

Data are presented Iin Table 16 on the internal organs other
than gut tissue, expressed as percentages of the empty body
weight. The results show that no significant differences due to
feeding regime were detected in the percentages of liver, heart
and kidney during the mid period. The percentages of these
organs tended to decline from feed restriction period to full
feeding period except 1in liver where LMH animals showed an
increase. The spleen represented significantly higher percentage
of the empty body weight in control LHH animals than in LMH and
LLH animals at the end of the mid period. Spleen percentages
increased from mid to tinal period in LMH and LLH animals, but
decreased in the LHH group. At the end of the full feeding
period, there were no significant differences between treatment
groups in the proportions of internal organs. In absolute terms,
the weights of liver, heart and spleen were significantly
depressed in LLH and LMH bulls at the end of the mid period while
differences between treatment groups were not significant at the

end of full feeding (Appendix Table 13).
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Table 16:

Influence of feeding regime
empty body weight.

and age of animal on some internal organs

expressed as percentages of the

Stage of Feeding Liver Heart Spleen Kidney
trial, Regime
(days) Young 0ld Means *SEM Young Old Means 2SEM Young 0ld Means #SEM Young O0ld Means +SEM
180 LHH 1.50 1.31 1.41 0.4y 0.37 0.40 0.37 0.28 o.mwm 0.24 0.22 0.23
LMH 1,30 1,19 1.2 0,05 O,47 O.,40 O,43 0,03 0,29 0,21 o.mcv 0.01 0,29 0.21 0.25 0,03
LLH 1,31 1,30 1.30 0,46 0,40 0,43 0.28 0.24 c.mmv 0.28 0,23 0.26
Means 1.36 1,27 0,05 0.46 0,40 0,02 0,31° o.wma 0.01 0.27 0.22 0,03
270 LHH 1.3 1.12 1,22 0.37 0.32 0,35 0,31 0.27 0,29 0.21 0.18 0.20
LMH l1.u% 1,46 1,42 0,07 0.35 0.320.38 0,02 0.33 0.28 0.30 0.02 0.22 0,20 0,21 0,01
LLH 1.21 1,17 1.19 0,33 0,38 0.36 0.2¢ 0.28 0,28 0.20 0,22 0,21
Means 1.32 1,22 0.06 0,35 0,34 0.02 0,31 0,27 0.01 0,21 0,20 0.01
a,b

c,d

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)

Means in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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Liver, heart  and kidney percentages did not differ
significantly between age groups although younger bulls tended to
have higher values at both slaughter periods. Younger animals
had signiticantly higher spleen percentage at the end of the mid
period while the difference hetween age groups In spleen
percentage at the end of the full feeding period was not

significant.

3.4.3. Physical composition

(a) Carcass lean, bone and fat percentages

The effect of feeding regime on carcass physical composition
is shown in Table 17. The results obtained at the end of the mid
period indicate that full fed LHH animals produced significantly
greater proportions of lean, fat and muscle than LMH and LLH
animals fed moderate and low planes of nutrition, respectively.
The differences between LMH and LLH treatment groups were not
significant. In  contrast, IMH and LLH bulls yielded
significantly higher bone percentage compared to LHH animals at
the end of the mid period.

From mid to final period, lean percentage increased in LMH
and LLH animals but decreased in LHH animals. Consequently, the
percentage of lean in carcass was significantly greater in LMH
and LLH animals compared to the controls at the end of the full
teeding period. Carcass fat percentage increased from mid to
final period for all treatment groups, the control group yielding
significantly greater values at the end of final full feeding

period. From mid to final period, bone percentage was depressed



108

Table 17 Physical composition (%) of the carcass

of bulls according to various slaughter criteria,

Stage of TFeeding Lean Fat Bone xcmnwmH
trial Regime
(days) Young Q0ld Means +SEM Young O0ld Means +SEM Young 0ld Means #SEM Young 01d Means *SEM
a a a a
180 LHH 68.5 68,9 68,7 7.9 7.2 7.5 23.7 23.9 23.8 76.3 76,1 76,2
LMH 66.9 66,3 mm.mv 0,25 4,2 4,1 c.mv 0.14 28,3 29.6 wm.ow 0.35 71.1 70.4 qo.mv 0,35
LLH 65.9 66,3 mm.pv b.4 3.9 c.uv 29.8 29.8 ww.mv 70,3 70,2 qo.mv
Means 67.1 67,2 0.21 5.5 5:1 0.12 27.3 27.8 0.29 72,5 72.2 0.29
a a a E
270 LHH 67.9 67.4 67.7 12.1 11.6 11.9 20.0 21.2 2.6 79.9 78.9 79.4
LMH 69.7 68,8 mw.uc 0.33 84 9.1 m.qv O.41 22,0 22.1 mm.ov 0,32 78.0 77,9 qm.ov 0,32
LLH 69.5 68,2 mm.mv 8.7 8.9 m.mv 21,8 22.7 mm.wv 78.2 77.3 qqamv
Means 69.0 68,1 0.28 9.7 9.9 0.35 21,3 22.0 0.27 78.7 178.0 0.27
Hzcmnpm = Lean + Fat.
a,b

Means in a column within

e

stage of trial with different superscripts are

significantly different (P<0.05).
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by 6.0% units in both LMH and LLH animals while a decrease of
about 3.0%4 wunits was noted in LHH animals. Despite .these
differential rates of decrease, IMH and LLH animals exhibited
significantly greater values of bone percentage at the end of the
full feeding period.

Across treatment groups and during both slaughter periods,
no significant ditferences due to age of animals were evident for
lean, bone, fat and muscle percentages. However, at the end of

the final period, younger bulls tended to have higher percentages

of lean but lower fat percentages than their older counterparts.

During the mid period, full €fed LHH bulls recorded
significantly higher lean to bone, fat to bone and muscle to bone
ratios than restricted LMH and LLH animals (Table 18). In
contrast, lean to fat ratio was significantly higher in LMH and
LLH animals compared to the controls. At the end of the full
feeding period, lean to bone ratio was not significantly affected
by feeding regimes while lean to fat ratio was significantly
higher 1in favour of animals on LMH and LLH feeding regimes
compared to control animals on LHH feeding regime. The control
group showed significantly higher fat to bone, and muscle to bone
ratios than animals on LMH and LLH feeding regimes which were not
significantly different from each other.

During both slaughter periods, the ratios between various
carcass components were not significantly influenced by age of
animals (Table 18). However, younger bulls yielded slightly
higher 1lean to bone and lean to fat ratios than older bulls at

the end of the full feeding period.



110

Table 18:

Ratios between carcass components according to various slaughter criteria,

Stage of TFeeding Lean: Bone Fat: Bone Lean: Fat gcmnHWPH Bone
trial Regime
(days} Young O1d  Meams #SEM  Young Old Means #SEM  Young Old  Means *SEM Young 0ld  Means *SEM
a a a a
180 LHH 2,88 2,89 2.89 0,33 0,30 0,32 g§.69 9.56 9,13 3.22 3.19 3.21
LMH 2.31 2,20 m.mwd g.0u 0.15 0.14 O.Hmv 0.04 16,07 Hm.om.quomU O.48 2,46 2.38 w.cmv 0.05
LLH 2.21 2,22 m.mmv 0.15 0.13 o.H:v 15023 16.95 Hmaomv 2,36 2.35 w.wmv
Means 2,47 2,45 0.83  0.21 0.19 0.03 13.31 14.18 0.39 2.68 2,64 0.0
270 LHH 3.39 3,19 3.29 0.60 0,54 0,57° 5.61 5.88 5,74° 3,99 3.73 3.86°
LMH 3.18 3.11 3.15 0.05 0.38 0,41 o.wmHu 0,03 8.53 7.5% m.orv 0,42 3,5 3.52 w.mcv 0.07
b
LLH 3.18 3.01 3.10 Dawm 0.40 D.u40 8,03 7,49 q.qmv 3.58 3.41 m.mov
Means 3.25 3,11 0.05 0,486 0,05 0,02 7.40 6.97 0.36 3,71 3.55 0.08
1 _
Muscle = Lean + Fat,

a,b

Means in a column within & stage of trial with different superscripts are

significantly different (P<0.05).
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(b) Wholesale cut percentages

Data are presented in Table 19 relevant to the wholesale
cuts from left side of the carcass expressed as percentages of
side weight. buring mid period, restricted LMH and LLH animals
had significantly higher percentage in shank but a significantly
lower percentage in shortloin than full-fed LHH control animals.
No significant differences existed between LMH and LLH animals in
these two cuts, Animals on LMH and LLH teeding regimes also had
higher percentages in round but lower percentages in plate,
brisket, rump and flank than control animals on LHH feeding
regime. The differences were, however, not significant, There
were no definite trends at the end of the mid period in
percentages of chuck, rib and sirloin although LLH animals tended
to yleld higher proportions of chuck but lower values in rib and
sirloin  than LHH controls. Among wholesale cuts within
treatments, side proportion ranged from approximately 25.0%Z in
round to 4.0% in flank.

From mid to final full feeding period, the proportions of
chuck round and sirloin did not change appreciably in all the
treatments. Rib and plate percentages increased in all treatment
groups except LMH group, where a decrease in rib percentage was
noted. Animals on LMH and LLH feeding regimes exhibited
increases in brisket and flank percentages while no changes were
apparent in LHH animals, Shank percentage declined by about 3.0%
in LMH and LLH animals and by about 0.8% in LHH animals. The
percentages of rump and shortloin decreased in LHH animals but

increased in LMH and LLH treatment groups.
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Table 19: Means of carcass wholesale cuts (%) by feeding regime and age of animal at various trial stages.,

1
Stage of Feeding Chuck Rib Plate
trial Regime
(days) Young Old Means #5EM Young 0ld Means  +SEM Young 0ld Means +SEM
180 LHH 19.7 21.4 20,6 " 5,9 7.6 6,8 4,9 5.2 S.1
LMH 19.6 20.7 20,2 0.71 8.4 6.9 T 0.35 4.3 5¢7 5.0 0.34
LLH 20,6 22,0 21.3 6.1 7.1 6.6 5.3 4,5 4.9
Means 19.9 21.& 0.58 6.8 7,2 0.29 4.8 5.1 0,28
270 LHH 21,0 20.8 20.9 8.2 8.2 8,2 Be? 5.9 5.8
LMH 19.0 19,4 19,2 0.92 6.7 6.5 6,6 0.52 5.6 5.9 5,7 0.36
LLH 21.5 18,9 20.2 7,0 7.0 7,0 5.5 6.0 5.7

Means 20.5 19.7 0,79 £ T2 0.4y 5.6 5.9 .31
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Table 19 Continued.

Stage of Feeding Brisket Shank Round
trial(days) Regime Young 0ld Means +SEM Young 01d Means  +SEM Young 0ld Means  *SCM
180 LHH 5.9 6.7 6.3 11.0 10.9  10.9% 25.0  23.9 24.4
LMH 8.2 B.1 5,9 0.51 14.3 12.1 13.2° 0.29 26.3 25.1 25.7  0.36
LLH 5.6 5.7 5.7 14,7 12,4 13.6° 25.3 25,3 25.3
Means 5.5 6.2 0.41 13.3°  11.8 0.23 25.5 24,8 0.29
270 LHH 6.1 7.0 6.5 9,7 10.6 10.1 23.9 21.6 22.8
LMH 6.7 7.2 6.9 0.43 10.7 10,7 10,7 0.21 24.5 24,3 24,4 0,78
LLH 7.0 7.2 7.1 10.0 11.3  10.7 23.4  22.8 23.1
Means 6.6 7.1 0.37 10.1°  10.9 0,18 23.9  23.0 0.67
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Table 19 Continued. o : . , e St

Stage of Feeding Rump Sirloin Shortlein rlank -
trial Regime  Young Old Means *SEM Young O0ld Means =+SEM  Young 0ld Means +SEM Young 0ld Means +SEM
(days)
180 LHH 8.1 5.1 5.6 B.0 4.8 6.4 8.1 7.0 7.6° 4,3 4.7 4.5

LMH 5.4 5.1 5.2 0.39 5.8 5.7 5.8 0.25 5.9 6,9 mutv 0.28 3.5 3.7 3.6 0.35

b

LLH 5.0 4.8 u,9 ) 6.5 6.0 6.2 5.5 6,2 B.3 3.8 4.2 4.0

Means 5.5 5.0 0.32 6.5° 5.5 0.21 5.8 6.7 0,23 3,9 4.2 0.28
270 LHH 5.0 u.,7 4.9 5.8 6.8 €£.3 7.2 6.4 6.8 .4 4.8 4,6

LMH 5.6 5.2 5.4 0.16 7.2 6.6 6.9 0.43 6.7 5.6 5.2 0.22 5.7 4,9 5.3 0.24

LEH 4.9 5.1 5.0 6,2 6.9 6.6 6.9 7.8 T U 3.0 5.1 5.1

Means 5,2 5.0 0.14 6.4 5.8 0.37 6.9 6.6 0.19 5.1 4.9 0.21

lless 9-10-11 Rib cut
2 vsmmSm in a column within a stage of trial with different superscripts are significantly different (P<O. owu
c,d

Means in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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At the end of the full feeding period, there were no
significant differences between treatments In the percentages of
all wholesale cuts. Differences between controls and ILMH or LLH
bulls were very minor.

