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ABSTRACT
N ne feeding experinents and one netabol i sm study

were conducted to investigate the water requirenents
and et abol i sm of sone indi genous N gerian sheep and
goats including the various factors that influence it
In the Sudan Savanna Zone. The studi es conducted
exam ned the wter bal ance, seasonal variations, breed
effect, diet effect, influence of feed and water
deprivation end al so effect of physiologic states on
water requirenents of these indigenous N gerian sheep

and goats.

QG owt h performance of the indi genous penned sheep
breeds were much better than that of the goats for
exanpl e average daily gain (ADG for Yankasa was 0.110kg
while that of Mcradi was 0.P5kg. Conposition of the
whol e bodi es of sheep and goats showed that water
conponent ranged fromb52.37 - 71.51%for sheep and
48.16 - 74.69%for goats. Tritiated water space
(TCH) as percentage of |iveweight was (66.1% for
Maradi goats, 73.6%for Yankasa, 80.5%for Quda and
77.8%for Sahel. The biological half-life of tritium
was | east in Yankasa (1T5.5h) and | ongest in Sahel
(173.3h). Water turnover per day/aninmal was 2.52L,
2,63L, 0.86L, 1.0L for Quda sheep, Yankasa sheep, Sahel
goat, and Mradi goats breeds respectively.

The results showed a variation in water requirenent
with age of sheep and goats but no concl usion could be

drawn for relationship between sex and water requirenent.
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A so results showed significant (P/QO01) effects of
seasonal variations on water requirenents of Yankasa
sheep. Water deprivation depressed the growh

performance of Yankasa sheep and this was very prom nent

in the hot dry season.
Water restriction negatively affected the grow h,
| actation and pregnancy perfornmance of Yankasa
ewes. MIlk yield dropped drastrically when water was
not given daily to lactating Yankasa ewes. Pregnant
ewes watered 72hourly aborted or gave birth to weak | anbs.
Feed restriction in sheep resulted in reduced water
I ntake and consequent weight |oss. Results of the
nmet abol i sm study showed that Maradi goats produced drier
faeces than Yankasa sheep. At high environnenta
tenperatures, evaporative water |oss plays an inportant
role in regulating body tenperature. Evaporative water
| oss of the Yankasa sheep was |62.4m /kg0. 73/ day while
it was 120.4m / kg% "3/ day for Maradi goats. The
percent age faecal water ranged between 50-60% for Yankasa
and 40-45%for Maradi goats.
| nvestigations with sheep and goats showed a great
influence of diet on water intake. Sheep and goats on
low protein rations drank | ess water than those on

hi gh protein rations.
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INTRCDUCTION

Water, the simplest of all substonces in foods,
is not the simplest to determine. Usually it is
recorded as the loss in weight of a sample as a result
of oven~drying to a constoant weight at atmospheric
pressure nnd ¢t a temperature Jjust above the boiling
point of water. The significance of the water content
of feeds depends on the kind of feed and the amount of
water. The greeotest difference in nutritive value
yetween many feeds ie traceable to differing moisture
content,

Water is o dietary essential. Animals' first
response to a restriction of water intake is a reajrigtion
of voluntrry feed intcke. The water content of feeds,
particulorly those that are normelly high in woter, such
as silnge, fluid milk, pasture forage and roots, is an
important considerstion in their feeding value and in
the overall reguirement of the animal for water, Water
that is not supplied with food must be supplied from
some other scurce, arnd some foods awé their chief
nutritional properties to their water content,

wWater intrke by animals is controlled by the
capacity of the digestive system. The water requiirement
for specific animals, depends on the composition of the
animals! dicts. Crempton and Harris (1969) reported
that the approximete water that should be provided as

Wmeverage, where it is impossiyle to furnish water
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ad libitum, mey be calculated from the caloric
requirement, The digestive czlorie intake for any
animal is not frr from metibolic size, The quantity
of water tc be provided as beverage is, for average
conditions, one mililiter per met~bolic size, The
palance of the dey's water is provided by metabolic
water and thet which is contained as free water in
the foods eaten.,

