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A B S T RAe T S

. A total of 76 animal exper-iment s , involving young Nigerian
Dwarf Sheep, were conducted to investigate the growth response to
effects of varying leveis of dietary energy. The studies also
embraced digestibility trials and carcass evaluation.

Results obtained appear to indicate that between the ages of
3 - 6 months, a daily intR~e of 107.1 kcal metabolizable energy
was required for maintenance while from 6 - 9 months of age the
requirement increased to 129.2 kcal per day. A growth requirement
of 215 kca1 i~E/daYlvJO.73kg and 1387 kcal ~1E1dayvp·73kg \'las obtained
for animals between 3 - 6 months and 6 - 9 months respectively.
An analysis of the pooled results seems to indicate that 134.04

• (1 73kca1 ~·1E per day and 647 kca1/~1E/day /WU• kg wa s the requ iremen t

for maintenance and increase of 1 kg. live-weight respectively.
Studies on digestibility of feeds revealed that the effects

of variations in the type of ration on digestibility was less
marked than the effects due to age of the animals. Crude fibre
digestibility coefficient for the basal diet was about 68.04% for
the older animals while the corresponding values for the younger
animals ranged between 54.4% and 56.0%. Wlues for the mixed diet
and concentrate rat~on ranged from 68.3% to 77.45% and 71.3% to
79.5% respectively with the older animals while the corresponding

xii1.
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)xii.v.•

\v~lues~for·the younger-animals were-in:the ~angeof~58:01%to

:60:59% and 63:8% to 65.02%.

Results of animal performance indicated-that younger animals

-are 'capab1 e of faster growth ·_than .o lder rones .but -the ~effect -of

.Iowp l aneof nutrition-as indicated by _growth rates -is mor..e

eadver se ly fe l t i byrtheyounqer .antma ls , -Thus .the mean .da ily wei_9ht

sgains_of-:theolder:animals we~19.6g, :83~8g,82.2g, =55.7gfor

·~treatments f\" B, =Cand ~D-respectively while .the .correspondtno

\v~lues'for~the younger=animals were 97~7g, -71.ag, -45:79 :and21:7g

"respecti ve 1y.

'The carcas s -eva 1ua ti on-shoVled tha t -dress ing percentaqes 'and
I

:percentage'fleshincrease with-age. -At:six months and in -aTl

ttreatments, 'the range was -between ',34:3% to '4J:8% while -at 9 months

-:it -rose -,to -49 '-7%,to ,60.8%. :Percentage .of 'Tl:-esh -in .the .carcass

rhas:been:shownto -range'from.62:6% to:66:2%:atbirth with a

rpos~ibleincrease of about O:7%:to 0~9%'perkg'live-wetght :ga1n.

'The "results: of -th+s-studyneve 'shown ~tha t .the younger .antmal-s

2are capable of faster growth and respond faster'to htgh-plane of

rnutr it ion but -the .eff'ect.of 'low 'plam: :ofnutritton -as 'irrdr-cated .by

:growth rates of all -animals onthelower:energy'level diets,is

~more-adversely felt by the younger animals. 'Itrs -to be noted-that

the early weaned lambs cannot survive-on pasture alone.

The results also were discussed in terms of the economics of

production.
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CHAPTER 1

1.1 General Introduction.
Successful practical agriculture depends mainly on the effective

understanding and control of the various processes involved in the
phenomenon of growth in plants and animals. Growth studies in farm
animals have been Df special interest to farmers and breeders in their
attempts to satisfy the ever-changing human tastes. t~uch attention
has been paid to animal nutrition because an improvement in the level

"-of animal nutrition makes for better animals which thus ultimately
provide better nutrition for man.

In many agriculturally developed countries, much work has
been done in the field of animal husbandry. Improved breeds of
farm animals have been evolved to meet the needs of man. In many
of these countries the level of animal protein in the human diet has
been raised to a very reasonable standard.

In Nigeria, comparatively little has been done in the field
of applied animal nutrition. More work has been carried out on
the nutrition of pigs) concentrating mainly on the imported breeds.
Poultry and r ttle have also received attention, but it has been
proved that the Nigerian breeds of these stocks cannot be used for
much commercial production. Because of disease problems with the
exotic breeds of cattle and the problem of adaptation to the tropical
environment, attempts are being made to produce a breed of dairy
cattle by crossing the high yielding exotic breeds with the best
of the local breeds.
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"In recent years, much attention has been drawn to the rela-
~iv~ly low"lev~ls of animal protein in the daily diets of the
:average Nigerian as compared with the developed countries of the
world. The low level is probably due to the low productivity of

'Ntgerianlivestockand not "to-the numbers as, it would appear, there
care "large numbers of livestock in Nigeria especially in the Northern
~tates wner-e.they.ar-e.concentrated. The problem then is that of
.incneasinq .the'productivity and "this can be achieved by the improve-
rment .of :--

•~~) :anim~l nutrition through better pastures and
-'feedingsystem.

.b) 'animal .environment by the drasti c reducti on and preventi on
.of di seases .

. c~) 'Management practices.

~1:2 !Wotld:PrQte1n~sttuation.
~Tne-most:important-problem facing nutritionists and other

2~11ted:sctenttstsis~the~provision of food for the ever increasing
.world populatton. 'This "involves the provision of diets balanced in
.all vrespec tr , 'and in sufficient quantity at the appropriate stages
zand lleriods "of .the-anim~l 1ife. "The most 1irniting constituent of
:a balanced diet is animal protein.

Many developed countries of the world have highly developed
:animal husbandry industries and hence the people enjoy high levels
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of animal protein while the developing countries, mostly in the
tropical world, live mainly on cereals and tubers which supply high
calories but lack the essential amino acids needed for growth and
development. Protein deficiency in infancy and childhood has serious
adverse effect3 on the normal development and ultimately on the
later efficiency of the adult individual.

The disparity in protein consumption between the developed
and the developing countries of the world is so great that one can
easily classify the countries of the world into developing or
developed on account of protein consumption levels.

Oyenuga (1971) has estimated that some developed countries
produce protein sources that exceed requirements by some 22% whilst

1 INigeria's protein supply falls short of requirements by 75%. The
lanimal protein position follows the same pattern. The developing
countries are in short supply of protein from animal sources to the
tune of 75% and this has very serious adverse effects on the
efficiency of utilization of the 93% of the total protein available
for consumption in Nigeria.

Table 1.1 shows comparati~e protein consumption figures
(Oyenuga, 1969) of some developed and developing countries. There
is a wide gap between the amount of protein made available in the
developed and the developing countries as shown by"the mean figures
of 96.0 and 50.2 for Total Protein in four developed and four deve-
loping countries respectively. Of the total protein 66.7% and 16.8%
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that of increasing the proportion of animal protein in the total.
There is need to produce not only larger quantities of protein but
aTsohigh quality proteins. It is therefore imperative to increase

- 4 -

are from animal origin from the developed and developing countries
respectively. This shows that the small quantity of protein
consumed in the developing countries are also of low quality.

Fetuga (1972) points out that the Nigerian protein problem is
a dual one - that of overcoming the generai protein shortage and

producti on of animal prote t ns from beef, pork , poultry, fish , mutton
and goat meat and possibly from other non conventional sources such
as game and snail.

To solve this ever present human problem, it is highly
essential to have a we ll defined anima.l husbandry improvement
prugramme in which management, health and nutritional status of the
animals will be highly improved so as to increase both the number
and quality of animals for improving protein quality consumption.

T~] General Livestock Situation.
In most developing countries, the distribution of livestock is

dlre:ctTy controlled by the climate and vegetation. In Nigeria, the
~ vegetation thins down northwards. It varies from the thick

mangrove and fresh water swamps (in the southern coast) through
the low land rain forest, Derived Savanna (in the middle belt) to

<

the southern and northern Guinea Savanna, Sudan and the sahel
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Tab 1e 1.1 Daily Per Caput Net Food Supplies in Four Developed
and Four Developing Countries 1966/67.

(Oyenuga, 1969)

Developed I Calories Total Animal Proportion of Proportion of
Countries Protein Protein Animal Protein calories

to total protein supplied from
protein

New Zealand 3,470 109.4 74.8 68.4 12.6

Denmark 3,290 9i.9 61.7 67.1 11 .2

U.S.A. 3,160 93.8 66.7 71.1 11.9

United
Kingdom 3,220 88.9 53.3 60.0 11.°
Mean 3,285 96.0 64.1 66.7 11.7

Developing
Countries .
India 1,810 45.4 5.4 11.9 10.0

Sri Lanka
(Ceylon) 2,180 44.5 10.3 23.1 8.2

Tanzania 2,110 59.0 9.2 15.6 11.2

Nigeria 2,183 51.7 8.6 16.6 9.5

Mean 2,071 50.2 8.4 16.8 9.7

I
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_savanna of the extreme North. Distribution of livestock follows this
.-J

'natural pattern with most .of .the Ttves tcckbe inq found in the savanna

.zones .of .the north while .the .ccas ta l .swamp and rain forest zones are

.areas :of IowI ivestockdensi.ty.

-Ano ther +ector -is_the .pneva Ience .of .the tsetse fly, vector

'for .trypanosonrl as is. "Ih is -1imitsthe majority ofl i vestock to the

Northern .sevanna lands with 1ow fly :density. The Southern Forest

.:zones:are:areas :of v.ery htgh :density:of:tsetse-l1y and as such have

H:ow.dens ity :of -1i ves.tcck , .which .are -mostly

:-htgh .to ter-ance .to -trypanosomiasi.s :attack.

~he ~warf breeds with

'Ther-e +s y.e.tno accurate-livestock -popLilat;-on figure in

'Ni:geria. :Ftgures -in use have .been :based :on -estimates as in the case

"-for :cattle -in which ~given ""figures have ranged -from 5.6 million

'(FAQ, -l960)to "TO.8mill.ion (~AO, -1966) .and .extreme figure of 15

'lTii.!!ion :by -the -Federa l t~intstry of Information _(1964).

~hesevartous ~stimates have -been :based -on information from

"xaxy_eturns, vaccination -figures or -in .some 'cases formula estimates.

:Figu~es based on taxation :and vaccination :can highly underestimate

~he-livestock population since itts based on the number of animals

rtha'tftavee ither been vaccinated or .on which cattle tax known in

Northern Nigeria as IIjangali" has been paid. There is always the

-tendency for the cattle herdsmen to declare fewer animals than'actually

exists to -avoid heavy taxatioQ (St. Croix, 1945; Shaw and Colville, 1950;

Stenning, 1959). For the same reason, cattle owners avoid vaccination

r
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for fear that it could reveal the real number of animals they possess
and as such make them pay higher tax. Probably, the most reliable
method of rough estimation is the Sample Surveys, provided the sample
is correctly drawn or the number of farm households accurately known.

The Federal Department of Agl~iculture (1971) gave the following
figures:-

Cattle 11,073,000
Sheep 8,125,000
Goat 26,013,000
Pigs 909,000
Poultry 86,118,000

Apart from the low figures, Oyenuga (1966) stated that proportion
of livestock per 100 Nigerians is relatively low and deserves
considerable expansion in order to meet the need of the rapidly
increasing human population. The productivity per animal is generally
low compared with their counterparts in the temperate world. Reports
by Shaw and Colville (1950) indicate that Nigeria has indigenous
breeds of cattle from which could be raised animals of suitable type
and productivity, whether for economic production of beef or milk; but
that the nutrition of the existing breeds must be put to a higher plane
in order to achieve maximum proe!uctivity. This may also ,apply to
other breeds of livestock.
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• 1.4 Position of Sheep in Nigerian Agriculture.
Cattle and poultry sllpply most of the animal protein in Nigeria

in form of beef, milk, eggs and poultry meat. Pigs provide less
since fewer people consume pig meat for religious reasons. The
greater attention paid by workers to cattle, poultry and pigs may
therefore be due to their relatively greater importance, at present,
to the Nigerian diet. Much work has thus been done in the fields of
nutriti on and the improvement of product ivity of these farm animals.

The sheep industry, on the other hand, has been one of the most
neglected aspects of Nigerian agriculture. " This is probably due to
the fact that the potential contribution of the species to the animal
protein pool of the Nigerian diet has not yet been fully appreciated.
The sheep industry makes major contributions to the economy of some
countries and consumption per head of human population and exportation
in these countries are quite high.

As could be seen in Table 1.2 the figures for Nigeria, which
are FAD estimates in most cases, are quite low in comparison with world
standards per caput; meat and meat-protein supplies are extremely low
in Nigeria. Since the meat supply 'is low and sheep, as a source of
meat, is not the most important in this country, it means that the
supply of meat and meat protein from sheep is low. This could be due
either to the comparative1y low sheep population or the 1m'J harvest
of meat from the available breeds of sheep.
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P1$ te 11 A Ni~r:i.au IMarf' Sheep •• Compa1r quantity wit;:
Plate 1
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Withjn Nigeria, the position of sheep varies from state
to state because of varied suitability of the vegetation to sheep
farming. Production and per capita supply of sheep in the twelve
states of Nigeria are presented in Table 1.3. It should be noted
that the West African Dwarf sheep is the main breed in the southern
states.

The comparatively low population of sheep and the low
consumption throughout Nigeria are probably due to the greater
importance placed on beef as a source of meat and this probably
accounts also for the little amount of work done on sheep in
Nigeria. Some attempts had earlier been made to study the perfor-
mance of local breeds of sheep under local conditions and subse-
quently to examine and compare the performance of their crosses
with selected exotic breeds such as the Merino and Black-headed
Persian at Katsina Liveslock Investigation and Breeding Centre in
1957 (Ferguson, 1964).

The other reports on the West African Dwarf sheep include
the study by Jollans (1960) in the closed forest zone of Ashanti,
Ghana, in which he investigated the growth rate and carcass quality,
drawing attention to some production characteristics of the
breed.

Hill (1960) gave a summary data from some experimental
stations, where flocks of the Dwarf sheep were kept, between 1950
and 1959. This was as a result of the work of Okereke (1958) who
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Table 1.2 Sheep population, mutton and lamb production, per capita
meat and meat protein supply of some countries with
organised sheep industry and some with peasant -type
industry.

Countries with Population ~1utton and Mutton and Per Caput Per Caput
organised 1100011 lamb pro- lamb .pro- meat meat
industries duction from duction from supply protein

slaughtered indigenous (g/day) supply
animals animals (g/day)
(1000 metric (1000 metri c

Tons) Tons)

Australia 178,287 803 870 294 38.3
USSR 137,940 1,000 800 106 13.9
New Zealand 58,913 558 558 310 37.8
Argentina 43,800 170 180 335 47.7
United Kingdom 25,998 227 230 209 23.8

Peasang Type
India 42,800 357 358 4 0.5
Nigeria 8,100 175 109 28 4.2

I
~
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States Production Per Capita Supply
(lOGO Metric tons) kg/yr g/day

Benue-Plateau 1.866 . 0.413 1.132
East Central 1.928 0.237 0.132
Kano 4.578 0.703 1.926
Kwara 0.389 0.144 0.395
Lagos 0.022 0.060
~1id-West 0.123 0.043 0.118
Nor-th Central 2.571 0.556 1.523

. t 4.726 0.538 1.474North Eastern
North Western 2.069 0.320 0.877
Rivers 0.303 0.174 0.477
South Eastern 0.974 0.238 0.652
Western 2.018 0.189 9.518
Nigeria 30.48 0.485 1.329

- 11 -

Table 1.3. Production and per capita supply of sheep in the
twelve states of Nigeria

Source: 01ayide, Olatunbosun, Idusogie and Abiagom (1972)
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obtained some basic data on the carcass quality of the Dwarf sheep.
Awoyemi (1962), in his unpublished work on the University of Ibadan
Farm, also reported on the effect of season and plane of Nutrition
on growth rate and carcass quality of the Nigerian Dwarf sheep.

1.5 Management
Apart from the few research stations such as Katsina, the

University research and Teaching Farms and the livestock stations set
up by the former Western and rastern Regional governments at Agege,
Oyo, Umuahia, Benin, Ado-Ekiti and Moor Plantation, there are no
other organized sheep farms. In recent times, the sheep herds kept
by the Western state Government at Upper Ogun near Oyo and at

I I

Management practices vary from area to area and this depends
mostly on the living habits of the people. To the extreme North,
the Oudawa tribe keep large flocks of the Ouda breed. This
nomadic tribe, like the Fulani livestock owner, follow their
animals to fresh feeding grounds with the change of season. Migra-
tions in this trans-humane management system are determined by the

availability of pasture.
The y1ankassa to the south are kept in small flocks by town

dwellers and nomads and live in close association with towns and
villages where they may receive very limited supplementary feeding
of guinea corn bran and dried groundnut tops in season (Ferguson, 1964).
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I

The West African Dwarf sheep are kept in small numbers by
families who take very little care of them. They are thus
ubiquitous in viliages and towns throughout the Nigerian rain
forest zone. They exist and thrive to a considerable extent under
local conditions by grazing, browsing and scarvenging. They
seem to like road-side and fallow grasses, scrub bush and leaves of
small trees. Occasionally, they may be given cassava and yam
pe s, groundnut tops and haulms, rice, maize and Guinea corn bran,
orange and mango peelings and any other dlscarded scraps where
these are avaiiable or they may be allowed on to the harvested
plots but usually the animals spend most of the day brows inq round
the villages and are always on the look out for any waste food left
anywhere. No special shelters are provided for the animals to
spend the night, they however love warm and dry places and hence
they may be found on dry mud floors in the kitchens, on the house
porch, on fast draining sandy foot paths or on the tarmac of major
roads. Under these conditions they keep fairly clear of heavy
parasi~e burdens during the height of the rainy season and it is
something of a paradox that in many cases where villagers have
attempted to husband their sheep in a more orderly fashion, for
example by the use of fenced paddocks and night enclosures, heavy
losses from internal parasites have occurred (Hill, 1960).
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-On the University research farms where veterinary care is

.adequa te, 'she ltershave been provided 'for the .sheep and they are

given regular £oncentrate supplements in addition to established

,pastvres and good water.

'1.:0" Marketi ng

.Onlythe Ouda has 'a well organized slaughter trade. large

-numbens-are purchased by 'traders who either rail them or bring them

:down in heavy lorri£s most especi~lly during the moslem festivals.

The 'Y"ankerssa hers no well 'devercped f.rade. They are offered for

ssa le 'i n "loca 1 markets i n .small numbers and sl auqhtered 1oca lly

.occasiona Tly.

'The 'Dwarf :sheepare usua lly not offered for sale unless there

'-is :an .urgent 'and very seri ous 'need ,to ra i se funds for the f'ami ly.

Thema l es -are .sIauqhtered 'only 'for -sper:i'al ceremonies and females

.only when -tradit;-ons 'demand.

.In -recent .t imes., however.iLhe ,great rlemand for sheep and

(goats 'during both 'the Mo-slem'and Chr tst ian festivals which have

','fa llenat -about 'the .same time has .caused al l breeds of both speci es

:ofliv.estock .to flood the markets. Because of the high pr-ices

rthat have .been ''Paid +or -them -the Northern tradesmen have rushed down

,both male and female stocks and in some cases animals too young

'for-marketing.
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Plate IV A Scene at a local Sheep
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Plate v Pricing Sheep at a 100a1 market -
Assessment is by handling
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1.7 Social and Cultural Importance of Sheep.
Like the cattle, numerical strength of the sheep flock is

more important to the Northern herdsman than the quality and
productivity of the animals. The wealth of a familywis usually
estimated in terms of the head of cattle, sheep and goats owned by
such a family. The herdsman has a very strong attachment to his
animals and he is unwilling to part with them except to pay bride
price , or for other family commi tments.

The West African Dwarf sheep is kept, more as a pet than as
a commercial animal in the Southern States of Nigeria. This shows
why they are rarely sold or slaughtered. They are however donated
for slaughter during family ceremonies when they serve as the
essential slaughter animal, in preference to goats. Cattle are
usually too expensive ~or such ceremonies.

Absentees or late commers at family meetings,community
gatherings or most especially at age-group cooperative farm work or
bui1ding constructi ons called IIOwe II were usually fined goats and
rams. Officers of the group were dispatched to the homes of
defaulting members to seize prescribed number of the animals. The
animals would only be given back if tenable explanations were
obtained within sP~ified period of time.

tThe sheep has played very significant roles in the culture
of Nigerians. It ha~ served for a long time as the sacrificial
animal. This is probably why it still comes in as the general
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all purpose slaughter animal at most ceremonies. A ram or ewe is
offered at every special local party called "Sara" "Jhich is
organised when a woman is either getting married or expecting a
baby, when one is going on a long journey or for good luck in any

undertaking.
When an elder dies many relations have to slaughter rams at

the res1dence of the diseased and the son-in-laws have to present a
ram eacn. In some areas, the ram is an essential part of the bride

price.
There is also the religious significance of the ram which

has its origin in the biblical story of Abraham and Isaac. Thus,
the ram is an essential slaughter animal for every adult true
mos1em during their festivals. At this time only the ram is the
truly acceptable slaughter animal. The Christians seem to have
adopted this system also although th~ turkey, which has become too
expensive, still comes in very much at Christmas.

1.8 Need for Work on Sheep Production.
Under the extensive system of management, the Nigerian Dwarf

Sheep hns thrived for a long time. They have been exposed to
prolonged perio~ of under and malnutrition, disease infections
the unfavourable,weather conditions. The resultant effect is

•permanent adaptati~n to low feed intake leading to dwarfism and
general low productivity. The sheep owners who have invested very

and

little in terms of labour and feeds always look up to whatever
they get out of them as being profitable.
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With increase in the level of education there has been a

- 17 -

growing awareness of the need for balanced diet and hence there is
a greater demand for animal protein. Added to this is the growing
demand for other sources apart from beef. More people now opt for
goat meat, mutton, poultry meat and eggs, milk, which is mainly
imported, pork for the non muslims and game. It is in fashion
now for mutton and goat meat to be sold, served with food more
especially in the local canteens because people seem to have
developed a taste for these in preference to beef. This. therefore,
seems to initiate a good trade in sheep and goat, which, up to
date, is dominated by the Northern breeds. Relatively, very few
of the Dwarf breed are slaughtered.

This invariably means that the demand for these animals \~ill
increase and there will be a need to develop them to a good
standard of productivity so as to meet this increasing demand.

Of the three Nigerian breeds of sheep, the Dwarf sheep is
the smallest in body size and possibly in number. As in many other
Afri~an countries relatively little work has been done to explore
the potentialities of the sheep industry. Little has been done in
determining the productivity of this breed when given improved
conditions of man~ement and feeding. Work by Hill (1960); Dettmers

I

and Loosli (1974), ~oint out that the breed could measure up to
the reproductive pel ~ormance of the temperate breeds if they are
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well cared for with good pasture, supplementary feed and superior

management. The age of the ewes at first lambing (generation

interval) was quite low. HiTl (1960) reported an age of TT-TLI,

months while Dettmers and Loosli (1974) reported 20 months but a

closer look at the latter work revealed that sT% of the ewes: were

less than one year old and 66~s were 15 months old at first lambing.

The breed has also been described as being fa.irTy prolific. and

lambing is all year round (Dettme.rs and LoosTi,. T974) compared

with the other Nigerian breeds, prolificacy measured in terms: of

average number of lambs produced per 100 ewes, the lambing percentage

of the Dwarf sheep was 120 (Hill, 1960). The lambing percentage

figure of 145 obtained by Dettmers and Loosli (1974) was higher

than the Ouda with 134 but less than 174 for the YI ankassa ,. the

two most common and larger breeds to the North (Ferguson, T964).

Lambing percentage inc.reased with lambings,. be:tng TZT for the first,

1.53 for th~ second and third and 183 thereafter (Dettmers and

Loosli,1974).

Compared wi th exotic breeds, the hi ghest Iamb+nq percentage

on record is 205 for East Friesian milk sheep, perhaps cTose to the

Finn sheep. The Nigerian Dwarf sheep compares favourabTy with

the Dutch Texel "th 150 - 160% (~1aymone, Haring and Linnenkohl, T96T)

and 166 for the md~t prolific Sweedish Landrace (Johansson and

Hansson, 1943).
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Incidence of Twinn inq is also high in this breed. Hill (1960)
reported 20% twins and no trip1et~; Ademosu, (1973) recorded 27%
while Dettmers and Loos1i (1974) reported that 55% of live lambs
born were twins and 8% triplets being the highest reported for any
Nigerian bre~d.

The rate of multiple births (twins and triplets combined)
increased with lambings and was 37% for the first, 65% for the second
and 81% thereafter (Dettmers and Loos1i, 1974).

Ngere (1973) had reported a yearly lambing of 171 and twinning
rate of 87% for 45 ewes which lambed out of 47 (96%) of Dwarf sheep
(forest type) in Ghana.

The Dwarf sheep are thus superior to the temperate breeds
in multiple birth rates. Johansson and Hansson (1943) reported

·55% twins, 5% triplets and 0.4% quads and quins, a total of 60.4%
for the Sweed ish Landrace sheep. Among all breeds of sheep and
types of environment, expectation is 176 pairs of twins and 10 sets
of triplets in every 1000 births and one set of quadruplet lambs
born in every 5,000 births (Reeve and Robertson, 1953) and the lamb
crop is 119.6% (Ensminger, 1969).

Lambing intervals also point to the great potentialities of
this breed. The l~bing interval was 248 day~ compared to 236,

,
270, 273 - 284 fay'o'ther Nigerian breeds, the Yankassa, Ouda and
t~eir crosses with Ml lino respectively (Ferguson, 1964). These
intervals shortened with lambings, 277 days between first and second,
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reduced to 233 days between second, third and fourth and an average

of Z09 days between the 4th and ath lambings.

Losses up to weani n9 reported were 25% (Hin, 1960), 20%

(Dettmers and Loosli, 1974) and these figures for the Nigerian

Dwarf sheep are better than 28% from b+r tf to weaning all over- the

warTd reported by Ensmtnqer (1969) who re 1ated that of the average

T19..6% lamb crop mentioned ear l ter only 92.%lambs. were raised to

one year and older. Their survival under the difficult management

system is an i ndi c.ati on that. their performance will be much better

under an improved system.

Writing an the importance, of nutritional s.tudies, Lamming

(1960) stated that absence of" hunqer is. essential for opt trnum

performance in terms of growth, reproduction and lactation and

therefore in terms of endocrine funct ions . Added to Tack of hunger

tn importance is the great need for c:orrect type of diet to be

given at the appropriate time. This. is. the only way to have optimum

growth in the shortest poss+bl e time.

The systems of fe-eding- used on the resea-rch farms and govern-

ment stati ons are meanwhi1e based on the recommendati ons for the

exotic breeds tn the temperate zones • Because at- breed and cItmat.tc

dtfferences, th'e tropical breeds wi II be expected to have Tess

requi rements for 'l1aintenance and pro-duction.

r
l'
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A great deal of work must therefore be carried out to improve
the present position of alT breeds of s.hee.pin the cDuntry and
thus make the sheep industry an economically viable enterprise.
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CHAPTER 2

Literature Review.
Work on intensive meat production from sheep in the temperate

region was stimulated by the findings of Hammond (1932) and the
classical experim~nts of P'alsson and Verges (1939, 1942, 1948, 1952).
Prior to these, much of the nutrition studies with s~eep have been
concerned with determinations of digestibility and nutritive values
of various feedingstuffs. Many workers have stopped at the live-weight
or at most the carcass weight of the animal. P'alsson and Verges
(1942) have remarked that this is insufficient as the animal and its
carcass are not homogenous, som~ parts being inedible. The value
of an animal for meat depends more on its anatomical composition
than on any other factor.

Waters (1909) and Trowbridge, Moulton and Haig (1918-1923)
approached the problem from the meat production side by studying
the effect of different planes of nutrition on growth and carcass
quality in cattle. Hammond (1932) studied intensively the growth
and mu~ton qualities in the sheep, dealing with the problem of meat
production in a different way. He studied the ultimate product, meat
and worked backwards to elucidate the conditions or factors which
affect its formation. He found that the value of an animal for
meat could not be measured from its live-weight, nor even its
carcass weight without consideration of several other factors because

•
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age, breed, sex, state of fatness have an effect not only on the
proportions of dressed carcass to offals, but also on the relative
development of the different joints and the different tissues,
bones , musc le and fat in the different joints. He found these
diff~rences to be due to the fact that different parts of the body
and different tissues of the carcass grow at different rates as
the animal grows from birth to maturity. This differential growth
rates was later confirmed by Md~eekan (1940).

Commercial Lamb Reari ng Methods.
The experiment of Palsson and Verges (1952) on the effect

of plane of nutrition on growth and development of carcass quality
of lambs was conducted in two parts. The first part concerns the
effect of rearing lambs on two quantitatively widely different planes
af nutrition an the gro'wth and development of the different anato-
mical units and tissues with age. The second·part is aimed at
c:omparing the ~ffects of four different planes of nutrition on
carc:ass quality of lambs of the same carcass weight but of different
ages. In this part special attention was paid to the effect of
c:hangtng the plane of nutrition at a certain age from high to low
and vice versa while others were left on high and low planes through-
out. This was intended to bring out the four methods of rearing
lambs, frequently followed by sheep farmers in commerci a1 practi ce
in the temperate region. They are:-
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(i) The method of rearing lambs continuously on a
high plane of nutrition from some time before
birth to slaughter which is often used by sheep
farmers catering for early fat 1amb market if
plenty of feeding stuffs and good grazing are
available.

(ii) Good feeding of ewes during late pregnancy and the
first few weeks after lambing followed by poorer
feeding of the lambs later on is frequently met
with, in cases where farmers who aim at the
production of early fat lambs run short of
pasture or feedingstuffs due to drought or other
causes before the lambs are ready for the butcher.

(iii) The third type of growth produced by a low plane
of nutrition in early life followed by a high
plane later is commonly met with on hill sheep farms
in years when the winter is severe and prolonged
spells of cold prevent or retard growth of grass
in spring.

(iv) The continuous underfeeding of lambs during the
growing period, corresponds to the method of
rearing lambs on poor hill pasture or on grossly
overstocked land.

- 24 -
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Palsson and Verges (1952) could not pin point which of the
methods was the most economical fronLthefood,utilizationpointof
,view_since they have been primarily concerned with the interplay
~tif:~rowth:and nutritive:environment,and how:thelatter ~ffects
~rowthand deve lopment 'in -general 'as well 'as -thecquality~of,the
_~ltimate product, ,the carcass, at:a suitable weight for marketing.

~Dietary Protein Requirement.
'Maynard'and_LooSli (1962) have prodtlced:stifficient~evidence

-.:to:showthe importance:of microorganisms in protein metabolism by
'ruminants. It was pointed out that bacteria and 'other micro-
-o~ganisms playa large 'rOle in the-breakdown of complex carbohydrates
:in:the digestive'tract,:especially'in:the 'ruminants and_as-the
~bacteriamDlti~Jy,:they:synthesize proteintoconstruct,their:own.
.bcdtes 'from amides, ;ammoniurn.salts 'and .even nitra tes -ingested in
.tocd. .Zuntz (l891) _pointed .cut -the'preference .of:ami des, .amino
cactdsand-ammonium:salts-,to'actual proteins-by-_the rumen micro-
:-organisms. -Fingerl ing -and :coworkers (1937) -produced -clear =evidence
.that ica lves can utilize urea to supply a part of,the-protein needs
"for ;growth.

McDonald (1954) found that when,94 per cent of the total
'nitrogen in a 'sheep ration was fed as~zein,,40 per cent of'it was
used by rumen organisms to synthesize their own protein. Earlier,
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Loos1i and associates (1949), using a nearly protein-free
purified diet with lambs, showed ipecific evidence that
microbial action in the rumen can synthesize from urea all of
the 10 amino acids which are essential for rat growth. All
these evidences seem to suggest that so far there is sufficient
source of energy and other sources of nitrogen, microbes in the

that the protein requirements of lambs estimated from practical

rumen can synthesize sufficient protein to build up their
bodies and when they die the proteins are passed on to th~ host
animals.

Andrews and Orskov (1970) criticized many of the published
reports on the protein requirements of growing lambs on the
ground that these reports were based on lambs whose initial
weights exceeded 30 kg and that the diets containing different
protein concentrati ons have .been offered ad 1ibitum and therefore
any responses have been complicated by differences in the voluntary
feed intake. They further stated that the A.R.C. (1965) reported

trials tended to be greater than those estimated by the factorial
method and that this discrepancy was more marked for rapidly
growing animals. Thus Andrews and Orskov (1970) conducted a trial
to determine·the protein requirements of lambs weaned at 4 and 5

f/ months using a tota1 of ~Cf11ambs - 66 entire males and 33 females.
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It was discovered that the total dry matter intake and the number of
daYs on the experiment tended to decrease with increasing concen-
tration of dietary protein and these trends became more marked as

the feeding level increased.

Live-Weight and Protein Requirement.
Andrews and Orskov (1970) remarked that the rate of gain

in body weight and growth response to increasing concentration of
protein tend to decline. This, they explained, is due to an
increasing tendency for lambs to deposit fat rather than lean tissue
as they mature. Thus at the high feeding level, no consistent
weight gain occurred as a result of increasing protein concentration.
These statements are in complete agreement with the studies reported
by Hinds, Mansfield and Lewis (1964); Hinds, Hatfield and Doane
(1965) and Miller (1968). Ranhotra and Jordan (1966) found that
although dietary crude protein concentration had no significant
effect on live-weight gain from 6-15 weeks of age, it was apparent
that 12-14% crude protein resulted in more rapid gains during the
first' 4 weeks than did lower protein concentrations. Andrew1s and
Orskov (1970) however are of the opinion that growth rates show a
greater response to higher protein concentrations as feeding level
increases. They therefore suggested, from their data, that over
the 16-40 kg body weight range, optimum growth rate occurred at
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dietary crude protein concentration of about 17%; 15% and 11% on
the high, medium and low feeding levels where the digestible
energy intakes were of the order of 3.0 Mcal/day, 2.6 Mcal/day and 2.1
Mcal/day respectively. They added that more feeds tended to be
left uneaten as the dietary protein concentration decreased despite
the fact that ~he diets were given in restricted amounts. Similar
results were obtained by Elliott and Topps (1963 (a) & (b)) on
sheep fed pelleted diets.

Bush, Willman and Morrison (1965) had earlier made a compa-
rison of the feed-lot performance of lambs fed rations with about
10.0%, 11.0% and 11.8% total protein and concluded that lambs fed
rations with 11.8% total protein made more rapid gains but were
not as fat as those fed the other rations at market weight.

Hinds, Mansfield and Lewis (1964), working on the protein
requirements of early weaned lambs usin~ protein levels of
13.0%{ l6.2r/, 19.1% and 22.1% in their first experiment and 15.4%~ \
l8.4%,and 21.5% crude protein in the second claimed that an increase
in the level of protein in the diet from 13% to 16.2% resulted in
a highly significant increase in gain and reduced the feed required
per kg. gain. A further increase in the dietary protein increased
gain but not significantly. Increasing the protein level from 15.4%
to 18.5% in the second experiment resulted in a highly significant

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



- 29 -

increase in weight gain and significantly decreased feed required
per kg. gain. When data from both experiments were pooled and
analysed, the protein requirement for maximum gain was given as 17.7%.

Maintenance Requirements and Feed Utilization.
Maintenance energy is defined as the sum of the basal

expenditures of Energy and the Energy expended in voluntary and
involuntary muscular movement (B1axter, 1964). These energy
expenditures vary appreciably from animal to animal within a

A species. Experiments in Scotland (Blaxter, 1962); in Holland
(van Es, 1961) and in U.S.A. (Flatt and Coppock, 1963) with cattle
and sheep show that basal metabolisms of animals of same size or
weight vary about mean values with coefficient of variation of ~ 0.01.
These variations are proved to be true animal variations and not
due to experimental error.