Among age groups, younger animals had significantly greater
proportions of shank and sirloin at the end of the mid period
than older bulls. The older animals showed greater percentages
in chuck, rib, plate, brisket and flank but lower values in round
and rump compared to younger bulls, The differences were,
however, not significant. The data obtained at the end of the
full feeding period indicate that differences between age groups
in the percentages of all cuts were not significant except in
shank percentage, where younger bulls had significantly lower
values than older ones. The younger bulls also tended to have
lower percentages of their sides in plate, brisket and sirloin
but higher values in chuck, round, rump, shortloin and flank

compared to the older bulls.

(c) Lean, bone and fat in wholesale cuts

Changes were also observed with respect to lean, bone and

fat proportions in the different wholesale cuts,

(i) Lean percentage

During the mid period, separable lean percentages in plate
and shank were significantly greatar in control LHH bulls than in
restricted LMH and LLH bulls (Table 20). Lean percentages in
chuck, rib, shortloin and flank were also higher, though not

signiticantly, in LHH controls, In sirloin cut, lean percentage



Table 20:

w0 Means for percent separable lean in each wholesale cut by feeding regime and age of animal at
i various trial stages.
) g |
Stage of Feeding Chuck Rib Plate
trial(days)Regime Young 01d Means #SEM Young 01d Means *SEM Young O0ld Means  +SEM
180 LHH 70.1 72.8 71,5 69,9 71.2 70,6 65.8 70.3 68,17
LMH 70.2 71.1 70,7 0,71 62.7 64,6 63,7 2.82 55,0 58,6 mm,mc 2,95
LLH 70.4 69.3 69.8 62.6 67.7 65,2 50,2 54,5 mw.:v
Means 70,2 71.1 0.58 65.1 67.8 2,31 57.0 61,1 2.41
270 LHH 72.2 78,7 73.5 71:1 67.2 69,2 F 62.5 57.0 59,8
LMH 72.6 .8 73,7 1.70 72.3 63.9 68,1 1,92 71.1 63.5 £7.3 1.17
LLH m.7  73.3 74.0 69.6 60.4 65.0 62.4 69,1 65.8
Means 73.2 4.3 1.45 71.0° 63.8 1.64 65.3 mu.ua 1.01
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Table 20 Continued,
Stage of Feeding Brisket Shank Round
trial Regime Young Old Means +SEM Young 0ld Means  *SEM Young 0ld Means  *SEM
(days)
180 LHH 58,8 54.1 56,5 64,7 61.1 62,9° 74,6 73,5 74,1
LMH 60.6 55.1 57,9 1.61 59.8 55.1 wq.mu 0.92 72,4 73,8 73.1 0.63
LLH 52.8 53.4 53,1 58,2 54,0 mm.u.u,.U 72.5 71,9 72.2
Means 57.4 54,2 1.32 60.9 56.7 0.75 73:2 731 0.51
270 LHH 53.9 53,9 53:9 63,3 62,6 63.0 75.4 76,9 76,2
LMH $3.7 55.4 54.6 155 63.2 60.8 62,0 1.40 74,9 74,9 4.9 0.67
LLH 51.4 55,9 53.7 62.6 5B1.5 8251 T1.7 147 76,2
Means 53,0 55,1 1:33 63,0 61,6 1.20 76.0 75.5 0.58
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Table 20 Continued.

Stage of Feeding Rum Sirlein Shortlein Flank
trial Regime Young OId Means *SEM Young Old Means #SEM Young O0ld Means +SEM Young 01d Means +SEM
{(days)
180 LHH 61.4 60.8 61.1 62.1 66.1 64,1 61.7 69.3 65,5 64.8 6B.6 66,7
LMH 59,8 59.9 59,9 ‘1.41 65.1 67.8 66.5 2.45 65.4 62,5 64,0 1.5 66,1 60.7 63.4 2,51
LLH 57.1 6u4.6 60,9 67.7 70,7 69.2 59,1 62.6 60,9 62,1 66,5 6u4.3 .
Means 59.4 61.8 1.16 65.0 68,2 1,98 62.1 64,8 1.27 64.3 85,3 2.06
270 LHH 63.5 61.7 62,6 u.4 B1.4 62,9 61.6 56,4 59.0 53.6 51.2 51,42
LMH 65.8 1.3 63.6 1.8 66,3 70,1 68.2 2.05 66.5 63,8 65.2 2.47 65.7 67.8 mm.mc 3.16
LLH 63.8 51,4 57,6 '67.3 70.8 69.1 64.9 66,7 65.8 63.0 71.4 mq.mv
Means 6u.4 58,1 1.59 66.0 67,4 1.76 64,3 62.3 2,12 60.8 63.5 2.71

prmwm 9-10-11 Rib cut

a,b
c,d

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)

’"Means in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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was lower 1in LHH controls than in LMH and LLH animals while no
definite trends were observed for brisket and rump lean
proportions.

As feeding progressed from the mid period, changes in lean
percentages were variable among wholesale cuts. In chuck, round,
rump and shank all treatment groups showed Increases in lean
percentage. Lean percentages in rib, plate, sirloin, shortloin
and flank were depressed in LHH control animals but increased in
IMH and LLH treatment groups. Lean percentage in brisket
declined from mid period to final full feeding period in all
feeding regimes.

Data obtained at the end of the study show that lean
percentage was not significantly different between feeding
regimes in all the wholesale cuts except in flank, where animals
on LMH and LLH feeding regimes significantly exceeded in
muscling of the cut. However, LLH animals tended to have higher
lean percentages in sirloin and shortloin, but lower values in
rib and shank compared to the control animals on LHH feeding
regime.

Among wholesale cuts, within feeding regimes, round and
chuck had the greatest percentages of lean while brisket and
flank had the lowest lean percentages at the end of full feeding
period.

In mid period, younger bulls tended to yield lower lean
perceatages in chuck rib, plate, rump, sirloin, shortloin and
flank but higher lean proportions in brisket and shank than older

bulls. These differences were, however, not significant except
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in shank, where younger bulls significantly exceeded in Llean
percentage,

At the end of the final period, lean percentages in rib,
plate and rump were significantly higher in favour of the younger
animals. They also yielded higher lean percentages in shank,
round and shortloin, though the differences were not significant,
In contrast, lean percentages in chuck, brisket, sirloin and

flank were non-significantly greater in the older bulls,

(ii) Bone percentage

Among wholesale cuts, separable bone percentages ranged Erdm
approximately 38.0% mean across feeding regimes in shank to 22.0%
mean across these regimes in the flank at the end of the mid
period. At the end of the full feeding period, these mean values
ranged from about 32.0% in the shank to 17.0% in the flank.

Compared to LHH control animals, restricted LMH and LLH
animals had significantly higher bone percentages in chuck,
plate, brisket, shank and shortloin at the end of mid period
(Table 21). Bone percentages in rib, round, rump, sirloin and
flank were also greater in favour of LMH and LHH bulls but the
differences were not significant (Table 21).

As feeding progressed from mid period to final full feeding
period the proportions of bone In all wholesale cuts were
depressed for all treatment groups, the rates of decrease being
greater 1in animals on LMH and LLH feeding regimes than in LHH
control bulls. Consequently, at the end of full feeding period
no significant differences existed between feeding regimes in

proportions of bone in all cuts except chuck, where LMH animals
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Table 21: Means for percent separable bone in each wholesale cut by feeding regime and age of animal at various
trial stages,

Stage of Feeding Chuck mva Plate
trial Regime Young 0Old Means  +SEM Young 0ld Means +SEM Young Old Means +SEM
(days)
180 LHH 21.5 21.7 21.6° 24,5 23.1 23.8 29.6 21,7 25.7°
LMH 27.0 26.1 26.6° 0.84 33.4 31,4 324  2.92 7.4 37.4  37.4° 2.4
LLH 25.2 28.3 26.8° 31,2 27.8 29.6 42,7 36,1 39.4°
Means 24.6 25.4 0.09 29,7 27.4 2.39 36.6 31,7 2,00
270 LHH 17.5 17.5 17,5 20.5 23.0 21.8 26.6 24,1  25.4
LMH 21.4 19.8 20,67 0,72 22,3 25,8 2u.1  1.34 20,4 23,6 22.0 0.91
LLH 19.6 19.9 19,7°° 21.0 25.0 23.0 24,8 24,8 24,8

Means 19.5 19:1 0.62 21,3 2u4.6 1,15 23.9 24,2 0,78
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Table 21 Continued.

Stage of TFeeding Brisket Shank Round
trial Regime Young 01d Means  :SEM Young 01d Means +SEM Young 01d Means +SEM
(days)
180 LHH 22.5 25.5 2u.0° 31.3 35.0 33.2° 20.9 22,9 21,9
b )
LMH 30.4 35.5 33.0 i.68 37.1 ui.2 mmamc 1,04 23.9 23,9 23.9 0.73
LLH 31,7 35.0 ww.:w 35.9 42,9 wmeﬁv 247 25,4 24,3
Means  28.2 32.0 1.38 an, 8% 39,79 0.85 23,2 24.1 0.60
270 LHH 19.1 22.5 20.8 31.9 32.4 32.2 16.9 18,2 17.%
LMK 20.9 24.3 22.6 "1.67 31.82 36.6 33,2  "l.46° 20.7 18.49 19.8 0,66
LLH 29.8 20.0 24,9 33.3 34,6 34.0 17.8 13.0 18.4
Means 23.2 22.3 1,43 32.3 34.4 1.25 18.5 18.7 0.55
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Table 21 Continued.

Stage of Feeding Rump Sirloin Shortloin Flank
MMmev Regime Young ©0ld Means wmmx Young 0ld Means +SEM Young Old Means +SEM Young 01d Means  *SEM
ays
180 LHH 28.0 24.5 26.3 25,2 23.1 24,2 27.3 23.7 25.5° 18,9 17.8 18.u
LMH 28.6 34,3 31.5 2,51 25.8 24,1 25,0 1,93 29.1 32.5 wo.mu 1.80 18,3 29.7 24.0 2,18
LLH 35.7 30.3 33.0 26,8 24,2 25,5 33.0 33.5 wm.mw 25,7 24,9 25.3
Means 30.8 29.7 2.05 25,9 23.8 1.58 29,7 29.9 1.47 21.0 24,1 1.78
270 LHH 25.6 23.3 2u.8 17.9 20.6 19.3 19.5 20.8 20,2 16,4 18.3 17.4
LMH 24,5 26.7 25.6 1.71 21.0 17.2 19.1 1.71 22.8 23.6 23.2 1.93 11.7 11.0 11.4 2,27
LLH 24,0 28.0 26.0 18.9 20.8 19,9 22.0 20.4 21,2 19.1 17.2 18.2
Means 24.7 26.2 l.46 19.3 19.5 1.46 21.4 21.6 1.66 15.7 15.5 2,38
1 :
Less 9-10-11 Rib cut
a,b

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05).
n.azmm:w in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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had  significantly higher values than controls (Tabhle 21),
Animals on LLH feeding regime showed a trend for higher bone
percentages in the remaining cuts compared to the control LHH
group.

Among age groups, younger animals yielded significantly
Llower shank bone percentage during mid period than older animals.
Younger bulls also had lower bone percentage in brisket, round,
and flank but higher values in rib, plate, rump and sirloin at
the end of mid period, These differences, however, did not reach
significance. Similarly, at the end of the full feeding period,
no significant differences in bone percentage was found between

age groups for all cuts,

(1it) Separable fat percentage

At the end of the mid period (day 180 of trial), animals on
LMH and LLH feeding regimes had significantly less fat
percentages in chuck, brisket, round, rump and shortlein than
control animals on LHH feeding regime (Table 22). In sirloin
cut, significant differences in fat percentage were apparent
between LLH and LMH or LHH, but not between LMH and LHH treatment
groups. Fat percentages in rib, plate, shank and flank were
lower in LMH and LLH animals compared to LHH animals, but the
differences did not reach significant level, Across Ffeeding
regimes, at the end of the mid period, flank tended to be fattest
(12,52 mean) followed by brisket (11.0% mean) and rump (9.2%
mean). Shank had the least fat percentage (3,5% mean).

As feeding progressed from the mid period into full feeding
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Amdpmuw"zmm:umowﬂm%nmzﬁmmvmwmvammﬁmammnrs:owmmmwmncavwmmmamamdmmwamm:a mmmommumamhuﬁ<mww05m
trial stages, "

1

Stage of Feeding Chuck Rib Plate
trial Regime Young O0l1d Means *SEM Young 0ld Means +SEM Young 0ld Means +SEM
(days)
180 LHH B4 5.5 6,9 5.6 5,6 5.6 4.6 8.0 6.3

LMH 2.8 2.8 2.8°  o.uu 3.9 4,1 4.0 0.63 7.6 4,0 5.8 1.11

LLH b4 2.5 3,50 6.1 4.5 5.3 7.0 4,8 5.9

Means 5.2° 3.6° 0.36 5.2 4,7 0.52 6.4 5.6 0.91
270 LHH 10.3 7.8 9.1 8.5 9,7 9.1 10.9 17.0 13.9°

LMH 6.1 5.4 5.8 1.26 5.3 10,3 7.8 1.14 8.5 13.0 10.7° 0.63

LLH 5.7 6.9 6.3 9.4 12.0  10.7 12.8 7.1 10.0°

o d c d

Means 7.4 6.7 1.08 Tt 10.6 0.97 10.7° 12.4 0.54
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Table 22 Continued.