The presence of adequate water in body tissues is
an essenti-l prerequisite for the normmal maintenance
of life, and weoter is a fundamental constituent of all
living cells, It is so intimately concerned with the
transform2tion of nutrient and excretory matter between
the digestive system, the cells of the differcnt body
tissues and the excretory organs. French (1956)
reported th:t sterving animals may lose nearly 2ll
their glycoren end fatty reserves, half their body
protein and about 40 percent of their bodyweight and
still live while the loss of only 10 percent of body
water causes serious disorders and further losses may
quickly lerd to derth. The latter also reported that
temporiry w-ter shortages are consequently of grecter
immedi~te signficance than corresponding deficiencies
of solid foods. 1In the semi-erid regions, where
droughts alternste with se#sonal and often short

rainy periods, °nd where livestock experience Scrious
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difficultics in finding and consuming sufficient

herbage to meintrin growth, reproduction and normal
sustennnce; the sersonal water shortages exert such
dominating influences that attention is quickly nand
importantly neeced on weter requirements of livestock
especinlly ruminents.

Apart from specific production needs, French (1956)
reported thot weter is constontly needed to balance the
continuous losses from the kidneys, the intestinal tract,
the skin and the lungs. In urine, water is the vehicle
for the excrction of a number of catabolic
products perticulerly minersls znd urea, and the richer
the diet in miner~ls and proteins the larger are the
quantities excreted and the greater the volumec of water
required for their seclution and transport,

Robinson (1957) reported that water was uniquely
suited to become the inorganic #esis of living mattcer,
Its unusually high dielectric constant nelps to bring
ions into solution in the lower part of the rnnge of
tempe rntures in which it is liquid, and dissolved ions
play a large part in maintaiging essential proporties
of cell membranes and the activity of enzymes, Within cells,
water appecrs rrther as a2 physical substratum thon as a
chemical participant in the essentlal reactions which
maintain life. The body water is not, of course, fresh

water, but contzins salts in solution; and the salts
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inside and outside the cells are characteristically
different. The chief cation of the extracellular fluid
is sodium, there 2re also small but important
concentrations of potassium and calcium, and chlorice and
bicarbonate mcke up the bulk of the accompanying anions.
Robinson (1957) a2lso reported thet the chief cations

in the cell is potassium and the accompanying anions

are probobly mostly orgsnic phosphates,

In Nigeria, especially in the guinea and sahel
savannn zone vhere there is a long period of dry season
(as long ns 8 months) in a year, water is not availuble
all year-round, Consequently, the animals have to
adapt to little or no water at certain times of the
year, 1t is necessary therefore to know the actucl
amount-of wi ter required, by these animals, The specific
objectives of this study were to Ilnvestigzte the following:-
1. Water brlcnce of sheep and goats.

2. Breed differences in woter metawolism of penned
indigenous sheep and goats.

3. Effect of cge ond sex on water requirement of penned
animals

4, Seasonal verirtions and influence of intermittent

watering on grazing animals
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5. Influence of diet type on water intake of sheep

and goats.

6. Response of ewes under various physiologic states
to wrter deprivetion.

7. Effect of grrded level and totrl feed depriv-tion on
wnter requirement of sheep.

8. Influcnce of feed manngement on weter intake of
sheep,.

These objectives hfve bLeen conducted as experiment

1-8 respcctively.



CHAPTER I

REVIE" OF LITERATURE
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In mony tropical arid and’ semi-arid parts of
the world the provisicn of adequate supplies of w ter
is an import-nt limiting facter to animal production
more than the supply éf energy, pr¥tein or other
nutrients. French (1956) ;gfrrted that an animnal can
survive even vhen 30% ef its bndy fat and protein are
lost due to strrvation but death results immedi~tcly
up te 10/ of bocdy water is lest.