On the utilization of food for maintenance, Wallace (1948)
reported average daily Gross Digestible Energy (GOE) req~irements
of 13 ewes as 1.35 lb. with a range of between 1.23-1.54 lb. for
individual ewe in 1943 season while in 1944 he gave the average for
12 ewes as 1.40 lb. ranging from 1.27-1.52 lb. The average daily
Protein Equivalent (PE) consumption in 1943 was 0.236 lb. (range
0.20 - 0.278) while in 1944 it was 0.235 lb. (range 0.212 - 0.264).
This consumption however depended on the P.E. content of the ration
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fed. The above r.E. consumption was reported to be more than
thrice the maintenance ~llowance indicated in the Ministry of
Agrtculture and Fisheries rationing scale (Wood and Woodman, 1939)
which is 0.46 lb. for a sheep weighing 120 lb.

Brody (1945) drew attention to the lack of reliable data
and agreement on the relation of maintenance energy to body weight.
This, he said, was due to the considerable expense involved in
maintaining adequately large numbers of farm animals in non productive
condition for the long periods necessat'y to obtain accurate results.
Most standards in practical use for feeding domestic animals
propose certain allowance for each 100 or 1000 lb. of body weight.
Thus for maintenance of dairy cattle, Forbes and Kris (1931)
allowed 5.3 lb. Total Digestible Nutrient (TON) per day per 1000 lb .

.live-weight; Hanson allowed 5.6 lb.; Armsby, 6.5 lb.; Kellner, 6.7 lb.;
Morrison, 7.9 lb.; Eckles (1931), Morrison, .(1923); and Gaines, (1938)
all allowed approximatelY 8.0 lb. The Ministry of Agricultur~ and
Fisheries Rationing Scale, (Wood and Woodman, 1939) proposed 4 lb.
Starch Equivalent (SE) for cattle weighing 5 cwt. and an additional
0.5 lb. for each additional 1 cwt. up to 12 cwt.

For sheep kept under lowland conditions, the Ministry scale
proposed 9 lb. S.E. per week for an anima; of 100 lb. and an
additional 0.5 lb. for each 10 lb. increase in live-weight. Brody
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(1945) however believes that the energy cost of maintenance varies
not with simple body weight but rather with the 0.73 power of
the body weight. This, he claims, is probably equally applicable
to all species of warm blooded animal from mice to elephants.
Kleiber (1947) felt that W3/4 provided a better fitting formula
relating basal metabolism to body size than does WO.734 proposed
by Armstrong and Mitchell (1955). The National Research Council
(NRC) of U.S.A. committee on Animal Nutrition adopted 0.75 or the
factorial 3/4. Agricultural Research Council (ARC) adopted the
exponent 0.73. Maintenance need is usually determined by feeding
trials which involves the determination of food required to keep
animals at constant body weight, as used by Devendra (1967)
on pen-fed goats and Neville (1974) in non-lactating and lactating
Hereford cows. The daily intake corrected for any fluctuations in
live-weight becomes the maintenance requirement. Knot, Hodgson
and Ellington (1953) proposed the figures:- kg. gained x 7.8 = TON
required for gain and kg. lost x 6.0 = TON due for loss. Due to
lack of knowledge of the type of tissues gained or lost wh icb might
be water which has no food equivalent these figures are taken as
approximations. Oevendra (1967) therefore suggested an extension
in the experimental period and Garrett, Meyer and Lofgreen (1959)
proposed inclusion of a slaughter test to minimise the uncertain
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feature. Coop (1962) .used the equation: daily DOM intake = aW3/4
+ bg where, Dor~ is the digestible o'rganic matter intake, "aW3/4 is
the maintenance requirement wh ich is proportional to "W", "b"

is the DOM per kg live-weight gain. Estimation of maintenance and
growth requirements are made with adult animals (Coop, 1962;
Devendra, 1967). Requirements of adult sheep cannot be the same
as those of lambs since the young animals growth is principally
due to increase in bone and muscle tissue while adult growth is
accomplished by addition of fatty tissues (Md"eekan, 1940) in pig,
and Palsson and Verges (1951) in sheep. Garrett, ~t ~ (1959)
found a positive linear correlation between TON, Digestible energy
or metabolizable energy per unit metabolic size and average daily
gain in kg. and presented the equation as a +bg where "b" is thus
the energy required per kg. live-weight gain, IIg" the average daily
gain in kg. and "a" the intercept on the ordinate axis is the
.energy requirement for maintenance. This relationship h~s been
used (Swanson, 1971) to obtain the requirements for different ages.

Two main methods used for determining energy requirements
-for maintenance, growth (fattening), lactation and pregnancy are

by energy balance techniques and feeding trials (Garret et ~.,
1959; Coop, 1962; Maynard and Loosli, 1969; Neville and McCullough,
1969; t~oe, Tyrrell and Flat, 1970; Swanson, 1971, and Neville, 1974).
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Thus maintenance requirements have been expressed in terms of
feeding standards such as TON, ME, DE and DOM which are common
energy values. Kleiber (1947) also described the use of respiration
chambers for energy balance studies in which measurement of gase~us
exchange are used for calculation of heat production. Results of
Beakley and Findley (1955); Garret ~ a1. (1959); Blaxter (1967)
and Sawyer , Hoover and Sniffen (1971) have shown that requ irement s
obtained from the use of respiration chambers agree with values
obtained by conventional methods.

Factors Affecting Feed Efficiency.
Blaxter (1964) described the efficiency of feed utilization

as the weight of animal product obtained per unit weight of feed
consumed; feed utilization as the number of lb. of feed required
to produce 1 lb. weight of gain or milk and feed efficiency as the
ratio of output to input.

At maintenance level, no weight gain occurred, therefore
efficiency was zero, feed utilization was infinity, falling as
feed 'intake increased. High efficiencies are common place in

.
animals consuming highly nutritioUs feed, e.g., wi th baby pigs
consuming sows milk, the efficiency of conversion is about
O.~ ob. gain/lb. milk solids (Lucas and Lodge, 1961).
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Factors affecting efficiency are: voluntary intake of
feed and nature and quality of feed. For all feed intakes and
for all weight gains, the animai which has the lower maintenance
lev~l is more efficient. However, if two animals consume the
same multiple of their feed needs for maintenance they are
equally efficient as feed converters (Blaxter, 1964). Despite
this equality of efficiency the animal with the higher maintenance
cost will make the largest daily gain and therefore maintenance
cost in terms of feed is the third determinant of efficiency.

For a young animal over a short period of time, weight gain
is linearly related to feed intake but for older animals and long
periods of measurement it is curvilinear because:-

(i) The last lb. of gain is more expensive to produce
in terms of feed than the first.

(ii) The composition of weight gain changes with increased
allowance of feed. Feed cost of laying fatty
tissue of about 9.0 kcal/g is greater than that of
laying down meaty tissue of 1.2 kcal/g. Ratios in
terms of feed cost of making gains of meaty tissue
and of fat is thus about 7 : 1.

If two animals gain weight at same rate, the one which deposits
least fat is more efficient and hence the composition of gain is
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-a 4th factor affecting efficiency. Efficiency of feed utilization
rieclines with increasing age because fat % increase with age. For
lambs, as carcass weight increases from 10 lb. - 80 lb., the
pencentaqaf'at '! n -the carcass increases from 13 - 44?~ and flesh

~ecreases -from 62 - 46% (Blaxter, 1964). Similar results were
noted in cattle (Taylor, Watson and Young, 1962). Treatment of

Another far:tor (Blaxter, 1964) is the gain in we iqht of the

~heep with stilboestrol or hexoestrol usually increases efficiency
.of+eed uttltzat ton because hormone administration results in
.carcass with more meat and bone and less f'at (Aitken and Crichton,
·'956) .

I~i~estive 'tract. During periods in which gut contents as
:percentage of weight are changing rapidly as at weaning in

(Blaxter, 1964). In pigs, Coey and Robinson (1954) showed that

~ruminants ur when the character of diet is changed to one which
'increases f tll , -eff'iciencycalculated in weight gain/unit weight
.of ·feed consumed can be spur-tously high for thi s reason alone

.by 'increa'singthe fibre content of diets the gut content at
:slaughter weight of 200 lb. increased to the extent that killing
'out 'per'Centa-gewas reduced from 80 to 76%. Therefore, for two
.animal s of equal weight at slaughter, the younger \4/i11be the
more efficient converter, and therefore if animals are to be
slaughtered at a fixed weight, the animal with the greatest
matute weight and fastest growth is more efficient.
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Metabolizable Energy (ME) has also been defined (Blaxter,
T964) as energy, ingested in food, which does not appear in
faeces or urine. It is used in meeting maintenance requirement
and the energy surplus after these needs have been met is then used
foY" production. If gains in weight are expressed in terms of
their calorific value, differences of efficiency due to changes in
the composition of the gains tend to disappear (Blaxter, 1964).
It is however clear that there is a definite relationship
between live-weight and gross digestible energy (G.D.E.) consump-
tion - the heavier the animal, the greater the maintenance require-
ment. Longlands, et ~ (1963) recommended 1.02 lb. Digestible
Organic Matter (DaM) per day for a 100 lb. grazing sheep and
0.82 lb. DaM per day for a 100 lb. penned sheep as maintenance
requirement.

Requirement for Growth.
\ Wallace (1948) gave an estimated 2.70 lb. (1943) and 3.271:!

(l944) of G.D.E. as being necessary to produce 1 lb. of live-
weight increase. These are equivalent to 2.21 and 2.68 lb. S.E.,
the animals having a mean live-weight of approximately 120 lb.
The average of 2.45 lb. S.E. is in very close agreement with the
allowance of 2.5 lb. S.E. proposed by the Ministry of Agriculture
and Fisheries for each pound of live-weight increase in animals
weighing 120 lb. For a sheep of 100 lb. live-weight, Langlands
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et ~ proposed 4.2 lb. DOM and 3.7 lb. DOM respectively when
grazed and when pen-fed in order to attain a gain of 1 lb.

Voluntary feed intake.
The primary problem in the study of the regulation of an animal·s

voluntary intake of food is to determine the changes that occur
internally, causing it to eat or stop eating. During eating,
changes occur within the body which directly or indirectly affect
centres within the brain particularly the hypothalamus and which
in turn control eating behaviour (Brobeck, 1955). Amorog the
many factors that may act as signals to the integrating centres
in the hypothalamus, Brobeck listed the metering of food through
the mouth, distension of the digestive tract, changes in the
concentration of metabolites in the blood consequent upon d~ges-
tion, and a rise in heat production.

Campling (1966) working with cows, showed that the
voluntary intake of hay was related to the amount of digesta in
the reticulo-rumen during a meal. This agreed with the earlier
work by Campling and Balch (1961). The effect on the intake of
hay of the digesta in the reticulo-rumen is presumed to be due

\
to distension (Kay, 1963). This work was not repeated'with any
other food. Campling (1962) however stated that the compensation
tn voluntary intake of hay by the cow when the amount of digesta
in the reticulo-rumen was altered experimentally was never
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sufficient to equal the amount of dry matter contained in the
digesta removed from the reticulo-rumen and on occasions when
boluses of swallowed hay were caught and removed; the rate at
which food was eaten was extremely slow toward the end of eating.
Janowitz (1962) therefore suggested that the act of eating itself
probably causes satiation as in the dog.

Contrary to results of Blaxter, Wainman and \~i1son (1961
which suggested that sheep stopped eating roughage, whatever
the kind, when their digestive tracts contained similar amount
of dry matter, Campling and Balch (1961) postulated that the
voluntary intake of oat straw was limited by the s10w rate of
disappearance of the material from the digestive tract due to slow
digestion. Increased voluntary intake could be obtained by the
daily intra ruminal infusion of urea (Campling, Freer and Balch, 1962)
as this increased cellulolysis by the rumen microflora leading to
increased digestibility of the straw and consequently time of reten-
tion of straw residue in the digestive tract is decreased.

Elliott and Topps (1963), investigating with Blackheaded
Persian breed on voluntary intake of 101t1 protein diets of sheep,
reported that the voluntary intake is closely related to the

\
\

increased with digestibility of the food, this effect being
nitrogen content of the food although intake also apparently

entirely due to a small positive association between nitrogen
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content and digestibiHty. B1axter, et ~ (1961) however found
voluntary intake to be directly related to the digestibility
of the fodderts energy. Results of Elliott and Topps (1963)
and Blaxter et a1_ (1961) are both in agreement \·dth the'concept
of eating to a constant physical distention. Since Elliott and
Topps worked with protein deficient feeds, the nitrogen content
of the digesta may be the major factor limiting rate of fermentation
in the rumen. It is known that certain groups of the rumen
microflora require a minimum supply of certain amino acids in
'order to carry out digestion of feeds.

In Northern Rhodesia, Smith (1962) obtained 40-60% increase
in the intake of mature Hyperrhenia forage by cattle when
additional protein or urea was given. Additions of urea frequently
but not invariably increase digestibility. With low protein
foods, therefore, improved intake is not necessarily accompanied
by increased digestibility. Elliott and Topps (1963) have

:suggested that the nitrogen.content of low protein feeds, which
is easily determined in the laboratory, may be a useful index
for predicting voluntary intake .

. Flatt and Coppock (1963) suggested that the maximal voluntary
intake of feed by individuals given unlimited access to same
feed varies within a species. Taylor and Young (1964) however
showed that differences in appetite are genetically controlled.
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It has also been proved that voluntary intake of feed varies
with the physiological state of the animal. In cows and sheep,
pregnancy depresses intake while lactation augments it. The
fatter the animal the less it eats when feed is available ad lib
(review by Balch and Campling, 1962).

Apart from the influence of the microflora, the mechanical
activity of the digestive tract influence digestion and retention
time (Freer, et ~, 1962; Freer, et ~, 1965; Peerce, et ~, 1964).

Feed quality and voluntary intake.
It had long been known (Wright, 1929) that the relation-

snip between voluntary intake of food by ruminants and bulk depended
an tne food1s digestibility, the volume occupied by the dry
matter in the digestive tract and on the rate of passage through

.tne tract. More recently Crampton (1957) stated that the
voluntary consumption of forage by ruminants was limited primarily
by the rate of digestion of the cellulose and hemi-cellulose. There
is a useful relationship between apparent digestibility and
voluntary intake for herbages between 67 and 80% OM digestibility
Conrad, Pratt and Hibbs (1964) reported that intake decreased
with increasing digestibility with high roughage rations between
67 and 80% O~1digestibility. Similar observation has also been
reported earlier for over 70% OM digestibility (Hutton, 1962).
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:Effect 'of cencentratesindecreasing voluntary intake in steers
was reported by Weir, Meyer, Garnett, Lofgreen and Ihner (1959).
Br-ent, Richardson, Tsien and Menzies (1961) claimed that diges-

.tibfe cener-qy increased inan almost linear relationship with
increasing concentrate in sheep ration with marked decreases
in 'feed Intake ,

~Dep~ession of ,cellulose digestion by starch was noted
.by+lead (l953) and others. This effect, Reid et al (1957)- -
.explained, is due to the 'lowering in rumen pH arising from an
:aceumtilation of lactic acid.

-The higher the nutritive value of a diet offered to
'ruminants as judged by its apparent digestibility, the more of
,tt'is .consumedeach day. (Blaxter, 1950-1; Balch and Camp')ing,
rr962}. Unlike pigs, rits, man and other species with simple
~di_g.e.s.tive:systems,ruminants do not regulate their feed intake
2according to'their ,energy needs but in proportion to the disten-
ss+on which the ''feed'exerts'in thei r rumen. However, rum; nants
~61untarily consume less of grain diets and of silage than the
.appanent :digestibilities of 'these diets suggest. Rather, they
~onsume more of pelleted diets than it is expected of these
~roups of 'animals.
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The amount of feed taken by ruminants measllred in terms of
dry matter, increases with increasing concentration of the ra.tion
as indicated by the Net Enerqy (NE) per kg. dry matter (Blaxter,
Wainman and Wilson, 1961). The reverse is the case in other
species. Bolton (1958, 1959) showed that the i~take of digestible
food nutrient by pullets and laying hens is the same whether high
or low energy diets are given. Mayer (1955) expressed the fact
that rats increase their feed intake when concentration of diet
is reduced. This is due to the constant energy intake. Kennedy
(1952-3) showed this trend also in lactating rats. Constancy
of adult body weight in man presented with a variety of diets is
said to show regulation of food intake of same general type.

Lehmann (1941) regarded the consumption of more of the high
quality diet as an attempt to keep the amount of non digestible
organi c matter or IIBa11ast" cons tant , Criti cis ing thi s ,
Crasemann (1955) state~ that satiety of nutrients and energy is
more important as a factor of feed intake than ballast.
Crasemann's contention was however based on experiments with pigs
and rabbits rather than with ruminants. Crampton (1957) has
affirmed the general truth that the quality of the food offered
ruminants is an important factor governing voluntary cons~mpt;on.
B1axter, Graham and Wainman (1956) have suggested that the
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mechanism concerned is purely one of digestive tract distension
which is a function of the digestibility of the food and its
rate ,of passage through the gut. According to Blaxter, Wainman
and Wilson (1961) sheep eat to constant fill. This means that
the amount of OM present in the gut at the end of a meal is
constant. But when concentrates were added to the high quality
ration, the consumption of OM as long fodder fell by slightly
more than the amount of OM consumed as concentrate. Therefore,
the substitution of one food for another is not in proportion
to their OM content under all circumstances. Blaxter et ~,
1956 suggested that voluntary intake of fodder by an animal can
be used as an index of its nutritive worth over a wide range of fodder
quality. The relationship is said to be best described by
relating digested calo;ies/24 hr/kg. wO.734 to dry matter consumed!
24 hr/kg. WO.734 and the simple relationship is given as

E = 4.9 (1-31)

where E = digested Energy in kcal/24 hr/kg. WO.734

I = OM intake in gm/24 hr/kg WO.734.
Thus Crampton, Lister and Lloyd (i957) found that voluntary intake
of fodder is a better index of their nutritive value than either
their chemical composition or TON content. Animal to animal
variation in voluntary intake is small and therefore possibility
of breeding sheep for increased food intake is limited by a lacK
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of real variation between individuals (B1axter et.~" 1956).
Physical and physiological factors re.gulating feed +ntake.

change in importance with increasing digestibility (Conrad, Pratt

be dependent on metabolic size, production and diges:tibiTity.

and Hibbs, 1964). At low digestibility they are:-
Body weight - reflecti'ng roughage capacity
Undigested residue/unit body weight per day - reflecti'ng
rate of passage and dry matter diqest.tbility..

At higher digestibilities, they claimed that intake appeared tu

Effects of frequency of Feeding on Feed Intake.
In cows the increased intake may be large with cont+nuous

access than with limitation to 4-1/2 hr. daily. A di'fference
of 21% was found with hay (Freer and CampTing, T962) and cons t-.
derably greater differences wi'th concentrates-

Dawson and Kopland (1949) recorded that with 2- meals, a
day, the intake of 1ucerne hay by dairy cows was 10% hiqher than
with one meal. Campbell and ~ledlan (1961) claimed that the
intakes of mixed diets by cows were higher with 7 or 4 than wi'th
2 meals daily.

Blaxter, Wainman and Wilson (1961) however found that the
voluntary intake of hay was not influenced by the number of times
in a day that fresh hay was offered to sheep having continuous
access to hay.
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Balch and Campling (1962)suggest that the design of
experiments on frequency of feeding should permit distinction
between results arising from differences in intake and these
due to the improved utilization of food which has been observed
in growing sheep and cattle given more, but smaller, meals so
that the total intake remained the same (Gordon and Tribe, 1952;
Rakes, Lister and Reid, 1961; Hardison, Rakes, Engel and Graf.
1957).

Brobeck, (1955) stated that the average intake depends on
how often the animal eats, how rapidly eating proceeds and how
long it continues. In con~equence the regulation of eating is
based on the regulation of feeding behaviour, the behaviour
peculiar to the beginning and ending of a typical period of eating.
More recently Winge (1953) found significantly (P~O.05) higher
consumption in cattle offered feed 4 times than with 2 times.

It is commonly accepted that cattle graze 8 hr. ruminate
for 8 hours and rest for 8 hours a day. Annison and lewis (1959)
expiessed the view that under natural conditions, ruminants
graze intermittently throughout the day and night and marked
fluctuations in rumen conditions do not occur.

Tribe (1949) found sheep to graze an average of six times
daily between the hours of 7 a.m. - 7 p.m.

- 45 -
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Frequency of Feeding and Production.
Several workers have clearly shown that frequency of feeding

will increase weight gains in non-lactating ruminants.
Gordon and Tribe (1952) found that a total of 196 lb.

extra live-weight gain was made when sheep were fed ration in 8
equal parts than once.

Thomas and Mochrie (1956) obtained an average daily
weight gain of 1.16, 1.22 and 1.85 lb. per animal when he fed
dairy heifers 1, 2 and 4 times daily respectively. These results
are similar to those of Hardison, Rakes, Engel and Graf (1957),
who obtained a total body weight gains of 294 and 565 lb. for
the 100 day feeding period from growing dairy heifers fed 2 and
10 times per day respectively. The differences were highly
significant (P<'O.Ol). ,Mohrman, Neumann, Mitchell Jr. and
Albert (1959) also found significantly greater feed consumption
and gains in beef cattle when fed 6 times as compared to twice
daily feeding.

Rakes, Lister and Raid (1961) observed that growing sheep
(6 months old) fed 8 times a day significantly gained 65% more
weight, (P<'O.Ol), excreted 20% less nitrogen in urine, (PL..O.01)
and tended to produce less heat than when fed same quantity once.
No effect was noted on body weight gain and urinary nitrogen
excretion in adult sheep of 2.5 years of age.
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Dawson and Kopland (1949) showed that when fed twice daily,
dairy cows produced more milk and consumed more hay than feeding
once.

Campbell and Merilan also remarked that feeding intervals
have no effect on body weight gains in lactating dairy cows but
significantly (P~O.Ol) more milk is produced when fed 4 or 7
times daily than when fed twice. They however observed no marked
difference between 4 and 7 times feeding.

Feeding Frequency and Feed Utilization.
Gordon and Tribe (1952) found a nitrogen balance in favour

of those animals fed six times daily as compared to one feeding
daily.

Moir and Somers (1957) found that both the OM digestibility
and nitrogen retention were lower when fed the daily ration
in a single feed than if the rations were fed in 2 or more
portions during the day. They also observed lowered average
ruminal bacteria and protozoa counts for once. They therefore
concluded that a single feeding daily resulted in a poorer feed
utilization than dual or multiple feeding.

Later Mohrman et ~ (1959) found highly significant increases
(P(O.Ol) both in nitrogen and energy digestibility when fed
4 times as compared to once daily feeding.
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Birth Weight and Growth Rate.
The birth weight of an animal is influenced by the age, size

and nutrition of the dam, gestation period, sex of the new born
and size of the litter. Lambs that weigh more at birth in
general record higher gains subsequently and the higher birth
weight is correlated with higher rate of live weight increase
(Datta, Sahani, Bhatnagar and Roy, 1963). These workers also
gave factors affecting growth rate as climate, season and shelter
in addition to nutritional effects. These, they claim, affect
the growth rate of animals to a variable extent depending upon
the species and also their relative adaptability to adverse
conditions. For example, during the rains, damp sheds and
surrounding pools- of rain water bring flies, mosquitoes and other
insects. Therefore tne shed will be unhygienic and not conducive
to health. The abundant flush pasture available during the rains
could also be coupled with a high incidence of parasitism. Kean
and Henning (1949) reported that the heaviest lamb at birth grew
fastest and as such were fit for slaughter earlier. Bonsma (1939)
found that 16% of weight differences at 12 weeks of age was
accounted for by differences in birth weight.

palsson and Verges (1952) reported that males were
heavier than females at birth under both the high and low planes
of nutrition. This is in agreement with the results of Nils Hansson
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(1927), Donald and McLean (1935); Phillips and Dawson (1937);
Bonsma (1939); and Underwood and Shier (1942) who all found that
ram lambs were heavier at birth than ewe lambs; it however
confl icts with Hammond (193?)who found ram 1ambs to be 6% 1ighter
than the ewe lambs.

Palsson and Verges (1952) gave a comprehensive compara-
tive report on the growth rate of male and female lambs from
birth. They reported that although the females were significantly
lighter than the males at birth, they grew at a faster rate at
first so that they attained a greater live-weight at 2 weeks and
remained slightly heavier up to 6 weeks. The rate of growth of
the females however fell below that of the males during the 7th
week. These worker-s did not report when the ewes reached puberty,
neither did they know \:Jhetherthe internal secretion of the ovary
at and after puberty had any inhibiting effect on Somat ic growth
in general in the ewe. It is known that sex hormones in the ram
accelerate growth, at least of secondary sexual characters which
results in increased body weight, i.e., thickness of bone, better
development of forequarters (Hammond, 1932). It is also known
that at maturity the ram or wether is much heav ier than the e\'Ie.
This may be due to the longer span of growth in the male and by
its higher rate of growth during the latter part of the growing
period but only slightly or not at all by the higher birth we-ight of..
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the male. The ewes appear to be e~rlier maturing than the rams.
~. Palsson and Verges,(1952} also showed that castration has a

retarding effect on the growth rate of the males but both sexes
reached the maximum daily gain in the 10th and 11th week, the ewe
lambs growing at a slower rate than the wethers. From the 12th
to 17th week the difference in growth rate between the sexes
increased considerably but after this period the growth rate
declined but much more rapidly in the females. After the 22nd
week of age the rate of growth rose again in the female up to
the 36th week when they practically stopped growing. Between
the 22nd and the 36th week the male however still increased
their rate of gain in weight after which period it declined
gradually to practically nothing at 41 weeks.

Nutritional Effects on Tissue and Skeletal Development.
Chirvinsky (1909), studying the effect of undernutrition

on the development of the skeleton found that the thickness of
bones was especially affected~ those of undernourished animals
remained more slender than those of the well fed animals. From
the work of Hammond (1932) and McMeekan (1940) we know that the
proportions of the animal at any stage of its development are
the result of differential growth of its component parts and
tissues.
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Pa1sson and Verges (1952) also reported that sex differences
in early developing parts of the body would not be masked to
the same extent by poor nutrition as in later developing parts.
This general theory is exactly in accordance with report by
Hammond (1932) that the low-plane of nutrition prevented the
wethers from exhibiting their extra capacity for greater muscular
development in the late maturing loin-pelvis region, while it did
not check extra development in the fore-quarters, chal~acteristic
of the male sex in sheep and most other animals. An extra
thickening of the neck obtained in wethers on high plane of nutri-
tion was not a special characteristic sex difference because, not
only the trunk joints, but also their tissues, muscle and bone
reach proportionately greater development than the neck. The
apparent greater development of the neck in entire males compared
with other parts of the body, commonly referred to by practical
stockmen as well as in the literature on animal husbandry, and
believed to be due to sex hormones, may be partly due to malnu-
trition, i.e., the males frequently do not receive enough
nutrition while in active growth to allow the sex differences
in the late developing joints to exhibit themselves fully while
capable of doing so in the earlier developing joints like the
neck.
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Age and Growth Rate.
Lambs reach their maximum rate of growth during the third

month, with a sudden rise in the daily gain due probably more
to increase in stomach content than to actual growth because
of increased consumpt ion of dry bulky feed (Hammond 1932; Palson
and Verges, 1952). Weekly fluctuations in the growth curves
obtained were therefore assumed to be due to the variations in
stomach content at the time of weighing.

For the West African Dwarf sheep, Awoyemi (1962) recorded
the highest monthly weight gains between the 2nd and 4th months
of age. He presumed that the animals gained optimum feed value
from the ewes milk at this time. He also reported that a gradual
decline in growth rate between the 4th and 6th month of age could
be attributed to'weaning and increased exposure to helminth
parasites. The live weight of the young male Nigerian Dwarf sheep
at 3 months of age is between 7.26 - 9.53 kg. {16 - 21 lb.} and
at 6 months between 10.9 - 14.07 kg. (24 - 31 lb.) while adult
rams weigh 22.7 - 25.42 kg. (55 - 56 lb.) and ewes 19.07 -
24.06 kg. (42 - 53 lb.) (Okereke, 1958); Dettmers and Loos li (1974)
gave the live weight at 4 years of the same breed as about 30 kg.

¥ and growth rate as 85g per day up to 3 months of age, 31g.
between 3 and 24 months and 5g per day from 2 to 6 or more years
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of age. They therefore recommend slaughter between 2 - 4 years.
Hill (1960) reported live-weight at 9 - 12 months of age between
14 - 18 kg. and of 22 - 28 kg. at maturity 2 - 3 years.

(Palsson and Verges, 1952); Adebambc (1970) attributed the

Plane of Nutrition and Growth Rate.
Many workers especially with the exotic breeds of animals

accept that the higher the plane of nutrition the faster the
rate of growth and that growth rate could be regulated by a
combination of high and low planes of diets (Palsson and Verges,
1939, 1952). This, however, contradicts the work on the West
African Dwarf sheep (Awoyemi, 1962) in which the performance of
low-plane groups were slightly superior and that of Adebambo
(1970) in which the animals given the 50% energy level of the U.K ..
ARC (1965) performed better than those on the 100% energy level.

Animal production level falls with increase in temperature

general low production of the tropical breeds, especially the
West African Dwarf sheep in Nigeria as being due to low consumption
of feeds and hence stressed the need to work out the dietary
requirements of the tropical breeds of animals.

Improvement by Cross-breeding.
Sidky (1947) reported a greater birth weight (30%) for

crosses of the Egyptian native Ossimi ewes with Suffolk rams over
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the pure Ossimi and attributed this mainly to the sire. At 5 months
the lambs from the crosses were 40% heavier. Ferguson (1964)
working with the Northern Nigerian breeds proved that reproductive
performance could be improved by crossbreeding of Uda ewes with
Merino rams, Crosses were however inferior when Yankassa ewes

~ were used; preferring Merino ewes x Yankassa rams which gave 2.6 -
16.6% superiority over the Yankassa. Although crosses with the
exotic breeds of farm animal tend to perform better in terms of
production of meat, milk and eggs it is doubtful if the natural
adaptation to the environment and resistance or tolerance to
certain diseases and pests are better in the crosses than in the
native animals.

CARCASS ANALYSIS

Development of Muscle.
Palsson and Verges (1953) compared muscle in different

joints with the heart muscle because it is an early developing
muscular part and so less affected by nutrition than other muscles
of the body. They claimed that high plane of nutrition increased
the muscle in different joints at 41 weeks of age as ~pared
with weights at birth as follows:- the head 0.7 times, the neck
1.7, thorax 2.2 and the loin 3.3. The arm and leg muscl~s 1.3
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and 1.6 times respectively and the shoulder and thigh muscles 2.3
and 2.4 times respectively while the pelvis and tail occupy an
intermediate position between the thigh and the loin, being 2.5
times heavier than their weights at birth,- all weights expressed
relative to heart muscle weights.

Considering the total muscle, muscle in the earliest
developing parts, the head, arms, legs and neck makes up a
relativelx greater part of the total muscle at birth than later
in life. At 9 and 41 weeks, muscles in the later developing parts -
loin, pelvis, thigh, and shoulders account for a relatively
greater part of the total muscle than at birth (Palsson and Verges,

!

1952). The thorax occupies an intermediate position. Though
the th-igh muscle is reported to be relatively later maturing than
the muscles of the thorax, the latter as a joint is later maturing
than the legs as a whole or even than the thighs. This is
apparently due to the great accumulation of fat. With age, only
relatively little fat is deposited either between the thigh or

.leg muscles or subcutaneously on the iegs. Therefore the legs
gain much less weight during fattening than the thorax.

Low plane of nutrition before birth affects mostly the
muscles of the thigh, legs, thorax and head while those of the
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neck, pelvis, loin and shoulders qre least affected. At 9 weeks
the loin muscle was by f'ar the most retarded, followed by the
thigh, pelvis, thorax, shoulder and head while the earliest
developing parts of the body, the arms, neck and legs are least
affected. (Palsson and Verges, 1952). Consequently it could be

exhtb its a gradient from the early to the late developing par-ts

said that the effect of plane of nutrition on muscle development

of the body.

Carcass quality.
The consumer taste and demands change from time to time

but the basic facts obtained from various studies indicate that
the farmer can manipulate his management in terms of feeding to
produce the type of animal demanded by the consumer for only
by so doing can he find markets for his products.~

I
In Nigeria, there are, at present, no standards for the

grading of mutton carcass. This is largely due to the eating
habits of the population, but at a time when importation of meat
is being restricted, the productivity of the indigenous breeds in
terms of conformation and carcass quality must be seriously looked

\
into since more people have started to develop taste for good
quality meat. Meanwhile a greater percentage of the Nig~rian

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



- 57 -

public is'of the low income group and as such they care very
little for the sophisticated idea 'of meat quality either in mutton
or any other type. The present day Nigerian meat producer is
concerned with quantity rather than quality. Modern tendencies
will however probably increase the consumer's demand for high quality
meat so that meat of good quality will not only fetch a higher
price than poor quality meat but the latter may actually become
undesirable.

Numerous factors contribute to quality in meat. These
include the proportional development of the different joints and
tissues of the carcass, various physical and chemical properties
of the tissues and the chemical composition of the carcass as
well as the size of the joints. The concept of meat qual ity varies
from country to country and even from market to market in the
same country.

Palsson and Verges (1952) mentioned the period 1920 - 1939,
in Great Britain, when there was an ever increasing demand for
small joints of young animals, with small bones and high proportion
of lean to fat but fat enough to make it palatable and prevent
the meat from drying in storage and cooking. \

Hammond and Murray (1934) have shown how weight ~f carcass
1

affects price per kg. of mutton and Hirzel (1939) presented the
n~ture of the trend of change in demand in the Smithfield market
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from the large fat joints to the smaller, moderately fat one
during the years 1921 - 1932. The prime quality article is
usually more expensive to produce than the inferior grades and
as such are bound to fetch more money. According to yield and
quality (grades) used in the United States (Ensminger, 1969)
a 50% yield is choice (with range of 47 - 53%, good is 47
(45 - 50}, utility 44 (42 - 46) and cull 41 (38 - 44) for sheep
carcasses. On this basis the West African Dwarf sheep was
classified as barely utility (Dettmers and -Loosli, 1974). The
prime cuts are shoulder, rack, loin and leg. The carcass could
also be described in terms of hind saddle (leg and loin) and
fore-saddle (rack, shoulder and breast (Ensminger, 1969).
Other systems are shoulder, leg~ loin (chine), Ends and selbs as
used by Awoyemi (1962).-

Improvement of meat qualities in livestock is likely to
occur more readily where farmers are producing for a market
where the standard of living is high.

Hammond (1932) found that the value of an animal for meat
could not be measured from its live-weight, nor even its carcass
weight without consideration of several other factors because
age, breed, sex, and state of fatness have an effect not only on
the proportions of dressed carcass to offai but also on the relative
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development of the different tissues, bones, muscle and fat in
the different joints. He therefore considered the prices given
for carcasses of different weights and qualities dealing with
mutton, beef and pork and reported that there is a greater
difference in price due to the weight of the carcass than the
quality as exemplified by breed differences and it would therefore
follow that the first essential in grading meat carcass is to
make weight classes and then sub-divide these according to quality.

Hammond and ~lurray (1934) stated that the qual ity of a
carcass depends mainly on the pr9portion of fat, muscle and
bone in the carcass and that these propottions change as the

I

animal grows, changing at different rates in different breeds.
They further reported that for every breed there is a carcass
weight or weights at which that breed will be at the optimum
quality (best proportion of muscle, fat and bones). They also
claimed that there is a fall in prices of meat as weight increases
above this optimum due to:-

(a) the increasing s iz e of the joints, the modern
trend being in favour of small joints
the increase in the proportion of fat (beyond the
optimum) in the carcasses of heavy weight for the

(b)

breed in question.
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Around the same time Hankins (1934) stated that the fatness of
meat animais known as "finishll is a character of great importance.
In animals intended for slaughter, fatness merits consideration
with respect to both the growing of meat animals and requirements
of consumers. Within a reasonable limit, increased finish is
believed by many to be assoctated with increased desirability
of meat from the consumer stand point.