Stage of Feeding Brisket Shank Round
trial Regime Young Old .Means  1SEM Young 0Old Means  *SEM Young Old Means  *SEM
(days)
180 LHH 18.7 20,4 19.6° 4.0 3.9 4,0 n.5 3.6  u,1°
LMH 9.0 9.u w.mv 1.68 3.1 3.6 3.3 0.33 3.7 23 u.oU 0.20
; b b
LLH 1955 11.6 13.6 ] e, % 4,5 2,8 27 2.8
Means 14.4 13.8 1.37 4.3 3.5 0.27 3.7 2.9 0.16
270 LHH 27.0  23.6 25.3° 4.9 5.0 5,0 7.8 4.9 6.4
LMH 25,5 20,3 Mm.mmv 1,05 5.1 4.6 k.9 0.8u4 4.3 G2 5.3 0.85
LLH 18.8 24.0 uw.cv bh.1 3.9 4.0 4.6 €.3 5.5
Means 23.8 22,6 0.90 4,7 4.5 0,72 9.6 5.8 0.73




Table 22 Continued.

Stage of  Feeding Rump Sirloin Shortloin Flank
trial Regime Young 0ld Means #SEM Young Old Means :SEM Young 0Old Means  +SEM Young 0ld Means  +SEM
(days)
180 LHH 10.6 14,7 12.7° 12.7 10.8 11,8° 11.0 7.0 9.0° 6.4 13.6 15.0
LMH 11,6 5.8 8.7° 1.86 9.2 8.9 9.1 1.12 5.5 5.1 5.3°  0.80 15.6 9.7 12.7  1.68
b b b
LLH 7.1 5.1 6.1 5.5 5.1 5.3 7.9 3,8 5.9 2.1 8,7 10.u
Means a.g 8.5 1,14 0.1 8.3 0,82 B,1 5.3 0.6 14.7 10.7 1.37
270 LHH 10.9  tu.y 12.7 17.6 18.0 17.8° 18.9 22.8 20.9° 30.¢C 30.5 30.2°
. LHH 9,7 12.0 10.9 1,85 12.6 12.7 pm.qv 1.08  10.7 12.6 11.7° 1.32 22.5 21,2 21.9%° .55
b b b
I.LH 10.2 13.% 11.9 13.8 2.3 11.1 13.2 13.0 13.1 18,0 1i.,4 14,77
Means 10.3 13.3 1.24 14,7 13,0 .. 0,93 14,3 16.1 1.13 23.5 21.0 2.19
1

Less 9-10-11 Rib cut

a,b
c,d

Means in a row within a stage. of trial with different superscripts are significantly different (P<0.05).

Means in a column within a stage of trial with different superscripts are significantly different (P<0.05)



128

in the final period, fat perceantage increased in all cuts, with
LMH and LLH animals exhibiting higher rates of increase in chuck,
brisket and rump but lower rates in plate, shank, round,
shortloin and flank than did LHH control animals. In rib and
sirloin cuts, LLH bulls showed higher rates of increase in fat
percentage than did LHH controls which had Easter rates of
lacrease than LMH animals. Across feeding regimes, fat
percentage increased in all wholesale cuts, but the mean increase
in 'percentage units was greatest in flank (10.3%), followed by
brisket (9.0%),.shortloin (2.4%), rump (2.2%) and shank (1.4%).

Data obtained at the end of the full feeding period show
that the proportion of fat in plate, sirloins and shortloin was
significantly less in LMH and LLH treatment groups than in LHH
control group. Also, 1in chuck, shank, and rump, fat percentage
was lower in LMH and LLH animals compared to LHH animals, but the
differences were not significant. In brisket and flank, fat
percentage was significantly less in LLH animals than in LHH
controls while differences between either LLH and LMH or LMH and
LLH were not significant. Among wholesale cuts, across feeding
regimes, fat percentage ranged from approximately 23.0% mean in
the brisket and flank to less than 5.0% mean in the shank.

Fat percentages in chuck, round and shortloin were
significantly greater in younger than in older bulls at the end
of the mid period (Table 22). Younger animals alsa yielded
higher fat percentages in the rib, plate, brisket, shank, rmp,
sirloin and flank, but the differences were not significant.
At the end of the full feeding period, older bulls significantly

exceeded 1in rib and plate fat proportions, Fat percentages In
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other cuts were not significantly different between age groups.

3.4.4. Chemical composition, components of carcass gain and
efriciencies of protein and energy utilization

(a) Chemical composition

At the end of mid period, animals on LLH feeding regime had
significantly higher water percentage than those on LMH feeding
regime, which in turn, had significantly higher percentage of
water 1in their carcasses than control animals on LHH feeding
regime (Table 23). Chemical fat percentage followed a reverse
trend, the control group exhibiting significantly higher values
than LMH and LLH groups. Gross energy was also significantly
greater in favour of the LHH control group. Differences in
protein and ash percentages were small and non-significant (Table
23).

As feeding progressed from the restricted feeding stage Lo
full feeding in final period, carcass water percentage decreased,
while fat percentage increased in all treatment groups, the rates
of Increase or decrease being faster in LMH and LLH groups than
in LHH animals (Table 23). An increasing trend was also evident
in the gross energy content of boneless carcass of all treatment
groups, with LMH and LLH animals showing higher rates of
increase. Protein and ash percentages decreased slightly from
mid to final period in all groups except in LLH treatment group
where the percentage of ash Increased slightly (Table 23).

At final slaughter, Llittle ditferences occurrad between
treactments in carcass chemical composition. However, animals on

LLH feeding regime teanded to have higher water, protein and ash
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i wanian ? i . .
Table 23: Mean chemical composition” of the boneless carcass of bulls according to various slaughter criteria.

Stage of Feeding Water, 5 Protein, % Fat, %
trial Regime Young 0l1d Means  +S5EM Young 01d Means  %SEM Young 0ld Means  #SEM
(days)
180 LHH 66.4 66.1 66.3° 23.9  21.9 22.9 10.7  12.2 11.5°
LMH 71.1  72.6 qa.oe 0,64 25.8 23,1 24,5 0.68 4.3 4.9 4,60 0.64
LLH 72.7 75.6 74,25 24.5 20.6 22.6 3.3 3.9 3.6°
d e
Means 70.1  71.4 0.52 24.7° 21.9 0.55 6.1 7.0 0.52
270 LHH 2.9 65.0 63.9 22,2  19.7 21.0 16.9 14,9 15.9
LMH 64.6 63.8 64,2 0.98 20.9 19.2 20,1 0.51 15.8 17.4 16.6 0.95
LLH 7.4 66.8 67.1 22.2 20.6 21,4 1243 15,2 13.7
d e

Means 65.0 65.2 0.Bu4 21.8° 19.8 0.uy 4.9 15.8 0.82
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Table 23 Continued.

Stage of Feeding Ash, % Gross Energy, Kcal/gDM
trial (days) Regime  Young 0ld Means  +SEM Young 0ld Means +SEM
180 LHH 2.3 0.9 1.1 6.3 6.4 6.4
LMH 1.0 1.1 Ll 0.09 5.6 Siai 7 m.mv 0.06
LLH 1.1 1.0 1.0 5.5 S m.mw
Means 1.1 10 0,07 5.8 5.9 0,05
270 LHH 0.9 1.0 1.0 6.8 6.8 6.8
LMH 10 0.9 1.0 0.07 6.7 7.0 6.9 0.07
LLH 1.2 0.9 1.1 6.5 6.9 6.7
d =)
Means 1.0 0.9 0.06 6,7 6.9 0.06
1 .
DPry matter basis
m.v.nzmmam in a column within a stage of trial with different superscripts are significantly different
(P<0,05).
d

*“Means in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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percentages, but lower values of fat and energy than cthose on
either LMH or LHH feeding regimes. |

During mid period, younger bulls had greater protein and ash
percentages but less water, fat and energy values compared to
older bulls (Table 23). The difterences were all non-significant
except for protein. At the end of the final period, younger
bulls yielded significantly higher boneless carcass protein
parcentage but significantly less energy value than older bulls,
Water* and fat percentages were slightly greater in older hHulls
while ash percentage tended to be higher in younger animals.

These difterences were, however, non-significant,

(b) Components of carcass gain

During the mid period, boneless carcass welght increased at
an estimated rate of 64,8 g/day for full fed animals, but
decreased at the rates of 10.0 and 22,0 g/day for restricted LMH
and LLH animals respectively. Thus, the rate of carcass growth
in full fed animals was significantly higher than in restricted
animals (Table 24), Similarly, the rates of protein, fat and
energy gains were significantly greater in control LHH animals
than 1in LMH and LLH animals. No significant differences were
found between LMH and LLH treatment groups (Table 24).

Animals underfed in the aid period showed great increases in
carcass, proteln, fat and energy in the final pariod. Alchough
the absolute weights of boneless carcass, c¢rude praotein and fat
and the energy content of the carcass were signiticantly higher

in the control animals than in the restricted animals at the end
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Table 24: Components of boneless carcass gain at various trial stage.
Stage of Feeding Carcass gain, g/day Protein gain, g/day
trial Regime Young 01d Means  *SEM Young 01d Means *SEM
(days)
0-180 LHH 20.1 109.4 64,8° 2.7 18.6  10.7°
LMH -33.0 12.6 |Ho.uv 7.52 -84 =0.,7 lc.m_wu 1.74
b b
LLH -47.0 3.0 =22.0 =-13.2 645 ~-9.9
. c .d c
Means 20.0 41.7 6.16 ~6.3 3.8 1,43
4 - a m
181-270 LHH 58.1 146.5 102.3 122 19.8 16.0
LMH 108.2  19%.3 151.3° 9.us 16,8  28.3 22,6° 2.60
LLH 164,1 184,5 Hq:.wv 37.4 29.9 mw.qu
Means 120.1° 175,17 9.04 22,1 26,0 2,21
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Table 24 Continued.

Stage Feeding Fat_gain, g/day Energy gain, Mcal/day
trial Regime Young 0l1d Means  *SEM Young 01d Means +SEM
(days)
) y a a
0-180 LHH 10.9 24.6 17.8 0.92  1.57 1.25
LMH ~1.0 1.9 0.5° 1.23 0.52 0.84 0.68° 0.0
b b
LLH -2.1 0.3 -i.i 0.51 0.77 0.64
Means 2.5° 8.9% 1.01 0.65°  1.08° 0.03
181-270 LHH 25.2 31.4 28.3° 2,41  3.11  2.76°
LMH 37.2 57.3  47.3°  3.66 1.91  2.66 2.29° 0.07
) b b
LLH 33.6 48,1 40,0 2,16  2.51 2.34
Means 32.0°  us.69 312 2.16°  2.76% 0.06
a,b

Means in a column within a stage of trial with different superscripts are significantly different
(P<0.05).,

noazmmzm in a row within a stage of trial with different superscripts are significantly different
(P<0.05).
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of this period (Appendix Table 14), the latter group showed
greater improvement in the rates of gain during the period.
Thus, LLH and LMH bulls had significantly higher rates of
boneless carcass gain compared to LHH bulls (Table 24), Daily
crude protein gain was significantly higher in LLH bulls than in
LMH and LHH bulls which had similar values. Daily fat gain was
significantly higher in LLH and LMH groups compared to LHH
control group. The control LHH bulls maintained significantly
higher energy gain than LMH and LLH bulls. .

Age of the animal had a significant influence on the
components of carcass gain (Table 24}. During the mid period,
galas in boneless carcass, protein, tat and eanergy were
significantly lower in the younger bulls compared to the older
bulls, At the end of the ¢trial, older bulls maintained
significantly higher rates of daily carcass, fat and energy gain.

There were no significant differences between age groups in crude

protein gain during the final period.

(c) Efficiency of energy and protein utilization

Metabolizable energy (ME) intake was similar across
treatments during the full feeding period (Table 25). The bulls
on LLH feeding regime were significantly more efficient in
utilizing ME for empty body weight gain than the bulls on LMH and
LHH feeding regimes, No significant differences existed between
LMH and LHH animals in ME required per unit of empty body weight
gain. The differences between age groups in either ME intake or
efficlency of ME utilization for empty body weight gain were

small and non-significant.
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Table 25: Efficiency of energy and protein utilization during the full feeding period.

Feeding zmHH. Mcal/day MEI/kg Empty body wt. gain MEI/Mcal Carcass? energy gain
Regime Young 0ld Means *SEM Young 01d Means *SEM Young 0ld Means +SEM
LHH 16.28 16.38 16.33 25.60 2717 mm.mmm 6.72 5.38 m.omm
LMH 1y.88 16,85 15.87 0.u48 23,43 26.47 m:.wmmu.op 7.81 6.0 q.wmr 0.17
LLH 15.64 15,00° 15.32 20.10 20.80 mo.cww 722 6.09 q.mmv

d e

Means 15.60 16.08 0.39 23.04 25.01 0.82 7.25 5.96 0.14
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Table 25 Continued.