The principal sources ¢f water fer animils are
€rinking water, water in foerd and water produced hy
metabolism in the tissues. All these contribute <t the
b.dy water pool. Water is the dictary substance recuired
in largest omount by animals, It is an ideal dispersing
medium because of its solvent and iénizing powers 1hich
facilitate cell reactions. Water takes part in Locy
reactions os shown by the hydrolysis of proteins, fit
and carbohydr: tes which takes place in digestion,
wWater is involved in many anabolic or catabolic ¢ :nges
in intermedi: ry metcébolism which require the chenmic~l

addition or relecse of water.

1.1 Water Brlence

Water is lost from an animal liy three main routcs:
in the urine, feeces and by evaperation. Deven and
Young (1981) reported that high temper:tures incre: e
the requirerents for water needed for e vapor - tive

ccoling ond high feed int:kes necessitate more witcr intzke
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for digestion ¢nd excretion of waste products. To
maintain a constant body water volume, water lost from
the body musi be balanced by an equivalent water intcke,
Water int:' ke originates from water in the food, free
drinking water and the water derived from metabolic
reactions.

Environmentzl conditions (Clark and Quin, 1S49)
and total feed int: ke (Degen and Young, 1980) iniluonce
the water int ke of sheep. Water lLalance is the equctiion
Letween the sum of water drunk, water taken in with food
and met bolic weter fermed by exidatien or food on one
hand, and urine water, faecal water and water lost Ly
evaporation vic skin and lungs on the »ther,

Closely related tu water-balance is the varic{ion in
ion~-balance, especially in thuse irns whose excretory
levels may be regulated in accordance with met volic
requirements. Tomer, Dhillon and Razdan (1959) notcd
seasonal v:rifrtions in insersible water loss in c-lves
and alse indicated that the extent uf variation depends
¢n breed,

Bhosrzkar et al. (1969) estimated the woter balance
in 54 lactrtirg 2nd 15 dry Sahiwal and Tharp-rkar c¢: 1 ile
during summer rnd winter in India, They found 2n increase
in water intske to dry matter rativ in both brecds
during summer, Insensible water leoss was high in
lactating c:ttle :nd this resulted in a greater w ter

intake in loctiting than in Jdry cattle. Bhosrekor et al.
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(1969) also noted that water inteske showed sensonal
variation,

Schoen (1¢68) reported the intukes of feed .nc
water, woter output, osmclality, Na and K contenis of
urine ian fomrle East African grats that were estinated
in norm.l envircnmental conditiens, under heat strecs
and when woter intrke was reduceud by 24 or 39§ of
control animel's intrke. “‘hey nuted that the goits
shuwed gre~t toler-nce to heat stress and reduced w:.ter
intake. The toler:rnce to heat stress was thought tc be
due to resistince to the alLsurptien of rediant he-{ by
the shiny cort, ability to maintain a high feed int ke
and hence a high yield of preformed and met bolic wx ter,
a significont hest sterage capacity, a reduction of
water lo3s in urine and faeces and increase in
ventilation rte. The toler:nce to water restriction
was thought to be due to the maintenance of a nerr
normal feed intrke, the alLility to reduce water loss,
especially by evaporation, and the ability to conccutrate
urine and reduce total cation excretion.

Maynard et 2l. (1983) reported that animilz muct
receive suflicicnt water to balance its losses in
addition to the amount required for the form:tion of new
tissues or products. The.wﬂrkers‘further noted thot
the water reouirement of animals vary widely according
to the mognitude of the varieus facters which govern

the losses such ¢s species.
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1.2. Species ond breed differences in

wnter metebolism

King (197¢) reported field studies using tritiated
water turnover, to assess dietary water intnke of 212
animals throurhout the yezr., Species of nnimals
studied were A.ricen buffalo, Fromedary camel, zebu
cow, elond, smrll East African goat, fringe~-eared oryx
and Dorper shcep, He found significant differences in
water int~ke ~nd water turnover among species and
Lvetween secsons. The cryx had the lowest d2ily
turnover rote, folluwed by camel, sheep, goat, elcnnd,
cuw 2nd buflialo, when expressed in ml/litre of the
approrpri~te unit. The restraints imposed by tr:<itional
African animz]l husbandry have drastically reduced the
natural ability of eland to conserve body water but
had much less effect un the LWffalec and oryx. King
(1979) reported thet the apparent reasun is that though
the eland is behaviourally adapted t~ a semi-arid
environment, a specie like oryx is more physiole-ically
adapted in view of the luwer than aver ge metaboliic
rate in oryx. Degen (1977) observed that a graducl
reduction in wrter supply of Awassi sheep over a
12-day period resulted in less of about 21% of boly
weight, ~nd 25.8% TOH space. Under similar conditions,
Merino ewes lost about 27.5% and 35.4% body weight cind
TOH space respectively. It was also reported th-it both