Recently, Stanley et ~ (1963) have reported on the rela-
tionship between live and carcass measurements and attempted to
predict yield of primal cuts.

Field et~. (1962) also studied various carcass traits
in order to develop methods for prediction of lean, fat and bone
in the carcass.

Relative to other measurements ,which may be taken on the
live animal such as mechanical probing of back fat thickness it
is of interest to note that percentage leg, and shoulder and
10;n eye area decreased wi th an increase in fatness but percentage
loin and percentage rack and dressing percentage increased
(Fie1d eta l- 1962).

Dressing Percentage (Carcass Yield).
Okereke (1958) reported the dressing percentage of the

Nigerian Dwarf sheep as being rather low with an average of 38%,
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the highest figure (46%) being from a 30 month old ram.
Adebambo (1970) however obtained dressing percentages which
range from 43.48 - 49.17% from his experimental animals. The
mean yield figu~e obtained by Dettmers and Loosli (1974) was
42.5%.

Okereke (1958) inferred that the proportions of different
body parts did not appear to show considerable variations
with increasing age of the animals. The carcass percentage
however tend to increase while the pluck, the head and blood
tend to decrease with the age of the animal but the skin and
bone percentages change very little. Describing the carcass,
Okereke (1958) further pointed out that the Dwarf sheep seems
to dress out into a nice looking carcasi with a good flesh colour
and fine bone in the 1eg but the animal is very small, short
and low in edible portions, the most striking features of the
carcass being an almost complete absence of subcutaneous fat
and a poor deposition of internal fat. This description agrees,.
in part, with the findings of Dettmers and Loosl; (1974).

Hammond (1932) had earlier given the main factors responsible
for the increase of carcass weight and dressing percentage with
age as the laying down of fat; muscle and bone playing a secondary
role. In the absence of much fat deposition, therefore, Okereke
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concluded that muscle and probably bone development would assume
a major role in live-weight increases with age. He however
explained that since the bones, then the muscles develop relatively
early in life, it follows that when the animals are approaching
full growth the rate of live-weight and thus carcass weight
increase will be considerably reduced. From his experiments, he
reported seemingly little increases in carcass percentage after
the apparent period of maximum bone and muscle development.
This is in contrast to the exotic breeds of sheep which exhibit
substantial and distinct increases in the proportion of carcass
and fill~t with age and a definite and substantial drop in the
percentages of bone, blood, pluck, head and skin with increase

in age.
The comparative relative percentage increase in the develop-

ment of carcass and fillet D2tween the Nigerian Dwarf sheep and
Suffolk sheep are 3% and 5% for the Dwarf sheep between the ages
of 3.- 15 months and 6% and 20% for the Suffolk between 3 and
11 months. Bone however decreased by 5°10 "j n the Suffolk whil e it
remained almost static in the Dwarf sheep (Okereke, 1958).

Okereke (1958) attributed the poor conformation of the
Nigerian Dwarf sheep to several factors among which are the level
of nutrition and management.
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Hammond (1932) pointed out that the plane of nutrition exerts
a main influence in the proportioning and composition of the
carcass but the effect of high plune of nutrition may however be
offset by some other factors.

Spedding (1956) in his experiments on worm infestation in
sheep demonstrated a depression of as much as 15% of live-weight
gain under a subclinical worm infestation. He suggested that

stored as fat.

the effect of the worms was a reduction in the growth rate which
would produce differential effects on the carcass because of the
dtfferential development of the body parts of the growing animal.

Okereke (1958) postulated that worm infestation which is one
of tne greatest harzards of the sheep industry in Nigeria may
have a considerable effect on the carcass weight due to its effect
on the growth rate even when infestation is subciinical and that
it is possible that this depression in nutritional level due to
the indirect effect of a heavy worm burden may approach mainte-
nance level. If this is the case with the Dwarf sheep, it may
partially e~plain the lack of fat deposition since the available
food will be used for maintenance of body processes rather than

\

In the Nigerian context, these shortcomings with respect
to carcass quality and growth rate have little effect on the socio-
economic value of the Dwarf sheep whose importance does not
depend on carcass quality.
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Okereke (1958) has rightly observed that:-
(i) the animals fit in so well into the peasant

farming which characterises the main agricultural
set up in Nigeria and other parts of West Africa
where the method of rearing involves no cost.

(ii) The animal is a favourite slaughter animal for
most native festivals especially the muslim
festivals, burial, marriage and naming of new
babies. This does not depend on quality of the
carcass but just because it is a compulsory
slaughter animal for most ceremonies and high
prices are paid for the rams not for the meat content
or quality but for the fact that they are male sheep.

The early workers, Palsson and Verges (1952); Hammond (1932);
Wallace (1948), and others fed various rations to their experi-
mental animals. Each made Gompositions on low and high diet basis
but there was no specific definition of energy or protein content.
All that Palsson and Verges did was to feed 1.5 lb. of Lucerne
hay and straw to satisfy the animals· appetite to the low plane+~ \ones while the high plane level was 2.5 lb. Lucerne hay of~ ,

\

medium quality and 3 lb. mixture of concentrates made up 'of bran,
white fishmeal, crushed oats, crushed beans, linseed cake, flaked
maize, split peas and locust bean meal.

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



r

- 65 -

Wallace (1948) gave his rations in terms of G.D.E./lOO lb.
of mixture and PE/100 lb. of mixture. There was therefore a
complete lack of a specific reference standard. Each man wor-ked

out what he felt was low or high level of nutrition. We now have
determinations of nutrient requirement for all species of domestic
livestock (ARC, 1965; NRC) and it is now possible to give an
exact definition of the level of feeding in terms of nutrients.

Most of the recommended nutrient requirements, for example
the U.K., ARC recommendations have been worked out using the
exotic breeds of animals that have been genetically up-graded and
as such are fast growing and able to put up with a high intake of

I

dry matter. These recommendati ons will therefore not be proper
for the highly underdeveloped animals such as the. Ntgerian Dwarf
sheep. This shows clearly in the work of Awoyemi (T962) and
tne preliminary work by Adebambo (1910) both of which point out
tnat tne 50% energy level ration based on the ARC, (T965) recom-
mendation gave best results on the growth of these animals:.

It is therefore necessary to wurk out a specific feeding
standard that will give opt-imum growth and best carcass quality ion
tne Nigerian Dwarf breed of sheep at their apparently low rate
of growth and feed consumption. The availability of the recom-
mended requirements for the temperate breeds is highly appreciated
however, as this will serve as a basis for working out the required
feeding standards for the tropical breeds.
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CHAPTER 3

MATERIALS AND METHODS

3.1 ~erimel1tal Animals
All animals used were selected from the flock of the

Nigerian Dwar·f sheep on the University of Ibadan Teaching and
Research Farm. The Nigerian Dwarf sheep is one of the three
distinct breeds of sheep commonly found in Nigeria.

Nigerian Breeds of Sheep
Sheep have been given various classifications by earlier

workers who have employed methods depending on the points that strike
them most. Mason (1951) described two main groups of sheep in
West Africa, namely, the WOOLED 1I~,1ACINAIIof the Sudan and the HAIRY
African Long Legged type, which includes the Maure, or Arab, the
Tuareg, the Fulani, including the Toronke of the Sudan and the Senegal,
the Bali-Bali of Niger and the Ouda and Bornu of Northern Nigeria,
Chad and the Cameroons, and lastly, under the Hairy type, the West
African Dwarf or Fouta Djallbn in the Southern, more heavily forested
areas of West Africa (Hill, 1960).

o
Fitzinger, cited by Lydekker (1912), refers to three groups of

, \sheep in West Africa; the lop-eared, the long legged and\the maned sheep
or Ovis Catotis) Ovis longipes and Ovis jubata.
proposed by Peters (1876).

The last named was
\.
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Lydekker (1912.) recommends that these distinctive types are

nothing more than highly specialized forms of Ovis aries Linn.

In accepting this view, Hill (1960) observed that the West Af~ican

Dwarf sheep, a maned vari ety f+ts the descr ipt ion of avi s jubata

given by the earlier writers.

There are three generally accepted and well recognized local

breeds of sheep +n Nigeri a (Mason, 1951).

The Ouda occurs in the Sudan and £ahe1 Savanna vegetation

zones to the extreme North of the country. The main breeding popu-

lation is located on the Southern fringe of the Nig-er Republic and

~ in the Northern Sokoto and Bornu provinces. Large: fIocks are: kept

by the Oudawa, a nomad sheep owning tribe: tn Bornu province, who

may bring their flocks as far South as the: Renue river- around the:

T60N., Parallel in the d1'y season.

The Y Iankassa is a short hatred breed cccur+nq aver a- wi de area
...

throughout most of Northern Ni'ge:ria but are: generally c:onflne:d w the

Guinea and Southern part of the: Sudan Savanna veqetat+on zones.,

They are kept in smal I flocks by town dwellers and nomads aTi ke.

T.he West African Dwarf sheep was. de5crihed by Mas.un (1951)

as the Fouta DjaTTon, the KjalTonke or simply the S-outhern breed. This

is a hairy breed of sheep It/hich occurs in the who1e ar-ea of West Afri ca

south of latitude l40N where it is conffned almost entirelY to the
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coastal areas. It is however found in the Cameroons, on the Jos
plateau of Nigeria and also in Chad.

Since it occurs over such a wide geographical area, it has been
given various local names. In Ghana it is called the Forest type;
in the Chad it is Kirdi or Lakka; on the Jos plateau it is referred
to as the Pagan sheep. Genera1ly it is known as the Nigerian Dwarf
sheep in Nigeria.

~There is an array of coat colouration f'rom all "'W.hite,black
or brown to spotted black, brown and white. The male has a heavy mane
of long white hair (Ngere, 1973). Some of the long-legged varieties
of West African sheep, for example, the Ouda and Y'ankassa in Northern
Nigeria, have a heavy throat-fringe and in some cases what is virtually
a mane (Fitzinger, cited by Lydekker, 19l2) but for most part this
characteristic growth o'f long, coarse hair in the throat and chest
areas is confined to the Dwarf varieties (Hill, 1960). The rams have
close to partial spiral horns, but in the ewes, horns are usually
norma 11y absent.

Disease Resistance
The Nigerian Dwarf sheep, like the West African Dwarf goat

appears to thrive and breed successfully in areas of trypanosomiasis
challenge. Results of a survey of the host animals of three widespread
species of tsetse in Northern Nigeria showed that few blood meals
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were derived from sheep or ~oats despite their abundance in many of

',the'fJy collection areas (Jordan ,et,~>1962).

.S'iz e

'The Ni~erian Dwarf breed is charecter+zed by its small size.

.Btr-th weights range 'between 1.4 kg 'and 2,.8 kg depending on the

~environmentand management practices. At the ~ge of 1 year males

zat ta in a wei,ghtof 15.. 89 kg ('35 1b ) while 'ferrrales14.98 kg (33 Ib},

Matu~e weicghts 'are 38:59 -- ,41..:31 kg (85 -911.b) for rams and 32.69-

:34 :05 kg (72 - 75 l.b ) for 'the .ewes. Heiqht at 'the vri ther s reach

,between 40-60 :c~ (16,- 241n) while ~ height of 65 em is quite possible.

"The appearance-of the Nfgeri an Dwarf .sheep i sthat ofa smart animal

.but has a 'timid 'disposition. 'This .dtff erent+at.es it from the

~stubborn West African Dwarf goat.

ilhe ,University 'o'f 'r-badan f"lo-ck of :She'ep

"IheUntver-s ity 'of .Ibadan., Tea:ching and Research farm has a

-'flock .of Nigerian Dwarf .sheep w+th .up to :300 sheep; mostly breeding

eewes .and ewe lambs. Th ts -flack was -es tab l tshed rln Tsbt) from

.foundat icn .stockdonated .to the Faculty :of Agri:culture by the then
,

.Lteutenant -Governor :oftlTe Western Req'i on of 'Nig-eria, 5i r Chandos
'-.

Hoskin Abrahail and ,Lady Hoskins Abrahall. A few animals were also

purchased 10c~11y. -This flock has been multiplied and used continuous1y

-for obtaining basic data on the growth, reproduction and carcass
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qua1ity of Nigerian Dwarf sheep. No breed+nq programme has been
carried on to alter the potentialities, qwalities or the general
characteristics of the breed.

3.2 Experi~ental Site
All experiments on feeding trials were carried out in the

sheep unit of the University of Ibadan, Teaching and Research Farm.
Digestibility trials were conducted in metabolic cages kept in the
section for running metabolic experiments on the same farm. The
ecology of the Teaching and Research Farm has been adequately described
by Olaloku {1972}.

3.3 The Rations Fed.
(a) Grass

The basal ration -fed in the experiments consisted mainly of
freshly cut Cynodon nlemfuensis var nlemfuensis, otherwise known as
'Cynodon IS81• It is a local hybrid developed at the University of
Ibadan, Nigeria. It grows luxuriantly during the rainy season and
is noted for its high dry matter yield and nutritious value. It is
highly relished by all classes of livest~ck.

(b) Concentrate Mixtures
The concentrate mixtures in the first experiment were made up

of maize, groundnut cake, dried brewer's grain and molasses. The
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ingredients used in the second exp~riment were guinea corn, groundnut

cake, brewer's grain and cassava flour. Cassava flour which has been

shown to be very low in protein and high in energy was substituted for

molasses which is no more available as animal feedingstuff. The

concentrate rations were in meal form and were mixed from locally

p.urchase.d ingredients at the Unive.rsity of Ibadan, Teaching and
I

Research Farm Feed Mill.

The. maintenance requirements of the animals were met from the

basal rati on whil st for growth and fattening ,- different amounts of

cancentrate supplements calculated to supply metabol i zabl e energy (~iE)

at TZ5%, TOO~~, 75% and 50% respect ive ly and Available Protein (AP) at

100% of the U.K., A.R.C. (1965) feeding standard for fattening lamb

were supplied. The levels af M.E. were des tqna ted A, B, C and 0

nespect tvely. The. TON and UCP val ues of the ingredients as reported

by Marr;-s:c',n (T956)and Qyenuga, (1968) were used in formulating the

annce.ntrate ratio.ns. ME and AP we.re converted to TON and OCP respec-

ttve:ly us+nq the' fo l Towtng formulae

(t) 1 kg TON = 3559.4 kcal ME
conver-ted from 1 Th TUN = T6T6 kcal r~E (Tyl er , 1964)

(i-t) OCP re.quirement (g/day) = AP req:utrement (g/day) +

16.8D where 0 = O.M

intake in kg/day (ARC, 1965).
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3.4 Measurement of Feed Intake
Using a spring balance, weighed amounts of fresh grass were

fed to the experimental animals in two equal instalments in the
morning and afternoon. The daily allowance of concentrate was
weighed for each animal on an Avery Table balance. The refusals of
both concentrate and grass were weighed back the following morning
before supplying fresh rations. The amount consumed daily was
therefore determined by difference.

3.5 Digestion Trials
Twelve wethers of the Nigerian Dwarf breed wel~e used to assess

the digestibility of the basal diet and concentrate supplement
concurrentiy with the feeding trials. Total faeces collections were
made over a 9-day period preceeded by a l4-day preliminary period.

2.72 kg. of fresh grass sample, from the same plot where grass
was cut for zero grazing the experimental animals, was offered to
each animal at 8.30 a.m. and 5.00 p.m. daily. Dry matter determi-
nation was carried out every alternate day on the sampies of fresh
grass as well as the residue. Dry matter determinations i'Jerealso
carried out on each ~eekly consignment of concentrate supplenlents and
residue respectively were bulked separately and stored for chemical
analysis.

Total collection of wet faeces voided by each of the stall fed
wethers was effected by emptying the collection bag twice daily
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just :before the morn; ng and even; ng feeds were given. The faeces
were weighed, mixed thoroughly with a pestle in a large alluminium
bowl and 0.90 kg sample each of morntnq and evening collection
taken., bulked and treated as foliows:- .

Ahout 200 g subsample was taken for dry matter (OM) deter-
mination. 300 9 of the remaining bulked sample was also taken and
macerated with 300 m1 of water and 10 ml of Toluene in a bowl using
nn Egg beater till a homogenous cream was obtained. This was further
5ubsampled by pouring part of the cream into a flat bottomed
~luminium basin and dried at gOOe in a forced draught electric oven
for 4B hours and later milked in a Christy-Noris hammer mill using a
2 mm sieve. After milling each sample Has kept in a sealed polythene
bag urrti'lready for analysis.

3..~6 Chemical Analysis of Feeds and Faeces.
All ~hemical analysis followed the conventional A.O.A.C. (1970)

mrethods. Determinations were made in duplicate and their mean
l)btain~d. The results were expressed on dry-matter basis.

(a) Residual Moisture
2 9 duplicate samples of milled material was dried to constant

wei:ght at 1050C in an electric oven for 24 hours at the end of which
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samples were cooled in the descicator and weighed. The difference in
weight expressed as a percentage of initial weight is the residual

moisture percentage.
Dry matter percentage = 100 - moisture percentage.

(b) Total Ash
Dried material from (a) was ignited at 6000C in a muffle furnace

until grey or nearly white. The weight of ash so obtained, after
cooling in the descicator is expressed as a percentage of original

weight taken.
(c) Organic Matter

This, was taken as the difference between the weight of dry
matter from (a) and the weight of total ash from (b).

(d) Crude Protein (Total Nitrogen)
This was determined by the macro-kjeldahl method using sodium

sulphate _ mercury catalyst mixture for the macro digestion followed
by micro-distillation using Markha' distillation apparatus.
Boric acid was used as the receiving medium. The Crude Protein (CP)
was calculated by multiplying the total nitrogen content by the

factor 6.23.
(e) Ether Extract

This was obtained by extracting moisture-free milled samples
with petroleum ether of boiling point 40°C - 600C in a Soxhlet
extraction chamber for eight hours.
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(-f) Crude Fibre

This was :determined by the trichloro acetic acid method as

described by Whitehouse, .Zarrow and 'Shay (1945). 'The Trichloroacetic

Acid digestion reaqerrt is made up ofa mixture of 500 ml glacial

acetic acid, 450 ml water ,and 50 ml concentrated Nitric acid in

which 20g trichloroacetic acid was .dissolved.

(~) Nitrogen...;free Txtra'ct

Estimati.on 'of NFE was by the ~drfference between '100 and the sum

nf (a}, (d), (e) .and (f) ..

3.7 Growth Measurements
•(:a) Weighing

The .arrima] s were w.eighed 'at .the beginning .of the experiment,

once .a weekLhrnuqhnut Lhe .exper imenta l rper-i odvand before .s l auqhter'.

AnimaTs wer.e wei:ghed early in ·the morniF!g,before food, by suspend ino

them fr.om a .spr-inq balance by means .of rtwo ropes 'made into loops.

Readings' were rzcor-ded rto .the -nearest .quar ter .of 'a "pound. All

wetghts were converted into metric using the formula

'!l 'lb = 454;9.

(b) Linear Measurements

linear measurements were made at-the beginning of the expe-

riment, once a week during the experiment and before slaughter. The

body measurements considered were height at the withers, body

length and heart girth.
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(i) Height at the withers was taken at the highest point
of the withers.

(ii) Body length was measured from the point of shoulder to
the tub~rosity of the Ischium.

(iii) Heart girth was measured at a point immediately behind

the elbow.
The height and length were taken on both sides of the animal

and the average taken. All body measurements were taken with
the animals standing on a flat wooden platform to create a level

base.

3.8 Carcass Evaluation
(a) Slaughter

Animals were starved for 12 hours and weighed in the morning
just before slaughter. There was no Greener bullet-free humane
killer at the time of slaughter and hence animals could not be
stunned before they were bled directly by cutting the throat.
Immediately after bleeding, the head was severed at its art-iculation
with the atlas and the feet cut off at t~e proximal end of the
cannon bones leaving the carpal and tarsal bones on the carcass.
The carcass was then dressed, weighed warm and then stored in the cold
room at _SoC for 24 hours when the cold carcass weight was taken and
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the dressing percentage calcula-ted on cold carcass basis.
The dressed carcass was the dressed body of the animal

excluqing the head, feet, skin, pluck and gut offals.

(b) J_bints
The following joints were considered:-
(i)The pluck consisted of the lungs, trachea, part of the

oesophaqus , heart, and o-ther contents of the thoraci c
cavi ty and the liver.

('ii:)The offal was the gut and its contents and other contents
of- the: abdominal cavity except. the kidneys which were
left on the carcass.

(ili) The leg-of mutton whi ch was severed at the attachment
of' the, femur to- the acetabulum.

(iv) The loin (chtna) was: the lumbar reqion plus one pair
of'ribs.

(v) The Ends cons+sted of the six abdomi na 1 ribs .
(vi) The shoulders included the scapula, humerus, radius,

ulna and carpals.
(vil) The s-etswas the chest and neck.

(viii) The skin excluded those of the head and feet.
All cuts were made on the half right side carcass and weights obtained
were doubled. Complete disection of the other half carcass was made
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Thus the apparent digestibility coefficient of
X = 100 (Amount of X in food eaten - Amount of X in Faeces)

Amount of X in food eaten

to determine the percentage of bone and flesh and thus the edible
portion of the carcass.

(c) Linear Measurements
The following linear measurements were made on the carcass
1) The length of carcass which was an average of the

lengths of the two half carcasses and was taken from
the symphysis of the pubis to the junction of the
first rib with the sternum.

2) The longissinum dorsi el~ye musc1e") measurements
were taken between the 12th and 13th ribs.

3) The width of leg was measured from the surface obtained
by sawing across at the midpoint of the femur, taking
the longer diameter to represent the depth while the
shorter represented the width of leg;

3.9 Calculation of Results
Ca) Feed intake was calculated by substracting the refusal from

the amount of feed offered. Amount of nutrient in feed or faeces
was calculated by multiplying the percentage of nutrient in feeds
or faeces by the weight of feed consumed or faeces voided.
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where X:=dry matter (OM) orDrqan+c Matter (OM) or Lrude

protein (CP) or Crude fibre (CF) or Ether Extract

.(EE) .or Nt.troqen-fnee Extr-act (NFE)

(b) The .digesti bility .coeffi.c tents wereca Icul ated from .the

methods for mixed diets outlined by Crampton (1956) :as'follows:-

:s = '100 (T ·-B) '+B
. .S

where $- ~otgesttbni.ty 'of 'concentrate .supp lement

B = Diqest ibil ity of .the basal .diet ·-grass

T = J)i.g2.sti bil ity of ·the mixeddi et, .t,e , ,

(concentrate .supp l.ement 'and .qrass .basa 1 'diet

:s = .propor t ton :ofconcentrate .supp Iement :in .the

'mixed 'di:et .

(:c) .St.at is t ical Analyses

The nal.culat torrs .of .the .anal ys is 'ol variance (ANOVA),..Least

s"i:gni-fi:cant .difference (..lSOL .cor-re lat ton .and .Regressi:on .coef f tc tents

fnllowed the methods 'of .Snedecor iand Cochran (1972).UNIV
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CHAPTER 4'

The effect of variations in dietary energy levels
on the growth and carcass quality of the Nigerian
Dwarf sheep at 6 months to 9 months of age.
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4.1 Introducti on
The sheep industry has been bne of the most neglected aspects

of Nigeria's livestock industry. This is probably due to the fact
that the potential contribution of the specie to the Nigerian animal
protein supp lies has not yet been fuTTy appreciated.

Preliminary observations (Adebambo, T970) on meat production
capacity of the Nigeri an Dwarf' sheep and the results of earl ier work
(Okereke, 1958.; A\-myemi" 1962) indicate that the bre.ed is capable
of responding to better' nutritional and management practices in
much the same way as its exotic. counterparts. Certain fundamental
problems" however ; remain to.be solved before the rela.tive signifi-
cance and contribution af the hreed to the country's Tivestock
economy can be correctly assessed. These. incTude investigations

,tnto:
en the. general production characteristics of the breed

(Tf) the: best-management practices that \1tT 1 give best
results tn terms of increased productivity

(iff) the breed's nutrient requi rements and utilization for
Gptimum growth.

Objective
This study is therefore desi gned to invest tqate among other

things the influence of variatic~s in dietary energy levels on
g~owth rate and carcass quality of lambs at 6 - 9 months of age
under an intensive system of management.
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4;2 Materials and Method
(f) Animals: 24 rams, with an average age 9f 6 months and live

[c; (•...4
weight ranging from 13.l7to 24.2 kg were se:ected from the flock of /"'~(~.~;
Nigerian Dwarf sbeep on the University of Ibadan, Teaching and .~
Research Farm. The identification of animals' ages, live-weight
and ration treatments are shown in Table 4.1.

(ii) Rations: The basal ration consisted of freshly cut grass,
mainly Giant star - Cynodon nlemfuensis var nle'llfuensis.

The maintenance requirements of the animals were met from
the basal rat; on whil st for growth and fatteni ng, different amounts
of concentrate supplements calculated to supply Metabolizable
Energy (ME) at 125%, 100%, 75% and 50% respectively and Available
Protein (AP) at 100% of the U.K., A.R.C. (1965) feeding standards
for fattening lamb were supplied. The levels of ME were designated
A,B,C and 0 respectively. Thus the formulation of the rations was
based on the estimated energy requirements by fattening lambs of

• 120 kg'live-weight .and an expected daily gain of 300 g/day. This
was equivalent to 4.2 Mcal ME/day and the supplementary requirement
of 80 gAP/day.

Basing the calculation on metabolic body size WO.73 kg, the
daily requirements of ME and AP of each animal at the allocated
feeding level was calculated. The requirements of ME and AP so
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-TaDle 4.1 Identification of Anim~ls'Ages, .Live-weight
:and Ration Treatment

.Group -Animal No. Age (months) Weight (kg) Ration
Tr-eatment

~I 187 :6~5 18.61 B
'T92 :6 ~5 -18.'1'6 ~D
'196 ~6':5 '16:34 :c
2203 '~6:0 "14:98 'A

:II :204 :'6:0 -'14.98 A
:212 :6.:0 '15.-44 .n

:II ~213 :6:0 -1"4:98 :c
:216 :6:0 -18 :l..§. ~B

=218 :-6:0 -19:52 :n
:222 ~6.0 '17:71 :-s

:III :223 ~"6:0 -.17..:03 ·A
~224 (6:0 "15~-89 .c--
:226 :6:0 ".15.139 -D
:227 :6.0 -17.':-25 ,C

:IV ~231 . ~6.0 "19.:98 A
~232 :6:0 "13:T7 / :B

~46 ~6~0 ~13.:6.2 ' -A
~247 :6:0 T6:-J4 =s',V :249 ::5:75 "T9:S2 ])

:252 :5.75 .9:98 :c

:253 :5:75 -24 :06 11- A-x
.254 "5.75 '15.89 C

,VI :256 _5.75 '14.53 _D
271 -5.50 ·11.3.9.... B
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Table 4.1 (Continued)

Ration A = 125% Energy Level
Ra.tion B = 100% Energy Level
Ration C = 75% Energy Level
Ration D = 50% Energy Level
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obtained were converted to TDN and OCP respectively.
The composition of the concentrate supplements together with

the calculated TON and DCP values whtch were obtained from the
figures obta ined by Oyenuga (1968) are shown in Table 4.2. The
Table also shows the rates of concentrate feedi·ng at the different
levels of supp lementat ion.

The chemical composition of the concentrate mixtures, as- fed,
as well as those of the basal diet are shown in Table 4 ..3.

(iii) Plan of Experiment
The 24 animals were divided into four groups designated A~ B~

C, and D representing 4 treatments respectively while the six
animals in each group made up the six replicates of a Randomised
complete block design shown in Table 4.4. Treatments A, B, C and
D thus represent the 4 dietary energy levels~ 125%, TOO%, 75% and 50%,
respectively. The experiment lasted for a period of T2 weeks.

(iv) Housing and Management
Throughout the experimenta1 period, all animals were housed

!n individual stalls with concrete floor and wood shavings as

bedding. They were brought out for measurements at the appropr-iate
times (see chapter 3) and were allowed exercise for one hour a day
in the open space attached to the experimental pens.
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Table 4.2 Composition of Concentrate Supplement

Ration A Ration B Ration C Ration 0

Maize (%) 93.25 88.00 84.50 65.50
Groundnut cake (%) 0.25 2.00 10.00 24.00
Brewers Grain (%) 0.50 5.00 2.75 8.00
Molasses (%) 6.00 5.00 2.75 2.50
Calculated TON (%) 82.97 82.21 83.51 82.41
Calculated OCP (0/ , 7.84 8.90 12.80 17.80/0 J

Amount of food offered
jday (kg) 1.47 1.18 0.88 0.59.

Daily TDN Requirement (kg) 1.22 0.97 0.73 0.49
Daily TDN Supplied (kg) 1.22 0.97 0.73 0.49
Daily OCP Requirement (kg) o. 11 0.11 O.11 o. 11
Daily DCP Supplied (kg) 0.12 0.11 o. 11 0.11
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rable 4.3 Mean Chemical Composition of Concentrate Supplement
and Grass Basal Diet (Percentages on OM Basis)

Grass 'Ration A Ration,B Ration:C :RationD

Drymat.ter :32.~6 :87. ~8 ~88:7 :89~5 ~89.6

:Dr:ganic Matter 17:1 ~82'=5 :85:3 :85:8 :85 :5

Irude 'Protein 9 .~6 '11 ~,6 '12.:3 14.4 :~0.2

~Cr.udeF; bre 27.-4 2:1 :6:7 -4~8 -7.4

Ither Extract " :, ~2:3 :,3."4 :5:3 ':6:2

'Nitrogen-free
Extract -46.4 78:6 74:2 '71:8 :62.0

"J:ota:lAsh 15.:5 ~5.4 :3.4 -:3:7 ,'4:2
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Table 4.4 ?osition of Animal in the Experimental Design

A B I c D
:An.No. Wt (Kg) An.No. Wt. (Kg) An.No. we. (Kg) An.No. Wt(Kg)

Block I 203 14.98 187 lS.61 196 16.34 192 18.16

Block I! 204 14.98 216 18.16 213 14.98 212 15.44

Block II! 223 17.03 222 17.71 224 15.89 218 19.52

Block IV 231 19.98 232 13.17 2'?-7 17.25 226 15.89

Block V ·246 13.62 247 16.34 252 19.98 249 19.52

Block VI 253 24.06 ·271 ·13.39 254 15.89 256 14.53
.0

Total Wt. 104.65 97.38 100.33 103.06
o·

Mean Wt. 17.44 16.23 16.72 17.18
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(vi) Measurement of Feed Intake

The daily allowance of c:oncentrate: was- weighed for each animal.

Weighed amounts of fresh grass: were fed to the animals: in t'110

instalments. The refusals of- both conc:entrates and grass were

wei ghed bac k the fo 11owing morni ng before: supp Iyl ng fresh rati ons.,

The amount consumed da il y was: therefore. de termi ned by difference.

- &9 -

(v) Feeding.

The animals were given the supplementary rations daily in

approximately two equal instalments: in the morrrinq at 8.00 a.m. and

in the afternoon at 2.00 p.m. They were al so given grass twice
f

daily about one hour after the concentrate rations have been given.

They had access to fresh clean water and miner-al licks at all times.

(vii) Parameters

The parameters: considered for the- growth stud -j es include the

weekly weight qa+ns , body Ienqth , height at the withers,. and- heart

girth. These measurements were taken b-efore the start of the expe-

rtment , weekly during the experiment and: before the: animals. were:

slaughtered at the end of the experiment.

The various joints and other parameters considered for the

carcass analysis have also been well described in section 3~8.
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(viii) Digestion Trials
Twe 1ve wethers of Nigeri an Dwarf breed were used to assess the

digestibility of the grass and concentrate supplement concurrently
with the feeding trials. Description of the method, collection of
faeces and analysis of feeds and faeces together with the calculations.
of the results have been elucidated in sections 3.5, 3.6 and 3.9

RES U L T S

4.3 Digestibility of Feeds
Table 4.5 shows the apparent digestibility coefficients of

the feeds consumed by the animals.
Organic matter digestibility (OMD) was highest in treatment C,

followed by treatment B and the least figure was obtained in D.
Statistical analysis showed no significant difference due either to
the animals or the rations.

Dry matter digestibility (Dt~D) varied slightly, with the mean
for D higher than for A. Treatment C also has the highest mean and
is followed by B. The differences between the means were not
signifi cant.

The means obtained for the Ether extract, C~ude fibre and
Nitrogen-free extract digestibilities respectively were not statis-
tically significant.
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Crude protein digestibility showed greater variation with a
progressive increase from 69.55% in treatment A to 80.62% in D. The
differences were highly significant (pLO.Ol). Duncans multiple
range test showed D to be significantly hi~her than A, Band C while
C is significantly higher than A. There was no significant difference

between A and B or Band C.
Table 4.6 shows the mean apparent digestibility coefficients

af the nutrients in the grass basal diet while the mean apparent
digesti oil ity coeffi cients of the nutri er:ts in the suppl ementary
concentrates obtained by the lTIe~hodof Crampton (1956) is outlined
in Table 4.7. Statistical analysis showed that variation in
energy content of the diets had no significant effect on the apparent
digestibility coefficients of Dry matter, Organic matter and Ether
extract. Dry matter digestibil Ity was highest in Treatment 8 (81.52%)
and lowest in A (77.48%). Organic matter digestibil ity ranced from
77.,56% in A to 84.62% in C. Ethe,' extract digestibil Hies were
87.79%; 86.16% 87.78% and 84.68% for A, S, C and D respectively.

Crude fibre and Crude protein digestibilities showed greater
variations and the differences were hiqhly significant (PLO.01).

Crude protein digestibility in D was significantly super ior to that
tn A, C and B which show no statistically significant differences
among themselves. Crude fibre digestibility in treatment B was
significantly lower than C, D and A while C was also significantly

lower than A.
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Table 4.5 Mean Apparent Digestibility Coefficient of
Nutrients in the Mixed Diet (%)

Treatment DM OM CP EE CF NFE

72.38 82.5578.32 69.55 85.81

B 76.99 81.32 71.80 87.34 68.33

C 81.71 70.93 83.6273.2477.50 87.45

D 77.29 71.47 83.2375.35 80.62 86.15

Di.fferences NS ** NS NSNS NS

NS = Not statistically significant
** = Stut istica lIy significant (P(O.Ol)UNIV
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TY
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Table 4.6 Mean Apparent Digestibility Coefficient of
Nutrients in the Basal Diet (Mean of 12 Animals

NutriEntsDM 'OM ~CP ~EE .CF NFE

78.04
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Table 4.7 Mean Apparent Digestibility Coefficient of
Nutrients in the Supplementary Concentrates (%)

Treatment DM OM CP CF NFEEE

A 77.48 77.56 86.44 87.79 79.46 89.24

B 81.52 82.68 86.16 71.2885.66 92.89

C 80.50 84.62 75.34 91.2286.41 87.78

D 77.63 92.2278.11 94.36 84.68 78.61

Difference NS **.NS ** *NS

NS = Not statistically significant
** - Statistically significant (r,(O.Ol)
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-The differences between t and 0 and 0 and A were not statistically

:s tgnifi cant.

The highest mean of 92.9% for the NF£ digestibility coefficient

was .obtatned in treatment 8. This is significantly ni qher (P(O.05)

than the least mean of 89.2% for treatment A which is also statis-

tically significantly lower than the mean of 92.22 for treatment O.

-rhe'differences between A and C, C and Band C and D were not signi-

"ftcant.

~4.~'Feed Intake

-The ,daily intake of nutrients was obtained from the percentage

.of .the nutrients in the rations 'and the dry matter intake of the

'rations .

.(-i) :Dry Matter and Organic Matter Intake

:Intake .of dry 'matter and of organi c matter are presented in

~1able 4:8.