2
Feeding DCP , g/day DCP/g Carcass protein gain
Regime Young 0l1d Means  *SEM Young 0ld Means *+SEM
LHH 563.0  671.3 617.2 36.37 34,40 35.39°
LMH ug7.7 658.7 573.2 23.51 30.47 21.90 mm.wou 1.65
LLH 611.0  614,0 §12.5 16,70 18,40 17.55°
Means s53.9¢  gug,0° 46,34 27.85 24,30 1.35
Hzoﬂmuonumch energy intake
y
“Digestible crude protein intake
w *
Boneless carcass basis
m.v.nzmmsm in a column with different superscripts are significantly different (P<0.05)

d,e

Means in a row with different superscripts are significantly different (P<0.05).
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There were ne significant differences between the LMH and
LLH treatment groups in efficiency of ME utilization for carcass
energy gain, Both groups were, however, Lless efficient than
control bulls on LHH feeding regime in converting ME intake to
boneless carcass energy gain. Older bulls required significantly
Less ME per unit of boneless carcass eunergy gain than the younger
bulls.

Daily digestible crude protein intake during the final full
fteeding period was higher in the control LHH animals than in LMH
and LLH treatment groups though the differences were non-
significant. Animals on LLH feeding regime were significantly
more efficient in utilizing digestible crude protein for boneless
carcass protein gain than LMH animals which in turn were more
efficient than LHH controls, The older bulls consumed
significantly more digestible crude protein than the younger
bulls during the final period (Table 25), but there were no
significant differences between age groups in efficiency of
digestible crude protein utilization for boneless carcass protein

gain.

3.5. Economics of feeding

During realimentation (181 to 270 days), total feed consumed
was slightly higher in animals on the LLH feeding regime,
followed by the control animals on the LHH feeding regime and
least in LMH bulls (Table 26). Ditferences in this aspect were,
however, non-signlticant, The cost of feed consumed was similac

for LHH and LLH treatment groups but lower in LMH gZroup by about
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Table 26: Economics of feeding during the final full feeding period.

Feeding Total feed consumed, kg Cost of feed consumed, M Total liveweight gained, kg

Regime Young 01d Means Young 0ld Means *SEM Young 01ld Means +SEM
LHH 1244 .4 1298.3 1271.3 161.7 164.5 163.1 103.0 56.7 79.8

LMH 1129.7 1304.6 1217.2 47,5 165.0 156.2 108.3 93,7 101.0

LLH 1275.0 1276.0 1275.5 165.9 162,.0 16u4,0 135.0 99,7 117.3

Means 1216.3 1293.0 158 ,.u 163.8 115.4 B83.3
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Table 26 Continued.

Feeding Total nm@nmmmw wt. gained,kg Feed Cost/Kg liveweight gain, H Feed nomﬁ\mmlhmwnmmmwzﬁJmmwsu H
Regime Young 01d Means *S5EM Young Old Means 2SEH Young 01d Means +5EM
LHH 60.6 60.7  60.6 1.57 2.93  2.257 2.68 2.7% 2,71

LMH 5y 4 58.0 56.2 1.37 1.79 H.wmw 0.13 2,74 ?2.87 2,80 0.10
LLH 68,8 9.5 64,1 1.24 1.66 H.me 2.4y 2.72 2.58

Means 61.3 594 1.39°% 2.12 0.11 2.62 2.78 0,08
1 H

Bone=~in-carcass basis

a,b
c,d

>’Means in a column with different superscripts are si

gnificantly different (P<0.05),

Means in a row with different superscripts are significantly different (P<0.05).
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5.04. The cusﬁ of producing | kg liveweight gain was
significantly lower in LLH and LMH treatment groups than in the
control group. The saving in feed cost per kg liveweight gain
was approximately 35.5 and 30.0%2 in LLH and LMH animals
respectively, compared to the controls,

There were no significant ditferences between feeding
regimes 1in the cost of producing 1| kg carcass weight gain.
Howaver, animals on LLH feeding regime gained 1 kg carcass weight
at about 5.0% less. cost than the control bulls on LHH feeding
regime.

During the final full feeding period, younger bulls consumed
less feed and recorded higher total liveweight gains than the
older bulls (Table 26). Consequently, the cost of producing | kg
liveweight gain was significantly lower in younger bulls by about
=NO.7 Differences between age groups in feed cost per kg carcass

weight gain were small and non-significant.
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DISCUSSION

4.1, Feed intake, §£pwth and feed conversion efficiency

Evidence has been presented which appear to indicate that
the feedlot performance of severely restricted and realimented
animals may be different from those of their counterparts which

have been subjected to less feed restriction.
(a) Feed intake

During early period when all animals were fed low plane of
nutrition, total dry matter (DM) intake was approximately 1.2% of
initial body weight. 1In mid period this amount had to be reduced
for animals on LLH feeding regime to induce further weight
losses, suggesting thatr the animals became increasingly more
efficient in utilizing feed. Ledger and Sayers (1977) noted that
in groups of Boran and Hereford x Boran steers kept at constant
liveweights for periods up to 24 weeks, less of the diet had to
be fed daily as time progressed.

The lack of a significant {mprovement in feed intake in
praeviously restricted fed animals (LMH and LLH) over their
unrestricted counterparts (LHH) during the final full feeding
phasa (Table 4) 1is at variance with other results in cattle
(Meyer et al., 1965; O7Dovonan et al., 1972; Horton and Holmes,
1978) and in sheep (Allden and Young 1964; McManus et al., 1972;

Graham and Searle, 1975; Lakpini et al., 1982) which indicated
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that previously underfed animals consumed more feed  when
realimented than wunrestricted animals. However, the current
result is supported by other studies involving cattle (Hironaka
and Kozub, 1973; Saubidet and Verde, 1976) and sheep (Meyer and
Clawson, 1964; Murray and Slezacek, 1980b). The lack of
significant difterences in intake observed at full feeding may be
Attributed to gut capacity which was similar among trgatment
groups (Table 15). The decrease in DM Intake during the first
half of realimentation observed in this study is in agreement
with the results of Keenan et al. (1970) who found that voluntary
intake of feed increased only slowly after cestrictions were
removed. Similarly, Buttler-Hogg and Tulloh (1982) reported that
after weight loss in sheep, ad libitum dry matter {ntake was
significantly lower during the first 1O kg of gain during
realimentation but similar to those of full fed controls when the

complete recovery period was considered.,

(b) Growth and feed efficiency

During the early trial period when all animals were placed
on low plane of nutrition to simulate the natural dry season
environment, animals Llost approximately 17.0 to 20,.0% of their
body weight similar to the values reported by de Leeuw (1971) for
cattle on natural grazing during the dry season. In mid peried,
continued restriction resulted in further loss in body weight
(Table 5) and body coudition (Table 6) but the rates of loss in
both cases were lower than in early period. This indicates that
the animals progressively became more efficlent in feed

ucilizacion as the period of undernutrition was increased.
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The  bulls on LLH and LMH feeding regimes exhibited
compensatury growth during the final éeriod of full feeding
(Table 5). They were, respectively, 83.0 and 79.0 kg lighter
than the control bulls on LHH feeding regime at the end of mid
period (Appendix Table 4). By the end of the final period, LLH
and LMH animals had recovered 45.0 and 24.0 kg (Appendix Tabla 4)
respectively, resulting in indices of compensation (Wilson and
Osbourn, 1960) of 0.54 and 0.30. Thus, animals on LLH feeding
regime which were more stverely restricted had more rapid gains
during realimentacion than the bulls on LMH feeding regime. In
support of the present findings, Ledger (1973), who imposed
restrictions of 15-25 per cent liveweight loss on boran Zebu
steers over 12-24 weeks, found that the longer the period of
restriction the greater the compensatory growth, In sheep,
Buttler—Hogg and Tulloh (1982) observed that greater weight loss
was associated with higher and more persistent growth rates
during realimentation. The lack of significant differences
between treatment groups in empty body weight gains at the end of
full-feeding period (Table 7) when such differences existed on
full body weight basis (Table 5) would suggest that part of the
higher liveweight gains of the restricted but recovered bulls was
attributed to increased gut contents observed in these animals
(Table 15). This observation is supported by the results of
Broadbent et al. (1969) who iIndicated that parct of the
compensation for previously restricted cattle was achieved as a
result of a change 1in gut fill at turn out cCto grazing.

Similarly, the higher 1initcial weight gains of cull cows were
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attributed to gut fill (Graham and Price, 1982).

Feed efficiency determined at the end of the full feeding
period (Table 7) showed that animals on LLH and LMH feeding
regimes were significantly more efficient in converting DM into
empty body weight gain at the early part of the full feeding
period. This superiority greatly diminished at the later part of
full feeding phase., There are conflicting reports on cthe
relationship between wundernutrition and efficiency of feed
utilization during subsequent full feeding. Tudor apd 07 Rourke
(1980) found chat, during the recovery period, restricted calves
were more efficient in converting feed into liveweight gain than
unrtestricted calves, In sheep there (s avidence of improved
efficiency of feed utilization during realimentation (Murray and
Slezacek, 1980a; Buttler—Hogg and Tulloh, 1982). In contrast
sheep that lost weight and then recovered it were only about B86%
as efficient Iin feed utilization as those which maintained weight
(Keenan et al., 1969).

At all stages of realimentation, younger bulls were more
efficient than older bulls fn converting DM into empty body
weight gain. Coleman and Evans (1982), who studied the effect of
age on the feedlot performance of Angus and Charolais steers
following two planes of nutrition, found that younger steers were
more efficient 1in the conversion of DM and ME into Liveweight

gain than older steers.

{c) Body measurements

The fact that bulls on LLH and LMH regimes showed decreases

in heart girth but increases in wither height during the early
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and mid feeding periods (Table 8) shows that heart girth was more
severely affected than height measurement by restricted feeding.
Thus, some skeletal growth, as represented by height at withers,
did take place in LLH and LMH animals although at a lower rate
compared to the control LHH animals. Lawrence and Pearce (1964a)
ceported that the early maturing height measurements were least
affected, while circumference at nqvel and chest gzicth considered
as late maturing were much more severely atfected by low levels
of autrition in beef cattle. In sheep, Meyer et al. (1962) found
that height at withers was not influenced by a reduction in
protein or total feed Intake, but reduced energy intake decreased
height at withers,

The results obtained at the end of the full feeding period
indicated that heart girth measurement which was more severely
retarded during feed restriction showed greater growth rates upon
realimentation than helight at withers. Also, younger bulls
showed greater increases in both heart girth and wither height
than the older bulls, 1indicating superior response to liberal

feeding in the former group.

4.2. The role of feed digestibility

Digestibility coefficients of DM, crude protein and energy
were significantly lower at the end of mid period in LLH bulls
fed at low level compared to LMH and LHH bulls which received
moderates and high levels of nutrition, respectively (Table 9).
This 1is contrary to the generally observed effect of level of

feeding on digestibility. In ruminants the digestibility of
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organic nutrients would normally be higher at lower levels of
intake and decline as intake Increases due to more rapid passage
through the gut and therefore less time for rumen micro-organisms
to ferment the feed (Church, 1976; A.R.C., 1980).

The digestibility of nutrieants progressively improved as
realimentation commenced. Thomson et al. (1982) also noted an
improvement in the digestibility of diets in lambs as the trial
progressed from feed restriction phase to realimentation. Th;
lack of significant differences in digestibility of nutrients
between teeding regimes during both phases of the full feeding
period suggests that feed digestibility is not aa LImportant
factor in compensatory growth, Other workers have similarly
observed no change 1in feed or energy digestibility during
realimentation in cattle (Foot and Tulleh, 1977; Horton and
Holmes, 1978) and in sheep (Allden and Young, 1964; Graham,
1964). In contrast, reduced digestibilities during compensatory
growth have been reported in lambs (McManus et al., 1972; Drew
and Reid, 1975¢) and in steers (Thomson et al., 1982). The
depression in digestibility observed at the beginning of
realimentation (Thomson et al., 1982) was attributed to Increased
rate of passage assoclated with elevated appetite of the

compensatory animals.

4¢3. The role of physiological changes in compensatory growth

The results on haematologic parametars show that apart from
TP fteed restriction causes no appreciable reduction in PCV  and
Hb in Sokoto Gudali bulls while realimentation has no noticeable

effect on these blood parameters, Saror and Coles (1975) and
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Oyedipe et al. (1984) showed that lower nutricional status or a
reduction 1In the protein cdntent of feed resulted in depressed
PCV, Hb and serum protein values of Zebu cattle. The results
obtained in the present study do not support those of Norman and
Evan (1972) who reported that PCV was raised in growing steers by
increasing the level of nitrogen intake. During realimentation,
serum T, levels were increased in all treatment groups. The
results, however, i{ndicated that feeding regimes imposed in this
study had mo significant influence on serum T, Llevels. This
later observation is at variance with the reports by Fox et al.
(1974) who  attributed lower thyrold secretion rates in
compensatory steers to reduced metabolic rate and concluded cthat
a lower metabolic rate during the recovery period would
contribute to an increase in efficiency of energy utilization.
In general, T4 values ohtained in the present study are higher
than the values reported for Sokoto Gudall females (Kumaresan et
al., 1983).