Lreeds had recduced water content of faeces and an
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incretsed bocdy temperature but remained thermost-ile
when dehydr: ted. Alsi both lreeds decrensed their
ranting rote with a reductian in water intake, He
concluded th-t the fat-tailed Awnssi can maintains
its bodyweipght ond bedy fluids to a greater degree
during deixydr:tion than the German Merino and is ~ble
to replace its loss of body fluids more quickly.

1.3 Diet erfect on weter metabolism

Devendrs (1976) reported large individunl dis crences
in water intrkes, which were incre-sed by urea on trirls
with Malaysic sheep fed rice strow, m#lasses and urca
in their diets. Overall mean daily intakes were
1824ml free :nd 1927ml totl water, 7.7 and 8.8% of
liveweight,

Krishnr, Rrzdan and Ray (1975) found thit met-bolic
water procduction wrs higher in the winter in spite ol
lewer dry natter (DM) intake in lactating zebu cous
perhaps duc to o rrised metabslic rate in cold conditions.
In the summer met: bclic water production variced with
the totol digestible nutrient (TDN) intake but did
not depend on protein int=ke. The workers also obuerved
that the wrter intrke wes affected by nutrients
(enorgy »nd protein). Insenisble water loss w:s highor
in sumiaer ~nc wes also significantly affected by TDIT

in both sersons and by protein in summer.
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Totzl feed int-ke (F®rbes, 1968) influence the
water int ke of sheep. Shkolnik et al., (1972) studied
water requirements in black Bedouin goat of the Negev
d=sert anu found thet it veries with the diet tyne
and combinntion. Maloiy and Tayler (1971) compired the
water re-uircments of goats and haired sheep in the
arid northorn region of Kenya and observed thot goits
required lecs rmount of water than sheep, Khan ct al,
(1978) studied the Bormer goots in the Rajasthon desert
and noted th 't the water intrke v ries with th: protcein
content of thc diets. Rumsey_et al. (1979) reported
variation in woter intoke with different dicts in bullocks.
Krishn~ ct 8l. (1976) reported dietary effects on wr ter
intake of Tharprrkar and Sahiwal cuws while Devendra
(197€) studicd influence of planc of nutrition on wter
int1ke of Moleysian sheep. Singhal and Mudgal (19C1)
reported dictrry effects on water intake of groving
Beetal go~ts.

1.4 Physiolopicel changes in water metabolism

Yangil ~nd Berlyne (1977) reported that dehydration
in camels led to rise in bluod glucose level and it also
caused blood insulin to fall. Macfarlane, Howard ~ind
Merris (1940) reported on the e ffect of shearing on
Merino wethers in the dry subtropical region of
Queensl~nd, during a period of sunshine with maxinun
temper~ture between 360 and 3308. The content,
Gistribution and turnuver of water were estimhted before

and after shesring. They found nu significant chonge
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in total bhody wrter while the thiscyanate space
incrensed by 12¢, the plasma volume by 17%, and the
plasma protcins were diluted by 17% after sheiring,
Water turnover  rose from £21.5 to 159ml per ki per
24h, They cestin: ted thet an aversge increment of
1550Kc 1 per 24h ir heat lcad frem insolation occurrod
as a rzsult of the removal of fleece during exposure
to summer sun,