.Da't ly OM'and 'OMconsumpt ion from the concentrate suppl ement

:decreased 'progressively 'from A, 8, C to 0 with mean values of 768.9g,
bt>/f. I '

3 {lfV, LC-677,:2g and ,45:9.1g respectively for the DMand 634.39, 577 .6g, 518.4g
C' (' I

-r > .and -392.4g respectively 'for the OM. The diffey'ences were siqni-

;f ican t (p L.0 . 05 ) .

£onsumption of OMand OMof pasture grass were highest in

't'reatment D with daily mean of 139.3g and 23.8g respectiveiy. The
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least mean values of 137.5g OM and 23.4g OM were obtained from
treatments Band C respectively. The variations were not significant.

Table 4.8 also shows that the animals in A consumed only
59.53% of th2 concentrate supplem~nt offered while those in B, C and
o consumed 64.71%,77.12% and 86.82% respectively.

(ii) Digestible Nutrient Intake
The apparent digestible coefficients obtained for the chemical

constituents of the grass basal diet and the concentrate supplement,
and the intake of these constituents were used in calculating the
digestible nutrient intake. The mean values are presented in
Table 4.8 DDM Intake: Daily digestible d~~ymatter intake from the
concentrate supplement ranged from 356.49 in treatment D to 595.8g in
A. The differences were statistically significant (P<:0.05). DDi~

intake from the basal diet was highest in treatment 0 with a mean
of 102.5g and lowest in C with 100.7g. The differences were not
significant.

DOM, DNFE, and TON Intake: Daily DOM, DNFE and TON intake followed
.the same pattern as the daily DDM. Consumption of these fractions

from the concentrate suppl€ment decreased progressively from
treatments A to 0 and the differences were statistically significant
(P 0.05).

Differences in intake of DOM, DNFE and TON from grass were
however not significant and of the same trend as the DDM intake
in which the highest intake was from treatment D and lowest from C.
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Table. 4.8 Mean Daily Intake of DM, OM and Digestible

Nutrients (dry Matter Bases; g/head) and
percentage consumption o~ concentrate off~

Treatment DM OM DDM DOM DCF DEE x DCP DNFE TDN % of feed Intake as %
225 ..consumed of A.R.C. std.

Concentrate
Supplement

A 768.9 634.3 595.8 497.3 12.8 '. 15.7 77.0 539.6 645.2 59.53 74.41
B 677.2 577.6 552.1 465.4 32.2 20.0 71.6 467.0 590.8 64.71 64.71
C 604.1 518.4 486.3 413.4 21. 7 28.3 75.3 395.5 520.8 77.12 57.84
D 459.1 392.4 356.4 301.1 26.8 24.0 87.3· ··262.9 401.0 86.82 43.41

'I< 'I< . '1< .. 'I< .. '1<. '1<. '1<. 'I< 'I<

Grass

A 138.2 23.6 101. 7 18.6 25.8 1.32 8.2 50.0 205.6
B 137.5 23.5 101.5 18.5 25.6 1.31 8.1 49.8 204.6
C 136.8 23.4 100.7 18.5 25.5 1.30 8.1 49.5 203.6
D ·139.3·· ·23.8···102.5··· 18.8 ·26.0 1.33 8.2 50.5 207.3

NS NS. ·NS NS NS· . NS NS NS " ·NS .

Total

A 907.1 657.9 697.5 515.9 38.6 17.1 85.2 589.6 . 850.8
B 814.7 601.1 653.3 483.9 57.8 21.3 79.7 516.8 795.4
C 740.9 541. 8 587.0 431.9 47.2 29.S 83.4 445.0 724.4
D 598.4 416.2 458.9 319.9 52.8· 25.4 95.5 313.4 608.3·

'I< 'I< 'I< 'I< 'I< 'I< 'I< 'I< 'I<

NS a Not statistically significant
'I< - Statistically significant (P 0.05)
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DCP Intake

DCP intake ranged from approximately 71.6 g/day in treatment B
to 87.3 g/day in D with treatments A (77.0g) and C (75.3) respectively.
The differences were statistically significant (p< 0.05). DCP intake
g/day from the grass basal ration were 8.2,8.1 ,8.1 and 8.2 for treat-
ments A, B, C and D respectively. The variations were however not
significant.

DCF Intake

Mean daily DCF intake from the concentrate supplement was
highest (32.2 g/day) in treatment B while the lowest mean value of
12.8 g/day was recorded for treatment A. These differences were
significant (P(0.05) with the value for treatment A significantly less
than for B, C and D and C also less than Band D. DCF intake from
the basal diet showed no significant differences. Values obtained in
g/day were 26.0, 25.8, 25.6 and 25.5 for treatments D, A, Band C
respectjvely.

DEE Intake
Mean daily DEE intake from concentrate supplement differed

Significantly (P(0.05) between the treatments with values of
15.7, 20.0, 28.3 and 24.0 g/day for treatments A, B, C and D respec-
tively. DEE intake from grass, however differed very slightly with
means of 1.32, 1.31, 1.30 and 1.33 g/day for treatments A. 8, C and
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D respectively and the differences were not si"gnificant.

(iii) Mean Intake of Nutrients day/~,P·73kg per Metabolic Weight
Express ing the nutri ent intake per unit of metabolic s+ze changed

the trend of intake previously described (Table 4.g). OM, aDM, DOM
and ME intake/day/WO.73kg decreased progressively from treatments A
to D. DCP intake was however lowes.t in Treatment A (7.9g) and
highest in D (9.9g) while treatments Band C gave 8.5g and 8..2g
respectively. Detet Is of nutrient irrtake per day and nutrient
intake/day/wO.73kg are shown in Appendix Tables 2.3 - Z.6 and 2.7.

4.5 Growth Studies
Data for mean daily weight gai"ns, and mean total gains in length,

height at the withers and heart girth presented +n Table 4.10 fallowed"
no uniform trend.

Treatment B had the best daily weight ga;-ns (8"2.8:g;) fo:llowed by
82.02g, 79.6g and 55.7g for treatments C, A and 0 respect.ively. These
differences were highly significant (p< O.OT) "lith group 0 values
significantly less than values for A, Band 0 respectively.

Total gains in height at the withers. ranged from 6:.8 cm in
treatment A, 6.t ern in Band 5.3 cm each i"nC and 0 respectively.
These differences are not statistically si"gnificant.
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Table 4.9 Mean Intake cif Nutrients/day/WO.73kg

A 90.08 73.02 7.92 52.14 281.55
+ +- -

12.445 0.458

B 81.40 65.26 8.53 49.50 267.28
+ +- -

20.64 0.79

C 72.49 57.50 8.17 44.76 223.85
+ ..••..

- --
25.93 0.789

D 61.80 47.39 9.85 35.18 190.51
+ +- -

13.95 0.886UNIV
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Weight Body Heart
.Treatments gains He[qht Length Girth

(g) (em) (em) (em)

'A 79.64 '6.83 5.92 6.17

-+ -+ -l- +- -
2:605 :0..:657 D..906 0.964

:8 ~83:81 li.U8 5,.B3 5.75

,+ -+ + +- -
:2.827 :0.784 :0.47 0.719

:C ~82.'21 5..:30 7,.7D 7.50

,+ -+ + +- -
:2.026 J1.047 D..M4 0.775

:D :55.71 5 ..3:0 -4..:9n 6.30

-+ -+ + +- -

C2.~916 ~O.,a:6B D..49B 0.769

'Tao1e4.10 Mean Daily Height Gains and Mean Total Gains
in Withers Height,' Body Length and Heart Girth
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The gains 1n body length were not consistent with the levels of
energy feeding. The greatest increase in length was made by
treatment C (7.7 em) and the lowest by D (4.9). Treatments A
and B gained a mean length of 5.9 cm and 5.8 cm respectively.
Differences were not significant.

The levels of feeding appear to have no significant influence
on the heart girth increases. Treatment C. animals made the best
gatns in heari girth with 7.5 em. This is followed by 6.3 em, 6.2 cm
and 5.8 cm for treatments D, A and B respectively. Details of these
values are presented in Appendix Table 1.9.

4.6 Relationship Between Nutrient Intake/WO.73kg and Daily Weight Gains (g}
A positive linear relationship was found betwe~n (Y) the daily

Metabolizable energy intake (kca1/WO.73kg) and (X) daily weight gains (g).
The regression equation (Table 4.11 was Y = 129.182 + 1.387x.
The correlation coefficient (r) = 0.659 was significant (P~O.OI).
The relationship is illustrated in Fig. 4.1. The intercept on the
intake axis gives the maintenance requirements of 129.182 kcal for the
(),nimalsat thlS stage of their development and the cost of live-weight
gain is 138.0 kcal per kg live-weight increase.

The regression equation relating (Y) daily DOM intake (g/day/
WO.73kg) to (X) the daily weight gains was Y = 13.952 + 0.414x (r =

0.768 + 0.009). The correlation coefficient (r) of 0.768 was
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signifi cant (PZ a .~,t
I. J

OJ /

The constant factor, 13.952 is the DOM
required for maintenance. The DOM required for an increase of 1 kg
live-weight is thus 414 g/day/wO.73kg (Fig. 4.2).

DCP intake (g/day/WO.73kg) was negatively correlated with the
daily weight gain~ (g/day). The correlation coefficient (r) was
-0.582 and Standard Error (SE) was 2:.°.001(Table 4.11). The intercept
on the intake axis which indicates the maintenance requirement was
11.383 g/day/WO.73kg. while there seems to be reduction of 582
g/day/kg live-weight gain from the maintenance requirement.

Daily DDM and DM intake (g/day/wO.73kg) were positively corre-
lated with the daily weight gains with regression equations:-

DDM = Y = 21.151 + O.531x (r = 0.758; SE = 2:. 0.018)
DM = Y = 35.191 + 0.562x (r = 0.693; SE ~ ~ 9.035)

Both correlation coefficients were significant (P( 0.01) ar.d the
I

relationships are illustrated in Fig. +.4 and Fig. t.5.
The intercepts on the Y axis indicate the DDM and OM require-

ments at zero weight gain and this is 21.151 g/day and 35.191 g/day
of DDM' and OM respectively while the cost of 1 kg liveweight gain is

~.'1\ ~1~'rj
531 g/day and 562 g/day/ DDM and DM respectively. The regression
equation Y = 113.348 + 10.465x (Table 4.11) with correlation coeffi-
cient 0.676 + 1.256 obtained from the relationship of (Y) ME intake
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Table 4.11 Regression~atio~U..Qr Animal.s 6 - 9 months of Age

y X Regression Equation Correlation Std. Error DifferenceCoefficient of Regres-
(r) sian Seb

Daily ME intake/kg WO.734 Daily weight gains y ~ 129.182 + 1.387x + 0.669 +0.358 **
Daily DOM intake/kg WO.734 Daily weight gains Y = 13.952 + 0.414x + 0.768 + 0.00892 **
Daily DCP intake/kg WO.734 Daily weight gains Y = 11.383 - 0.0368x - 0.582 + 0.00053 **

I Daily DDM intake/kg WO.734 Daily weight gains Y = 21.151 + 0.531x + 0.758 + 0.018 **(",
r-,.... Daily OM intake/kg wO.734 Daily weight gains Y = 35.191 + 0.562x . + 0.693 + 0.0351 **

Daily ME intake/kg WO.734 Fat deposition Y = 113.348 + 10.465x + 0.676 + 1.256 **

** = Significant at 1% level.
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(k-ca1/day/vP·73kg) and (X) fat deposition showed -that-an animal
maintained on 113.348 kca1 ME/day/WO:73kg will deposit no fat while
fattehing could be increased by 1 ~g if 10.-465 t~ca1 ME/day is fed
above the .zero fat level. The 1inear reqres sion obtained -is shown -in

Fig. 4.6.

4_:7 £arcass Evaluation
(i) Slaughter Weight

~he~laughter weights of the-animals-are-presented
in-Table 4.-12. Best mean slaughter weight was:for treatmentC (24:15 kg)
whiletrea.-tmentsA, :B.end 0 had means of :24~03 kg, 23:65 kg and 22.47 kg
respectively.
(ii) Cold Carcass Height and -Oressing out Percent~

The .dressing 'out 'percentage was calculated from the cold 'carcass

wei:ght arrdthe 'slauqhter weight. The means -for .cold .carcass we iqht
and .dressing out percentage -are shown -in -tab 1e -4:13. "Ihe -data presented
in ~his ~able :show-thattreatment-A had the best mean~61d :carcass
weight (13.19 kg) and dressed out best (52:82%). Treatment 0 had the
Teast.mean cold carcass weight (lL78 kq}, .the least mean slaughter
weight (22.47 kg) but the second best carcass yield (52.42%). "Treatment

t, with the second best mean cold carcass weight (12.25 kg) the best
mean slaughter weight (24.15 kg) had the second lowest carcass yield
of 50.71%. Treatment B which had the least dressing out percentage
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Table 4.12 Animals Body Weight at Slaughter (kg)

A B c D

20.43 26.11 25.20 24.97

24.52 27.24 22.25 23.84

25,65 26.33 23.25 23.15

24.97 21.34 22.93 Dead

17.71 23.61 27.24 23.15

30.87 17.25· Dead 17.25
r~ean 24.03 23.65 24.15 22.47
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(49.92%) was second to the last in mean cold carcass weight and mean
slaughter weight (11.8 kg and 23.65 kg respectively).

(iii) Carcass Joints
The mean percentage of joints expressed as percentage of cold

carcass weight is presented in Table 4.13. An examination of the data
shows that the greater part of the carcass went to the shoulder and
leg joints. Treatment 0 had the highest percentages of sets and
shoulders (12.9% and 32.7% respectively) while treatment C has the
highest percentages of ends, loin and leg which are 12.9%, 13.4% and
31.2% respectively. The lowest shoulde~ ends and leg percentages of
29,7%, 11.1% and 30.0% respectively were in treatment A which also
had the second lowest percentages for sets and loin with 11.0% and
13.1% respectively. The differ~nces in all cases were not statis-
ticqlly significant.

(iv) Fat, Flesh and Bone
.The fat considered is the abdominal fat around the gastro-

intestinal tract and the fat in the carcass around the kidney. The
data in Table 4.13 shows that the mean fat percentage ranged from
9.6% in treatment B to 13.5% in treatment A. Treatments C and 0 were
in between with 12.8% and 10.6% respectively. Analysis of variance
shows that the differences were not statistically significant.
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Table 4.13 Mean Percentage of Joints, Fat, Flesh and Bone
Ex£!essed as Percentage of Cold Carcass Weight

Treatment A Treatment B Treatment C Treatment D

Slaughter wt (kg) 24.03 23.65 24.15 22.47 NS

Cold carcass
we iqht (kg) 13.19 + 1.253 11.81 + 0.683 12.25 + 0.326 11.78 + 0.632

Dressing percentage 52.82 + 0.940 49.70 + 0.666 50.79 + 0.769 52.45 + 0.278
Sets (%) 11.01 + 0.921 10.61 + 0.492 11.24 + 0.727 12.88 + 1.484 NS

•....... Shounders (%) 29.69 + 0.939-- 32.56 + 0.591 19.88 + 1.319 32.66 + 1.656 NSr-
r-

Ends (%) 11.13 + 0.698 11 .64 + 1.349 12.85 + 0.626 12.71 + 0.487 NS
Loin (%) 13.12 + 0.403 13.38 + 0.896 13.44 + 0.838 12.40 + 0.573 NS-

Leg (%) 29.99 + 0.877 30.76 + 1.350 31.24 + 0.942 30.40 + 0.658 NS
Fat (%) 13.50 + 0.874 9.58 + 0.525 12.75 + 1.744 10.60 + 1.113 **llc:~t

Flesh (%) 82.11 + 0.825 81.61 + 1.355 82.09 + 0.409 80.66 -!- 1.459 NS
Bone (%) 17.11 + 0.791 18.40 + 1.393 17.73 + 0.589 19 .34 + 1.403

NS = Not Significant
** = Significant at 1% level.UNIV
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Dissecting the carcass enables one to visualize the actual
edible portion of the carcass. From the results presented in Table 4.13,
treatment A showed the highest percentage of edible meat (82.2%).•
and thus the lowest bone percentage (17.a): Treatment 0 with the
lowest meat percentage of 80.7% thus had the highest bone ratio of
19.3%.

(v) Relationships Between Leg, Shoulder and Flesh Percentages
and the Slaughter Weight
Both leg and shoulder percentages were negatively correlated

with the slaughter weights of the,animals (Fig.4.7 and Fig. 4.8).
The regression equations were:-

Leg = Y = 42.986 - O.526x (t~ =-0.699 + 0.069)
Shoulder = Y = 40.984 - 0.415x (r =-0.452 + 0.078)

The correlation coefficients of r = 0.699 was significant (P(O.Ol)

while r = 0.452 was not significant.
At birth, percentage of leg and shoulder would thus be about

42.99% and 40.98% respectivelys with a decrease of 0.526% and 0.415%.
respectively for every kg increase in live-weight.

There was a positive linear relationship between flesh percentage
(V) and slaughter weight (X). The regression equation obtained was

Y = 66.232 + O.662x
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The correlation coefficient (r) which was significant (P~O.Ol)
was 0.818 with a standard error of + 0.569. Hypothetically, at
birtn, percentage of flesh would be about 66.23% and this would
increase by O.662%/kg increase in live-weight. The relationship

is pictured out in Fig. 4.9.

(vi) Other Parts
Table 4.14 shows the mean percentage of the pluck and the

affals which was made up of the skin, gut, feet and head. They were
all expressed as percentages of the slaughter weights of the animals.

The levels of feeding had no significant effect on the percen-
tages of pluck as evidenced by the little differences in the
figures 5.86%, 5.48%, 5.41% and 5.38% for treatments C, B, A and

o respectively.
The highest mean for the percentage skin was obtained in

treatment C (13.72%) as compared with 11.88%,11.49% and 11.30% for

treatments 0, A and B respectivelY·
Treatment C had the highest mean percentage of 22.72% for the

full gilt but had the second highest (8.82%) for the empty gut.
Treatment B which had the best percentage of 8.85% for the empty
gut was second best for full gut with 20.65%. In both the full and
empty gut, treatment 0 had the lowest percentages. The differences
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for the full gut were statistically significant (P 0.05) but
differences exhibited by the empty gut were not significant.

Variations of dietary energy levels had no significant effect
on both the head and feet percentages with means of 2.9%! 2.8%!
2.7% and 2.7% for treatments D! C, A and B respectively for feet
while mean percentages of head were 7.6%! 7.4%, 6.7% and 6.6% for
treatments D! B! A and C respectively.

4.8 Economic Considerations
Table 4.15 shows the summarized data for the average daily

gains in weight! feed/gain ratio! average gains /lOOg TDN and
cost/kg 'l ive-we iqht gain. Treatment C had the least feed/gain
ratio! (6.48); the highest gains/100g. TDN consumed (15.98) and
the least cost/kg live-~eight gains (Nl.20). Other means for the
feed/gain ratios! 8.08, 8.24! and 9.65 for treatments D, B and A
respectively were significantly higher (P 0.05) than 6.48 obtained
for treatment C.

Gains/100g TDN values for B, D and A were l4.18g! 13.89g and
12.34g respectively while the cost/kg live-weight gain were Nl.26!
Nl.3T and Nl.63 for treatments D! B and A respectively.
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Table 4.14 Mean percentage of Pluck, Offals, Skin,
Head and Feet Expressed as Percentage
of Live-weight at Slaughter

Treatments Feet HeadSkin Pluck Full Gut Empty Gut

A 11.49+0.433 5.41+0.093 20.02 8.59+0.346 2.72+0.335 6.72+0.H·l

B 11.30+0.879 5.48+0.241 20.65 8.85+0.340 2.60+0.162 7.42+0.142

c 13.72+0.510 5.86+0.265 22.72 8.82+0.437 2.82+0.369 6.64+0.316

D 11.88+9.528 5.38+0.161 19.17 8.54+0.345 2.90+0.369 7.21+0.038

NS * . NS NSNS NS

NS = Not significant

* = Significant at 5% level.
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Table 4.15 Average Daily Weight Gains, Feed Consumption,
Efficiency of Feed Utilization and Production
Cost Data

Characteristics A :B :C :0 0

Av. Daily wt. gains (g) 79.64 83.81 _83.21 55.71
Av. Daily OM consumption

(concentrates) '768.92 :677.23 ':604~08 ·459.10
Av. Cost of daily feed

.consumed (N) 0:1.3 :0:11 :0~10 0.07
Feed/Gain ratio :9:65 ~8.08 :6.48 .8.24
Wt. 'Gains g/100g TON

.consumed '12:34 '14.18 '15:98 '13.89
I

,Cost/kg of live-weight
:gain (Pi) '1.'63 '1:31 ',1 :20 '1.26
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DISCUSSIONS

The results obtained from this experiment provided data on
comparative growth of the various parts of the Nigerian Dwarf sheep
in response to the varying levels of intakes of nutrients at the
various levels of energy provided.

The digestibilities of the basal diet and of the supplementary
concentrates illustrated that the figures obtained when both diets
were considered together were quite high in all the treatments.
This could be due to the fact that the grass at the time of the
experiment had a mean crude fibre percentag~ of 27.4% and the crude
fibre contents of the supplementary concentrates were also low.
The highest figure was 6.67% crude fibre from ration B. Since the
crude fibre fractions wete low, the digestibi1ities of the rations
and hence of the dry matter, organic matter, ether extract and
nitrogen-free extract fractions will be high.

Considering the digestibility of the concentrate suppiement~
the highest mean crude protein digestibility coefficient was from
treatment 0 which had the highest percentage crude protein compositio:i.
The crude protein percentages in the concentrate supplements ranged
between 11.5% in A and 20.15% in 0 and quite comparable to the
protein levels of 10.0% to 11.8% fed by Nush, Willman and Morrison
(1955); 12.~% - 14.0% by Ranhotra and Jordan (1966) and 11.0% to
17.0% by Andrews and Orskov, (1970). It can therefore be said that
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all the concentrate supplement were adequate in protein. The
formulation was based on the standard recommendation of the ARC (1965)

of Britain.
The digestibility of crude fibre in ration A was highest. It

must be noted however that this ration had a very low crude fibre
fraction (2.1%) as compared to 6.7%, 4.8% and 7.4% for rations B, C
and D respectively. It will therefore be relevant to link the high
crude fibre digestibility coefficient obtained in D to the high
crude protein content in that ration. This is in accord with results
of Elliott and Topps (1963) who reported a positive association
between nitrogen content of feeds and their digestibility. Other
workers (Campling, Freer and Balch, 1961; 1962; Camp1ing and Balch,
1962; Blaxter and Wilson, 1963), have also obtained higher digesti-
btlity figures by improving the protein content of rations or total
nitrogen by the addition of urea. It could therefore be claimed
that the high crude protein levels of the rations had an added
advantage in increasing the digestibility of other constituents
especially the crude fibre.

The results of this experiment confirms the earlier observations
\

of Adebambo (1970)that the levei of dry matter intake recommended
in the U.K., ARC (1965) may be too high for the Nigerian Dwarf sheep.
Recommended figures were obtained using the exotic breeds of sheep
of the temperate zones. The dry matter intake in g/day/~JO.73kg ranged

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



- 125 -

between 61.8g to 90.lg. This is co~parab1e to the range of 54.8 -
90.2 g/day/WO.73kg obtained for the Nigerian Dwarf goat by Akinsoyinu,
(1974) .

The dry matter intake of the animals in this experiment is
however higher than the values of 2.11 - 2.22 kg per 100 kg live-
weight proposed for ruminants in the tropics by Marshall, Bredon and
Juko (1961). When the means for total dry matter intake of the animals
on this experiment were converted on this basis, group A had a mean
of 3.78 kg/100 kg live-weight while groups B, C and D consumed 3.45 kg,
3.07 kg and 2.66 kg/lOa kg live-weight respectively.

Although the dry matter intake of the group D animals was
lowest, they actually consumed 86.8% of their daily supply of con-
centrate supplement (Tables 4.2, 4.8), while the group A animals
with a high dry matter intake (768.9g) consumed only 59.53% of their
daily supplies. The daily concentrate ration given the animals on
the high energy level treatments was higher than those with the
lower ones (Table 4.2).

The experimental animals were slow in adapting to their new
concentrate supplements and to enforce this quantity, the basal diet,

\

offered had to be drastically reduced from 0.908 kg to 0.454 kg.
The mean daily intake of digestible organic matter, digestible

ni~rogen-free extracts and total digestible nutrients (Table 4.8)
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-followed the pattern of the +eed intake. Thisi:s to be expected

:since -all the rations were quite digesti_ble and hence the constituents

were also highly digestible. Iti.s .el.so rto .be not-edthatthere were

-cnl y "lt tt l e var+at icns in -the dry matter content nf -:the rations

(Table 4.3).

Although the total digestible nutrient intake of the animals

:ontr.eatment 0 Vias lowest, -they -consumed 82.33% of the expected

requirement -at -50% .enerqy level ("Table 4.3), wh'ile treatments C, B

-arrd A :consumed -a mean -of 71 .-29%, 60.66% and S2. 97% r-aspec tl vely.

-The ~enerally low intake of ~oncentrate sup~lement and the

~act that the animals on -the higher ~nergy lev~l rations were

rexpec ted to consume more -to make up for -the; r requi rements of energy

.pr-obab 1y accounted for tlvi s reversal in percentage consumption of

"Inta l -digestible nutrient.

'The ~expected 1i ve-wei ght -gains 'of -the anima I.s from recommend-

.at tons of the U.K., ARC (l965) on which the .ca'l cul at.tons of .the rations

were based was to be about 300 g/day. The animals -in the experiment had

@ mean daily _gain much less than -these expected values. Values

robtat ned ranged +rom -55.7 -gl day in .trea tmentD to .83.8 glday in B.

:It would therefore appear that the weight g~ins of treatments A, 8

-and C were not compatible with the energy levels.

The lower weight gains from the higher energy level ration A

-are in agreement with those of Awoyemi (1962) and Adebambo (1970)
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but contrasts with those of Palsson and Verges (1952) who obtained
mean daily weight gains of up to 566 g for animals on the highest
plane of nutrition between the age of 24 - 36 weeks and only 162 g/day
for those on a lowe~t plane of nutrition~

The low weight gains could be due to the low feed intake, the
genetic constitution of the animals and the efficiency of feed
utilization of the Nigerian DVJarf sheep. The low feed intake could
be attributed to the small size of the animals but might be a genetic
defect which needs to be corrected in the bread. It will therefore
be necessary to investigate ,:,aysby which feed consumption of this
breed could be tmproved .

Attempts have been made to show the relationships between
some of the nutrient intakes and the daily weight gains (Fig.4.1 -
Fig. 4.5). This is intended to help in working out possible estimates
of requirements for maintenance and production.

An estimate of 35.2g Dry matter per day/WO.73kg was obtained
for ma~ntenance by a regression of dry matter intake on changes in
live weight. This is about 49% of the lower limit of dry matter
recommendation by Narshall ~ al (196l) who suggested an intake of
2.11 _ 2.22 kg OM/100 kg live-weight which would be equivalent to
71.82 _ 75.56 g/day/WO.73kg. Since the digestibility of dry matter
obtained in this experiment is quite high, the estimated 21.59
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DDf~/day/Wo.73kg would be .assumed to be low. The -dry matter 'and diges-
tible dry matter cost oflive-'Neight increase obtained in this
experiment (562 and 531 g/day/kglive-weight :gain respectively)
appear to be a fair e:stimate of requiremem:above-the'maintenance
level.

The digestible crganic matter requirement for maintenance
obtained in this experiment is 13.95g DOM/day/~0~73kg while 414g
DaM/day/kg live-weight increase is -the cost-of production. "This
maintenance requirement is Bbout 56:7% of the v~lue6f=24:61g
DOM/day/wO.73kg proposed by Langlancis, et_fL, (1963) but the value
for production of 1 kg live-weight obtained is about thrice the
value of 143g DOM/day/kg live weight increase, (3:7 lbDOM for a
sheep of 100 1b wt.) proposed .by Lanql ands et ,ill, (1963), for pen-
fed sheep.

There is lack 'Of reTiable data andagr-€ement on the relation
of maintenance energy to body,weight due to 'the:considerable expense
involved in maintaining adequately large number 'of farm animals in
non-prcduct ive conditi on for the long .per iods necessary to .obtain
accurate results (Brody, 1945). Thus there ,ts'a-lot:6f'dtsparity
in the recommended values of energy for maintenance.

The regression of ME intake kcal/~0:73kg on the 'live-weight
gai~s (Fig. 4.l) gave an estimate of 129.182 kcal/day/WO.73kg for
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mairttenance which is higher than 112 kcal/day/wO.73kg for sheep as
recommended by the ARC, (1965) and NRC, (1968). The value of
65 kca1/day/WO.73kg given as the fasting energy metabolism of a 20kg
sheep which if mul~ip1ied by 1.36 (B1axter, 1962) gives a requirement
of 88.4 kcal ME/day/WO.73kg for maintenance is lower than the value
obtained in this experiment.

The average live-weight of the animals in this experiment
is 23.6 kg. Thus for a 20 kg animal the maintenance requirement is
124.34 kcal ME/day/WO.73kg. This is compar'able to the estimate of
88 - 124 kcal ME/day/wO.73kg recommended by Rattrary et al, (1974).

The energy cost of live-weight gain obtained in this experi-
ment was 1387 kcal ME/day/wO.73kg for an increase of 1 kg live-weight
under an intensive management system. An animal of 20 kg live-weight
therefore needs 13,591 kcal ME/day for an increase of 1 kg live-weight.
This value is about double the value of 6333.6 kcal recommended by
the ARC, (1965) and NRC, (1968).

~he maintenance requirements in terms of dry matter, digestible
dry matter and digestible organic matter obtained in this experiment
appear to be generally low. This might be due to the small size of
the Nigerian Dwarf sheep as compared with the exotic breeds.

The high production cost obtained in terms of these nutrients
probably points out to the low efficiency of utilization of feeds
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by the breed. It is generally accepted that the Nigerian Dwarf
~heep has a very ~low rate of weight gains (Dettmers and Loosli,
1974) and hence they will be inefficient utilizers of feeds.

Fig. 4.1 shows that there was a negative correlation between
the digestible crude protein intake and the mean daily weight gains
of the animals from the regression equation the maintenance require-
ment is 11.38 g/day for a 20 kg animal. The ARC (1965) and NRC,
(1968) recommended a range equivalent to 7.8g to 18.0g for a 20 kg
s-heep depending on the energy concentration of the diet. The
figures obtained is also comparabTe to the 14.0 g/day suggested by

Hood and Woodman (1939).
The negative correlation obtained in this experiment is an

~ffect of dilution of digestibTe crude protein in the rations as
the energy eveTs increas-e. The rations were formulated in such a way
as to affer each animal, daiTy, the same amount·of crude protein
which is the standard recommendation of the ARC (1965). The animals
an tne higher energy leveT ration were however offered more concen-
trate rations per day (Table 4.2). It means therefore that the
diqes t.ible crude. protein dilution in their daily ration was greater
from the percentage consumption of the daily rations (Table 4.8),
it would be obvious that the animals on the higher energy level rations
consumed less digestible crude protein per day. Their rate of growth
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was however faster as compared with the group D animals. It appears
therefore that the animals that were placed on a higher energy
level ration consumed less digestibl~ crude protein but had a
higher daily weight gain.

This might be due to the greater importance of energy in
the rations of ruminants as evidenced by the works of Zuntz, (1891);
Fingerling, et ~l(1937); McDonald, (1954) and Maynard and Loosli,
(1962) who have all shown that if there is sufficient source of
energy in the ruminant diet, the rumen micro-organisms can synthe-
size their body proteins from various sources of nitrogen and when
they die th~se proteins are passed on to the host animal.

A consideration of the slaughter weights of the animals on
this experiment reveals that many of them had attained a live-weight
range of 24.97 kg - 27.24 kg recommended by Hill, (1960) as the best
slaughter weight for the Nigerian Dwarf sheep. After this weight,
he observed that the animals would lay down more fat than lean
meat. He however pointed out that this weight range could be
attained between 14 - 16 months of age under semi-intensive conditions.

Adebambo, (1970) obtained animals of this live-weight range
in 12 months. Both studies were carried out with grazing animals.
Hill's work was actually based on a collection of data from the
general management on the University of Ibadan, Teaching and Research
Farm.
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-The ages of animals in this experiment at slaughter were about
.9 months. The animals were zero-grazed and as such would be expected
~o ha~e ~onverted energy for grazing into energy for production. The
~eduction in the ~geat which the animals attained this slaughter
weight agrees with the concept that better performance and faster
turn over can be nbtainedfor fattening lamb by the intensive manage-
mentsystem.

Dkereke (1958) gave the weight of the adult rams as between
~22:7 kg and 27.24 kg. He however gave no age at maturity. Hith
:theintensive system of management, it will be quite possible to
rear rams to a higher mature weight. No work has however been
:conducted on the -corr~ct weight and age at maturity of the Nigerian
:Dwarf .sheep ,

Dkereke (1958) also observed that the live~weights did not
.appear .to'!ncrease regularly with age. This agrees wi th the results
:obtained in this Experiment. A consideration of the weight at
_slaughter (Table -4.12) and the age of the animals as could be assessed
+rom Tab le 4.1, :shows ·that some younger animals had higher initial
~and~laughter weights ~han some older animals.

-This lack of progressive live-weight gains with increase in
:age, -for which corrections were made by initially balancing the ages
-and live-weights of animals in the groups to reduce variations, is
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probably due to genetic differences in individual animals and the
variations in feed intake or the rate of conversion of feeds to
flesh. It might also have originated from differences in birth
weights which is a result of the effect of the dam and her nutrition
during pregnancy.

Much importance is attached to the appearance of the live
animal in the trade in sheep in this country. Apar-t from the we iqht
of the animals which is usually assessed, consideration is usually
given to the height, girth and vigour of the animal.

The weight of the carcass is however given more prominence
than the carcass quality. A heavier carcass is more likely to
bring in a higher price than a good quality but smaller carcass.
This agrees with the observation of Hammond (1932) that there is
a greater difference in price due to the weight of the carcass
than to the quality as exemplified by breed differences.

The situation in this country is much worse because quantity is
the important yardstick for the consumers with considerably less
emphasis beins paid to meat quality.

The animals on Treatment C had the best mean slaugtter weight
but were only second best in mean cold carcass weight. They had
a mean dressing percentage of 50.71% which was second to the last
and lower than that for treatment D. The animals on Treatment B
which had lower mean slaughter weight h~d the heaviest carcasses
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and thus dressed out best. This is because they had more of flesh
and bones than other parts such as pluck and offals.

The animals on Treatment C probably had more of their weights
taken up by other parts not normally included in the carcass such
as the offal especially the corltents of the alimentary tract. High
figures were recorded for the percentage skin, full gut, and feet
for the animals in this group (Table 4.14).

A consideration of dressing percentage alone without reference
to the actual slaughter weight tends to give a wrong impression of
the production of the animal. This is exemplified by Treatment D
figures for dressing out percentage (52.42%) which was higher than
that for Treatment C (50.71%). Treatment C, however, had a higher mean
carcass weight and slaughter weights than D. This is similar to the
observations of Hammond (1932), who therefore suggested that the
first essential in grading meat carcass is to make weight classes and
then subdivide these weight classes according to quality.

It therefore follows that comparison of dressing percentages
will mean more for animals of the same weight class.

Okereke (1958), gave an average dressing percentage of 38% for
the Nigerian Dwarf sheep. Awoyemi (1962), reported percentages of
44.18 and 44.30 for the animals on Low and High planes of nutrition
respectively.
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Adebambo (1970), also obtained figures of 45.9% and 46.71% for
animals on the 100% and 50% energy level rations. Dettmers and
Loosli (1974), obtained a carcass yie1d ranging from 42 - 43% from
the same flock of sheep on the University of Ibadan, Teaching and
Research Farm.

All these figures are lower than figures obtained in this
experiment (Tahle 4.13). The figures are however not comparable as
this will give a wrong impression since ther-e are differences in
diets, ages, and weights of the various animals and the management
systems used by each worker.