The lower PUN values observed in LLH and LMH bulls, during
feed restriction in mid period were carried over to the first
part of the full feeding period. Consequently, PUN values were
lowar in LLH and LMH animals during the first half of the. full
feeding period but similar to PUN values for control LHH animals
during the last half of the full feeding period (Table 12).
These results suggest that LLH and LMH animals had more capid
rates of protein deposition during the first part of the recovery
period, resulting in lower cicculatory levels of urea aitrogen.

This observation Is supported by the findings of Fox (1970) and
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Asplund et al., 1975), who attributed lower PUN values during the
ficst part of realimentation to higher rates of protein
retention.

The data showed that PUN levels were lower in younger bulls
than 1in older bulls during feed restriction and realimentation,
suggesting higher cates of tissue nitrogen retention in younger

animals during the recovery period.

4.4, Carcass composition

The resulcts of the present study indicate that under-
nutrition affects carcass components and composition, [a
addition, evidence has been presented that show that the degree
of feed restriction and subsequent realimentation contribute to

carcass compositional changes in cattle.

4.,4,1, Carcass traits, by-products and organ components

The animals on LLH and LMH feeding regimes which were on low
plane feeding 1in early and mid periods but realimented on high
plane feeding were lighter at slaughter and had lower carcass
weights than LHH controls which were on high plane feeding during
mid and final perlod (Table 13). This would indicate that
complete compensation was not accomplished in the previously
restricted fed animals.,

Kidney fat measure which may be used as an ladication of ftat
deposition shows that restricted animals on LMH and LLH feeding
reglmes lost fat in mid period while the full-fed controls
deposited fat, However, during rcealimentatioa in the final

pariod, IMH and LLH animals tended to gaila fat at a much more
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rapid rate than the controls,

The dressing percentage was reduced in restricted LMH and
LLH animals slaughtered at the end of the mid period by 4.1 and
5.34 respectively, compared to full-fed LHH bulls. During
realimentation, there was an improvement 1in the dressing
percentage of LMH and LLH animals although values were still
lower by about 3.0% compared to the controls. The reduction 1in
dresing percentage may be due largely to higher gut contents
observed iIn these animals (Table 15), Several reports in the
Literature support this finding. Butterfield (1966) found that
dressing percentage was lower in nutrictionally stressed and
recovered cattle compared to cattle fed on an unintecrupted high
plane of nutrition. Similarly, Hironaka and Xozub (1973)
observed a lower dressing percentage for restricted and
realimented steers. In sheep, the apparent dressing percent was
reduced by 2% during compensatory growth (Winter et al., 1976),
Likewise, Lakpini et al. (1983) reported that the dressing
percentage of Yankasa lambs previously fed low protein ration was
4.5% lower after realimentation on high protein diet compared to

control lambs fed high protein ration throughout,

(c) By-products and organ components

Although the absolute weights of the hide and other external
by-products were significantly lower in LLH and LMH bulls than
LHH controls at the end of mid period, when expressed as a
percentage of the empty body weight (Table 14), the results

showed that feed restrclction significantly increased the
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proportions of head, front and back feet while the hide and tail
proportions were not significantly aftfected., This indicates that
the head and feet lost very little weight during feed restriction
relative to the empty body weight probably because of their
higher bone content. This, observation is in agreement with the
reports by Seebeck (1973a) who found that weight loss in Brahman
cross and Afrikander cross steers increased the proportions of
head, tail and feet.

Data on gut tissue components showed that fz2ed rcestriction
followed by ftull feeding had no significant influence on the
proportion of empty rumen and empty intestine In the empty body
(Table 15), indicating that gut capacity was not altered. The
proportions of full rumen and full intestine were, however,
higher 1in restricted and realimented animals on LLH and LMH
feeding regimes than in controls on LHH feeding regime, This
suggests that undernutrition followed by full feeding results in
increased gut contents. In sheep, Burton et al. (1974) observed
an average increase of over 56% in gastrointestinal tract
contents in the realimented animals. The {increase in gut
contents despite no change in gut capacity observed in this study
may be due to accumulation of water in the gut of the previously
restricted animals. Keenan EE.Ei‘ (1970) noted increased water
retention in the gut of sheep following feed restriction.

The lack of significant differences in the proportions of
Liver, heart and kidney bztween treatment groups during both mid
and final periods (Table 16) suggests that the level of feeding
has no major influence on the proportions of these vital organs.

This observation is consistent with the report by Leche (1973)
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who found that though bulls reared on a high plane of nautrition
had higher absolute weights of livers than low plane animals of
the same empty body weight, the level of nutrition had no
significant effect on the proportions of offal components In the

ampty body.

4.4.2, Changes in carcass physical composition

The results presented in this study seem to indicate that
changes do occur in the physical composition of carcass during

growth retardation and later recovery.

(a) Carcass lean, bone and fat proportions

The lean, bone and fat components expressed as percentages
of the carcass showed that at the end of the mid peried, animals
on LMH and LLH feeding regimes had lower lean and fat but higher
bone proportions than the control animals on LHH feeding regime
(Table 17). This indicates that feed restriction decreases lean
and fat but has no effect on bone deposition, confirming the
earlier observation that skeletal development, as represented by
height at withers, was not significantly influenced by
undernutrition, It would seem therefore, that bqne growth 1is
more of a function of age than the level of feeding. This
observation 1is in close agreement with the reports by Murray st
al. (1974) who found that at the same dissected side weight,
growth restriction tended to Increase carcass bone percentage and
concluded that bone development.was related to both age and

carcass weight, Similarly, Seebeck (1973b) reported that body
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weight loss in Brahman cross and Afrikander cross steers resultad
in  muscle and fat approximately reversing the path  of
development, whila  bone, fascia and tendons  remained
approximately constanc,

Results obtained at the end of full feeding period showed
that LMH and LLH animals had highar lean percentages than LHH
animals, suggest ing that feed restriction followed by
realimentation on high plane diet increases lean proportions in
cattle, Carroll et al. (1963) uoc%d that realimentation resulted
in greater lean ygrowth by steers previously unsupplenmented, In a
relatively recent study, Hironaka et al. (1984) similarly found
that previously restricted steers had leaner carcasses during
recovery than those that were given the diet ad libitum
throughout.

The results further revealed that fat percentages Increased
during full feeding in LLH and LMH animals, but the values did
not reach up to the levels of the control LHH animals. This
observation is supported by the results of Drew and Reid (1975b)
who indicated that realimentation in sheep produced a lower fat
concentration than during normal growth.

The decrease 1{n bone percentages observed in LLH and LMH
bulls compared to LHH control bulls during full feeding may be
due to dilution effect of fat during realimentation in LLH and
LMH bulls, resulcing in lower proporcions of bone.

In general, the results obtained in the present study
support the observation that feed restriction and realimentation
aftfect the growth of major carcass tissues, On the coantrary,

Lawrence and Pearce (1946b) found that cattle realimented after
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various degrees of feed raestriction had similar carcass
composition. Likewise, Murray and Slezacek (1976) observed that
at the same dissected side weight, the amount of muscle, bone and
fat was similar in sheep grown along three growth paths.

The higher muscle to bone and lean to fat ratieos in LLH and
LMH bulls compared to LHH control bulls at the end of the full
reeding period (Table 18) is a reflection of the higher rates of
lean deposition, but lower rates of fat deposition in the LLH and
LMH treatment groups ia this period. The economic value of
carcass 1Is considered maximal when it has the highest lean to
bone ratio and a desirable percentage of fat as dictated by
consumer preference (Berg and Butterfield, 1976). The present
results suggest that animals restricted in food intake for longer
perfods and exhibiting compensatory growth produce carcasses of
higher quality than animals that are full-fed for longer periods
and not exhibiting this compensatory growth phenomenon.

(b) The proportions of wholesale cuts

The results on wholesale cuts (Table 19) showed that,
expressed as percentages of carcass, the shank, chuck, rib and
round tended to increase while the shorctloin, flank, rump,
brisket and plate tended to decrease tor LMH and LLH animals
slaughtered at the end of the mid period, compared to those of
LHH animals. The changes in the relative proportions of these
cuts s atccibutable to the fact that they conform to the known
differential growth patterns (Palsson, 1955; Buttertield, 1966;
Seebeck and Tulloh, 1968a). The shank, chuck, rib and round are

in the early maturing regions of the body while the loins
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(shortloin and sirloin), €flank, rump, brisket and plate are in
the late maturing regions, The late maturing tissues are more
atfected by nautrient deprivation than early maturing tissues,
During realimentacion, these late maturing tissues show a greater
growth impetus than the early maturing ones (Buttecfield, 1966;
Berg and Buttectield, 1976). Thus Ffor LMH and LLH bulls,
especially as plane of autrition advanced from the mid to the
final full-feeding period, there was Lncrease, albeit slight, in
proportions of the loiln cuts, flank, rump, brisket and plate but
decrease in proportions of the chuck, rib, shank and round,
Thase results are in general agreement with those of Dockerty
(1970) who found that the percentages of plate, shortloin and
flank increased unifarmly to final weights following a decrease

during the period of maintanance.

(¢) Lean, bone and fat percentages in wholesale cuts

The decline 1in the per cent lean of plate, shortloin and
flank of LMH and LLH bulls observed at the end of the mid period
compared Lo values from LHH bulls may be attributed to the fact
that muscles from these cuts are late-maturing (Butterfield and
Berg, 1966; Seebeck and Tulloh, 1968a,b) and would be more
severely affected by feed restriction. This observation is
supported by the results of Seebeck (1973b) who indicated that
body weight loss affected muscle weight distcibution, the most
marked erfect being the decline in the relative proportion of the
late-maturing abdominal muscle. Similarly Murray et al. (1974)
found that the proportion of abdominal muscle was higher and the

proportion of discal muscle of the fore-leg was lower in steers
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maintained in high plane diet than in those on low plane diet.

At the end of the full feeding period, little differences
existed between treatment groups In lean distribution except 1in
plate sirloin, shortloin and flank, where LMH and LLH animals had
consistently  greater lean peccentages though only  flank
percentages werza significant, These results demonstrate the
ability of the musculature to recover. The significantly higher
lean proportions in the flank cut exhibited by the more severely
rastricted and now recovered animals is striking. [t  supports
the contention that the abdominal muscle 1is late-maturing
(Butterfield and Becg, 196b; Seebeck and Tulloh, 1968b) and
therefore more likely to respond more positively to improved
nutrition later in life.

The data on bone distribution (Table 21) showed that, at the
end of the mid period, LMH and LLH animals tended to increase the
proportion of bone deposited in all the ten wholesale cuts than
LHH control animals, indicating that feed restriction results in
increased bone proportions., At the end of ftull feeding period,
little differences occurred between treatment Jroups in the
proportions of bone in the wholesale cuts.  These changes are a
reflection of the rates of tissue maturity and indicate that bone
matures early and is related more to age than to nutritional
differences,

The results of fat distribution (Table 22) indicated that act
the end of the mid pariod, animals on LHH fFeeding regime had
higher percentages of fat in all the cuts than restricted LMH and

LLH animals, This suggests that the deposition of tfat and bone
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tend to tollow an inverse relationship, This observation is in
close agreement with the results of Buvanendran et al, (1983) who
tound that while Llean percentage was relatively constant for
cattle slaughtered at differeant weights, the bone and fat
percentage changes were inversely related, with those carcass
parts showing the greatest lacrease in fat percentage undergoing
the largest decrease in bone percentage. These changes are
larrgely attributed to the dilution etfect of fat,

At the end of full teeding period, the differences in fat
percentages were markedly reduced. However, fat content
significantly favoured LHH control bulls in the late-maturing

cuts of plate, brisket, sirloin, shortloin and compared to LLH

bulls.,

4+4.3, Chemical composition, components of carcass gain and
efficieny of energy and protein utilization.

(a) Chemical composition

Chemical analysis of the boneless carcass showed that at the
end of the mid period, restricted LMH and LLH bulls had more
water, less fat and similar proportions of protein and ash
compared to the full-fed LHH control bulls (Table 23). The lack
of significant differences in protein percentage may be related
to ditfferences batween groups Ln body composition at the end ot
the early period., The bulls on LHH teeding regime were iLn poorer
condition at this peciod (Table 6), [n general, however, the
present results are in agreement with several other reports,
Coleman et L. (1982) fed Angus and Charolais steers either a

control or restricted growing ration followed by a high energy
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finishing ration. These authors (Coleman et al., 1982) found
that at the end of the growing phase, restricted steers tended to
have more moisture and protein, less Fat and similar proportions
of ash, compared to the controls. Seebeck and Tulloh (1969)
determined chemical components ol carcasses from Angus steers
which grew either continuously or which were subjected to a
period of weight loss before slaughter, They (Seebeck and
Tulloh, 19695 found that as the carcass weight increased, the
proportion 1in the carcass of protein, water and ash decreased
while the proportion of chemical ftat increased. When the two
groups ot animals were compared at the same carcass uétght,
Seebeck and Tulloh (1969) noted that weight loss led to a
significant increase in the proportion of ash and a significant
decrease in that of protein. In contrast, Buttler-Hogg (1984)
reported that at the same empty body weight, the carcass of
weight loss sheep contained more fat and protein and less watecr
than full-fed control sheep. Buttler-Hogg (1984) further showed
that the rate at which water was lost decreased while fat aad
protein loss increased as undernutritfon progressed. Thus, the
differences in composition observed at the early stage of
undernutrition would be expected to be altared at a later stage
of undernutricion.

Following realimentation in the final period, there were
little differences between treatments in the chemical composition
of carcass, However, restricted LLH bulls tended to have higher
proportions of water, protein and ash but lower fat and energy

values compared to LHH controls. This finding i3 in close
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agreement with several other reports, Thus, Reid et al. (1968)
found that partial fasting followed by refeeding resulted in a
little more protein, considerably more water, but musch less fat
and energy at a given body weight than did an energy intake that
produced a steady, positive body-energy gain. Burton et al.
(1974) reported that sheep which had undergone weight loss and
then recoveraed weight retained more water and less energy, and
tended to deposit less fat and more protein than normally Jgrown
controls, Similarly, DOrew and Reid (1975a) observed that sheep
realimented after losing 25% empty body contained more water and
protein and less fat and enecrgy than continuously full-ted
animals.

The results on chemical composition further revealed cthat
during both feed restriction and realimentation, younger bulls
had higher protein and ash percentages but lower water, fat and
energy values than the older bulls. This is probably a

reflection of weight differences as the younger animals were

lighter at both periods than older bulls.

(b) Component of gain in the boneless carcass

There were considerable differences between treatment groups
in the composition of gains made during the peciod of feed
restriction (Table 24). Although the more severely restricted
LLH and LMH bulls were in positive energy balance during this
pzriod, the control LHH bulls gained coasiderably moce proteln
and fat in boneless carcass than the LMH and LLH bulls which did
not differ significantly from each other, These results indicate

that body fat and protein are mobilized during nutritional stress
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to meet the maintenance requirements of the animal. Alchough the
relative contrihutions of protein and fat to energy zain were not
calculated, cthe results suggest that protein makes up a smallar
fraction and fat a correspondingly larger fraction of the energy
balance during weight loss. This observation is consistent with
the reports by Searle et al. (1979) who found that the
composition of weight change during the later stage of weight
loss 1in sheep consisted of less protein and more fat, and those
of Graham and Searle (1979) who noted a dlmlnishtng protein
contribution to energy balance during prolonged weight loss.
During the full teeding period, the control LHH animals
galned significantly lower boneless carcass than the mora
severely restricted and now recovered LLH and LMH animals (Table
24). The composition of the gain varied considerably between
treatment groups. The gain contained approximately 21.0, 15.0,
18.5% protein and 22,0, 31.0, 29.6% fat, respectively for LLH,
LMH and LHH bulls. Thus, the boneless carcass weight gains made
by the most severely restricted and realimented LLH bulls were
higher 1in protein and lower in fat compared with the LHH control
bulls. This result is supported by the findings of Baker et al.
(1985) who found that steer calves realimented on pasture
following a low plane of nutrition gained more.protein and water,
but less energy and ash than those of continuously full-fed
Zroup. Similarly, Swingle et al. (1979) observed that although
the estimated carcass gains were higher for cows on moderate
energy diet than for those on the low energy dist, the latter

tended to gain more protein and moisture but less lipid as
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percentage of carcass gain. In the study by Fox (1970), weight
gains made by compensatory steers during the first part of the
full feeding period were higher in protein and lower ian fat than
full-fed controls but were higher in fat and lower in protein
than controls during the last part of the full feeding.

Daily protein, fat and energy gains in the carcass were
greater for the older bulls than for the younger bulls at the end
of the mid period (Table 24). Following realimentation in final
period, daily fat and energy gains were higher in the older bulls
than younger bulls while protein deposition (g/day) was similar
for the two age groups. These 'results support, in part, the data
of Coleman et al. (1982) who indicated that during finishing
phase, daily protein, fat and energy gains in the carcass were

higher in favour of older steers.

(c) Efficiency of energy and protein utilization

The significant improvement in efficiency of ME conversion
to empty body weight gain during the final full feeding period in
LLH bulls compared to LMH and LHH bulls (Table 25) 1is a
reflection of the higher, though not significantly, empty body
weight gain in the LLH animals at this period (Table 7).
Similarly, the significantly greater efficiency of ME utilization
for carcass energy gain in the control LHH animals compared to
IMH and LLH animals may be attributed to the higher energy gain
in the controls during this period (Table 24), These results
support the findings of Fox (1970) who noted a greater 1increase
in efficiency of ME utilization for growth in compensatory steers

than full-fed controls, but not those of Coleman et al. (1982)
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and Baker et al. (1985) who reported similarity im energy
efficiency for carcass energy deposielon between normal and
compensatory growtha.

Animals on LLH feeding regime which were the most severely
restricted were the most efficient in converting digestible crude
protein to carcass protein gain during the full feeding period.
This 1is probably because in LHH and LMH animals where a
relatively greater proportion of the gain 1is fat, dietary
nitrogen 1is wutilized less efficiently due to greater nitrogen
loss in deamination of the amino acids, Improved efficiency of
protein utilizacion for carcass protein retention during
compensatory growth has been reported by other workers (Fox,
1970; Graham and Searle, (1979) and Baker et al., 1985).

Younger bulls were less efficient in ME utilization for
carcass energy gain than older bulls at the end of the full
feeding period (Table 25). This may be due to the fact that the
gain of the younger bulls contained less energy at this period
(Table 24). The lack of significant difference between the
younger and older bulls in efflciency of digestible crude protein
utilization for carcass protein gain supports the results of
Coleman et al. (1982) who found no difference in protein
efficiency attributable to age of steers. However, the present
results do not agree with the similarity in ME efficiency for
carcass energy gain between younger and older steers reported by
Coleman et al. (1982).

The results of this section {indicate that increased

efficiency of protein utilization for protein gain 1is largely
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responsible for compensatory growth response in Sokoto Gudali

bulls.

4,5. Economics of feeding

The cost of producing 1 kg liveweight gain during the Ffull
feeding periocd was significantly lower in LLH and LMH bulls that
were vrestricted in feed intake for six months than in LHH bulls
which were underfed for three months prior to full feeding (Table
26). This is due to the higher liveweight gains re;la.ti,ve to feed
intake exhibited by LLH and LMH animals at chis period. [t was
also cheaper, though non-significantly, to produce | kg of
carcass weight gain in LLH bulls that were underfed for longer
period than in LHH controls that experienced shorter and less
severe undernutrition. The significantly lower cost of
liveweight gain in younger bulls compared to the older bulls may
be due to the greater feed conversion efficiency in the former
group.

The natural effects of nutrition on animals in the drier
parts of Nigeria caused by seasonal fluctuations in forage
avallability are similar to the different planes of nutrition
imposed on animals in this study,. Hence these results have
practical implications for cattle fattening practices as they
provide information on the degree and duration of under-
nutrition, and age of animals in relation to their ability to
respond profitably to lmproved nutritional plane in the feedlot.

During the dry season, cattle raised on poor quality,
overgrazed range are undernourished, When these animals are

transferred to feedlot and finished on high plane of nutrition,
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their level of performance varies, depending on the age and
degree of starvation before fattening. In terms of feed costs,
it will be advantageous to select younger animals that commenced
the period of underfeeding at 12-18 months of age and with a body
condition score of 1.5-2.0 since they are more likely to achieve
liveweight gains in the feedlot at a cheaper cost than older
animals. Similarly, animals that were restricted of feed for six
or more months prior to fat;ening would be economically more
efficient than those that experienced shorter period of feed
restriction. Thus, a farmer who purchased his cattle at the end
of the dry season after six or more months of feed restriction,
and fattened them would benefit from reduced cost of production
primarily because of compensatory growth. Besides, the farmer
would have paid less for the cattle since they weighed much less
and were in poorer condition, thus enhancing his overall profit

margin,
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CHAPTER V

SUMMARY AND CONCLUSLON

The study was carried out to examine the factors influencing
compensatory growth responses of Sokoto Gudali bulls. Forty-
eight Sokoto Gudali bulls belonging to tw; age groups were used
in a randomized block design with feeding regime and age as the
criteria of classification. The animals were on either 10; (L),
moderate (M) or high (H) level of nutrition during three periods.
The feeding periods which lasted 90 days each were arranged to
give LLH, LMH and LHH feeding regimes. Animals on the LHH
feeding regime served as the control.

Data were obtained on growth, feed intake, efficiency of
feed conversion, serum thyroxine and plasma urea nitrogen levels.
Nutrient digestibility_ and nitrogen balance were estimated at
different phases of the study. Representative bulls were
slaughtered at the beginning of the study and at the end of each
feeding period to determine carcass components, composition of
carcass gain and efficiency of energy and protein utilization.

During early period when all animals were fed low plane of
nutrition, total dry matter intake was approximately 1.2%4 of
inicial body weight and the animals lost about 7.0 to 20,0% of
their body weight at the end of this pariod. Dry mattar intake
during the full feeding period was similar across feeding
regimes, 1indicating that enhanced appectite during realimentation

was not an important factor in compensatory growth,
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Average daily 1lilveweight gains during the full feeding
period were 0,53, 0.67, and 0.79 kg/day respectively for LHH, LMH
and LLH groups and were significantly higher in IMH and LLH
animals than in LHH controls. On an empty body weight basis,
however, no significant differences in gains were recorded.
These empty body weight gains were 0,61, 0.61, and 0,72 kg/day
respectively for LHH, LMH and LLH animals.

Efficiency of feed utilizatioa for empty body weight gain
(feed/gain) during the full feeding period was better in animals
on LLd and LMH feeding regimes than the controls on LHH feeding
regime. These efficiency figures were 10,72, 12.23 and 12.26 kg
DM/ kg empty body gain respectively for LLH, LMH and LHH treatment
groups.

Younger bulls consumed less feed and grew faster during
realimentation than older bulls. Feed efficiencies for empty
body weight gain were 10,31 and 13.16 for younger and older bulls
respectively, and were significantly higher for the younger
bulls.

The bulls on LLH and LMH feeding regimes which were
restricted in intake during early and mid feeding periods showed
decreases 1in heart girth but increases in wither height during
these periods, showing that skeletal development was related more
to animal age and duration of feeding time than to the
nutritional regimes imposed.

Nutrient digestibility coefficients were depressed during
feed restriction, There were, however, no significant
ditferences between feeding regimes in digestibility coefficlents

determined during Cthe full Ffeeding period, suggesting that
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improved digestibility during realimentation was not responsible
for compensatory growth.

Serum T, levels were lower during feed restriction than
ducing full feeding. At feed restriction, T, values were 6.65,
6,29 and 6 .58 ug/ 100 ml respectively for LLH, IMH and LHH bulls.
Comparable wvalues at full feeding phase were 10.38, 9.79 and
9,07 wug/100 ml respectively for LLH, LMH and LHH bulls. There
was, however, no significant treatment effect on serum T, levels,

Plasma urea nitrogen values were consistently lower in LLH

and LMH animals during feed restriction and during the first part
of the full Eeeding period, but increased to the level of
controls during the last part of the full feeding period.
Overall, PUN values during the full feeding period were 2.8,
12.9 and 16.4 mg % respectively for LLH, LMH and LHH bulls and
were significantly lower in LLH and LMH than in LHH bulls. Thase
results indicate that bulls on LLH and LMH feeding regimes had a
more rapid rate of protein deposition during the first part of
recovery than the controls on LHH feeding regime.

At final slaughter, LHH control bulls had significantly
higher carcass weight (166.2 kg), dressing percent (52.8%) and
rib eye area (57.12 sz) than LLH (139.6 kg carcass weight, 50.1
dressing %4, 44.13 em? rib eye area) and LMH (131.8 kg carcass
waight, 49.5 dressing %, 43.60 cm? rib eye area) animals.

The head, front and back feet, expressed as percentages of
empty body welight, were significantly increased in LLH and LMH
bulls at the end of the mid pariod, showing that these bony

structures, lost very little during feed restriction relative to
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the empty body weight. At the end of the full feeding period,
tthe  proportions of full rumen and full intestine were
significantly higher in LLH and LMH bulls than in LHH controls
while differences between feeding regimes in the proportions of
empty rumen and empty intestine were not significant. These
results suggest that increased gut contents, but not gut
capacity, was an important feature of compensatory growth.

During mid peried, animals on LLH and LMH feeding regimes
had significantly lower lean and fat percentages but higher bone
percentage than the bulls on LHH feeding regime. At the end of
the full feeding period, 1lean percentage values were £9.2, £9.3
and 67.7% respectively for LLH, LMH and LHH bulls and were
significantly higher in LLH and LMH than in LHH bulls.