According to yield and quality (grades) used in the United
I

States of America (Ensminger, 1969) a 50% yield (47 - 53%) is Choice,
Good is 47% (45 - 50%), Utility is 44% (42-46%) and Cull is 41%
(38 - 44%) for sheep carcasses. The animals in this experiment would
be classified as Cnoice when based on yield alone.

The meat trade in Nigeria is dominated by the local markets
where selling by the standard joints is not considered. Emphasis
fs however placed on the amount of bones and flesh present in the
cuts. The more sophisticated markets such as the supermarkets however
sell in terms of the standard joints: shoulders, sets, loin, best
ends and leg.

The animals on treatment 0 had the highest mean figures for
sets, shoulders and ends. These animals had th~ smallest slaughter

weights and carcass weights. The three joints have a great amount
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of bones. -Treatment C had the highest mean percentage of the loin
and leg and the highest mean slaughter weight. These two joints
had more flesh than bones. It would appear that the mean percentages
in all the joints of animals in Treatment A were fairly well distri-
buted. StatisticaJ analysis showed that lefels of nutrition had no
significant effect on the distribution of joints.

The shoulder and leg always account for the greater percentage
of the carcass. Both joints have accounted for between 59% and 63%
of carcasses in this experiment. The importance of the flesh percentage
of the carcass cannot be over emphasized. It is therefore desirable
that one is able to predict the percentages of these three important
fractions of the carcass from the live-weight of the animals. This
may help in assessing the price to be expected from the slaughtered
animals.

The relationship between the leg and shoulder percentages (Y)
and slaughter weights (X) of the animals shows negative corr-e lation
Fig. 4.7 and 4.8). Leg percentage at birth is about 42.99.% and
decrease by 0.5% for every kg increase in live-weight. Similarly,
shoulder percentages at birth is about 40.98% decreasing by 0.42% for
every kg increase in live-weight. Thus the two equat-ions are:-

Leg % = Y = 42.986 - 0.526x (r = 0.699+0.069)
Shoulder % = Y = 40.984 - O.4l5x (r 0.452+0.078)

It may therefore be possible to estimate the weights of these major
joints at any live-weight.
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The leg percentage would be preferable however, since the
correlation coefficient for the regression of shoulder percentage on
live-weight is not statistically significant.

The percentage flesh is positively correlated with the live-
weight. The r-e.9'fJe$S(1)t)', equation:-

Y = 66.232 + 0.662x shows that the expectation of flesh per-
centage at birth is about 66.2% increasing by 0.66% for every kg.
live-weight increase. It is therefore easy to estimate the percen-
tage flesh to be expected from any live-weight of the Nigerian
Dwarf sheep. Estimates of cost of production at any stage can
therefore be compared with the price expectation estimated from the
above relationship.

It is however possible that at higher weights this relation-
" ship may be affected by fat deposition. The tendency for animals

to lay down more fat than lean meat may affect this linear relation-
ship.

The other parts considered in Table 4.14 are of great importance
in the Nigerian context. Only the horn and in some cases the hair

The gut is washed clean of its
\

content and the head and feet are all processed and highly relished
is useless in any slaughtered animal.

by the people. Hence they need serious consideration.
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These other parts, the pluck; feet, gut offals and head mature
early in the life of the animal and attain maximum size early also.
The skin could however be affected in two ways by the later nutritional
regimes of the animal. The weight of the skin may val~y either as c.

result of differential laying down of subcutaneous fat or the dif-
ferential growth of hair. Plates 1 and 2 show two animals which have
different amount of hair cover. Amount of hair cover varies in the
breed from the very hairy type - Plate 1 to the slightly hairy type -
Plate 2. Subcutaneous fat is not very important in this breed of
sheep.

Since the parts considered attain a fixed size, smaller animals
tend to have greater percentages of these parts; while larger animals
have lower percentages. This is exemplified by the smaller animals
of treatment 0 which had the highest percentages of feet and head.

This is consistent with the findings of Palsson and Verges
(1952) who obtained higher figures for head, feet, skin, wool and
alimentary tract, all expressed as percentages of live-weight, from
the smaller animals on' low plane of nutrition as compared with lower
figures from the larger animals on the high plane of n~trition.

\This shows that above a certain age, the proportions of'these parts
vary inversely as the age and growth rate of the ahimals ..

Horned animals can however introduce another variation due to
differential development of horns which start to grow later in life
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and can continue to grow throughout life. This is not clearly brought
out in this experiment because all male animals of the breed are
horned. The percentage of head and the slaughter weight are thus in
inverse relations~ip.

The only desirable fraction of any carcass is the flesh.
Although the bones are essential parts of the animal, they are not
consumable and as such higher meat: bone ratio is always locked for
in a good quality carcass.

Marbled Fat is, to some extent, des irabl e as it increases the
palatability of the meat. The removab le fat, those around the gastro-
intestinal tract and in the carcass around the kidney or pelvic fat
are not very desirable.

Hammond and ~1urray (1934) stated that the quality of a carcass
depends mainly on the proportion of fat, muscle and bone in the
carcass and these proportions change a:.the animal grows and change
at different rates in different breeds.

Treatment A had the highest percentage of flesh while treatment
o had the lowest. This is consistent with the earlier observations
that the smaller animals have lower meat: bone ratio. The highest
bone percentage was for Treatment D.

Treatment A had a very high fat percentage. This is a high
energy level ration, (125% energy level). This probably explains
why fat deposition was high. Fat deposition is a result of excess
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energy not utilized for production. As regards the production of
lean meat, the treatment B ration would appear to be best .

.Animal production involves the raising of animals at the
fastest rate of growth so as to have the fastest turn over in
the shortest possible time. This involves the feeding of the best
ration that will give optimum growth.

To achieve this, one has to be guided by the economics of
feeding and the efficiency of utilization of the feeds.

The cost of adding 1 kg live-weight obtained varied from Nl.20
to Nl.63. This cost appears to be too high since this will mean
selling the dressed carcass at a much higher price. The Nigerian
market is however presently dominated by live animals and prices are
not paid for the weight of the animals. During the religious
festivals a 20-30 kg animal will easily sell for between N30.00
and N40.00. It is therefore economical to produce animals at this
rate and intensively to meet these specific periods. The high cost
obtained in this experiment had been due more to the slow rate of
growth of the animals than to the feed intake. This might be another
pointer to the inefficiency of feed conversion which is probably a genetic
fault which needs to be investigated and corrected in the breed. The
feed/gain ratio obtained for the average 6-9 months appears too high
(6.48 - 9.65). This will probably be lower at younger ages since
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it is .generally accepted .thatthe last kg of gain is more expensive
to produce in terms of feed than the first. This shows that the

.blder.an animal is, the more expensive, in terms of feeds and hence
tn~terms of-cash, to obtain weight-gains.

An examination of Table 4.15 points to the fact that Treatment
C has the best-feed/gain ratio, and gain/lOOg TDN consumed but the
lowest cost/kg live-weight gains. -This is a clear indication that
itis highly more economical to feed ration C which is a 75% energy

-level ration to the Nigerian~Dwarf:sheep between the ages of 6 to
:9 months.

-The higher energy level rations, especially ration A (125%
~energy level) -are wasteful. Ration A had the highest feed/gain
'ratio, the lowest.gain/100g TDN consumed and the highest cost/kg
'live-weight gain.

-This resDlt is however "contrary to results of many workers
:~ith"the exotic breedsof.sheep who have always reported a greater
:andfaster returns for a higher quality ration but is in agreement
.wi.thvthe results .of Awoyemi (1962) who got a better performance of
~the Nigerian-Dwarf sheep from the 'group on a low plane of nutrition.

"This also seems to confirm the early investigations by
:Adebambo (1970) in which a better performance was obtained from the
errimal s on the 50% energy level when compared with those fed the
100% energy level ration.
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CHAPTER 5

Studies on the Effects of Variations in
Dietary Energy Levels on the Growth and
Carcass Quality of the Niqer ian Dwarf Sheep
from the Age of 3 Months to 6 Months.
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5.1 Introduction
Lambs are usually weaned between 12-16 weeks. On the. University

of Ibadan, Teach; ng and Research Farm, the practi ce is to leave.
the lambs with the ewes till they are naturally weaned. This is
probably not the best method of rearing lambs as this may affect
the normal breeding cycle of the ewes in that they may not return
to cycle in time.

It is also known that the milk yield _of the ewe. declines
rapidly after the 2nd to 3rd week peak, and by the 12th week may
become inadequate to support the growth of the lamb. It is
therefore advisable to wean the lambs at this stage, and put them
on a system of feeding that would ensure proper growth and develop-
ment for mutton production. For the Nigerian Dwarf lamb, there
are as yet no studies to indicate the appropriate dietary re.quire-
ments at this stage of development.

This experiment was therefore conducted to assess the
influence of variations in dietary energy levels on growth rate
and carcass quality of lambs at 3-6 months of age, and the extent
to which variations in the frequency of feeding influences feed

\
intake in the Nigerian Dwarf sheep.

\
\
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5.2 Materials and Method
(i) Animals:

The experiment was carried out in two phases. In the first
phase, 18 rams, with an average age of about 3 months and live-
weights ranging from 5.0 - 11.2 kg were selected from the flock of
West African Dwarf sheep on the University of Ibadan, Teaching and
Research Farm. For phase two, 10 rams with an average age of
about 3 months and live-weights ranging fr.om 6.5 - 10.6 kg we}1e
selected from the same flock. The combined identification of
animals' ages, live-weight and ration treatments are shown in
Table 5.1.

5.2 (ii) Jhe Rations:
The maintenance requirements of ·the animals were to be met

from the basal ration of freshly cut Giant Star gras - Cynodon
nlemfuens+s var !llemfuensis whilst production was met from different
amounts of concentrate supplements calculated to supply Metaboli-
zable Energy (ME) at 125%, 100%, 75% and 50% respectively and
Available ?rotein (AP) at 100% of the U.K., ARC (1965) feeding
standard for fattening lamb. The control group had no supplementa-
tion. The levels of ME were designated A, B,C) and E respectively.
The formulation of the rations was based on the estimated energy
requirements by fattening lambs of 10 kg live-weight and an

expected daily weight gain of 2009. Basing the calculation on
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5.2 (iii),Experimental Design
In the first phase 18 animals were divided into 3 groups

designated C, 0 and E, r-epresent inq 3 treatments while the six
animals in each group made up the six replicates of a randomised
complete block design shown in Table 5.4. Treatments C, 0 and
E thus constitute the 3 dietary energy levels 75%, 50% and 0%
respe~tively, being tested. The 6 animals in each group were also
divided into two. Three animals were fed twice daily while the
rema ining three had the; r concentrate mixtures thrice daily.

For the second phase only 10 animals were available and these
were divided into two groups designated A and B, representing
the two remaining treatments which are the 125% and 100% energy

- 1.45 -

metabolic body size of WO.73kg, the daily requirements of ME and AP of
each animal at the allocated feeding level was calculated. The
requirements were converted to TON and OCP respectively.

The composition of the concentrate supplement showing the
calculated TON and OCP values which were obtained using figures
reported by Morrison (1956) and Oyenuga (1968) are shown in Table 5.2.
The Table also shows the rate of concentrate feeding at the different
levels of supplementation.

The chemical composition of the concentrate mixture, as fed,
as weTl as the basal diet are shown in Table 5.3.

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



- 146 -

Table 5.1 Identification of Animals' Ages,
Live-weight and Ration Treatment

. Animal No. Age (Months) Weight (kg) Ration Treatment

860 3.5 11. 15 C
862 3.5 9.50 D
865 3.5 7.75 C '
866 3.5 7.50 D
876 3.5 7.85 E
882 3.5 9.50 E
884 3.5 5.60 D
897 3.25 9.60 D
916 3.25 7.75 C
919 3.25 7.50 C
921 3.25 5.00 C
922 3.0 9.00 E
924 3.0 6.25 0
925 3.0 6.00 E
926 3.0 6.00 D
929 3.0 5.75 E
939 3.0 7.75 C
942 3.0 5.5 E
982 ~.25 7.00 B
984 3.25 10.60 A
991 3.25 . 6.50 A
993 3.25 ·9.30 B
998 3.0 8.50 B

1004 3.0 7.00 B
1005 3.0 7.00 A
1013 3.0 7.25 A
1015 3.0 7.50 A
1016 3.0 7.50 B

A= 125% Energy level
B= 100% Energy level
c= 75% Energy level
D= 50% Energy level
E= 0% Energy level.

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



147 -

Table 5.2 Composition of Concentrate Supplements

A B C 0
125% ·100% 75% 50%

Guinea corn (%) 69.0 60.0 40.0 10.0
Groundnut cake (%) 10.5 . 19.5 25.5 55.0
Brewer's grain (%) 10.0 10.0 5.0 2.5
Mineral mixture (%) 0.5 0.5 0.5 0.5
Calculated TON (%) 76.17 77 .14 74.143 76.411
Calculated OCP (%) 12.80 16.18 20.121 31.638
Rate of feeding (g/day) 439 347 270.6 175.0
Estimated TON requirement

(kg/day) 0.3343 0.2674 0.2006 0.1337
Estimated OCP requirement

(kg/day) 0.0562 0.0562 0.0562 0.0562
Estimated supply of TON

(kg/day) 0.3344 0.2677 0.2006 0.1337
Estimated supply of OCP I(kg/day) 0.0562 0.0562 0.0540 0.0554

\
\.
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A = T25% Energy level supplementation
B = TOO% u II II

C = 75%
G = 5.0%

u II II

II II II

E = No supplementation.

\
\
\
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levels of supplementation respectiv~ly. Each phase of the
experiment lasted 12 weeks.

5.2 (iv) Housing and Management
Throughout the experimental period, all animals were housed

in individual stalls with concentrate floor and wood shavings as
bedding. They were brought out for measurements at the appropriate
times and were allowed exercise for one hour a day in the open
space attached to the experimental pens.

5.2 (v) Feedi~
The animals fed thrice daily were given a third of their

daily concentrate rations at 8 a.m., 12 noon and 3 p.m. respectively.
Basal ration of grass were offered twice in all cases at 9 a.m.
and 1 p.m. daily. Ali animals had access to clean cold water and
mineral licks at all times.

5.2 (vi) Measurement of Feed Intake
The daily allowance of concentrate was weighed for each animal.

The refusal~ of both concentrate and grass were weighed back the
following morning before fresh supplies.
was therefore determined by difference.

The amount consumed
\
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5.2 (vii) Parameters.
The parameters used for growth measurements and carcass

analysis were the same as in the first experiment and have been well
explained (See Sections 3.7 and 3.8).

5.2 (viii) Digestibility Trials
Digestibility trials were carried out following the same

pattern as in the first experiment. Method of collection and
.analysis of faeces and calculation of the apparent digestibility
coeffic1ents were also the same as enunciated in sections 3.5, 3.6
and 4.2 (viii).

The diqest tbt lity trials were carried out in two phases. The
first phase involving the 75% and 50% energy level rations was
run concurrently with the feeding trials on same rations while
the second phase using the 125% and 100% energy level rations was
run at the same time as the feeding trials on these rations was
conducted.

RESULTS
5.3 Digestibility of Feeds

Table 5.5 shows the mean apparent digestibility coefficient
of nutrients in the mixed diet. The dry matter digestibility,
organic matter digestibility, ether extract digestibility, crude
fibre digestibility, and nitrogen-free extract digestibiiity
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decreased from treatment A to D. The differences were not statis-
tically significant.

The means for the crude protein digestibility were 60.83%,
60.85%, 58.28% and 58.56% for treatments A, B, C and D respectively.
The variations were not also significant.

Table 5.6 shows the mean apparent digestibility coefficients
of the nutrients in the basal diet for phases 1 and 2, treatments
C and D and A and B. Each figure is a mean of 12 animals. For
all the nutrients except the Nitrogen-free extract, the means were
higher for A and B than for C and D. The differences were however
not statistically significant.

The apparent digestibility coefficients for the nutrients in
the concentrate supplements (Table 5.7) was calculated from the
figures for the mi~ed diet and the basa-'diet by the method of
Crampton (1956). Organic matter digestibility decreased from A to
D with means of 67.95%, 66.17%, 64.05% and 63.73% for A, B, C
and D respectively. The Nitrogen-free extract digestibility followed
this same trend with means of 76.28%,75.41%,71.60% and 70.12%
for treatments A. B, C and D respectively. Statistical analysis
showed no significant differences for both the organic matter
digestibility and Nitrogen-free extract digestibility.

The Ether extract and crude fibre digestibilities showed
thai the means for treatment C were higher than those for treatment B.
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Table 5.5 Mean Apparent Digestibility Coefficient of
Nutrients in the Mixed Diet (~%-,-) _

Treatment DM OM CP . EE CF NFE

A 60.61 62.61 60.83 51.37 60.59 66.02

B 60.37 60.94 60.85 47.20 59.92 54.07

C 58.35 59.01 58.28 45.16 58.76 62.43

D 56.65 56.78 58.56 40.81 58.02 61.34

NS NS NS NS NS NS

NS = Not significant.
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Table 5.6 Mean Apparent Digestibility Coefficient
of Nutrients in Basal Diet (%)

Treatment CP NFEEE CFOM

*A and B 55.17 56.92 28.26 56.01 55.13 55.30
+ + + + + +- - - - - -

0.318 0.4"18 1.386 0.617 0.845 0.723

*C, 0 and E 54.52 55.68 35.10 54.40 53.11 56.16
+ + + + + +- - - - -- -

0.539 0.747 2.071 1.376 1.651 0.669

NS NS NS NS NS NS

* = Mean of 12 animals
NS = Not significantUNIV
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Table 5.7 Mean Apparent Oigestibi1ity Coefficient of
Nutrients in the Concentrate Supplements (%)

OM OM EE CF CP NFE
A 65.76 67.95 64.30 65.02 67.26 76.28

+ + + + + +- - - - - -

0.628 0.408 1.085 0.595 0.982 1.175
B 67.01 66.17 62.27 64.77 66.84 75.41

+ + + + + +- - - - - -
0.373 0.587 0.306 0.381 0.408 0.504

C 63.00 64.05 62.38 66.64 64.54 71.60
+ + + + + +- - - - - -
0.529 • 0.968 3.317 0.764 1.115 1.467

D 62.11 63.73 57.10 '63.80 78.81 70.12
+ + + + + +- - - - - -
1.806 1.165 1.743 9.914 1.252 1.152

NS NS NS NS NS NS

NS = Not significant
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Ether extract digestibility coefficients were in the order 64.30%,
62.38%,62.27% and 57.10% for groups A, C, Band D respectively. The
mean crude fibre digestibilities were also 65.02%, 66.64%, 64.77%
and 63.80% for treatments A, C, Band D respectively.

The highest mean of 78.81% for Crude protein dlgestibility
was obtained in treatment D while treatments A, Band C had means
of 67.26S, 66.84% and 64.54% respectively.

Dry matter digestibility ranged from 62.11% in D to 67.01%
in B. Mean for A and C were 65.76% and 63.00% respectively. The
differences for the Dry matter ana Crude protein digestibilities were
not statistically significant.

5.4 Feed Intake
The mean daily dry matter intake from grass and concentrate

mixtures and mean total daily dry matter intake are presented in
Table 5.8. The table also shows the dry matter intake/~p·73kg. Dry
matter intake from the basal ration decreased progressively from
A to D. Statistical analysis showed that the differences were
highly significant (P( 0.01) with the intake from both groups A
and B significantly higher than means from C and D.

Dry matter intake from the concentrate supplement followed
the same trend. Daily means were 261.2g, 241.9g, 237.1g and 155.1g
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for treatments A, B, C and 0 respectively. The variations were
statistically significant and means for groups A, Band C are all
significantly higher than D. Mean for A was also significantly higher
than Band C. The differences between Band C were however not
significant.

The mean total dry matter intake is the mean of the addition
of daily intake from both basal diet and concentrate supplement.
The highest mean of 402.39 was obtained for group A while 378.3g,
354.3g and 259.4g were the means for groups B, C and D respectively.
The differences were highly significant (PLO.Ol) with each group
significantly different from the other.

5.5 Variation in Frequency of Feedin~
Table 5.9 presents the mean daily dry matter intake of the

animals of phase 1 fed twice and thrice daily respectively. Those
fed thrice had a higher mean intake of 327.7g OM/day while those fed
twice consumed a mean of 286.0g DM/day. Statistical analysis show
no significant difference due to the variation in frequency of feeding.
5.6 Digestible Nutrient Intake

The digestible nutrient intake was obtained from the daily
dry matter intake for each ration multipl-ied by the percentage
composition of the nutrient and the apparent digestibility coefficient
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Table 5.8 Mean Daily Dry Matter Intake (.g)
t

I- ~-t.k
Concentrate Intake

Grass supplement Total g/day/vJO•73kg

A 141.07 261.23 402.31 50.28
+ + +- - -
1.985 9.541 11. 278

B 136.35 241.91 378.26 54.94·
+ + +- - -
3.107 10.256 10.878

C 117.20 237.10 354.30 57.24
+ + +- - -

4.136 15.853 19.627
D 104.29 155.11 259.40 50.62

+ + +- - -
5.533 9.810 17.828

** ** ** *

** = Statistically significant (P.:..O.Ol)

* = Statistically significant (P ( 0.05)
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Table 5.9 Effect of Variation in Number of Times
Feed~~ffered on Feed Intake. Mean Daily
OM Intake (gm)

Feeding thrice Feeding twice

404.79 372.96
379.51 348.08
366.85 253.60
287.32 24·0.60
271 .36 295.11
256.37 205.61

Mean 327.7+23.61 285.99+49.26 NS

NS = Not significant.

\
\
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Table 5.10 Mean daily intake of Digestible Nutrients
and DM from both Basal Diet and Concentrate
Mixtures

DDM DOM DEE x DCF DCP DNFE TON ME D~~
(gm) (gm) 2.25 (gm) (gm) (gm) (gm) (kca1) (gm)

(gm)
253.22 212.68 7.35 37.93 29.26 179.54 254.08 904.36 402.31

A + + + + + + + +
- - - - - - - -

8.59 6.20 0.18 0.80 0.92 5.63 7.52 26.87

237.33 193.66 18.08 38.25 29.77 153.43 239.52 852.57 378.26

B + + + + + + + +
- - - - - - - -

7.22 5.78 0.66 0.79 1.03 5.08 7.50 26.61

215.44 180.83 19.79 38.44 42.17 119.00 219.39 780.91 354.30

C + + + + + + + +
- - - - - - - -

11.98 10.24 1.28 2.56 2.67 6.85 12.97 46.177

153.39 129.67 13.51 28.92 40.76 78.95 160.14 570.01 259.40

D + + + + + + + +
- - - - - - -

7.27 6.27 0.81 1.29 2.39 3.72 7.92 28.086

** ** ** ** ** ** ** ** **

** = Statistically significant at 1% level.
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Table 5.11 Mean Daily Intake of Digestible Nutrients and

DM f'rom Concentrate SUJ:?F-lem:-.ntand Basal Diet

...
"',

DDM DOM DEE x DCF DCP DNFE TDN ME OM
(gm) .(gm) 2.25 (gm) (gm) (gm) (gm) (kcal) (gm)

(gm)

Concentrate Supplement
171 .79 146.97 4.84 12.33 23.61 142.11 182.89 650.99 261.23

A + + + + + + +
6.25 5.36 0.T8 0.45 0.88 5.T9 6.67
162.11 130.15 15.65 13.50 24.31 117.26 170.72 607.67 241.91

B + + + + + + +- -
6.69 5.50 0.67 0.56 1.05 4.94 7.22
'149.88 127.18 18.73 15.84 38.03 87.06 159.67 568.34 237.10

C + + + + + + '+-
9.535 8.506 1.260 1.055 .2.542 6.631 10.673
96.34 811.93 12.57 10.30 37.07 48.54 108.47 386.10 155.11

b + + + + + + +-
6.088 5.186 2.467 1.836 2.354 3.057 6.860

** ** ** ** ** ** ** ** k

Basal Diet
77.83 65.71 2.51 25.60 5.64 37.43 71.18 253.36 141.01

A + + + + + + +- -1.08 0.91 0.03 0.38 0.08 0.45 0.99
75.22 63.51 2.43 24.75 5.45 36.17 68.80 244.89 136.3S

B + + + .. + + + +- - - -
1.75 1.48 ,0.06 0.57 0.13 0.83 1.60

63.90 53.65 1.07 20.93 4.14 31.94 58.08 206.73 117.20
C + + + + + + +- -2.248 1.91 0.004 0.07 0.13 1.13 2.057

56.88 47.74 0.96 18.62 3.68 28.42 51.67 183.92 104.29'
0 + + + + + + +- - - -3.023 2.54 0.004 0.98 0.21 1.50 2.752

* ** ** ** ** ** ** ** *
** = Statistically significant (P 0.01)
* = Statistically significant (p 0.01) .
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Table 5..12 Mean Daily Irtake of Di~estible Nutrients, OMand Mean Digestible Nutrient Intake/Unit

Metabolic Size

A B C 0

Dry matter intake
378.26(g/day) 402..31 354.30 259.30 **

Dry matte6 jn1ak~ 50.28 54.94 57.24 50.62 NS(g/day/W . 3 kg)
Digestible dry
matter intake

(g/day) 2-53.22 237.33 215.44 153.39 **
Digestible dry
matter intake(g/day/HO.734kg) 32.67 34.47 34.80 29.93 *

Digestible organic
matter intake

(g/day) Z12.68 193.66 180.83 129.67 **
Digestible organic
matter i8t9~~ 27.42 28.13 29.20(g/day/W' kg) 25.30 *

Digestible crude
protein intake
(g/day) Z9.26 29.77 42.17 40.76 **

Digestible crude
protein intake
(g/day/WO.734kg) 3.77 4.32 6.79 7.92 **

Metabolizable energy
intake (kcai/day) 904.36 852.57 790.91 570.01 **

Metabolizable energy
intake
(kcal/day/WO.734kg) 116.62 123.81 126.24 111.11 *

NS = Not significant
* = Significant at 5% level

** = Significant at 1% level.
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of the nutrient. These are presented in Tables 5.10 and 5.11 for
the mixed diet, concentrate supplement and basal diet respectively.
Figures for digestible ether extract were multiplied by the factor
2.25. Table 5.12 shows the mean daily intake of digestible nutrients
and dry matter and mean daily digestible nutrient intake per unit
metabolic size.

Dry matter intake per day expressed per unit metabolic size
shows a trend which differs from the da-lly intake. The highest mean
was 57.24g DM/day/WO.73kg was obtained in treatment C followed by
B, D and A with 54.94, 50.62 and 50.28 g/day/wO.73kg respectively in
that ord~r. Daily intake decreased progressively from treatment A
to D. The differences were not significant.

The mean daily consumption of digestible dry matter, digestible
organic matter, digestible nitrogen-free extract, total digestible
nutrient and metabolizable nutrient from the concentrate supplement
and basal diet, (Table 5.1l) and the total (Table 5.10) all decreased
progressively from treatment A to D. Digestible ether extract, crude.
fibre and crude protein consumption did not follow any particular
trend. The differences in all cases are highly significant (~0.01).

Comparison of daily nutrient intake and intake per unit
metabolic size (Table 5.12) showed a variation in the trends. When
the digestible dry matter intake which decreased from A to 0 was
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Table 5.13 Regression Eguations for Animals 3-6 months of ~

X Regression Correlation Std"Erro~ Difference
Equation Coefficient gfe~~e~~~-

Daily DOM intake/kg WO.734kg Daily vJeight y = 24.61 + 0.0508x +0.683 +0.00917 **
Gains

Daily DCP inta~e/kg WO.734kg Daily Weight Y = 9.0l95-0.0559x -0.942 +0.0003 **
Gains

Daily DDM intake/kg WO.734kg Daily \~eight Y = 29.0234+0.0686x +0.701 +0.0131 **
Gains

Daily ME int~ke/kg WO.734kg Daily Weight Y = 107.097+0.215x +0.696 +0.173 **
q
\.D Gains....-

Daily OM intake/kg WO.734kg Daily Weight Y = 48.104+0.0987x +0.702 +0.0350 **
Gains

Shoulder percentage Slaughter
Weight Y = 36.780-0.382x -0.755 +0.302 **

Leg percentage Slaughter
Height Y = 39,611-0.480x -0.713 +0.330 **

Flesh percentage Slaughter
vJeight Y = 62.569+0.888x +0.872 +1.599 **

** = Statistically significant at 1% level.
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expressed as intake per metabolic size intake/WO.73kg the highest
intake was 34.8g OOM/day/WO.73kg from treatment C, followed by 34.47,
32.67 and 29.93g DDM/day/WO.73kg for treatments B, A and 0
respectively.

Digestible organic matter and metabolizable energy intake
per unit metabolic size also followed this trend. Mean
digestible crude protein intake which was highest in treatment C
with 42.2 g/day followed by treatments D, B and A with 40.8 gjday
and 29.3 g/day respectively increased progressively from treatment
A to D when expressed as intake per unit metabolic size with means
of 3.8, 4.3, 6.8 and 7.99 DCP/day/WO.73kg for treatments A, B, C'
and 0 respectively.

5.7 Estimates of req~irements for maintenance and production
There was a highly significant (P~O.Ol) positive corre-

lation between dry matter intake (g/day/WO.73kg) and live-weight
gains (g/day), with correlation coefficient (r) of 0.702 ~ 0.035
(Table 5.13). The dry matter value at the point of zero live-
weight gain gives the maintenance requirement and is 48.104g
DM/day/WO.73kg) (Fig.5.1). The cost of 1 kg live weight gain is
thus 98.7g OM/day.

The regression equation showing the relationship between
digestible dry matter intake (Y) and live-weight gain (X) =
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y = 29.0234 + 0.0686x. The correlation coefficient (r) value of
0.701~0.013 is significant (P<:O.Ol).
Therefore the maintenance requirement is 29.02g DDM/day/WO.73kg
and 68.6g ODM/day will be needed for 1 kg live-weight gain.

The regression of daily digestible organic matter intake
(g/day/WO.73k9) on daily weight gains (g/day) is illustrated in

~ Fig.5.3 and the regression equation Y = 24.61 +0.0508x is shown
in Table 5.13. There was a significant correlation (P 0.01)
with r = 0.683 + 0.0092. The intercept of the line of fit on the
Y axis (Fig 5.3) shows the estimated OOM intake when the animals
hypothetically had a zero live-weight gain and this is 24.61g
DOM/day/WO.73kg which is the maintenance estimate in terms
of digestible organic matter. The index of the digestible organic
matter cost of 1 kg lfve-vJeight increase is 50.8g DaM/day

Digestible crude protein intake (g/day/WO.73k9) was negatively
correlated with the daily live-weight gains. The regression equa-
tion is Y = 9.0195 - 0.0559x (Fig.5.5). The correlation coefficient
r =-0.942 + 0.003 and it is significant (P.<D.Ol). The relation-
ship is illustrated in Fig. 5.5. The figure shows that the maintenance
requirement is 9.02g DCP/day/WO.73kg and this is supposed to decrease
by 55.9g/day for 1 kg increase in live-weight.
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:5~8'Growth Measurements
Table 5.14 indicates the mean daily weight gains and mean total

inc~ease in height at the withers, body length and heart girth.
'The.best mean daily weight gains'of:97~74g. wascfrom:group

'Aand'there is a progressive 'decrease from this-to-7l.79'g/day; 45:71
"g/day,'2l:67 g/dayfor'treatments-B, C'andO respectively. -The
(differences were highly:significant'statistically fP(O.Ol).

~The pattern of increase in height at the withers, body
.Ienqth and heart girth is also similar .to the .above tr-end,
:Increase in height was 6.3 cm, 5:2_cm, 3.6'cm and_2.2 cm~through-
,out the 12 weeks for groups A, B, C and 0 respectiv~ly. -The
:differences are highly significant (Pc(0.01). "Groups A and Bare
~significant1y higher than groups ,C and:O.

tengthincreases were 4.8'cm, 4:6 "cm,"3.8:cm'and 2:9 cm
~for~groups A,~B, C:and D respectively. Variations in length
'increases were highly significant (P(0.01), A'and B being 'signifi-
~cantly higherthanC and D-and also C:signfficantly higher than -D.

'The range of heart girth increases was from 2.3 cmin D
:to~5:7cmin A withB and C gaining a mean 'of 4:7 ,cm:and 3:9 ~m
respectively. Variations in energy levels have a highlysignifi-

.cant (P t.. 0.01) effect on heart girth increase.
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Table 5.14 Mean Daily Weight Gains (g) and Mean Total
Gains in Height at the Withers, Body
Length and Heart Girth

Weight Body
Gains Height Length Heart

('1) (em) (em) Girth em)

97.74 6.3 4.8 5.7
A + + + +- - - -

0.0394 0.482 0.0304 0.347
71.79 5.0 4.6 4.7

B + + + +- - - -

0.455 0.774 0.0295 0.347
45.71 3.60 3.75 3.92

C + + + +- - - -
1.587 0.235 0~0233 0.0208
21.67 2.15 2.92 2.25

D + + + +- - - -
3.463 0.0187 0.0355 0.0196

d ** 'i(* . ** **( j

\'.
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Table 5.15 Mean percentage of joints, fat,f1esh 'and bone
expressed as percenta~f cold carcass weight

Treatment A Treatment B Treatment C Treatment 0

Slaughter
weight (kg) 15.98 13.89 11. 66 .9.23

Col d carcass
weight (kg) 7.01 :5 :678 4.222 :3 ~178 NS

Dressing 43.766 41 .-362 :35.,917 :34.33 **
percentage + . oJ- -+ ,+

D.478 :0..7:39 2:0Q6 'L789

Sets '10..692 -12.568 '12.003 '11 .643 NS
-+ .+ ,+ .+

D..:3'34 .0..T34 0.4T6 .0.339

Shaul ders 32 ..322 3Q.:976 :31 ~505 :33. 157

+ ,+ .+ .+ 'NS

n:374 -0.436 '0.-408 0;750

Ends :9.'59 10.94 10.048 .9.998
-+ .+ ,+ ,+ NS,-

n.D31 '0.454 0:339 '0.402

Loin '''4,'36 T3.628 '12.23 '11.385 '*
-+ .+ 'oJ- ,+

n.425 :0_225 'a :615 0:556

Leq :3'3.658 -32.088 -34:705 :33:728 NS
-+ + + +

0..619 '0.213 0.418 1.265

fat 1 ..:319 :0.:842
-+ -+

0.078 0.065

Flesh 77.248 74.338 73.36 70.472 '*
+ ,+ .+ +

0.563 0.441 0.745 1.190
<

Bone 22.752 25.662 26.64 29.528 **
+ + + +

0'-563 0.491 0.'T45 1.263
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Table 5.15 (Contd.)

NS = Not significant
* = Significant at 5% level
** = Significant at 1% level.

\
\
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5.9 Carcass Analysis
Table 5.15 shows the mean slaughter weight, cold carcass

weight, dressing percentage and percentage joints, fat, flesh and
bone expressed as percentage of cold carca~s weight. Mean
51auqhter we; ghts ranged from 9.2.3 kg in treatment 0 to 15.98 kg

'j n treatment A.

Mean cold carcass was highest in treatment. A with 7. O'I kq,

Treatments B, C and 0 had mean cold carcass weights of 5.68 kg,

4.22 kg, and 3 18 kg respectively.
The dressing out percentages follow the same trend as the

mean slaughter weight and the cold carcass weight. The highest
mean of 43.77% was obtained in treatment A while B, C and D
had means of 41.36%,35.92% and 34.33%. The differences ItJere

highiy significant (P<:'O.Ol) wi th A and 8 significantly higher
than C and D. There are no significant differences either between

A and B or C'and D.
Shoul der percentage ranged from 30.98% in B through 31.5B~

in C to 32.32% and 33.16% in A and 0 respectively. The differences
were statistically non-sign'fficant.