At the end of full feeding period, there were no significant
differences between feeding regimes in the proportions  of
wholesale cuts. Similarly, little differences existed between
treatment groups in bone or lean distribution except in flank
where animals on LLH and LMH feeding regimes  exhibited
significantly greater lean percentages than LHH control animals.
There were, however, considerable differences between feeding
regimes and among wholesale cuts in fat distribution. The
proportion of fat in plate, brisket, sirloin, shortloin and flank
was significantly less in LLH bulls than in LHH bulls at the end
of the ftull feeding period. Among wholesale cuts across feeding
regimes, mean fat percentage ranged from approximately 23.0% in
the brisket and flank to less than 5.0% in the shank.

At final slaughter the bulls on LLH feeding regime had

higher percentages of water (67.2%) and protein (21.4%) but lower
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fat percentage (13.7%) than control bulls (63.9%) water, 21.0%
protein, 15.9% fat) on LHH feeding regime.

Efficiency of ME utilization for empty body weight gain
during the final full feeding period was significantly bettar in
LLH than 1in LMH and LHH bulls, These efficiency values were
20.45, 24.95 and 26,68 Mcal/kg empty body seight  zain
respectively for LLH, IMH and LHH bulls. The control LHH bulls
were, however, more efficient in convarcing-HE Lo carcass energy
galn than LLH and LMH animals. Digestible crude protein
efficiencles for carcass protein gain were 17.55, 26.19 and 35.39
g DCP/g protein gain respectively for LLH, IMH and LHH bulls and
were significantly better in LLH and LMH than in LHH animals,
These results and those of PUN values suggest that increased
efficiency of protein utilization during the first half of the
full feeding period was largely respoasible for compensatory
growth in Sokoto Gudali bulls.

Estimates of cost of feeding during the final full
feeding period showed that animals on LLH and LMH feeding regimes
gained 1 kg liveweight at significantly lower cost than the
control bulls on LHH feeding regime, Younger bulls were
economically more efficient in Liveweight gains than older bulls.
The results of this study have practical implications on cattle
fattening practices in Nigeria as they provide information on the
pecformance of animals chat pass through varying degrees of

starvation under natural grazing before fattening.
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Appendix Table 1: Concentrate and Hay intake (kg/day) according to feeding regime and age of animal.

0 tc 90 Days 91 to 180 Days

C v
Feeding once . Hay Conc. Hay
Regime Young Old Means ,. Young Old Means ,q p_ Young Old Means +3.p, Young Old Means ,.
LHH 0.7 2.5 1.7 #0,91 2.4 1,1 1,8 20.70 5.2 L.,8 5.0 $0.34 1.2 4.1 2.7 #$1.51
LMH 0.7 2,5 1.6 20,91 2.4 1.0 1.7 20.70 2.9 1.6 2.3 +0.65 0.8 1.7 1.3 10.52
LLH 0.7 2.5 1.7 20.91 2,3 1.0 1,6 $0.69 1.9 0.7 1.3 *0.60 0,7 1.1 0.9 20.18
Means #S.D 0.7 2.5 2.4 1,0 3.3 2.4 0.9 2.3

+0.04 $0.01 $0.11 $¥0.06 $1.44 41,80 $0.25 %1.,36
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fppendix Table 1 Centinued

181 to 270 Days 181 +o 225 Days

Feeding conc. Hay Conc, Hay
Regime

Young Cld Means 2S5.D Young Old Means #8.D Young Old Means #S.D Young 0ld Means  25.D
IHH L.3 L5 b4 20,22 3.8 4,3 .1 0,47 b5 bh,2 b.n o #0.19 . 3.7 4.1 3.9 .35
LMH 3.9 u.5 4.2 *0.33 3.4 4.3 3.9 20,52 3.8 4,1 4,0 $0,21 3. 3.8 3.5 +0.43
LLH 4.4 4.4 4,4 $0.04 3.9 4,2 3.1 #0,23 u,2 4,0 4,1 = 10,11 3.3 3.7 3.5 +0.23
Means b2 H.5 3.7 4.3 h,2 b.1 3.4 3.9
5. 20,27 0,07 . *0.40 $0.10 . 20,32 10,13 $0.33 0,20
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Appendix Table 1 Continued

226 to 27C Days 0 to 270 Days

Conc - Hay Conc., Hay

Feeding Young 0ld Means #S.D Young Old Means #S.D Young 0ld Means #S.D. Young 0ld Means £5.D
Regime
LHY 4.1 4.8 4.5 #0.44y 3.9 4.5 y,2 $0,59 3.6 4.1 3.9 0.26 2.6 3,4 3.0 $0.u9
LMH 4.1 4.9 4.5 $0.50 3.7 4,7 4.2 +0.61 2.7 3.0 2,9 $0.16 2.2 2,6 2.4 $0.21
LLH 4,7 4.8 4,8 £0.09 4.4 4.7 4.6 0,30 2.6 2,7 2.6 0,05 2,4 2.3 2.4 +0.08
Means 3.3 4.8 4L.0 u.6 3.0 3.3 2.4 2.8
£S<D. +0.40 *0.11 *0.58 +0.17 10,48 0,63 $0,.21 0,49
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Appendix Table 2: Summary of Analysis of variance for dry macter

i.]taku.
Mean Squares

Source of Degrees of
Variation Freadomn  0-90 91-180 181-270  0-270
Treatment 2 N.05 63.71% 0.21 2.19*
Age l 1.31% 1.0h* 2.32% l.28%
Treatment x Age 2 0.02 S.44% 0.40 0.28%
Error” 0.04 0.02 0.13 0.04

*Degrees of freedom for error are 28, 28, 12 and 12 for 0-90,
91-180, 181-270 and 0-270 days respectively.
*(P<0.05).



191

Aﬁpendix Table 3: Sﬁmmary nf Analysis of Variance for full body

weight zain,

Source of Degrees of

Mecan Squares

Variation Freadom 0=90 91-180 181=270  0-270
Treatment . 2 0.004 2.179% U.102% D.066%
Age R D.157% 0.016 0.144%  D.023*
Treatment x Age 2 0.006 0,128% g.oL7 0.005%
Error™ 0,010 0.007 0.009  0.00l

Ao

+Degrees of freedom €or wurror arve 28, 28, (2 and 12 for 0-00Q,

91-180, 181-270 and 0-270 days raespectively,
*(€0.05).
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Appendix Table 4: Means

for full body weight and feed conversion efficiency at various trial stages.

Feeding bay 0 Day 90 Day 180
Item Regime Young 0ld Means +SEM Young 0ld Means +SEM Young 0ld Means +*SEM
Body wt, kg LHH 159.0 239.3 169,2 126.6 193.5 160,1 204,2 305,5 25u4.9
LMH 171.7 2u2.8 207.3 5.57 139.5 203.2 171.4 3.79 152,.3 209.2 180.8 u4.69
LLH 188.0 251,0 219.5 154.4 211.0 182,7 152.8 196.8 174.8
Means 172.9 2uu,.4 4,58 140,2 202.6 3.11 169,8 237.2 3.85
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Appendix Table 4 Continued.

Feeding Day 270
Item Regime Means  #SEM Young 0ld Means *SEM
LHH 257.0 3u7,3 302.2 294 .0 368,3 331.2
200.7 266, 233.4 7.07 » i 4 76. .
Badi Wt.a K LMH 00 266,0 251.3 300 276.0 9.97
LLH 232.0 2u7.0  239.5 293.7 293.0 293.4
Means 229.9 286.8 53.77 278,7 320.7 6.51
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Appendix Table 4 Continued.

181 to 225 Days

226 to 270 Days

. 181 to 270 Days
Feeding
Item Regime Young O0ld Means +SEM Young Old Means #SEM Young Old Means #SEM
Kg DM/kg Full LHH 8.89 15.59 12,2u° 14.25 30.60 22.43° 10,69  20.42 15.56"
Body wt.gain LMH 8.65 9.10 8.88° 0.81 10,12 20,25 15.19° 2,28 9.32 12,48 10.90° 0.6u
LLH 7.42 9.60 m.mHT 9,74 13.53 Hp.mcu 8.u1 11.26 m.mcw
Means 8.32% 11.43° 0.66 11.37°21.u6° 1.86 0.47° 14,719 0.53
a,b

Means in a

c,d 4
*"Means in a

column within a stage of trial with different superscripts are significantly different (P<0.05).

row within a stage of trial with different superscripts are significantly different (P<0.05).
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Appendix Table 5: Means for heart girth (HG) and height at withers (WH) during various stages of trial.

Feeding Day 90 Day 180 Day 270
Item Regime Young Old Means +SEM Young 0ld Means 2SEM Young 0Old leans £SEM
HG, cm LHH 124.2 141,8 133,0 126.6 152,9 139.8 1u45.7 166.2 156.0

LMH 124.8 142.6 133.7 1.31 125.5 141.7 133.6 1,36 132,0 150,2 1u41.1 1.76

LLH 131.6 141.5 136.6 130.7 139.4 135,1 142.0  1u4.6 143.3

Means 126,9 142.C 1.07 127.6 1u4.7 1.12 139,9  153.7 1.4y
WH, cm LHH 112.2 124,7 118.5 114.4 126.6 120,5 118.1 125,1 121.6

LMH 112.3 123.9 118.1 1.01 113.0 125,2 119.1 1.06 115,7 125.1 120.4 1.27

LLH 114,64 121.9 118,2 116.1 123.0 119.6 120,2 123.3 121.8

Means 112.9 123.5 0.82 114,5 124.9 0.87 118.0 124,5 1.04
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Appendix Table 6: Summary of Analysis of Variance for packed
cell volume (PCV).

Mean Squares

Source ot Degrees of

Variation Freedom 0-90 91-180 181-270
Treatment 2 19.20 LL.58 8.02
Age 1 i 39.05% 0.62 1.03
Treatment x Age 2 3.98 6.62 9.06
Ecror® .33 5.79 4.81

+Uegtees ol treedom for Ecror are 28, 28, and 12 tor 0-90,
91-180 and 181-270 days respectively.
*(P<0.05)



197

Appendix Table 7: Summary of Analysis of variance for
Haemoglobin (Hb).

Mean Squares

Saurce of Degrees of

variacion treedom 0-90 91-130 131-270
Treatment 2 1.42 0.85 l.hhH
Age 1 23.00% 0.25 0,001
Treatment < Age 2 ' 0.37 0.66 1.31
Ecror” 1,77 0.91 0.83

+Degrees ot treedom for Error are 28, 2B and 12 tor 0-80,
91-180 and 181-270 days respectively.
*(P<0.,05),
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Appendix Table 8:  Summary of Analysis ot variance for total

blood protein (TBP),

Mean Squares

Source of Degrees of
variatcion freedom 0-90 91-180 181-270
Treatment 2 0.01 0.84% 0.96%
Age l 3.03% 0.91% 0.04
Treatment x Age 2 D.17 0.11 0.17
Ecrort 0,25 N.19 0413

+Degrues of freedom for error are 28,
91-180 and 181-270 days respectively.

*(P<0,05)

28 and 12 for 0-90,
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~ Appendix Table 9: Summary of Analysis of variance for scrum
. thyroxine (Ta). |

: Mean Squares ' -
Source of Degrees of

variation Ereedom Q=90 91-180 181-270
Treatment 2 0.54 S 3.27 3.22
Age 1 236.53% 19.83% 119.61%
Treatment x Age 2 h.62 0.32 .86
gecort . $.77 8.3 . 5.88

+Degrees of freedum tor error are 28, 28 and |2 for 0-90,
91-180 and l81-270 days respectively.
*{P<0.05)
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Appendix Table 10: Summary of Analysis of variance for plasma
urea nitrogen (PUN).

Mean Squares

Source of Degrees of

variation freedom 0-90 91-180 181-270
Treatment 1 2.80 13.,04% 31.27%*
Age 2 36.,36% 34 .,42% 42.47%
Treatment x Age 2 0.34 0.38 0.24
Ecror’ 0.60 0.61 0.67

+Degrees ot freedom for error are 28,
91-180 and 181-270 days respectively.
*(P<0.05)

28 and 12 tor 0-90,
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Appendix Table 11:

Influence of feeding regime and age of animal on weights (kg) of hide and other by-products

Stage of Feeding Hide Head Tail
trial Regime
(days) Young Old Means SEM Young 01d Means +SEM Young 0ld Means *SEM
180 LHH 20.85 29.28 25,07° 13.00 15.60  1u,30° 1.35  1.70  1,53°
LMH 15.30 20.64 pq.mqv 15317 10.13 11.74 Ho.m:U 0,u2 1.07 1.30 p.pwu 0.07
LLH 13.25 20.8u Hq.omv 10500 11:87 Ho-mwv 0.85 1.10 o.omv
d
Means pm.:qn MP.cwm 0.97 Hp.ocn Hu.oqa 0.35 w.cmn 1.37 0.06
270 LHH 31.05 34,23 32.64 14,63 16.80 15.72 1.65 2.0 1.82
LMH 23.84 28,70 26.27 1.87 13.10 15.00 14,05 0.50 1.53 1.45 1.49 0:11
LLH 30.50 27.46 28,98 14.53 15.27 14,90 1.83 1.83 1.83
Means 28.u6 30.13 1.54 14,09 15.69 0.40 1.67 1.76 0.09
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Appendix Table 11 Continued.