The leg percentages are 32.09%, 33.65%, 33.73% and 34.71%
for groups B, A, 0 and C respectively. The mean leg percentages
were higher than the mean shoulder percentages in all the groups.
The differences in the mean leg percentages show no statistical
s·jgnificance.
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The percentage loin which decreased progressively from A
to B, C and 0 (14.36%, 13.63%, 12.23% and 11.39% respectively)
exhibited a variation which was statistically significant (P(0.05).

Mean percentage sets was highest in treatment B with
12.57% and lowest in treatment A with 10.69%. Treatments C and
D had means of 12.0% and 11.64% respectively.

The trend of the Ends was similar to the Sets. Treatments
B, C, D and A had mean Ends percentages of 10.94%, 10.05%, 10.0%
and 9.59% respectively. The differences between the mean
percentages of the Sets as well as the Ends were not statistically
significant.

The percentage flesh was least in group D increased progres-
sively to A. The mean values were 77.25%, 74.34%, 73.36% and
70.47% for treatments A, B, C and D r~spectively. The differences
were statistically siynificant (P(O.05). A was statistically
higher than B, C and D while Band C were significantly higher than
D. There were no significant differences between Band C. Since
the bone percentage is 100 - flesh %. The reverse of the flesh
percentage is the case with bone percentage which increased progres-
sively from A to D. The mean values were 22.75%, 25.66%, 26.64%
and 29.53% for groups A, B, C and D respectively. The variations
were highly significant (p< 0.01).
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Fat percerrtaqes were very low. Only groups A and B had
three animals each which have deposited fat. The mean values are
1~32% and 0.84% for groups A and B respectively.

5.10 Other Parts
The other parts of the animals considered are the skin, p1uck~

gut offals, feet and head. The weights are expressed as percentages
of slaughter weights of the animals.

The mean percentages for the skin, pluck, and head follow
the same pattern. Least figures were obtained from group A
and there is a progressive increase to B~ C and D.

Skin percentages were 10.55%, 11.06%, 11.33% and 12.10% for
groups A, B, C and 0 respectively.

Groups A, S, C and D had mean pluck percentages of 4.48%,
5.02%~ 5.3B% and 5.62% respectively while the corresponding head
percentages were 8.52%, 8.98%, 9.20% and 9.62%.

The feet showed lower means for A and B, (3.31% and 3.81%
respectively) than for C and D, (4.48% and 4.21% respectively)
but in this case D mean percentage was lower than C. The highest
mean percentage of the gut offals was obtained from treatment C
with 11.26% and the lowest was from B having 10.75%. Treatments A
and D had mean values of 10.9% and 10.99% respectively. The
differences in the values obtained for each of the parts considered
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(skin, pluck, gut offals, feet and head) were statistically non-
significant.

5.11 Estimates of Shoulder, Leg and Flesh percentages
Table 5.l6.shows the regression equations of shoulder, leg

and flesh percentages (Y) on the live-weight at sla~ghter (X).
There is a negative correlation between the shoulder percen-

tage and the slaughter weight. Regression equation is Y = 36.78 -
0.382x with a correlation coefficient (r) of -0.755+0.302 which is
highly significant (P<.O.Ol) (Fig.5.6).

Leg percentage (Y) is also negatively correlated with the
slaughter weight (X) with a regression equation of Y = 39.611 - O.48x
and a correlation coefficient of -0.713+0.33 highly statistically
significant (P~O.Ol) (Fig.5.7).

Flesh percentage (Y) has a positive correlation with slaughter
weight (X). The equation obtained was

Y = 62.569 + 0.888x; r = 0.872 ~ 1.599.
The c~rrelation coefficient is significant (P<O.Ol) and the rela-
tionship is illustrated in Fig. 5.8}.

5.12 Economic Consideration
Table 5.17 shows the average daily weight gains, feed

consumption, efficiency of feed utilization and production cost
data. From the average daily feed intake and the current price
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of ingredients at the time of the .experiment, the average cost
of daily feed consumed was calculated and this is highest for group
A with NO.05 per day. There is a progressive decrease in value to
B, C and 0 with NO.048, NO.03 and MO.02 respectively.

The feed/gain ratio increased from 2.62 in A to 3.37, 5.19 and
7,16 for B, C and 0 respectively.

Weight gains in g/100g TON consumed was highest in A with
39.26g and decreased to 29.97g, 20.84g and 13.53g for B, C and D
respectively.

The cost of production of 1 kg live-weight increased from A
through B, C, 0 and were NO.54, NO.71 and NO.78 for groups A, S,
C and 0 respectively.
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Table 5.16 Mean Percentage of Pluck, Offals, Skin. Head
and Feet expressed as Percentage of Live-weight
at Slaughter

Slaughter Skin Pluck Gut Feet Head
wt. (kg) Offa1s

15.98 10.55 4.48 10.90 3.31 8.518

A + + + + +
-- - -

0.293 0.438 0.026 0.369 0.191

13.89 11 .056 5.02 10.75 3.81 8.978

B + + + + +
- - - - -

0.141 0.204 0.176 0.393 0.379

11.66 11.33 5.38 11 .26 4.48 9.20

C + + + + +
- - - - -

1.329 0.713 0.344 0.641 1.283

9.23 12.10 5.62 10.99 4.21 9.62

D + + + + +
- - - -

0.653 0.333 0.474 0.647 0.744

\NS NS NS NS NS

NS = Not significant. \
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Table 5.17 Average Daily Weight'Gains, Feed Consumption,
Efficiency of Feed Utilization and Production
Cost Data

Characteristics A B C D

Average Daily Gains (9) 99.74 71.79 45.71 21.67

Average Daily OM Feed
Consumption (9) 261.2 241.9 237.1 155.1

Average Cost of Daily
Feed Consumed (M) 0.05 0.048 0.03 0.02

Feed/Gain Ratio 2.61 2.37 5.19 7.16

Weight Gains/100g TON
Consumed 39.3 29.97 20.84 13.53

Cost/kg of Live-weight
Gain (N) 0.54 0.67 0.71 0.78

\
\.
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DISCUSSION

The results obtained in this experiment illustrate some of
the factors which influence the intake of nutrients in the early
weaned lambs and the significance of the quantity of nutrient
intake to the growth rate of the lambs at this very critical period
of their growth.

Tne results have also helped in indicating various parameters
for the measurement of requirements for maintenance and growth
of lambs of the Nigerian Dwarf $heep.

Inlall the groups there were no statistical differences in
the apparent digestibility coefficients of the nutrients in both
the mixed diet and the concentrate supplements. This shows that
the variation in the chemical composition of the basal diet and
the concentrate supplement had no significant effect on the
digestibilities of the rations.

It is to be noted that the digestibility trials for groups
A and B, and C and D were carried out at different times of year
and hence the observed differences in the chemical composition of the
grass offered (Table 5.3). Trials C and D were just before the
rains and grass had to be cut along the stream. Thus the dry
matter and crude fibre percentages of the grass offered were slightly
higher than percentages obtained for the grass fed to groups A and
B, a phase which was on by the time the rains had started.
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The digestibility of the basal diet could therefore be said
to be slightly affected by the season and probably it also affected
the chemical composition of the fodder given.

This is in agreement with the work by Greenhalgh, Corbett
and McDonald (1960J, who found differences in the digestibility
of fodder in spring and summer. Minson and Raymond, (1958) had
earlier also observed a decline in digestibility with time in
spring. These general observation agrees with reports by many
other earlier workers (Jarl and Helleday,-195l; Homb , in Scandinavia
(1953) and Reid, Kennedy, Turk, Slack, Tr+mber-qer' and Murphy, 1959).
In the summer months Greenhalgh, et. ~ obtained a steady decline in
digestibility to the tune of 0.25 units per day. The differences
in digestibility referred to in this experiment could similarly
be ascribed to the seasonal effects on the fodders. Increase in
age of ~odders is accompanied by a corresponding increase
iondry matter and crude fibre and hence a decrease in digestibility.

\ The higher digestibility coefficients obtained for the dry
-matter, organic matter and nitrogen-free extracts in groups A
and B co~ld be attributed to the fact that the crude fibre
percentage of these rations VJere lower than those for \ations C and
D (Table 5.3). Crude fibre percentages were 7.26, 8.62,. 10.02 and

\

\10.40 forrations A, B, C and D respectively.
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One could have expected the very high percentage of crude
protein in rations C and O. 24.86% and 30.33% respectively as
compared with 13.44% and 15.04% for A and B respectively to be an
advantage in the digestibility of these as expressed by ElIto t.t
and Topps (1963) who found a small positive association between the
nitrogen content of feeds and their digesti biT ity. The increased
digestibility obtained as a result of daily intra-ruminal infusion
of urea (Campling et ~, 1962) is also due to the same increase in
Nitrogen which directly increases the crude protein content.

It is however noteworthy that the crude protein content of
all the concentrate mixtures were high enough to enhance easy diges-
tibility of the nutrients. The crude protein content of rations A
and B are quite comparabl~ to rations of 11% to 17% (Andrews and
Orskov, 1970), 12-14% by Ranhotra and Jordan (1966) and 10.0% to
11% used by Bush, Willman and Morrison (1955). It can therefore be
inferred that the rations were quite adequate in crude protein.

It is quite possible that an excessive increase in percentage
crude protein affected the digestibility of the rations C and O.
This is indirectly inferred from the results of Hinds, Mansfield and
Lewis (1964) who nbtained a significant increase in performance of their
experimental animals with increased crude protein from 13% to 16.2%
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Further increase in dietary protein increased performance but not
significantly.

Throughout the experimental period, the animals used in this
experiment were giyen equal amount of the grass basal diet (0.5 kg/day).
Intake was however low at the beginning and this increased steadily
till towards the end of the experiment when daily intake was more or
less stable.

Intake by groups A and B animals increased much more
than those of groups C and D. It is probable that the intake has
been affected by the digestibility of the rations. The basal rations
for A and B were more digestible than the ones for C and D. This
will also affect the rate of passage through the alimentary tract.
This agrees with the reports by Campling and Balch (1961); Campling
(1966) who postul ated that the voluntary intake of oat straw was
limited by the slow rate of disappearance of the material from the
digestive tract. This observation seems contrary to the results of
Blaxte\, Wainman and Wilson (1961) who~suggested that sheep stopped
eating roughage, whatever the kind, when their digestive tracts
contained-regularetiamount of dry matter.

The nitrogen-free extract digestibility of rations A and B were
higher than C and D. One may infer therefore that the energy of these
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'rations was more digestible and 'this might 'also explain why intake

'from'these rations was higher than from rattons Cand D. This is

:supported by the results of Blaxter, Wainma~and WilsDn (1.961) who

'reported .that voluhtary intake is :directly r.elatedt.othe digestibility

of energy but ; sin contrast to reports by Ell iott and Topps (1963)

who:claim~that voluntary intake is closely related to the nitrogen

:content of ' the food although they 'a'gree 'that; ntake a l so apparent ly

+ncr-easeo wi.th di gesti bili ty 'of the food. :Sinee Ell iott :and Topps

'(1:963) worked with 'protei n 'de'ffi c ient 'feeds" .the Nitrogen 'content of

.the .di gesta may be the major 1imit; ng factor. Th is had ear'l ier been
I

.pos tul ated by .Smith . (1962), who obtained 40- 60% increase in the

intake of mature Hyperrheniaforage by 'cattle when additional protein

:or urea was 'given. ,
"The 'higher ·the nutr+t ive val ue of 'a. ~di:et 'offered to ruminants

cas 'judged by 'its 'apparent di gesti bi 1+ty the more ufh ts consumed

seach day (Blaxter, 'r950~1; Balch 'and Camplinq , 1962). this shows

.that vthe ruminants do not re'gulate their feed intake according to

:theirenergy needs but in proportion to t~e distention which the feed

Eexerts in'their rettculo-rumen.

It is also observed in this trial that the animals on the

high energy level concentrate mixtures had a significantly higher

(P < 0.01) intake of dry matter than their counterparts on the low
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energy level rations. This agrees with reports by Blaxter, Wainman
and Wilson (1961) that the amount of feed taken by ruminants measured
in terms of dry matter increases wi th increasing concentration of.
the ration in terms of Net energy per kg dry matter.

The higher consumption of the higher quality and more
digestible rations A and B might also be due to an attempt to kee~
the amount of non-digestible organic matter or "balIast " constant.
This agrees with suggestion by Lehmann (1941) in favour of the
constancy of ba11ast but he was criti cized by Crasemann 0955) who
stated that satiety of nutrients and energy is more important as a
factor of feed intake than ballast. Crasemannls contention might be

I

wrong however since it was bas~ on work with pigs and rabbits rather
than with ruminants.

Crampton (1957) affirmed the general truth that the quality of
the food offered ruminants is an important factor governing voluntary
consumption. Blaxter, Graham and Wainman (1956) had suggested that
the mechanism concerned is purely one of digestive tract distension
which again is a function of digestibility of the food.

Conrad, Pratt and HiGbs (1964) postulated that physical and
physiological factors regulating feed intake, change in importance
with increasing digestibility. At low digestibility they are: body
weight, reflecting rouqhaqe capacity; undigested residue per unit
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body weight per day, reflecting rat~ of passage and dry matter digesti-
bility. At higher digestibilities, they claimed that intake appeared
to be dependent on metabolic size, productior. and digestibility.
Results of this experiment seem to support this view in that the
differences between the mean dry matter intake when expressed per
unit metabolic size was not significant (cf. DM intake/g/day, highly
significant - P<O.Ol).

Since the rations were highly digestible (Tables - 5.7) the
•intake of digestible nutrient in g/day was dependent on the dry matter

.intake in g/day. Intake of digestible dry matter, digestible organic
••

matter and metabolizable energy followed the same trend as the dry
matter intake and the differences in the mean values were highly
significant (P<O.Ol). When these values were expressed in g/day/vlO.73kg
the differences were only significant (P.:(O,05). This still shows
that intake of nutrients at high digestibility is dependent on
metabolic body size.

The mean dry matter intake in g/dayjwO.73kg (Table 5.12) is
lower than figures obtained for the exotic breeds in literature
(Pa1sson and Verges, 1952; Elliott and Topps (1963b) and other workers).

\

Since the tropical animals need less nutrients for mainte\ance it

is to be expected that intake of dry matter by tropical animals will,
be lower than the intake for the temperate breeds of animals under
temperate conditions.
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Digestible crude protein intake seems to decrease as the
energy level of the ration increases. This is due to the fact that
all animals were expected to consume equal amount of digestible
crude protein per day. The daily ration offered each animal contains
the standard amount of digestible crude protein recommended by the
U.K., ARC (l965). To vary the energy level, the amount of feeds
offered had to vary as shown in Table 5.2, the animals were offered
439g, 347g~ 270.6g and 175g feed in groups A, B, C and D respectively.
Since these various amounts of feeds contain same amount of digestible
crude protein, it means that the dilution of this nutrient in the
feeds increases with increasing levels of energy. This also accounts
for the decreased amount consumed by animals on the higher energy,
level rations.

Maintenance requirements have been expressed in terms of
feeding standards such as Total digestible nutrients, metabolizable
energy, digestible energy and digestible organic matter. Attempts
have been made to show the relationships between some of these
standards and the daily weight gains of the animals (Fig. 5.1 - Fig.5.51·

An estimate ~f 48.104 9 DM/day/WO.73kg was obtained for
maintenance by a regression of dry matter intake on changes in live-
welght. This value and the value of 29.023 g DDM/day/WO.73kg appear
to be veryIow compared wi th estimates in the literature. However ,
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from a regression of metabolizable energy intake per unit metabolic
5ize on changes in live-weight is comparable to 100 kcal ME/day/WO.73kg

-for non lactating cows (Mae, TY1~rel1 and Flat, 1970) using energy
~alance trials, slightly lower than 112 kcal ME/day/wO.73kg for sheep
-neconmended by ARC, 1965 and NRC (1968).

~he estimate of 107.1 kcal ME/day/WO.73kg obtained for maintenance

Recently, Akinsoyinu (1974) recommended an estimated value
.of"99.8 kcal t~E/daY/WO.73kg for the Nigerian D~'Iarfgoat. The
fasting energy metabolism of a 20 kg sheep is 65 k~al/daY/WO.73kg,
(Brody, 1945) and if this value is multiplied by 1.36 (Blaxter , 1962)

"a requirement of 83.4 kcal/day/WO.73kg is obtained for maintenance.
"These values are not very much lower than the 107 .09 kcal/daY/~JO.731<g,
ubtained in this studies. Results of Rat trary, Garrett, Hainman
~nd East (1974) suggest that the maintenance requirement for cattle
~and "sheep ranged from 88 - 124 kcal ME/daY/WO.73kg. From the low
$tandard error of the mean values obtained in this trial it is
'reasonable to suggest that 107 kcal ~~E/da-,i/WO.73kgis requf red
"by 20 kg Ni.qer ian Dwarf sheep for maintenance.

"The ~nergy cost of live-weight gain obtained in this
\

5tudies is 215 kcal ME/day/WO.73kg per kg. This means that a sheep
uf 20 kg live-weight would require 1938.01 kcal/ME/day above
maintenance level in order to put on 1 kg live-weight. The energy
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estimate from the formula of Garrett, Meyer and Lofgreen (1959)

which is the basis of ARC (1965) and NRC (1968) recommendations for
a 20 ~g sheep is 6333.6 kcal ME/day/kg live-weight gain. The valJe
recommended by Akinsoyinu (1974·) is 5142.6 kcal ME. The value
obtained in the present studies is 30.6% of ARC (1965) value and
37.69% of Akinsoyinu's (1974) recommendations. Both studies were
carried out with adult animals. Younger and fast grawing animals
as used in the present studies would need less energy to put up
1 kg live-weight gain. The low daily feed intake of the animals

~n this studies as compared to figures of intake of the two earlier
workers probably also accounts for the low value obtained.

Estimate obtained in these studies for the digestible
organic matter requirement for maintenance is 24.61 g/day/wO.74kg.
This value is quite comp~rable to 22.66 g/day/WO.73kg (0.82 lb
DO~1/day for a 100 lb penned sheep) recommended by Langlands et ~l,1963.
It is however lower than 28.19 g/DOM/day/wO.73kg (1.02 lb DOM/day
for a 100 lb grazing sheep) put forward by Langlands et al, (1963).
These seem to point out that the maintenance requirement of the
Nigerian Dwarf sheep between 3 - 6 months of age is slightly higher
than that of the exotic breed used by Langlands et~, (1963)

Opinions are divided as to the effect of frequency of feeding
on feed intake. This study has however shown that increasing the
frequencies of feeding two to three times increases intake but not
significantly.
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This result agrees with the results of Freer and Campling
(1962); Dawson and Kopland (1949); Campbelland Merilan (1961) who
all observed increased feed intake in cows when frequency of feeding
was increased. It is however contradictory to the results of
Blaxter, Wainman and Wilson (1961) who found that intake of hay was
not influenced by increased frequency of feeding.

Following the work by Brobeck, (1955) who stated that the
average intake depends on how often the animals eat, it could be
suggested that an increase in the frequency of feeding from 2 times,
daily to 3 tilnes a day will be a means of increasing the voluntary
feed intake of the Nigerian Dwarf sheep.

It is possible however that the effect of increasing frequency
of feeding may not show much in a breed of animals that normally
consume high amount of feeds such as the exotic.breeds. The Nigerian
Dwarf breed has been shown to be defficient in feed consumption and
therefore increasing the frequency of feeding may be a way of
increasing their feed intake.

Results of this study show that growth of the animals, as
depicted by measurements of daily weight gains, height at the
withers, body length and heart girth, is affected by variations in
energy levels of the diets. The high energy level rations appear to
have offer~d better performance. This seems to agree with results
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of many workers with the exotic breeds of sheep (PalsSon and Verges,

1939, 1952). 1tis however centr-ad ictcry to the .resul ts of Awoyemi,

(l962) and Adebambo, (1970) both of wh; ch support a 1ower energy 1eve 1

d iet , It is quite probebl e however that., fer younger, fast growing

- -animals a'S' used ,in:-this. work, frl-gher energy .Ieval ':r:atiuns nay

favour faster weight gains.' Awoyemi \1962) and Ad~bambo -(1970) used

-older -animals.

Tbemean daily weight gains of 97.74g,. 71.79§~ 45.71g for

, groups A, Band C respectively are higher than 31g.obtained for the

same breed between 3 and 24 months of age {Dettmers and Loosli. 1974}.

Since the rate of weight gains decrease with increasing age, it is
I

probable tha.t highel~ figures'could .havabeerr obttrtned by Dettmers and

Loosli (1974) tf they only consid.ered thewe iqht gains of animals

..between the. a.ge ..of 3,and ".0. months, :' This 'increased ,value'. is however

.'.not li1<~ly to 'be a's ·tlighas tile group B value of ']1.;79g/day, It is

qut tec l ear that the antmal s .in this .study· per-formed :.b.e:tter than

the animals considered by these earlier workers. Improvement might

·.be due 'to brrth ·t~ :sy~-:tEm'Dfmann:g-emerrt':anci 'the Dt£l:"'-fe:iL· '}'-'1D'ilethe

system in this study-was intensive the results of Det tmers=and Loosli

(1974) were obta tned from -dataco 11ected fr-om rthe-arrimal S 'onder a

'semi -i ntensive ,geflera.lmanagement system on. the -Un5vers ity of 'Ibadan,

Teaching and Research Farm.
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The effect of the rations is"borne out by the weight gains of
the animals which decrease as the levels of energy decreased. The
group D animals on the 50% energy level ration gained a mean of
21.67 g/day while none of the group E animals on zero supplementation
survived.

The initial live weights of the animals was lower than the
suggested range for thei r age but by the end of the experiment the
mean live-weight of 15.98 kg, 13.89 kg, 11.66 kg and 9.23 kg

•for groups A, B, C and D were well in the range of 10.9 - 14.07 kg.
• (24 - 31 1b), given for the breed by Okereke (1958).

The better animal performance in groups A and B in this
study would probably be due to the increased feed intake due to the
incr~ased frequency of feeding in agreement with Gordon and Tribe
(1952)",Thomas and r~ocfirie(1956), Hardison ~~,(1957), Mohrman
et ~ (1959), Rakes et ~ (1961) and Dawson and Kopland (1949) or to
the intensive method of management adopted and the high level of
energy in the rations.

Considering the carcass grades according to y"ield as given by
Ensminger (1969) the animals in this trial will be reg\'ded as
culls. Using the same standard) Dettmers and Loosli (1974) graded
the adult Nigerian Dwarf sheep as "barely uti! ity". It is however to\.

be noted that the animals in this trial had not reached the accepted
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slaughter age and weight. Dressing percentage (yield %) increases
with increasing size and age of the animal provided the animal is
still growing. One can thus regard the yield of 41.4% and 43.8% for
groups A and B respectively as being quit~ good at 6 months of age.
These values are hiqher than 38% obta ined for the breed by Okereke
(1958), they are comparable to values of 42.5% (Dettmers and Loosli,
1974) and 43.48% - 49.17% (Adebambo, 1970) although animals used in
all these cases are quite older and bigger than animals slaughtered
in this trial.

The concept of meat quality varies from country to country
and even from market to market in the same country. There is no
set standards for meat quality in Nigeria. Sheep is usually
obtained live and the price paid depends on physical and visual
assessment of the animal. It is only in the Super markets and
Government stations that mutton is sold by weight. In the local
markets the price to be paid depends on the amount of flesh in the
required part of the animal. This is by visual assessment. It is.
therefore essential to have a high percentage of flesh in the carcass.

The leg and shoulder account for the greater part of the
carcass. In the present experiment both joints account for
between 65% and 67% of the carcass. These are relatively later
maturing parts and are expected to increase in size up to maturity.
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Since these are the fleshy parts, the price that can be obtained
for a carcass could be said to depend on the percentage of these
two parts. From the regression of shoulder and leg percentages
on the live-weig~t of the-animals, it may be possible to obtain an
estimate of the weights of these joints at various live weights of
the dwarf sheep. Percentage leg and shoulder are both negatively
correlated with live-weight. Figures obtained show that shoulder
percentage at birth is about 36.8% and decreases by 0.382% for every

,
kg. increase in live weight (Fig.5.6). The leg percentage at birth
is estimated to be about 39.6% ~ecreasing by 0.48% for every kg
increase,in live-weight (Fig.5.?).

Another important factor contributing to quality in meat
is the proportional development of fat, muscle and bone in the
carcass. For the Nigerian Dwarf sheep, fat is not very important
since the animals lay down little or no subcutaneous fat and very
little abdominal and peivic fat especially at the age considered.
ihe percentage flesh is therefore the most important factor.
This is significantly (P<:0.05) affected by the level of nutrition.
The higher the energy level in the feed the higher the percentage
flesh. Since market prices in Nigeria appear to depend on a visual
assessment of the flesh percentage this could also be used as an
index for estimating price obtainable from a sheep of known live
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weight. Flesh percentage has been shown to be highly possitively
correlated to the live weight with a correlation coefficient of
0.872+1.599. Thus at birth the flesh percent is estimated as 62.57%
increasing by 0.89% for every kg increase in live weight (Fig.5.B) ..

In Nigeria, the pluck, offals, skin, head and feet are
consumed along with the other parts of the animals. The hair is
normally removed with hot water or by burning before jointing. The
mos1ems however remove the skin which they -dry·and.later use for
prayers. Considerations therefore, has to be given to these parts.
Variations in energy levels have no significant effect on the
percentages of thes~ parts (Table 5.14). The table also shows the
mean slaughter weights of the animals. Since all these parts are
relatively early maturing (with the exception of the skin which
increased with the size of the animals) there is little increase
in the size and weights due to age. Therefore level of nutrition
has little effect on the weight of these parts. The trend observed
in the percentages in which there is a progressive decrease with
increasing level of energy is due to the higher slaughter weights
of the animals on the higher planes of nutrition. Sinc~these
animals are bigger, it appears as if the percentages of these parts
expressed as percentages of the slaughter weights is smaller than
those on the lower energy levels.
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Considering the profitability of feeding the various energy
levels for growth, Table 5.16 clearly shows that the average cost
of daily feed consumed decreases with a decrease in energy levels
because a high energy level ration is mor~ expensive to compound
due to the high cost of grains. When the efficiency of feed
utilization, and cost/kg of live weight gain are considered, it
appears that high energy level rations are best used for the Nigerian
Dwarf sheep between weani ng and 6 months of age since those on the
high energy level rations have the lowest feed/gain ratio, the
highest weight gains in 9/1009 TON consumed and the least cost/kg
live weight gain.
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CHAPTER SIX

,

Studies on the Effect of Age of Animals on
the Production Performance af the Nigerian
Dwarf Sheep fed Rations of varying Energy
Levels.
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6. 1 Introduction

The young lamb, like the adult ruminant has a stomach of
four parts at birth, although only the abomasum or fourth stomach,
with a capacity about twice that of the other compartments, is
functional. The reticulorumen, although non-functional, has an
inherent capacity of about 2 litres at birth. (Warner, Flatt and
Loosli, 1956). In the adult ruminant however, only 8% of the total
capacity is in the abomasum whereas the volume of the rumen
represents 80% of the total.

It therefore follows that digestion in the lamb which is
essentially enzymatic at birth, as in the monogastrics, changes
to the fully ruainant type as the rumen develops.

The age at which the transition to the ruminant method of
digestion occurs is largely dependent on the diet a calf receives.
The longer the period that a calf has acces to plentiful supply
of milk the less will be its urge to supplement its diets with
other foods and hence the slower the rumen development.

Opinions are divided as to the age at which lambs change to
the ruminant system of digestion. Many workers have suggested
that digestion in the lamb at 3 weeks is comparable to that of
the adult ruminant. (Bryant, Small, Bonma and Robinson 1958;
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_Lengemann and Allen, 1959; Maller an~ Walker, 1961). Rumination has
been observed in lambs of 2 weeks of age, (Schalk and Amadon, 1928;
Swanson and Harris, 1958), since the young lamb will normally start
to eat solid food when it is between 2 and 3 weeks of age (Walker
and Walker, 1961). It is however generally accepted that maximum,
development of the rumen is attained at maturity and hence ~laximum
ruminant activities are attained at this stage.

It therefore follows that, at least, till the matured stage
is attained, digestion could be affected by the age of the animal.
The age of the animal cbuld also affect the feed intake and the
efficiency of feed utilization which cOIJld be measured from the
productivity of the animal.

The rate of growth and development of the animal depends on
the amount of nutrient available to supply the needs of the body
-for maintenance and production. This also depends on the digesti-
bility capacity of the animal, w~d ch , before maturity may depend on
the age of the animal and the stage of development of the digestive
tract.

It is definite that the performance of the lamb depends on and
is influenced by its age and stage of development. \

This chapter is therefore intended to show to what ex~ent
\

the production performance of the Nigerian Dwarf sheep has been
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, affected by the age of the animals when fed rations of vary; ng
energy levels.

6.2 Results
6.2.1 Source of data.,

The data collected on animals in experiments I and II reported
in Chapters 4 and 5 respectively were used in this exercise.

The parameters considered include:
i) The digestibility coefficients of the nutrients in both

the basal diet and concentrate supplements
ii) Daily feed and nutrient intake

1ii) Growth studies in which the weight gain per day and growth
curves for ages 3 - 6 months, 6 - 9 months and hence 3 - 9
months were plott-ed

iv) Metabolized energy requirements for maintenance and growth
obtained by the regression of the pooled M.E. intake/day!
WO.734kg on the daily weight gains of all the animals

v} Carcass analysis studies involving the dressing out percen-
tages, the percentage leg, shoulder, flesh ~nd fat in the
carcasses.

6.2.2 Digestibility Studies
Comparison of the mean values of the apparent digestibility

coefficients of the nutrients in the diets fed to animals in
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Chapter 4 (6 - 9 months of age and Tables 4.5; 4.6 and 4.7 with
_values for Chapter 5 (3 - 6 months of age; Tables 5.5; 5.6 and

5.7) shows that the coefficients obtained for all diets and all
nutrients in Chapter 4 were higher than the corresponding val~es
obtained in Chapter 5. The Tables show that the.effects due to
variations in the type of ration, as shown by the lack of statistical
significance for most of the nutrients in the tables, except for
C.P; C.F. and NFE in Table 4.7, is less marked than the effects on
digestibility due to age. Crude fibre digestibility coefficient
obtained for the basal diet was cibout 68.04% for the older animals
while the Icorresponding values for the younger animals ranged
between 53.11% and 55.13%. Values for the mixed diet and concentrate
supplement in Chapter 4 (Tables 4.5 and 4.7) ranged between
68.33% to 87.45% and 71.28% to 79.46% respectively while the
corresponding values for the younger animals of Chapter 5 were in

-the range of 58.02% to 60.59% and 63.80% to 65.02% for the mixed
diet and concentrate supplements respectively. The pattern for the
other nutrients is similar to this.

6.2.3 Feed and Nutrient Intake
Dry matter intake (g/head) from the grass basal diet., by

a.nimals in Chapter 5 (Table 5.8) on the high energy level rations A
and B (l25%and 100% energy level respectively) is comparable with
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the virtually regular OM intake by anlmal s in all the treatments
in Chapter 4 (Table 4.8). The older anima1s (Chapter 4) consumed
mean dr-y values of 138.17g, i37.49g, 136.81g and 139.34g for
treatments A, B, C and D respectively while the younger animals
ef Chapter 5 had a m~an Dry intake of 141.079 and 136.35g for
treatments A and B respectively and lower means of 117.20g and
104.29g for treatments C and D respectively.

Considerable disparity in intake of DM from the concentrate
supplements exist between the younger animals and the older ones.

~able 4.8 and Table 5.8 respectively). Mean daily intakes/head
in Chapter 5 were 33.97%, 35.72%, 39.25% and 33.79% of the corres-
ponding values in Chapter 4 for treatments A, B, C, and D respectively.

The total DM intake in g/head/day from both basal and concentrate
rations for the younger animals used iriexperiment II was 44.35%,
46.43%, 47.82% and 43.33% of the corresponding values in Treatments
A~ B, C and 0 respectively of the animals in experiment I. Expressing
the values in both experiments as OM intake per unit metabolic size
(Tables 4.9 and 5.10) b~ought them closer and the percentages
increased to 55.82%, 67.49%, 78.96% and 81.91% for treatments A, B,

\C and D respectively.
Intake of digestible nutrients followed the same trend as

expressed above for the OM intake.
c
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6.2.5 Estimate of M.E. Requirement for Maintenance And Growt~
A regression of the pooled M.E. intake (kcal/day/WO.734kg) for

brith experiments. on the pooled daily weight gains gave the equation:

6.2.4 Growth Studies
Although the best mean daily weight gains was obtained in

experiment II (97.74g/day for Treatment A), lower energy levels
gave results inferior to the corresponding values in experiment I.
Thus values obtained in experiment I were 79.64g, 83.81g, 82.21g and
55.71g. (Table 4.10) for treatments A, B, C and D respectively
while the corresponding values in experiment II were 97.74g,
71.79g 45.71g and 2l.67g respectively. The four growth curves

" .
for experiment I are shown in Fig. 6.1 while Fig. 6.2 illustrates

"the growth curves for the various treatments in experiment II.
Fig. 6.3 shows a combined iilustration of the relative qrowth curves
for both experiments. It would appear as if only the animals of
treatment A in experiment II were able to measure up to the
initial weight of "the animals in the corresponding group in experiment I.

y = 134.04 + 0.647x (r = 0.504 + 0.154- \
where Y ... ~1.E. intake per unit metabol ic size
and X Daily vleight gains (g)

\
= \.

The, correlation coeffi ei ent (r) is significant (p 0.05). The
equation indicates that the M.E. requirement for maintenance
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is 134.04 kcal/day/WO.734kg while the energy cost for 1 kg. live-
weight gain is 647 kcal ME/day/wO.734kg. This is equivalent to
6339.95 kcal/day for an animal of 20kg live-weight. The relation-
ship is illustrated in Fig. 6.4.,
6.2.6 Studies of Carcass Evaluation

Results obtained in both experiments (Table 4.13 and
Table 5.13) show that the mean values of dressing percentage for
the animals in experinlent II which was 43.77%,41.36%,35.92%•

and 34.33% for treatments A. B, C and D respectively were lower
• than values for corresponding treatments obtained in experiment I

(52.82%; 49.70%; 60.77% and 52.45% for treatments A, B, C and D
respectively).

The percentage flesh in the carcass was also lower in
experiment II thah in I. The range of flesh percentage was 70.47
to 77.25 for experiment II while it ranged from 80.66% to 82.89%
in experiment l. Fig. 6.5 and Fig. 6.6 present an illustration
of the carcass composition at 9 and 6 months respectively, (at the
end of experiment I and II respectively), in which the percentage
Fat, Bone and Flesh are clearly indicated for each treatment.
The histograms show that fat deposition is more in the older
animals than the younger ones, percentage of bone in the carcass
was higher in the younger animals than in the older ones while
flesh percentage is superior in the older than the younger anilnals.

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



ABC
F!G.6.5 HISTOGRAM

90

80

70

ty 60
Olo

+oJ

C
ty 50
u
~
(j

0..

40

40

20

10

!
xx
xx
xx ~ x xx x ~..
x x 1 x x
x x I x x

% MEAT

% BONE

xx
x x
x x

x x
xx
xx

I X X

xx
xx
xx
X\
xx
xx
xx
xx
xx
xx
xx
xx
xx
xx
xx
x X !

o ABeD ABeD
OF CARCASS COMPOSITION t.T 9 MONTHS

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



80

70

60

.~
, 40

BONE
30

MEAT
T..

,.
"'-'

.,..
j I.L T

TX X

I xx
!
I xxI
!

1
xx

!
I xx

j

I 1 xx
,

\1I xx
t xXI
I 1

J
xx

I xx
I, XX
! XX,
!
t xx.,

xx,
I

I XX
I

11

r xx!I t
l
I

f xx
!

jj xx.:
t 1 " x X
1 \

V

x~.
xx
xx
xx
xx
xx

xx JillFAT I
'----J...._~:.IIii.l._ L_____i....... ...•...•.••..LLl.~ ~: L_--'-_.....L~. . 1)\ x 1__ .

ABCD ABCD ABeD

20

i
i

.J

FIG.6·6 HISTOGRAM OF CARCASS COMPOSITION .AT6 MO IT~

10

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



90 FLESH

80~ f"
I \

70 - rf-jrl
I,
I
!

60 - I
I ,

tII I<:II

g 50 '- ~ III- !c t
<:II I I
u'-
~ 40 - I IIBONE r 1

30 '- '), l I

I
i

20 ~ i
f <rf-I r

FAT
I
\ I

I

1
I

•
I !

., I10-
,, !

I II
i 1

;
!

e~ i ; I,
3 6 9 3 ~ 9 3 6 9b

Age in Months

FIG.6·7 VARIATION IN FAT FLESH AND BONE RATIONS WITH AGE (3-9 Months)

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



- 218 -

The two major joints, shoulder and leg attained higher
percentages in experiment II than in I. Shoulder percentages
were 29.69, 32.56, 29.88 and 32.66 for treatments A, B, C and D
respectively af experiment I while the corresponding values for
same treatments in Experiment II were 32,32,30.98,31.51 and
33.16 respectively. The leg was 29.99%; 30.76%, 31.24% and 30.40%
of the cold carcass in treatments A, B, C and D of experiment I
while it was 33.66%, 32.09%, 34.71% and 33.73% of the cold carcass
in corresponding treatments in experiment II. Sim11ar trends
are observed for the percentages of head, feet and gut offals.

5.2.7 Efficiency of Feed Utilization and Pro~uctiQ~ Cost
A comparison of data presented in Table 4.15 and Table 5.16

indicates that the younger animals used in Chapter 5 were more
efficient and co~t much less in terms of feed. The average
daily feed cost per animal ranged from MO.02 in Group D to MO.05 in
Group A in Chapter 5 while the corresponding range obtained for
the older animals was NO.07 to NO.13 in groups 0 and A respectively.
In both experiments the higher energy level rations cost more
to feed. \

\
The Feed/weight gain ratios obtained for the young animals

were much less than figures obtained for the older ones. Values
were 9.65, 8.08, 6.48, 8.24 for groups A, B, C and D respectively
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in experiment I while the corresponding values in experiment II were
2.62,3.37, 5.19 and 7.158. It is to be noted that while the values
obtained in experiment II were inversely proportional to the energy
levels of the rations, group C had the lowest value in experiment I.

The higher efflciency of the younger animals could be shown
more vividly by a consideration of the weight gains in g/lOOg.
TDN consumed. Figures of 39.26g, 29.97g, 20.84g and 13.53g were
obtained in experiment II in groups A, B, C and D respectively while

,
the respective values for these corresponding treatments in experiment

• r were 12.34g, 14.18g, 15.98g and 13.89g. Animals of the high energy
level performed best in experiment II but animals of treament C
(75% energy level) performed best in experiment I.

Another important factor is the financial cost of live-weight
gain. Cost/kg live-weight gain incre~sed with decreasing energy
levels of the rations in experiment II from about NO.54; NO.67~
NO.71 to HO.78 in Groups A, B, C and D respectively. In experiment I,
group C presented the least cost (Nl.20/kg live wt. gain) and this
is followed by groups D, BandA in that order with Nl.26, Nl.31
and Nl.63 per kg. live weight gain.

\
\
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DISCUSSIONS

The apparent digestibility coefficients of nutrients in both
the basal diet and concentrate supplements were lower in experiment
II than in experiment I. Since there is very little difference in
the crude fibre content of the rations offered in experiment I and
II and the levels of protein could not be regarded as low enough to
impair the digestibility of the diets which were prepared in the
same way in both experilnents, the only possible ca6se of the differ-
ence would be the difference in the conditions of the alimentary
tracts of the two sets of animals.

There is lack of specific evidence as to the age at which
sheep attain maturity in respects to the alimentary tract develop-
ment. There have been a good deal of conflicting reports on the
maturity of ruminant digestive tract based on various methods of
approach.

A study of blood glucose and volatile fatty acids concentrations
suggests that values comparable with the adult are not reached
till 13 weeks of age in the case of blood glucose but as early as

\
3 weeks with blood volatile fatty acids (Kronfeld, 1957~. Reid

\

(1953) however reported that blood glucose
\
\

1evel s are similar to those of the adult sheep by 6-9 weeks of age
<while Jarrett and Portter (1952) and McArthy and Kesler (1956) found

that the fall in blood sugar levels continue up to 13 weeks.
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Results of Bryant Small, Bonma and Robinson (1958), Lengemann
and Allen (1955, 1959), who used bacterial dnd protozoal counts
as basis, indicated that the contents of the rumen of calves are
comparable with those of adults as early as 3 weeks in some aspects
while they are not similar until 6 months in other aspects. It is
therefore possible that the rumen of the experimental animals had
not yet been fully developed by the 6th month.

This result is contradictory to the reports by Walker and
Walker (1961) who claimed that the rumen microorganisms of 3 weeks
old lamb are able to digest as witie a variety of carbohydrates and
protein as the adu1:truminant. They however claim that maturity
is not reached before the 4th month of age, this may be because
there wi i1 be a difference -j n the quanti ty of the nutr ients the
young animals can digest. Tne differences in the digestibility
values obtained in these experiments could therefore be due to
the differences in age, the animals in experiment I being older
than U10se in experiment II were capable of higher digesti bility
than the younger ones.

Many of the earlier workers have directly or indirectly agreed
on the regulatory effect the digestibility capacity of an animal has
on the voluntary intake of feeds. (Brobeck, 1955, Campling, 1966,
Balch, 1961, Kay 1963, Campling et ~l1961, 1962; Elliot and Topps,
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1963; Wright, 1929; Campton, 1957; H.utton, 1962 and Conrad et ~ 1964}.
This is due to the effect of digestibility on the rate of passage of
thedigesta through the reticulorumen and the fact that the animals
would stop eating when the digestive tract is fully distended.
Increase in nitrogen 'content of feeds increases voluntary intake
because digestibility is increased. It is therefore clear that the
animals of experiment I are presumably likely to consume more of
the feeds than the younger animals of experiment II. This also
probably accounts for the higher intake of dry matter and hence

.digestible nutrients per unit metabolic size by the older animals
that digested the feeds better.

Results of this study have shown that the younger animals are
capable of faster growth than the older animals but that the
effect of low plane of nutrition as indicated by growth rates of
animals on the lower energy level diets, is more adversely felt by
the younger animals. This is in agreement with reports in literature
that young animals are capabl~ of faster growth than older animals
(Hammond, 1932; Palsson and Verges, 1952, Awoyerni , 1962 Adebambo, 1970).
However, because of the lower resistance of the younger animals and
the fact that their feed intake is low young animals ne~d feeds of
high quality. It is to be noted that the early weaned lambs were
not able to survive on roughage aione. Older animals used by Adebambo
(19~O) performed better on roughages alone. While the general
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growth rate of the animals used is quite comparable and even higher
than those reported for some of the tropical breeds of sheep, it is
generally lower than growth figures of the temperate breeds of
sheep.

Dry matter intake of some of the animals in experiment I was
higher than figures proposed by Marshall, Bredon and Juko (1961)
for ruminants in the tropics.

The animals used in experiment I had an initial weight lower
than the expected live weight for their age. It is however seen
that the growth rate of those on the 125% energy level ration were

I

able to measure up to the initial weights of the older animals at
6 months of age (Fig. 1, Fig. 6.2 and Fig. 6.3).

Metabolizable energy requirement for maintenance was estimated
as 129.19 kcal M.E./day/WO.73kg ~n experiment I (Chapter 4) while
an estimate of 107.1 kcal M.E./day/wO.73kg was obtained in Chapter 5.
This shows that the younger animals have less maintenance cost in
terms df energy than the older ones. Similarly the metabolizable
energy cost of live-weight gain is higher with the older animals
(1337 kcal ME/day/kg live-weight gain) than with the younger animals
(215 kcal ME/day/kg live-weight gain). This shows that the younger
animals are nore efficient utilizers of energy than the older ones
and efficiency declines with increasing age. This agrees with the
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general principles reported in the literature. Maintenance require-
ment of young animals is usually less than that for older animals and
since younger animals normally consume less feeds and are raster
growi ng, they are bound to be more efficient as in the case with
the animals used for this study.

The metabolizable energy requirement for maintenance obtained
from the regression of the pooled metabolizable energy intake from
Chapter 4 and 5 on the love weight gains is l34.b4 kcal ME/day/WO.73kg.
This value is higher than the 112 kcal ME/day/WO.73kg recommended for
sheep by the A.R.C. (1965) and NR~ (1968). It is also above the
range of 88 - 124 kcal ME/day/WO.73kg suggested by Rat trary , Garrett ,

Hinman and East (1974) as the maintenance requirement for cattle and
sheep. This result also shows that the maintenance cost of the
Nigerian Dwarf sheep is higher than that for the Nigerian Dwarf goat
since the value obtained by Akinsoyinu (1974) for the Nigerian Dwarf
goat is 99.0 kcal/ME/day/WO.73kg while Brody (1945) gave a requirement
equtval ent to 88.4 kca1 lviE/day/Ho.73kgfor sheep. Mae, Tyrrell and
Flat (1970) also recommended 100 kcal ME/day/WO.73kg for non lactating
cows. It therefore appears that the Nigerian Dwarf sheep is highly
inefficient in terms of metabolizable energy utilization when
compared with other breeds of sheep and with the other ruminants. This
follows from the results of Blaxter (1964) that for all feed intakes
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and for all weight gains, the anim~l which has the lower maintenance
level is more efficient.

The metabolizable energy cost of live-weight gain obtained
in this study for animals 3 - 9 months old (Fig. 6.4) is 647 keal
ME/day/WO.73kg/kg ljve-weight gain. For an animal of 20kg the
requirement is 6339.95 kcal ME/day/kg live-weight gain. This is
quite comparable to the 6333.6 keal ME/day/kg live-weigllt gain
recommended by the ARC (1965) for a 20 kg sheep.

The dress ing percentage of en ima1 carcasses '"i ncreases wi th
increasing age and size of the animal. This is explained as being
due to the fact that the offals and pluck not included in the carcass
are relatively early maturing while the flesh whieh makes up a
greater percentage of the carcass increases with increasing size
of the animal. The results of this study have fallen in line with
this generally accepted fact.

Dressing percentages of the older animals are higher than
those of the younger animals~ Fig. 6.5 and 6.6 also indicate that
the flesh percentage at 9 months is higher while the bone which
reaches nlaximum size early in the life of the animal has a lower

\percentage in the older than the younger animals.
Fat depos iti on has been shown to be directly proporti ana 1 to

\
the age of the animals and the level of nutrition as indicated in
Fig. 6.5 and Fig. 6.5. These findings on the car-cass quality agree
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with results of Hammond (1932); Hammond and Murray (1934); Hirzel
(1939) and Palsson and Verges (1952) who all infer that smaller or
yo~nger animals have a higher percentage of lean to fat in thtir
carcasses. This also agrees with the findings of Blaxter (1964) who
claims that efficiency of feed utilization declines with increasing
age because fat percentages increase with age and that for lambs,
as carcass weight increases from 10 1b to 80 lb, the percentage fat
in the carcass increases from 13 - 14% and flesh decreases from 62.46%.
Negative correlations have also been obtained in this study between
the percentage flesh and the weight gains or age of the animals.
Similar results were noted in cattle by Taylor, Watson and Young
(1962) while the increase in efficiency of feed utilization obtained
by Aitken and Crichton (1956) who treated sheep with stilboestrol.or hexoestrol was due to the effect of hormone administration in
producing carcasses with more meat and bone and less fat.

The two major joints, the leg and shoulder have been shown
to be negatively correlated with the increase in live-weight gain
(Fig. 4.7, 4.8, 5.6 and 5.7). Therefore) the percentages of these
joints are inversely proportional to the age of the animals. This
is because the rate of increase of these joints is slow as compared
with the overall increase in the size and weight of the carcass.
Other early maturing parts such as the head, feet and gut offals also
exhibit lower percentages as the animals grow older. This is in
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accord with observations of Palsson and Verges (1952).
Feeds have been shown to be more efficiently utilized by the

younger animals than the older ones. Feed consumption is shown to
increase with increasing age of the a~imals, rates of gain especially
at the higher energy levels decrease with age while the cost of live-
weight gain increase with age. This seems to support the results
of Blaxter (1964) that the last pound of gain is more expensive to
produce in terms of feed than the first, as the animal grows older.
It has also been observed that the composition of weight gains changes
with increased allowance of feed. Feed cost of laying fatty tissue
(about 9.1 kcal/g) is greater than that of laying down meaty tissue
being about 1.2 kcal/g. The ratio in terms of feed cost of making
gains of meat and fat is thus about 7:1 (Blaxter, 1964).

Since fat deposition has been proved to increase with age
and deposition of fat is an inefficient way of utilizing feed, it
means that there will be a decrease in the efficiency of feed
uti~ization as the animals increase in age.

The cost of production of a kilogram live-weight gain is
also in favour of the younger animals. This increases with the
age of the animals due to the fact that the gain/feed ratio is
much higher with the younger animals than the older ones.
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It therefore appears that for two animals of equal weight
at slaughter, the younger will be the more efficient converter
and therefore if animals are to be slaughtered at a fixed weight, as
suggested for the.Nigerian Dwarf sheep by Hill (1961), the animal with
the greatest ~ature weight and fastest growth is more efficient
(Coey and Robinson, 1954; Blaxter, 1964). Attempts should therefore
be made to reduce the age at which animals reach a good slaughter
weight by feeding appropriate level of nutrition at the right age.

Since the 125% energy level ration gave the best result for
animals of 3 - 6 months of age and the 75% energy level ration was
best for animals between ages of 6 - 9 months, it is th2refore
suggested that animals should be weaned at 3 months, placed on a high
energy diet (125%) from 3 months to 6 months at which time they
could be changed over to the 75% energy level ration till they are
ready for slaughter. This would probabiy be about the 9th month
of age.
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CHAPTER 7

General Summary of Conclusions
Results of this study have shown the pattern of growth and

changes in carcass quality of the Nigerian Dwarf sheep between the
ages of 3 - 9 months in relation to variations in energy levels of
the rations.

A common feature of the results has been the greater variation
due to the age of the animals as indicated by the less variation
in animal responses to varied energy levels of rations within the
age groups 3 - 6 months and 6 - 9 months than between these age
groups.

Variations in the apparent digestibility coefficients obtained
in experiments I and II ~ere not significant, however, a comparison
of the values obtained in both experiments show that digestibility
values were higher in experiment I than in experiment II.

This difference has been attributed to the difference in the
development of the digestive tract between the two sets of animals.
No work has been done, however, to show the age at maturity of the
Ni.gerian Dwarf sheep in respect to the rumen deveiopment.

Difference in feed intake as represented by the dry matter
intake also varied more between the age groups. Differences of
means values in each experiment could be due to restricted and
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varied amount of feed offered in each treatment in order to vary
the levels of energy offered. The great difference between the
values obtained in the two experiments could also be due to the
effect of age. The younger animals were probably incapable of
higher consumption because of the smaller capacity of their reti-
culorumen and the slower digestibility rates which will also slow
down the rate of passage of the digesta through the tract.

It could be observed that the variation in energy levels had
less effect on the performance of the animals of 6 - 9 months of
age while jow levels of energy had serious adverse effects on the
animals of 3 - 6 months of age. None of the animals on zero
supplementation survived. This is in agreement with various work
in literature where better quality feed is generally recommended at
the early ages of animals.

The estimated 134.04 kcal ME!day/wO.73kg for maintenance of
the Nigerian Dwarf sheep, obtained from the pooled metabolizable
energy intake and gl'owth rates is slightly higher than figures
obtainable in literature but estimated metabolizable energy cost of
liveweight gain of 647 kcal ME!day/wO.73kg for 1 kg live-weight gain
is approximately equivalent to the values recommended by the ARC
(1965). This recommendation is equivalent to 6339.95 kcal ME/day!
WO.73kg for a sheep of 20 kg live-weight as compared to 6336.6 kcal
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~1E/daY/WO.73kg d d f th l' . ht b h ARC (1965)" recomrnen e or Ie same lVe-wel g y t e .
In ngreement with general observations, the shoulder and leg

percertages were negatively correlated with live-weight gain and thus
with age while the flesh percentage and fat deposition increased
with increased live-weight and age. High levels of dietary energy
also tended to lead to greater fat deposition.

A little increase in feed consumption was obtained by increasing
the frequency of feeding from twice to thrice. The differences
were however not significant. There are conflicting opinions on the
effects of increased frequency of feeding on the quantity of feed
consumed but it appears that more workers who have used a wider range
of frequency of feeding for their studies have come to conclusions
in favour of increased frequency of feeding.

From the regressions of shoulder, leg and flesh percentages
on the live-weight gain of the animals it has been possible to give
estimates of the expected percentages of these fractions of the
carcass at all live-weights of the animal from the age of 3 - 9
months. Since the leg and shbulder joints claim a considerable
percentage of the carcass and the flesh percentage is of utmost
importance in profitable animal husbandry, it is thus hoped that
these recommendations can help in assessing the expected price of
an animal at any live-weight.
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Production data and consideration of efficiency of feed
utilization proved thatyoung Nigerian Dwarf sheep which consumed
less feeds than the older ones~ and are faster growing are more
efficient feed converters than the older ories. This is in accord
wi th the qenera 1 reports in 1iterature that younger and faster
growing animals have a higher efficiency of feed utilization than
older animals.

Consideration of all fuctors employed in this study has
shown that animals from the age of 3 to 6 months require a high
energy level ration. It is highly economic to feed the 125% energy
level at this age since the cost per kilogram live-weight gain was
least. At a higher age (6 - 9 months) the best performance was
obtained from the 75% energy level ration. It however appears as
if the cost of feeding at this higher age is high. This becomes
much reduced when the total cost from 3 - 9 months is considered.

It is generally observed that keeping animals intensively
makes for good fat lamb production. By zero-grazing9 a lot of energy
that could have been used up in the field is converted to production
energy. Thus it is shown that it is quite possible to rear the
Nigerian Dwarf sheep intensively from weaning at about 3 months to
a good slaughter weight at about 9 months of age.

It is therefore suggested that animals be placed on the
supplementary ration which contains 125% energy level of the ARC
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(1965) recommenda tion from the age of 3 - 6 months and then change to
the 75% energy level ration till slaughter at about 9 months.

Since age has been shown to influence the performance of the
animals, a lot of work needs be done in ascertaining the age at
maturity of the Nigerian Dwarf sheep in relation to the digestive
tract development.
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Appendix 1.1

Animal No. D.M. O.M. C.P. LE. C.F. N.F.E.

A 96 80.85 84.47 71.61 87.67 66.63 84.92
A 107 73.80 79.00 71.96 81.58 69.00 83.68
A 116 76.61 80.80 71.84 86.76 69.35 83.89
B 84 74.98 76.54 72.33 89.68 72.23 81.72
B 109 73.17 80.58 67.20 84.55 72.86 82.30
B 122 72.40 77 .85 69.13 83.21 72.06 83.64
C 88 77 .49 81.82 74.23 86.88 70.73 83.27
C 91 79.45 83.20 73.74 86.28 72.04 83.71
C 113 75.55 80.10 72.74 89.18 70.03 83.88
D 89 79.16 83.28 80.44 85.71 74. 14 83.07
D 95 70.53 69.66 80.n 86.48 67.3"' 83.51
D 108 76.35 78.92 81.32 86.26 72.96 83.11

Digestibility (Apparent) Coefficient of
Nutrients in Concentra~e Supplement and
Grass (%)
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Appendix 1.2
Apparent Digestibility Coefficient of
Nutrients in Grass (%)

Animal No. DJ~. C.P. E.E. C.F. N.F .E.

A 96 78.95 83.88 62.10 88.62 63.12 79.55
A 107 68.80 80.81 62.76 86.24 67.69 78.75
A 116 74.64 77 .06 62.85 89.50 68.28 76.75
B 84 74.87 76.36 61.30 89.33 68.23 77 .08
B 109 67.48 82.49 51.54 82.12 68.12 77.12
B 122 70.25 76.37 55.99 81.53 68.31 79.76
C 88 75.79 78.74 64.38 86.12 65.54 78.55
C 91 77 .11 81.44 66.36 85.95 70.02 78.75
C 113 73.59 79.11 64.12 89.61 68.37 78.36
D 89 78.01 83.67 61.14 87.97 70.78 77 .34
D 95 69.30 68.33 60.18 86.91 60.15 77 .31
D 108 74.17 78.20 61.41 86.98 77 .86 77 .09UNIV
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Appa.rent Digestibility Coefficient of
Nutrients from Concentrate Supplement

Append; x 1..3

Animal No. D.~1. o.a. C.P. LL C.F. N.F.E.

A 96 83.70 85.36 85.88 86.24 71.90 92.98
A 107 81.30 76.38 85.76 89.59 70.97 91.08
A 116 79.57 86.41 85.33 82.65 70.98 94·.60
B 84 75.15 76.81 88.80 89.45 78.23 88.68
B 109 81.70 75.80 81.69 88.20 79.97 89.57
B 122 75.60 80.07 88.84 85.73 80.19 89.46
C 88 80.04 86.44 89.01 88.02 78.52 90.35
C 91 .82.96 85.84 84.56 86.78 75.07 91.15

·C 113 78.49 81.59 85.67 88.53 72.52 92.16
D 89 80.89 82.69 93.39 82.32 79.18 91.67
o 95 72.38 71.63 93.51 85.83 78.05 92.86
D 108 79.62 80.00 96.19 85.88 78.61 92.14
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Appendix J.4 Intake of DOM and Digestible Nutrients - Grass

DDM DOM DEEx2.25 DCF DCP DNFE TON

102.017 18.704. 2.955 25.647 8.129 49.816 86.547
101.657 18 :638 2.975 25.824 8.185 50.158 87.142
101.770 18.475 2.922 25.360 8.038 49.256 85.576
101.537 18.616 2.930 25.435 8.062 49.403 85.830
101.705 18.646 2.979 25.481 8.195 50.217 86.872

.102.569 18.805 2.958 25.672 8.137 49.863 86.630
MEAN 101.878 18.647 2.953 25.632 8.124 49.785 86.494

+ 0.118 I +0.0606 +0.0116 +0.0682 +0.00914 +0.0784 +0.189- - - - -====:==========================================================~==========
101.225 18.558 2.978 25.848 8.193 50.205 87.224
101 .921 18.686 2.967 25.759 8.164 50.028 86.916
100.089 18.350 2.942 25.532 8.09·3 49.591 86.158
100.386 18.405 2.964 25.727 8.154 49.969 86.814
102.041 18.708 2.969 25.727 8.168 50.052 86.916
101 .j21 18.576 2.994 25.988 8.237 50.477 87.696

MEAN 101.164 18.547 2.968 25.759 8.223 50.032 86.982
+ 0.285 +0.0624 +0.0829 +0.107 +0.0123 +0.172 +0.216- - - - - - -=========================================================================
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100.338 18.396 2.929 25.423' 8.058 49.379 85.789
101.250 18.563 2.956 25.654 8.131 49.828 86.569
100.050 18.343 2.921 25.350 8.035 49.237 85.543
100.841 18.488 2.944 25.550 8.098 49.626 86.218
100.841 18.488 2.944 25.550 8.098 49.626 86.218

MEAN 100.664 18.456 2.938 25.505 8.084 49.539 86.066
+ 0.189 +0.1349 +0.0109 +0.0787 +0.0044 +0.364 +0.199- - - -===========================================================================

102.018 18.704 2.978 25.848 8.-193 50.l06 87.225
102.185 18.734 2.983 25.891 8.206 50.288 87.368
102.253 18.765 '2.988 25.933 8.240 50.370 87.511
103.576 18.989 3.023 26.243 8.318 50.973 88.557
102.556 18.802 2.994 25.985 8.236 50.470 87.685

MEAN 102.518 18.799 2.993 25.977 8.236 50.455 87.658
+ 0.496 +0.02449 +0.0044 +0.00626 +0.076 +0.150 +0.226- - - - --===========================================~=============================

\
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Appendix 1.5 Intake of DDM and Digestible Nutrients -
Cone. t·1ixture

DDM Dm~ DEEx2.25 DCF DCP DNFE TON

442.598 365.480 41.355 29.569 65.741 428.494 565.159
468.725 387.055 49.380 35.308 78.499 511 .645 674.832
630.398 520.559 65.127 46.567 103.532 674.805 890.031
620.870 512.590 40.997 29.313 65.171 424.780 560.261

-?

732.308 604.712 39.555 28.282 62.880 409.845 540.562
679.652 561.231 33.773 24.248 53.688 349.932 461.541

MEAN 595.756 491.955 45.032 32.198 71 .586 46b.586 615.402
+43.201 +35.655 +3.144 +0.931 +5.581 +'12.376 +48.713- - - -

======================~=========~================~==================~=
507.005 438.591 21 .182 9.532 57.229 400.836 488.'179

-605.390 523.701 27.843 10.095 60.608 424.499 523.045
798.446 690.707 37.446 13.577 81.512 570.917 703.452
502.608 434.788 36.880 13.372 80.280 562.288 692.820
484.938 419.502 43.500 15.772 94.690 663.212 817.174
414.048 358.178 40.372 . 14.638 87.881 615.524 758.415

MEAN.552.073 477 .578 35.389 12.831 77.033 539.544 664.797
+50.469 ·r43.650 +4.116 +2.942 +6.554 +42.629 +17.779- -

=====================================~=======q==============~========
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488.169 440.322 63.838 21.791 75.615 396.884 558.128521.833 470.687 68.240 23.293 80.829 424.253 596.615457.120 412.317 59.778 20.405 70.805 371 .641 522.629433.263 390.798 56.658 19.340 67.110 352.245 495.353531.006 478.961 69.440 23.703 82.250 431 .711 607.104MEAN 486.278 438.617 63.591 21.706 75.322 395.348 555.968·,

+16.650 +15.013 +2.176 +0.746 +2.578 +13.353 +19.029- --====================================================================~======
404.181 347.639 61.306 30.369 98.994 298. 122 488.79i392.207 337.339 59.490 29.469 96.061 289.289 474.309386.655 332.564 58.648 29.052 94.701 285.194 467.595319.371 274.693 48.442 23.997 78.222 235.566 386.227279.606 240.491 42.410 21.009 68.482 206.236 338.137r~EAN356.404 306.545 54.059 26.779 87.291 262.880 431.009·+21.672 +18.654 +3.289 +1.627 +5.295 +15.997 +26.220- - - - - - -~===~========================================================================
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Appendix 1.6 Total Intake of DDM and Digestible Nutrients
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Appendix i.7
,

WeeKly Weight Measurement (kg)
- •187 18.61 17.93 18.16 19.07 20.20 20.88 21.79 22.25 22.70 23.15 23-:-85 24.74 25.42

216 18.16 17.71 17.71 18.16 18.16 19.30. 20.43 21.56 22.24 23.61 24.52 25.42 26.79
222 17.71 16.57 17.25 18.84 19.75 20.67 21 .11 22.25 22.93 23.38 24.52 25.88 26.33
232 13.17 12.71 13.62 13.85 14.53 14.98 15.44 16 ~34 17.48 18.39 19.30 20.20 20.88
247 16.34 15.89 16.34 17.48 17.71 18.16 18.64 19.52 20.43 20.88 21.79 22.70 23.l5
271 13.39 13.17 13.62 13.62 14.30 14.76 15.21 15.89 16.34 16.57 "6.80 16.80 17.03
MEAN 16.23 15.66 16.12 16.84 17.44 18.13 18.77 19.64 20.25 21.00 21.80 22.62 23.27
203 14.98 14.98 15.44 16.80 17.25 18.16 18.39 18.84 19.07 19.75 20.20 20.66 20.43
204 14.98 15.66 15.89 16.-57 16.80 17.25 18.39 19.07 20.20 21.34 22.47 23.38 24.30
223 17.03 17.03 18.06 19.07 20.20 20.88 21.79 22.47 23.15 24.29 25.42 25.61 26.11
231 19.93 19.30 19.52 20.88 21.34 2"'.57 22.02 23.'15 23.61 24·.29 24.74 24.97 24.97
246 13.62 13.62 14.07 14.75 15.20 15.63 15.89 16.34 17.25 17.48 17.71 17.93 18. 16
253 24.06 24.06 24.97 25.65 26.55 27 .24 28.14 29.05 30.42 30.64 30.87 31.33 30.42
MEAN 17.43 17.44 18.01 18.95 19.56 20.12 20.77 21.49 22.28 22.97 23.57 23.98 23.07

"196 16.34 17.03 17.71 18.61 19.07 19.52 20.20 21.34 22.02 23.15 24.28 24.97 25.20
213 14.98 15.21 15.44 16.34 16.80 17.50 18.16 19.07 19.98 20.43 21.34 21.79 22.02
224 15.89 16.34 17.25 18.16 18.16 19.07 19.75 20.20 20.66 21.34 22.25 ,22.47 23.38
227 17.25 17.25 17.71 17171 18.16 18.61 19,07 19.75 20.66 21.34 21.79 22.47 22.70
252 19.98 18.61 19.30 20.43 20.66 21 .11 22.02 22.93 23.38 24.06 24.74 25.42 26.33
254 ------------------------------------0 E A D ------------------------------------------r'1EAN16.89 16.89 17.48 18.25 18.57 19.16 19.84 20.66 21.34 22.06 22.88 23.42 23.93
192 18.16 18.16 19.07 19.52 19.97 20.20 20.88 21.7.9.22.25 22.70 23.61 24.29 24.57
212 15.44 15.44 15.89 15.80 17.25 17.49 19.93 18.16 18.84 19.52 21 .11 22.25 22.93
218 19.52 19.30 19.98 20.43 21.33 21.57 22.24 22.70 23.15 23.61 24.06 24.52 23.15
226 ------------------------------------0 E A ~ ------------------------------------------249 19.52 19.07 19.52 19.75 20.43 20.88 21.11 21.34 22.24 22.70 22.70 22.47 22.70
286 14.53 15.44 15.21 15.66 15.44 15.89 16.34 16.51 16.80 17.03 17.25 17.48 17,71
~1EAN 17.43 17.48 17.93 18.43 18.88 19.21 19.70 20.11 20.66 21.11 21.75 22.70 22.21
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Appendix 1.8 Weekly Height Measurement (em)

1 2 3 4 5 6 7 8 9 10 11 12
187 52 52 53 54.5 55 56 56 56 58 59 59 59.5216 52 52 53 53.5 54 55 55 55 56 56.5 57.5 57.5222 53 54 55 55.5 56 57 58 58 58 58 58.5 59232 47 48 50 50.5 52 53 53 53 53 54.5 55 55.5247 49.5 50 50 50.5 50.5 51 51 51 51.5 52 52 53471 46.5 48 49.5 52 52 52 53 53 52 53 54 53
203 51 52 52.5 53 53 54 55 55 56 56 56 56.5204 48 49 49.5 49.5 50 51 52.5 51 52 51 51 51.5223 48.5 49 50.5 52 52 53 53 . 53.5< 55 56 57 57231 48 48 49 49 50 52 53 54 55 55 55 56246 46 48 50 51.5 51 52 53 54 55 55 55.5 55.5253 51 52 53 54 55 56 56 56 57.5 57.5 57.5 58
196 51 52 53 53.5 54 55 54 55 56 57 57 57213 48 48 49 50 50 52 52 51 52 53 54 54.5224 47 47 47 48 48 49 50 49.5 49 49 50 52227 53 54 55.5 55 55 55 56 57 56.5 56 57 58252 48 48.5 49 49 50 50 51.5 51 52 53.5 53.5 52254 47 47 48 48 48 50 51
192 49 50 50 31 52 53 54 53 53.5 53.5 54.5 54.5212 49 50 50 51 52 53 54 53 53.5 53.5 54.5 54.5218 50 51 51 52 53 54 53 54 54.5 54.5 55 55226 49 52 53 51 54 54249 52 53 54 54 53 54 54 54.5 53.5 53.5 54 54256 48 48 49 49 50.5 52 52 52.5 53 53 53 54

,
\

\
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Appendix 1.9 Weekly Heart Girth Measurement (em)

1 2 3 4 5 6 7 8 9 10 11 12

187 63 63 63 64 64 65 65 66 67 67 67.5 67.5
216 60 61 .62 61 61 62 63. 64 65.5 66 66 66
222 60 61 62 62 64 65 65 66 67 67 67 67.5
232 55 56 57 57 58 57 57 57 58 59 60 61
247 58 59 60 61 62 62 64 64.5 64 65 66.5 66
271 58 58 57 57 57 57 57 57 57.5 59 59.5 59.5
203 57 59 59 59 59 60 60 61 62 63 63 63
204 55 57 59 59 58 59 60.5 51.5 63 63 62 63
223 60 61 61 61 62 64 63 6/]. 66 68 68 69
231 62 62 63 64 65 64 65 611 65 65 66 66
246 56 57 57 57 58 58 57 58 60 60 59.5 61
253 68 69 69 69 70 72 72 72 72 74 74 73
196 58 59 59 62 64 64 63 63.5 64.5 66.5 67 67
213 56 58 59.5 62 63 63 63 63.5 64 65.5 65 65
224 59 61 61 61 61 62 62 62 62 63 646 64
227 62 62 62 63 64 64 63 64.5 65 66.5 67 68
252 59 59 61 63 64 65 63 64.5 66 67 68 68.5
254 56 57 57 58 59 58
192 58 59 60 61 62 62 62 63 64 65 65 66
212 57 58 59 60 61 61 61.5 62.5 64 64 64 65
218 59 61 62 63 63 63.5 64 64 64 64 64.5 65
226 59 61 61 62 64 61
249 60 61 62 63 64 64 64 63.5 63 64 63.5 65
256 57 57 57 57 58 58 59 59 60.5 60 60 61
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Appendix 1.10 Weekly Length. Measurement (em)

1 2 3 4 5 6 7 8 9 10 11 12

187 55 55 56 57 59 59 . 59 60 60 60 60.5 60.5
216 54 55 56 58 58 58 58 59 59 60 60.5 60.5
222 57 58 59 60 61 62 62 62.5 62.5 62.5 63 63
232 50 52 54 55.5 57 58 58 58 58 57 59.5 60
247 56 57 57 57 57 57 57 58 58.4 58.5 59 59
271 54.5 55 55 55 56 56 57 57 58 58.5 58.5 58.5
203 51 52 53.5 53.5 54 55 55.5 56.6 56.5 56.5 56.5 57
204 55 55.5 56 56.5 57 57 57.5 57.5 59 59.5 60 60
223 54 55 56 56.5 56.5 57 57 58 • 59 59.5 59.5 61. 5
231 54 55 55.5 55.5 56 57 58 59 60 60 60.5 6+
246 52 53 54.5 54.5 55 55 55 55.5 55.5 56 56 56. 253 59 60 61 62 62 62.5 63 64 64 64 65 65
196 52.5 52.5 53 53.5 54 55 56 57 58 59 60.5 61. 5
213 51 52.5 53 54.5 55 55 55 56 56 57.5 57.5 59
224 50.5 51 52 53.5 54 54 55 55.5 55.5 56.5 57.5 57.5
227 53 53 54 54.5 55 55 56 56.5 56.5 57 58 59
252 54 55 56 56.5 5'7 58 59 69 61 51 61. 5 62
254 52 56 56 56.5 60 60. 58

192 53 53 53.5 53.5 54 54 55 56 57 57 57,5 58
212 55 55 55.5 56.5 57 58 58.5 58.5 59 59.5 60 61
218 55 56 56 56.5 57 57 57 57 57 57 58 58
226 52.5 57 54.5 54.5 54 54
249 53 54 55 55 55 55.5 56 56.5 56.5 57.5 59 59
256 52 53 53 53.5 54 54 54 55 55.5 55.5 56.5 56,5
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Appendix 1.11 Carcass Analysis (a) Analysis at Slaughter (kg)