Front feet Back feet
Stage of
trial Feeding Young 01d Means +SEM Young 01d Means *+SEM
(days) Regime
180 LHH 2.83 3.68 m.wmm 3,00 3.57 m.wom
LMH 2.67 u.u@ u.o:v 0.09 2.60 3.07 m.mxv 0.09
LLH 2:15 3.03 m.mmv 2.15 2.96 w.mmv
Means  2.55° 1.30° 0.08 2.58°  3.20¢ 0.08
270 LHH 3.21 3.70 3 ME 3.10 3.60 3.35
LMH 3.u44 3.60 3.52 0.16 3:2% 3.55 J.ul 0.1u
LLH J.uy 3.60 3.52 3.47 3.56 3.52
Means 3.36 3.63 0.13 3.23 3.57 0.12

m-vzmm:m in a column within a stage of trial with different superscripts are significantly different

(P<0,05)

n.a:mm:m in a row within a stage of trial with different superscripts are significantly different (P<0.05)



mw Appendix Table 12: Effect of feeding regime and age of animal on weights (kg) of gut tissue components
~

Stage of Rumen, Full Rumen, empty Omental fat
trial Feeding
(days) Regime Young 0ld Means £SEM Young 01d Means +SEM Young 0ld Means  :SEM
180 LHH 35.15 38.97  37.06 8.55 10,04 9,30° 1.50  1.86 1,68°
LMH 25.84 31.17 28.51 3.17 5.43 7.10 w.wqu 0.40 0.57 0.46 :.suv 0.08
LLH 33.50 42,54  38.02 5.5 707 .10 0.45  0.46 0,46
Means 31.50 37.56 2.62 m.wmn m.oqa 0.33 0.84 0.93 0.07
270 LHH 36.93 40,96 38,95 10.63 11.12 11.12 2.63 3.u3 3.03
LMH 34.83 :m.wm 41.60 2.78 9.83 11.14 10,49 0.53 2,03 2.33 2:18 0.21
LLH 38.70 46,40 42 .55 10,26 10,50 10.38 1,97 2,13 2.05
Means mm.mwn :m.mca 227 10.24 11.08 0,44 2:21 2.63 0.17
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Appendix Table 12 Continued.

Stage of Intestine, full Intestine, empty Mesenteric fat
trial Feeding
(days) Regime Young 01ld Means +SEM Young 01d Means +SEM Young 01d Means  $5EM
180 LHH 14,05 10.10 12,08 8.00 8.87 8.44 1.05 1.06 H.omb
LMH 8.66 11.60 10,13 0.48 5,70 7467 6.69 0.50 0.53 0.63 o.wmr 0.10
LLH 11.25 12,00 11.63 5.95 8.07 101 0.85 0.53 o.mov
Means 11.32 11.23 0,40 m.mmn m.woa Q.42 0.81 0.74 0.08
270 LHH 12,73 14,90 13.82 10.40 10,43 10.u42 2.54 2.97 2.76
LMH 13.73 15.76 14,75 0.52 9.06 10.87 9,97 0.58 1.94 2.23 2.09 031
LLH 13.50 14.73 14,12 10,66 9.87 10.27 1.79 2,03 1,90
Means 13.32° _m.mwm 0.42 10.04 10,39 0.49 2.08 2.41 0.25
a,b

Means in a column within a stage of trial with different superscripts are significantly different (P<0,05)
n.azmm:m in a row within a stage of trial with different superscripts are significantly different (P<0.05).
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Appendix Table 13:

Effect of feeding regime and age of animal on weights (kg) of some internal organs

Stage of Liver Heart Spleen Kidney
trial Feeding
(days) Regime Young Old Means #SEM Young Old Means 2S5EM Young Old Means $SEM Young 0ld Means +SEM
180 LHH 2.85 3.54 3.20° 0.85 0.97 0.91° 0.71 0.77 0.74% 0.46 0.56 0.51
LMH 1.85 2.06 1.96° 0.10 0.85 0.70 0.68° 0.05 0.41 0.37 0.39° 0.02 0.41 0.36 0.39 0.05
LLH 1.30 2.10 1.70° 0.50 0.67 0.59° 0.31 0.40 0.36° 0,31 0.36 0.34
Means 2.00°2.57 0.09 0.67 0.78 0.04 0.48 0.51 0.02 0,39 0.43 0.0u
270 LHH 3.40 3.67 3.54 0.93 1.03 0.98 0,76 0.90 0.83 0.53 0.56 0.55
LMH 3,13 3.30 3.22 0,17 0.76 0.80 0,78 0.06 0.70 0.66 0.68 0.05 0.50 0.50 0.50 0.02
LLH 3,03 .90 2.97 0,83 0.93 0,88 0.73 0.66 0.70 0.50 0.50 0.50
Means  3.10 3.29 0.14 0.84 0.92 0.05 0,73 0,75 0.00 0.51 0.52 0.02
= | 47

c

Means in a column within a stage of trial with different superscripts are sijnificantly different (P<2.0%)

>4 C . s . . . R § -
Means in a row within a stage of trial with different superscripts are significantly different (1'<0.0v)
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Appendix Table 14: Mean weights of boneless carcass, protein and fat and energy values in the boneless
carcass at various trial stages

Stage of Feeding Carcass weight, kg Crude protein, kg
trial Regime
(days) Young 01d Means *SEM  Young 01d Means *+SEM
0 Initial 271.5 31.9 29.7 7.64 7.61 7..63
180 LHH 34.0 53.4 43.7 8.2 11:7 10.0
LMH 22.0 32.4 272 1.57 Sl 7.6 6.7 0.36
LLH 20.0 30.3 25,2 4.9 6.2 5.6
Means 25.3 38.7 1.28 6.3 8.5 0.29
270 LHH 54.8 68.5 61.7 12.1 13.2 127
LMH 43.9 56.0 50,0 1.u4 9.1 10.7 2.9 0,40
LLH 95159 52.3 51.9 11.4 10.1 10.8

Means 50.1 58.9 1,22 10.9 11.3 0.3u
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Appendix Table 14 Continued.

Stage of Fat, kg Energy, (Mcal/total Carcass weight)
trial Feeding
(days) Regime Young 0ld Means :SEM Young 01d Means +SEM
0 Initial 0.93 1.48 1.21 156.2 175.8 165.9
180 LHH 3.7 6.5 5.1 216.7 341.6 279.2
LMH 1.0 1.6 1.3 0.27 122.0 184.0 153.0 9.77
LLH 0.9 1.2 1.0 109.5 166.9 138.2
Means 1.9 3.2 0,22 149.4 230.8 8.01
270 LHH 9.3 10.0 9.7 372.9 460.9 416.9
LMH 7.0 9.6 8.3 0.50 -294.3 392.9 343.6 10.28
LLH 6.2 8.1 7.2 333.5 370.8 352.2
Means T 9.2 0.48 333.6 408,2 8.74




Appendix Table 15: Cost and Sources of major ingreadieats,

Ingrdients =N/Metric tonne* Source :

Molasses 113,00 National Livestock Project |

' Unit, Kaduna. %

Cottoaseed cake 210.00 F.C.C.C., Funtua i

Wheat bran 220.00 Flour Mill, Kaduna ]
Vegetable 0ils (Nig) Led.,

Palm xernel cake 120,00

Ikeja, Lagos.

*Cost based on [9834/385 year,

208
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Appendix Table 16: Format for slaughter fluor data collection.

Animal No. Group
Date of slaughter o ~ Date cut-up
Weight at slaughter Approx, Age

Empty body welght at slaughter

Hot carcass weight: Chilled carcass welght:

Left side Left side

Right side Right side

Dressing %

Welght of reticulo-rumen, omasum and abomasum:

Full Empty

[ngesta - Omentuym fat

Weight of Small and large intestine:

Full Empty

Ingesta R Mesentery CEat
Weight of offals: G

Head Tail

Hide " Blo0d

Foreshank Rearshank

Tongue Heart

Liver Spleen

Respiratory tract Urinaogenital tract
Bladder: - Gall bhladder:

Full o pa

Empty Empty

Kidneys Kldney fat

Rib eye area
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Appendix Table 17: Procedure for determination of Plasma Urea
(Diacetyl Monoxime Me thod Using
Thiosemicarbazide).

Princigle

When wurea is heated in strongly acidic conditions with substance
such as diacetyl, CH,COCOCH,, containing two adjacent carbonyl
Zroups or LCs monoxime: H,Co.C = NoH, vyellow condenstation
compounds are formed. The reaction s intensified by the
presence of polyvalentions such as ferricions. And then a red
coloured complex 1is formed - which 1is more linear with
concentration than the yellow one. The intensity of the red
complex is measured colorimetically and 1its intensity is
proportional to the concentrations of Urea in sample.

Technique Test Standard Blank
ml. ml. ml.
Distilled water 10 10 -
Plasma 0.1 - -
Standard (1Ommol/1) - 0.1 -

Mix thoroughly:-

Pipette 1.0 1.0 -

Distilled water 1.0 1.0 2.0
Working Colour reagent 2.0 2.0 2.0
Mixed Acid reagent 2.0 2.0 2.0

Mix thoroughly then place the tubes in a boiling water or an
tncubator at 100°C for 20 minutes. Cool, and Read the 0Q.D. at
520mm.,

Circulation

Urea mmol/L = T-B x 10
Ss-8

Normal Value 2.5 - 6,5 mmol/L

Repeat all values below 10 mg Z (1.66 mmol/) and those above 40
mg % (h.64 mmol/L).

Reagents
Acid reagent - Stock A

Dissolve 5 4 of fercic chloride (Fec13.6H 0) in about 20 ml of
water, Transfer this to a graduated cyliu&cc and add 100 ml of
85% phosphoric acid - slowly and with swirling. Make the volume
to 250 ml with distcilled water.
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Appendix Table 17 Contd.

Agcid Reagent - Stock 8

Add 300 mi of concentrated sulphuric acid to 700 ml of distilled
water in a 2 litre conical flask - slowly, with swirling and
cocling in a bath of Lce water.

Mixed Acid Reagent - or — Working Acid Reagent

Add 0.5 ml of solution A to 1 litre of solutina B,

Colour Reagent — Stock A: Dissolve 20 g of diacecyt

Monoxime par litre in distilled water. And Filter.

Colour Reagent - Stock B: Disselve 5 g of this-sewicarbazide per
Licre in distilled watar.

Mixed Colour Reagent — or - Working Colour Reagent

Mix 67 ml of solution & with 67 ml of solution B and make to 1
litre with distilled water.

Preservative, diluent for standards

Dissolve 40 mg cof phenylmercuric acetate in about 250 ml of water
with heating, Transfer the solution toc a measuring cylinder,
Add 0.3 wml of concentrated sulphuric acid and make the volume to
1l litre with distilled water and mix.
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Appendix Table 18: Radioimmunoassay of Serum Thyroxine

Thyroxine concentrations  were determined using a
commercially available diagnostic kit (Amerlex T, RIA Kit,
Amersham U.K., Ltd). The assay procedure was as follows: 25 ul
aliquotes of standards (0-25 mg TQIIUU ml) and unknown serum
samples were added to polystyrene assay tubes (12 2 75 mm) in
duplicate,. 500 ml 125(-thyroxine solution was added to each
tube. Amerlex specific T, antibody (500 ml) was cthen added
rapfdly to each tube. All the tubes were then vortex mixed and
left to stand at room temperature for 2 hours. All tubes were
then centrifuged together for 15 minutes at 1500g. After
centrifugation, the tubes were decanted and then inverted in
racks over absorbent tissues and drained for 10 minutes. All
tubes were then counted for 60 secs in a Gamma 400 counter
(Beckman International, Geneva, Switzerland).

Count rates were plotted against T, concentration of standards
(Fig. 4). Counts for unknowns were averaged and extrapolated
from the standard curve,

The antiserum used in the Kit cross-reacts with L~
triiodothyronine to the extent of 7.5%4 and with D-thyroxine
approximately 100% by weight.  Crossreactivity with the thyroid
hormone analoques 3, 5, diiodo-L-tyrosine and 3-iodo-L-tyrosine
is negligibly Llow (0.1%). The within and bhetween  assay
coetficients of variation were 92 and 12% respectively,

The T,-kit was manufactured for use with human serum and
therefore needed to be validated for bull serum. To achieve

this, conventional parallelism tests were cun, The top standards
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Appendix Table 18 Continued.

of the kit was diluted wich T&—free serum and standards were made
serially on 1:1 basis labelled A.B.C.D.
The diluted standards were run with the standards in the kit

and both curves were tound to be parallel (Fig.4).



Fig.2: Standard curves for serum thyroxine 214
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Appendix Table 19: Composition of Zoodry VM 701
Vitamin A 20,000,000 1U
Vitamin D, 2,000,000 IU
Vitamin E 40,000 1U
Vitamin Bl 2,000 mg
Vitamin 82 7,000 mg
Vicamin 86 2,000 mg
D-pantothenic acid 8,000 mg
Vitamin pp 16,000 mg
Vitamin 812 10 mg
Furazolidone 70,000 mg
Magnesium 120,000 mg
Manganese 60,000 mg
Iron 50,000 mg
Zinc 60,000 mg
Copper 10,000 mg
Iodine 2,000 mg
Cobalt 1,000 mg