ANII~AL SLAUGHTER DRESSED HEAD OFFAL EMPTY PLUCK FEET SKIN
NO. lH. CARCASS OFFAL

(WT )
A 187 26.105 13.053 2.043 6.129 2.270 1.362 0.681 2.724
A 216 27.240 14.307 ·1.930 5.562 2.043 1.476 0.681 3.859
A 22 26.332 13.393 1.930 5.675 2.270 1.135 0.5G8 1.930
A 232 21.338 10.442 1.703 4.654 2.157 1.305 0.568 2.611
A 247 23.608 12.035 1.816 4.767 2.270 i .816 0.568 2.951
A 271 17.252 9.421 1.135 2.838 1.476 1.022 0.568 1.930
B 203 20.430 10.095 1.589 3.632 1.703 1.135 0.681 2.724
B 204 24.516 12.372 1.816 5.675 1.986 1.986 0.681 2.611
B 223 25.651 14.188 1.816 4.881 2.015 1.362 0.681 3.178
B 231 24.970 14.188 1.249 4.994 1.930 1.249 0.681 2.724
B 246 17.706 9.704 1.135 3.859 2.043 0.908 0.454 1.816
B 253 30.872 16.117 2.043 5.675 2.469 1.816 0.681 3.519
C 196 25.197 13.393 1.816 5.675 2.497 1.703 0.681 3.348
C213 22.246 12.088 1.135 4 ..881 2.043 1.362 0.568 2.61"1
C 224 23.154 12.258 1.8"16 4.256 2.157 1.305 0.681 3.405
C 227 22.927 11.577 1.362 5.902 1.589 1.135 0.681 3.178
C 252 27.240 13.620 1.930 6.810 2.384 1.589 0.795 4.086
C 254 D E A D
D 192 24.970 13.620 2.043 4·.994 2.043 1.362 0.681 2.951
D 212 23.835 12.145 1,703 4.767 2.384 1.362 0.681 2.611
D 218 23.154 12.939 1.816 3.859 1.816 1.135 1.681 3.178
D 226 D E A D
D 249 23.154 12.599 1.930 4.460 2.043 1.135 0.624 2.384
o 256 17.252 9.307 1."135 3.292 1.362 1.022 0.568 2.157
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Appendix 1.12 Cold Carcass Analysis. Wei~ of Joints

AN I~lAL COLD CARCASS CARCASS CARCASS LEG LOIN ENDS SHOULDER SETS BONE t~EAT FAT
NO. CARCASS LEFT HIGHT LENGTH

(WHOLE) (em)

A 187 12.712 6.356 6.356 48 1.703 0.795 0.795 2.213 0.681 1.192 5.164 1.362
A 216 13.847 6.867 6.980 50 2.043 0.908 0.68"1 2.270 0.795 1.022 5.902 1.022
A 222 13.393 6.583 6.810 52.5 2.100 0.908 0.739 2.i57 0.568 1.135 5.562 1.135
A 232 10.215 5.108 5.108 48 1.532 0.S81 0.624 1.646 0.624 0.851 4.029 1.135
A 247 11 .577 5.902 5.675 48.5 1. 703 0.738 0.681 1.930 0.624 0.908 4.767 1.135
A 271 9.080 4.540 4.540 49.5 1.703 0.681 0.568 1.362 0.454 0.795 3.378 0.908
B 203 10.783 5.335 5.335 45.5 1.703 0.681 0.681 1.703 0.681 0.795 4.540 1.135
B 204 12.031 5.902 6.129 51.0 1.703 0.908 0.681 1.589 0.908 1.135 4.494 1.476
B 223 14.074 6.924 7.151 50.5 1.930 0.908 0.681 2.157 0.738 1.135 5.448 1.930
B 231 14.074 7,037 0.037 52.5 2.327 0.968 0.568 1.930 0.568 1.078 5.954 2.327B 246 - 9.307 4.540 4.767 50.5 1.476 0.568 0.568 1.362 0.454 1.908 3.859 1.476
B 253 15.890 7.945 7.945 55 2.213 0.965 1.022 2.611 0.795 1.362 5.959 1.930C 196 12.939 6.470 6.470 50 1.930 0.681 0.795 1.157 0.795 1.135 5.335 1 . 135
C213 11.691 5.789 5.902 51 1.816 0.908 0.795 1.646 0.511 1.135 4.540 1.305
C 224 12.088 5.902 6.186 49 1.816 0.908 0.681 1.589 0.795 1.362 4.824 1.703
C 227 11 .464 5.789 6.526 51 1.986 0.759 0.851 1.589 0.568 0.908 4.313 2.213
C 252 13.280 6.810 6,526 51 1.936 0.795 0.795 2.213 0.795 1.135 5.108 1.334
C 254 D E A Do 192 13.053 6.470 6.583 49.5 1.930 0.851 0.795 2.128 0.738 1.135 5.335 1.589
o 212 11.804 5.902 5.902 50 1.873 0.653 -0.681 2.157 0.681 1.022 4.767 1.703
D 218 12.712 6.356 6.356 49 1.816 0.795 2.270 0.908 1.135 5.221 5.221 0.908
o 226 o tAD
o 249 12.258 6.072 6.186 49 1.816 0.681 0.908 1.589 1.135 1.135 5.051 1 .135
D 256 9.080 4.540 4.540 48 1.476 0.568 0.568 1.476 0.397 1.162 3.378 0.908
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Appendix 1.13 Parts as Percentage of Whole Animal

ANIf~AL PARTS AS PERCENTAGE OF SLAUGHTER WT. LIVE-NO. -SKIN PLUCK OFFAL Er~PTY FEET HEAD WEIGHT
OFFAL AT

SLAUGHTER
A 187 10.43 5.22 23.48 8.70 2.61 7.83 26.1,(kg)
A 216 14.17 5.42 20.42 7.50 -2.50 7.08 27.24-
A 222 7.31 4.31 21.55 8.62 2.16 7.33 26.33
A 232 12.23 6.12 21.81 10.11 2.66 7.98 21.34

~A 247 12.5 5.88 20.19 9.62 2.40 7.69 23.61
A 271 11.18 5.92 16.45 8.55 3.29 6.58 17.25

+0.879 +0.241 +0.885 +0.340 +0.162 +0.142 +1.909
MEAN 11.30 5.48 20.65 8.85 2.60 7.42 23.65
B 203 13.33 5.56 17.78 8.33 3.33 7.78 20.43
B 204 10.65 5.56 23.15 8.10 2.78 7.41 24.52
B 223 12.39 5.31 19.03 7.85 2.66 7.08 25.56
B 231 10.91 5.00 20.00 7.73 2.73 5.00 24.97
B 246 10.26 5.13 21.80 l].54 2.56 6.41 17.71
B 253 11.40 5.88 18.38 . 8.00 2.21 6.62 30.87

+0.4332 +0.093 +0.990 +0.546 +0.355 +D.l41 +1.688
MEAN 11.49 5.41 20.02 8.59 2.71 6.72 24.01
C 196 13.29 6.76 22.52 9.91 2.70 7.21 25.20
C213 11.73 6.12 21.94 9.18 2.55 5.10 22.25
C 224 14.71 5.64 18.38 9.31 2.94 7.84 23.15
C 227 13.86 4.95 25.74 6.93 2.97 5.94 22.93
C 252 15.00 5.83 25.00 8.75 2.92 7.08 27.24
C 254 DEAD

+0.510 +0.265 +0.572 +0.437 +0.-435 +0.316 +0.842
MEAN 13.72 5.86 22.72 8.82 2.82 6.64 24.15

D 192 11.92 5.45 20.00 8.18 2.73 8.18 24.97
D 212 10.95 5.71 20.00 10.00 2.86 7.14 23.84
D 218 13.73 4.90 16.67 7.84 2.94 7.84 23\015
D 226 DEAD
D 249 10.29 4.90 19.61 8.82 2.70 8.33 23.15
D 256 12.50 5.92 19.08 7.89 3.29 6.58 17.25

+0.528 +0.161 +0.572 +0.345 +0.369 +0.038 +1.210
MEAN 11.88 "5-.38 19.07 8.54 2.90 7.21 22.47
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Appendix 1.14 ~JD~_a~Pel"centagoe of Cold Carc~ss

ARimal Cold Dressing Joints as Percentage of Cold CarcassNo. Carcass Percen-
WN8~t tage Leg Loin Sets Ends Shoul der s Meat Bone Fat

A 187 12.71 48.7 26.78 12.50 10.72 12.50 34.82 81.25 18.75 10.71A 216 13.85 50.83 29.50 13.12 11.48 9.84 32.78 85.25 14.75 7.38A 222 13.39 49.14 31.36 13.56 8.48 11.02 32.20 83.05 16.95 8.48A 232 10.22 47.87 30.00 13.34 12.22 12.22 32.22 83.33 16.67 11.11
A 247 11.58 49.04- 29.42 12.74 010.78 11.76 33.-34 82.35 17.65 9.80
A 271 9.08 52.63 37.50 15.00 10.00 12.50 30.00 74.40 25.60 10.00+0.683 +0.666 +1.350 +0.306 +0.492 +1.349 +0.591 +1.355 +1.393 +0.5247
MEAN 11.81 49.70 30.76 13.38 10.61 11.64 32.56 81.61 18.40 -9.58
B 203 10.78 52.78 31.58 12.64 12.64 12.64 31.58 85.26 14.74 10.53
B204 12.03 49.07 28.30 15.10 15.10 11.32 26.42 80.19 19.81 12.26
B 223 14.07 54.87 27.42 12.90 10.48 9.68 30.62 83.87 16.13 13.71
B 231 14.07 56.36 33.06 13.72 8.06 8.06 27.42 84.68 15.32 16.53
B 246 9.31 52.36 31.70 12.20 9.76 12.20 29.26 80.49 19.51 15.85
B 253 '18.89 51.47 27.86 12.14 10.00 12.86 32.86 82.86 17.14 12.14

+1.253 +0.940 +0.877 +0.403 +0.921 +0.698 +0.939 +0.825 +0.791 +0.874
13.19 52.82 29.99 T3.12 11.01 n.13 • _0 82.89 T7.11 T3.50MEAN 29.69

C 196 12.94 51.35 29.82 10.52 12.28 12.28 33.34 82.46 17.54 8.77
C 213 11.69 52.55 31.06 15.54 8.74 13.60 28.16 80.58 19.42 11.17
C 224 12.09 52.21 30.04 05.02 13.14 11.26 26.30 81.22 18.78 14.08
C 227 11.24 49.01 35.36 14.14 10.10 15.16 28.28 84.16 15.84 19.70
C 252 "l3.28 48.75 29.92 11.96 11.96 }1.96 33.34 82.01 17.09 10.04
C 254

+0.326 +If.769 +0.942 +0.838 +O-:rn +0:021) +,.3rr-+0-:409 +0.589 +1~0744
MEAN 12.25 50.77 31.24 13.44 11.24 12.85 29.88 82.09 17.73 12.75
D 192 13.05 52.27 29.56 13.04 11.30 12.18 32.60 82.61 17.39 12.17
D 212 11.80 49.52 31.74 11.06 11.54 11.54 36.54 82.69 17.31 14142
D 218 12.71 54.90 28.58 14.28 14.28 12.50 35.72 82.14 17.86 7.14
D 226
D 249 12.26 52.94 29.62 11.12 18.52 14.82 25.92 81.48 18.52 9.26
D 256 9.08 52.63 32.50 12.50 8.76 12.50 32.50 74.40 25.50 10.00

+0.632 +0.798 +0.658 +0.543 +1.484 +0.487 +1.656 +1.459 +1.403 +1.113MEAN n.78 ° 52.45 30.40 12.40 12.88 - -12.71 32.66 80.66 19.34 10.60
; -- .. o . - ~oo . -

I , ): .
:

..-o.0
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Appendix ,Table 2.1
Apparent Digestibility Coefficient of
Nutrients in Basal Diet (%)

DM OM EE CF CP NFE
54.25 56.36 32.65' 57.43 50.87 56.75
52.74 54.81 33.46 55.67 53.75 57.29
55.64 57.23 32.41 56.74 54.33 52.93
56.75 58.14 38.26 54.25 56.78 51.88

Treatment A 53.34 55.43 41.27 55.56 49.99 54.18
54.83 57.67 42.68 53.83 55.67 53.37
54.59 56.61 36.79 55.58 53.57 54,.40

Mean +0.578 +0.418 +1.697 +0.517 +0.946 +0.808
- - -

54.51 55.34 34.21 56.36 57.61 55.71
56.24 58.16 32.42 53,18 56.34 55.09
53.60 55.53 37.78 55.74 59.10 57.13
57.22 58.34 38.26 56.91 58.36 53.89

Treatment B 56.83 58.16 40. '16 59.23 54.71 58.1"1
56.12 57.76 37.56 57.15 53.95 57.23
55.75 57.22 36.73 56.43 56.68 56.19

Mean +0.580 +0.417 +1.075 +0.717 +0.743 +0.638- - - - -

53.40 54.39 36.37 58.24 56.23 55.68
57.93 59.40 31.03 53.55 59.10 52.51
57.34 58.77 38-;-17 52.51 53.11 58.45
55.28 56.37 24.56 50.47 50.33 57.04

Treatment C 54.83 55.89 38.34 50.21 50.67 56.06
54.58 55.87 40.47 59.20 57.69 57.74
55.56 56.78 34.82 54.03 54.52 56.25
+0.646 +0.714 +2.221 +1.437 +1.378 +0.783- - - - --

51.99 52.94 31.63 57.94 50.40 53.63
54.10 55.16 33.50 55.88 53.77 55.88
53.91 52.41 3-:.20 53.25 53.95 55.07
52.83 56.13 37.41 51 .12 44.07 56.98

Treatment D 54.20 55.10 33.83 50.54 50.69 58.06
53.87 55.69 44.72 59.80 57.33 56.80
54.52 55.68 35.10 54.40 53.u 56.16

*~1ean +0.539 +0.747 +2. 071 +1.376 + 1 .651 +0.669- - - - -

* Mean for C and D

UNIV
ERIS

TY
 O

F I
BADAN LI

BRARY 



Tab"le 2.2 Apparent Digestibility Coefficient of
Nutrients in Concentrate Supplement (%)

----OM OM EE CF CP NFE

g~:~~ ~1J~ g6:~l gg:~~ ~8:~g 59:~~
69.11 68.66 63.38 - 63.36 66.76 78.13
65-.00 - 70.12 65.46 67.40 68.51 76.58

Treatment A 66.11 65.33 68.58 64.18 63.41 74.69
63.34 66.71 66.21 63.33 65.06 75.48
65.76 67.95 64.30 65.02 67.26 /6.28
:1;0.628 to.408 ±1.085 :1:0.595 ±0.982 ±1.175
67.36 68.10 60.87 63.71 68.13 74.23
66.85 64.36 59.43 64.94 66.45 78.08
65.53 65.75 68.41 66.45 71.04 74.57
68.71 67.89 64.72 63.83 67.65 75.62

Treatment B 65.71 64.67 60.28 65.23 64.31 73.55
67.88 66.25 59.91 64.46 62.48 76.38
67.0. 66.17 62.27 64.77 66.84 75.41
±0.373 ±0.587 to.306 .to.381 to.408 ±0.504
65.05 66.10 61.73 64.91 67.22 73.87
61.56 62.25 57.67 68.86 66.57 74.33
61.50 65.57 52.92 69.15 60.74 72.45
62.40 66.98 79.15 66.12 63.85 72.69

Treatment C 63.68 63.36 62.07 67.30 61.39 72.46
63.81 60.03 60.74 64.47 67.47 63.81
63.00 64.05 62.38 66.64 64.54 71.60
:1:0.527 to.968 -:1:3.317 ±0.764 ±1 .115 ±1.467
56.79 60.42 64.03 66.54 74.52 65.92
61 .5[~ 65.36 57.74 65.20 76.09 68.95
56.71 63.05 61.24 60.61 80.83 75. i5
63.23 64.05 52.45 61.48 83.99 70.66

Treatment 0 69.00 64.54 53.11 63.30 79-:-49 70.46
65.39 65.21 54.00 65.68 77 .93 69.60
62.11 63.73 57.10 63.80 78.81 70.12
;J:1.806 :i:1. 165 ±1.743 ±0.914 ±1.252 ± 1 .152
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Table 2.3 Mean Daily Intake of Digestible Nutrients
from Basal Diet (gm)

DDM DOM OOEx2.25 OCF OCP DNFE TON
78.76 66.49 2.54 25.91 5.71 37.87 72.03
81.96 69.19 2.64 26.96 5.94 39.41 74.95
77.10 65.10 2.49 25.36 5.59 37.08 70.52

Treatment A 76.49 64.58 2.47 25.16 5.55 36.78 69.96
74.84 63.19 2.41 24.62 5.43 35.99 68.45
77 .83 65.71 2.51 25.60 5.64 37.43 71.18
+1.05 +0.91 +0.03 +0.38 +0.08 +0.45 +0.99

- - -

74.59 62.98 2.41 24.54 5.41 35.87 6-8~3
74.76 63.12 2.41 24.59 5.42 35.95 68.37
81.24 68.59 2.62 26.73 5.89 39.07 74.31

Treatment B 76.38 64.49 2.46 25.13 5.54 35.73 69.86
69.14 58.38 2.23 22.75 5.01 33.25 63.24•
75.22 63.51 2.43 24.75 5.45 36.17 68.80
+1.75 +1.48 +0.06 +0.57 +0.13 +0.83 +1.60- - - - -

72.46 60.84 1.22 23.72 4.69 36.22 65.85
66.76 56.06 1.12 21.86 4.32 33.37 60.67
63.94 53.68 1.07 20.97 4.14 31.96 58.14

Treatment C 60.20 50.55 1.01 19.71 3.90 30.09 54.71
65.44 54.95 1.10 21.43 4.24 32.71 59.48
54.58 45.83 0.92 17.87 3.53 27.28 49.60
63.90 53.65 1.07 20.93 4.14 31.94 58.08
-+2.248 +1.91 +0.004 +0.07 +0.13 +1.13 +2.0573- - - - -

64.22 53.92 1.08 21.03 4.16 32.10 58.3/
62.82 52.75 1.06 20.57 4.07 31.40 57.10
49.59 41.50 0.83 16.18 3.20 24.70 44.91

Treatment 0 61.60 51 .73 1.04 20.17 3.99 30.79 55.99
58.79 49.36 0.99 19.25 3.81 29.38 53.43
-44.28 37.18 0.74 14.50 2.87 22-:-13 40.24
56.88 47.74 0.96 18.62 3.68 28.42 51.67
+0.023 +2.54 +0.004 +0.98 +0.21 +1.50 +2.752
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Table 2.4 Mean Daily Intake of Digestible Nutrients from
Concentrate Supplements (gm)

DDM DOM DEEx2.25 DCP DCP DNFE TDN
172.94 147.96 4.87 12.41 23.77 143.06 184.11
192.13 164.37 5.41 13.79 26.41 158.94 204.55
180.40 154.34 5.08 12.95 24.80 149.24 192.07

Treatment A 160.78 137.56 4.52 11.54 22.10 133.01 171.17
152.69 130.64 4.30 10.96 20.99 126.32 162.57171.79 146.97 4.84 12.33 23.61 142.11 182.89:i:6.25 -r. 5.36 i;0.18 ±0.45 :1:0.88 ± 5.19 -i: 6.67
133.19 106.93 12.86 11.09 19.98 96.34- 140.27
160.99 129.25 16.54 13.41 24.15 116.45 169.55
174.05 139.74 16.81 14.49 26.10 125.90 183.30

Treatment B 167.10 134.16 16.13 13.91 25.06 120.87 175.97
°i75.20 140.66 16.92 14.59 26.28 126.72 184.51
162.11 130.15 T5.65 13.50 24.31 117. 26 170.72
:I: 6.69 ± 5.50 to.67 1:0.56 ±1.05 ± 4.94 i; 7.22
171.29 145.84 21.48 18.16 43.61 99.84- 183.09-
161 .95 137.89 20.31 17.17 41.23 94.39 173.10
161.08 137.15 20.20 17.08 41.01 93.89 172.10
149.73 127.49 18.78 15.88 38.12 87.27 160.05Trea,tment C 155.50 132.39 19.50 16.49 39.59 90.63 i66.21

99.70 82.33 12.13 10.25 24.62 56.36 103.36
149.88 127.18 18.73 18.84 38.03 87.06 159.67
± 9.535 ± 8.506 ± 1.260 ±-1.055 ±2.S42 :1;6.631 t10.673
105.30 89.55 13.73 11.26 40.52 53.05 118.56
77 .87 66.23 10.16 8.33 29.97 39.23 87.69
112.23 95.45 14.64 12.00 43.19 56.54 126.37

Treatment D 113.11 96.20 14.75 12.09 43.53 56.99 127.36
92.26 78.46 12.03 9.86 35.50 46.48 103.87
77 .26 65.70 10.08 8.26 29.73 38.92 86.99
96:34 81.93 12.57 10.30 37.07 48.54 -108.47

±6.088 ±5. i86 ±2.469 ±1.836 ±2.354 ±3.057 ±6.860
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Table 2.5 Mean Total Daily Intake of Digestible Nutrients (gm)

DDM DOM DEEx2.25 DCF DCP DNFE TON t1E ( kca1)
251.70 214.45 7.41 38.32 29.48 180.93 256.14 911.72
274.09 233.56 8.05 40.75 32.35 198.35 279.50 994.85
275.50 219.44 7.57 38.31 30.39 186.32 262.59 934.66

Treatment A 237.27 202. '14 6.99 36.70 27.65 169.79 241.13 858.28
227.53 193.83 6.71 35.58 26.42 162.31 231.02 822.31

253.22 212.68 7.35 37.93 29.26 179.54 254.08 904.36
+ 8.59 + 6.20 +0.18 +0.80 +0.92 + 5.63 + 7.52 +26.87- - - - -

207.78 169.91 15.27 35.63 25.39 132.21 208.50 742.15
235.75 192.37 17.95 38.00 29.57 152.40 237.92 846.87
255.29 208.33 19.43 41.22 31.99 164.97 257.61 916.96

Trea tment B 243.4,8 198.65 18.59 39.04 30.60 157.60 245.83 875.01
244.34 199.04 '19.15 37.34 31.29 159.97 247.75 881.84
237.33 193.66 18.08 38.25 29.77 153.43 239.52 852.57
+ 7.22 +5.78 1'0 66 +0.79 +1.03 +55.08 + 7.50 +26.61

- - - -

243.75 206.68 22.70 41.88 48.30 135.06 248.94 886.09
228.71 193.95 21.33 49.03 45.55 127.76 243.67 867.34
235.02 190.83 21.27 38.05 45.15 125.85 230.32 819.82

Treatment C 209.93 178.04 19.59 35.59 42.02 117.36 214.76 764.43
220.94 187.34 20.60 37.92 43.83 123.34 225.69 803.34
154.28 128.16 13.05 28.12 28.15 83.64 152.96 544.46
215.44 180.83 19.79 38.44 42.17 119.00 219.39 /80.91
+11.976 +10.237 +1.281 +2.557 +2.665 +6.852 +12.968 +46.177

- - - - -

169.52 143.47 14.81 32.29 44.68 85.15 176.93 629.78140.69 118.98 11.22 28.90 34.04 70.63 144.79 515.38
161 .82 136.95 p.47 28.18 46.39 81.24 171 .28 609.67Treatment 0 174.71 147.93 .5.73. 32.26 47.52 87.78 183.29 652.42151.05 127.82 13.02 29.11 39.31 75.86 157.30 559.90
122.54 102.88 10.82 22.76 32.60 61.05 127.23 452.87
153.37 129.67 13.51 28.92 40.76 76.95 160.14 570.01
+ 7.272 + 6.272 +0.807 +1.288 +2.390 +3.723 + 7.918 +28.086
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Table 2.6 Mean Daily Dry Matter Intake (gm)

Grass Concentrate Total
Supplement

142.75 262.99 405.74
148.55 292.17 440.72
139.65 274.33 414.08

Treatment A 138.65 244.50 383.15
135.66 232.20 367.86
141.07 261.23 402.31

Mean +1.985 +9.541 +11.278
135.20 198.76 333.96
135.50 240.25 175.75
147.25 259.74 406.99

Treatment B 138.45 249.37 387.82
125.33 261.45 386.78
136.35 241.91 378.26

Mean +3.107 +10.256 +10.878-

919 132.90 271.89 404.79
860 122.45 257.06 379.5"1
916 117.28 255.68 372.96

Treatment C 921 . 110.41 237.67 348.09
865 120.03 246.82 366.85
939 100.11 153.49 253.60

117.20 237.10 354.30
Mean +4.136 +15.853 +19.629

862 117.79 169.53 287.32
884 115.22 125.38 240.60
866 90.66 180.70 271 .36

Treatment 0 897 112.99 182.12 295.11
924 107.83 148.54 256.37
926 81.22 124.39 205.61

104.29 155.11 259.40
Mean +5.533 +9.810 +17.828
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Table 2.7 Mean Daily Intake of Digestible Nutrients per
~ Metabolic Size

Dt~ t~E DDM DCP Dor~
Treatment gm/kgHO.734 kca 1/ kg~JO.734 grn/kgHO.734 gm/kgWO.734 gm/kgHO.72

52.18 117.26 32.37 3.79 27.58
50.86 114.80 31.63 3.73 26.95 .

A 54.85 123.80 36.49 4.03 29.06
53.13 119.02 32.90 3.83 28.03
40.40 108.20 29.94 3.48 25.50

Mean 50.284 116.616 32.666 3.772 27.424
52.30 116.22 32.54 3.98 26.61
50.30 113.37 31.56 3.96 25.75

B 56.90 128.19 35.69 4.47 29.12
58.70 132..44 36.85 4.63 30.07
56.51 128.83 35.70 4.57 29.08

Mean 54.942 123.81 34.468 4.322 28.l21)
56.53 123.76 34.04 6.75 28.87
53.34 121 .90 32. 14 6.40 27.26

C 56.75 124.74 35.76 6.87 29.04
61. 50 135.08 37.10 7.43 31.46
58.86 128.88 35.45 7.03 30.06
56.43 121 .15 34.33 6.26 28.52

Mean 57.235 126.085 34.803 6.79 29.202
47.55 104.23 28.06 7.40 23.75
54.30 . 116.31 31.75 7.68 26.85
49.36 110.89 29.43 8.44 24.91

D 43.39 95.93 25.69 6.99 21.75
56.49 123.38 33.29 8.66 28.17
52.64 115.94 31.39 8.35 26.34

Mean 50.622 111.113 29.932 7.92 25.295

NS * * ** 1<
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Table 2.8 Carcass Analysis: Weights at Slaughter (kg)

Slaughter Hot Cold
Weight Carcass Carcass Head Offal Pluck Skin Feet Flesh Bone Sets Shoulders Blood Loin Ends Leg Fat

Weight Weight
14.65 6.83 6.23 1.26 1.61 0.67 1.47 0.51 2.36 0.75 0.64 1.96 0.62 0.96 0.58 2.09
18.95 9.37 8.57 1.75 2.0 0.72 1.85 0.54 3.36 0.92 0.83 2.90 0.77 1.09 0.81 3.11 0.158
15.70 7.63 7.03 1.27 1.71 0.71 1.59 0.52 2.73 0.78 0.80 2.26 0.69 0.94 0.67 1.36 0.056

Treatment 14.75 6.86 6.31 ];26 1.64 0.69 1.66 0.53 2.39 0.77 0.74 2.00 0.61 0.90 0.63 1.29
A 15.85 7.51 6.91 1.28 1.74 0.69 1.62 0.53 2.71 0.74 0.72 2.24 0.67 1.02 0.67 2.26 0.091

12.50 5.47 4.97 1.25 1.33 0.71 1.44 0.53 1.85 0.63 0.63 1. 51 0.45 0,71 0,54 1.58
15.20 7.45 6.70 1.17 1.72 0.68 1.65 0.53 2.44 0.91 0.80 2,13 0.60 0,90 0,74 2.13 0.089

Treatment 14.60 6.91 6.21 1. 26 1.60 0.67 1.57 0.53 2.35 0.75 0.79 1.98 0.65 .0.88 0.61 2.02 0.029
B 13.10 5.66 5.29 1.25 1.38 0 ..69 1.47 0.51 2.00 0.65 0.67 1.62 0.58 0.71 0.54 1.74

13.75 5.90 5.62 1.27 1.45 0.72 1.53 0.53 2.06 0.75 0.71 1.69 0.54 0.73 0.72 1.77 .041

12.00 4.50 4,18 1.00 1.5 0.50 1.00 0.50 1.5 0.55 0.22 0.65 0.5 0.32 0.24 0.70
14.50 5.50 5.37 1.00 1.5 0.50 1.5 0.50 1.9 0.81 0.33 0.85 0.5 0.28 0.26 0.95

Treatment 13.00 5.25 5.05 1.00 1.3 0.50 1.25 0.50 1.9 0.62 0.31 0.82 0.5 0.31 0.26 0.83 NO
C 10.60 4.00 3.76 0.75 1.09 0.57 1.0 0.31 1.4 0.48 0.26 0.54 0.25 ' 0.21 0.19 0.68 FAT

7.75 3.00 2.51 1.50 0.99 0.50 1.75 0.75 0.90 0.35 0.15 0.41 0.5 0.15 0.11 0.44
12.10 5.50 4.45 1.00 1. 50 0.5 1.25 0.50 1.65 0..55 0.25 0.72 0.5 0.27 0.23 0.79

i1.60 -4.5 4.37 1.0 1.20 0.5 1.5 0.50 1.6 0.67 0.24 0.73 0.25 0.20 0.22 0.72
7.60 3.0 »>: 2.51 0.5 0.95 0.5 1.0 0.20 0.86 9.44 0.16 0.43 0.25 0.13 0.13 0.35

Treatment 10.20 .3.5 3.29 1.0 1.03 0.5 1.0 0.31 1.20 0.43 0.19 0.48 0.25 0.23 0.19 0.55 NO
0 11.75 _#- 4.5 4.16 1.0 0.96 0.5 1.0 0.25 1. 50 0.53 0.23 0.68 0.25 0.25 0.19 0.78 FAT

7.85 3.5 2.56 0.75 1.00 0.5 1.0 0.5 0.90 0.35 0.14 0.44 0.50 0.14 0.13 0.46
6.40 2.25 2.15 1.0 0.83 0.5 ·'.05 0.5 0.70 0.35 0.14 0.38 0.75 0.12 0.91 0.37
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Table 2.9 Parts as Percerrta9.~s.of I;JholeAnimal

Parts as Percentages of Slaughter Weight
Skin Pluck .Offal Feet Head
11.40 4.60 11.00 3.51 8.639 7.: 3.80 10.55 2.84 9.23• I ::.l

10.10 4.50 10.90 3.28 8.06
Treatment A 11.25 4.65 11 .10 3.58 8.57

10.25 4.48 10.95 3.35 8.10
10.55 4.4"' 10.90 3.31 8 ::;)• '-'1-

r~ean +0.293 +0.438 +0.026 +0.369 +0.191
- -- - -

11.54 5.65 10.65 4.25 10.00
10.65 4.40 1l. 1a 3.43 7.55
10.75 4.60 10.95 3.62 8.60

Treatment B 11.25 5.25 10.50 3.92 9.54
11.10 5.20 10.55 3.82 9.20
11 .056 5.02 10.75 3.8"' 8.98

~lean fO.141 +0.204 +0.176 2=.O.3~3 +0.393-
8.70 4.35 13.04- 4.35 8.7011.11 3.70 11.11 3.70 7.41
10.20 4.08 10.61 4.08 8.16

Treatment C 10.12 5.75 10.99 3.11 7.59
18.42 5.26 10.47 7.89 15.79

9.43 8.87 11.32 3,77 7.55
11.33 5.38 11.26 4.48 9.20

Mean .\.-1.329 +0.713 +0.344 +0.641 +1.283
- - -

13.64 4 t:;- 10.91 4.55 9.09.'-'~13.42 6.71 12.71 2.68 6.71
10.46 5.23 1J.49 3.20 10.46

Treatment 0 9.52 4.76 9.14 2.38 9.52
12.12 6.06 12.1~ 6.06 9.09
13.46 6.41 10.59 6.41 12.82
12.10 5.62 10;99 4.21 9.62

Mean +0.653 +0.333 +0.474 +0.647 +0.744
- - -
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Table 2.10 Carcass,A~alysis:- Parts as percentages of whole animal
\

Live-Wt Cold Dressing
at Carcass out Joints as Percentages of Cold Carcass

Slaughter (kg) .Percent-
(kg) age Leg Shoulder Loin Sets Ends Flesh Bone Fat

------
14.65 6.23 42.51 33.48 31 .51 15.44 10.25 9.32 75.81 24.19
18.95 8.57 45.21 36.26 33.85 12.76 9.68 9.45 78.45 21.55 1 .0',4

Treatment 15.70 7.03 44.76 33.56 32.15 13.41 11 .35 9.53 77.75 22.25 0.797
A 14.75 6.31 42.75 32.34 31.64 14.33 11.73 9.96 75.68 24.32

15.85 6.91 43.60 32.65 32.46 14.74 10.45 9.70 78.55 21.45 1.317
15.98 7.01 43.766 33.658 32.32 14.36 10.692 9.59 77.248 22.752 1.3ig-~1ean ±0.478 ±0.619 ±0.374 ±0.425 ±0.334 ±0.031 ±0.563 ±0.563±0.O781
i2.50 4.97 39.75 31.84 30.47 14.24 12.68 10.77 74.51 25.49
15.50 6.70 43.22 31 .86 31.75 13.36 11 .97 11.06 72.84 27.16 1.328

Treatment 14.60 6.21 42.56 32.45 31.84 14.16 12.75 9.80 75.56 24.44 0.467
B 13.10 5.29 40.37 32.81 30.68 13.47 12.75 10.29 75.45 24·.55

13.75 5.62 40.91 31.48 30.14 12.91 12.69 12.78 73.33 26.67 0.730
Mean 13.24 5.68 41.36 32.09 30.976 13.628 12.568 10.94 74.338 25.662 0.842

±0.739 ±0.213 :1:0.436 ±0.225 ±0.134 ±0.454 ±0.491 ±0.491±0.065
12.00 4.184 36.38 33.65 31.05 15.34 10.66 11.33 73.10 26.90
14.50 5.37 39.80 35.19 31.58 10.53 12.13 9.77 70.2 29.80
13.00 5.05 41.25 32.87 32.50 12.17 12.43 10.34 75.43 24.57

Treatment 10.60 3.76 38.09 36.13 28.70 11.39 13.74 10.07 74.43 25.57
C 7.75 2.51 26.37 35.09 32.95 11 .62 12.01 8.54 72.00 28.00

12.66 4.45 33.61 35.30 32.25 12.33 11.05 10.24 75.00 25.00
~lean 11.66 4.·222 35.92 34.705 31.505 12.23 12.003 10.048 73.36 26.64 \to.626 ±0.380 ±2.006 ~0.448 ±0.408., ±0.615 ±0.416 ±O.339 ±0.745 ±0.745

11.60 4.37 39.76 32.98 33.47 9.2"' 10.86 9.83 70.59 29.41
7.60 2.51 33.62 27.66 34.09 10.70 12.77 10:66 66.10 33.90

10.20 3.29 34.41 33.71 29.41 13.68 11.75 11.64 73.53 26.47
Treatment 11.75 4.16 39.63 37.39 32.64 12.16 10.97 9.34 73.94 26.06

0 7.85 2.56 31.03 36.21 34.14 11.17 10.82 10.00 72.00 28.00
6.40 2.15 27.53 34.33 35.19 11.39 12.69 8.52 66.67 33.33

Mean 9.23 3.178 34.33 33.728 33.157 1"1.38511.643 9.998 70.472 29.528
±0.55 ±O.361 ±1.789 ;1,1.265 :to.750 ±O.556 ±O.339 ±0.402 ±1 .190 ±1.190
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