Vattonen ¢nd Eriksson (1977) reported th:t w-ter
at 10% of bodyweight aver:ging 6.51itres was inirc. ucel
into the rumen of 2 femrle reindeers. These worlers
fcund th~t wotcr diuresis began within 30min; the
peak lasting for omly 4Omin, was reached quickly cnd
thereafter uriner flow declined rapidlv. Vaztonen
and Eriksson (19077) also noted that urea and electrolyte
excretion were little affected. When the reindeor wer:
deprived of wrtcr fer 48h, they 1lnst 20% of their
Lodyweight. Urea concentration in plasma ~nd urine
rose during dehydraticn and urine flew rate aftor 2 doys

of wrter deprivition decreasec to half the origin~.

value, Barmer gorts deprived of water for 4 dcys in the
autumn, maintrined plasma and extracellular fluid volumes
and lost woter from the gut end cells (Khan, Sosidhc.na
and Ghosh, 1579).

1.5 Water Estimetion

Se~rle (1870) estimated tritiated water space in

femile ond c str:ted male sheep of ages ranzing fron
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3 danys to 18 months. When the sheep were killed ond
water, fat, protein, ash and energy were estim.ted
in minced crrersses, it wes s?scrved that (u» to 9
months of .ge) wrter decre- sed from 77.2 to 73.0,
protein incriracd from 18.8 to 21.0%4 and ash fron
3.9 to 5,8 of frt-free empty bodyweight. Senrle £lso
noted that therc were clise correlations betwecn
triticted woter-gyace and chemical components of
carcass,

Hansard (1964) studied pigs, coattle ond sneep
placed in met belism units for 10 to 15h. He
administercd intravenously 1 to 2g antiprine, 29 to 50 mc
antipyrine 1_131 or 2 tuv 3 mc tritiated wrter (T0H)
per 1001lb bodyweight. He okserved that the me-n rrtes
of disapperrence of antipyrine from the blood in thc
pigs, cnttle rnd sheep were 45, 23 and 28/ per h,

He also not.d thot in all three species, no signific-ont
amount of 1131 from antipyrine was excreted in faecces
or retained in the digestive tract, but significant
amount of both ontipyrine itself and TOH were found

in both tract rnd fncces. By a2ll 3 methods, 2avercge
amounts of tot:l body woter were calculated to bo

65.1 "nd 46.2% of bodyweight in young and mature pins,
69.9 and 50.2% in weef cattle, 62.7 and 56.5/5 in gheep,

.
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Ranjhan et rl1. (1982) repurted th it native
Muzaffarnmgri rnd crossbred sheep in Indin did not
differ signific: ntly in bedy cumposition. The w toer
turnover r- tes were not significantly different betwccen
breeds within the same seasen, but a significont
differcnce wrs observed Letween the two seasons
(Wwinter 2nd Sumner). They found that water turnover
and water regrirement were lywest in goats followed by
sheep, cro~-sbred cattle and Luffale when expresscd o8
ml/kgo'sz/d. The latter also otserved th-t met-obolic
water production was 10% of the total wnter input in
buffalc 2nd cro:sbred cattle, but was more in shcep
and goats in both seasons.

1.6 lWater turncover

Over 999 by number of the molecules present in a
rumin-nt arc wr ter (Macfarlone and Howard, 1972). The
powerful effccts of solar rrdirtion on woter dennd in
arid and semi-rrid areas are integrated with those of
air temper~ture »nd foud supply. Water reqguircrcnt is
influcnced by rge, envircnmental temperature, food
supply, lactrtion and behaviour {(Macfxrlane wnd Howard,
1972). Tropicel and sub-tropical climates are knowvm for
high ambient tceperetures, irregular and scanty rcainfall
along with low qunlity and quantity of available forage,
Such environments exert nutriticnzl stress on the
ruminents inhrbiting the area. These workers also ronorted

that the turnover of water vy ruminants is closely rclated
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tu the moisture content of pasture plants. In the
tropical sumrmir there moy be lew rotes of water intrlke
when dry vogets tion is eaten but rain in the sunmer
rapidly incrc-ses wrter turnover when lush vegetction
are aobundont, Mrcfarlane et al. (1966) observed thot
shecp do not need to drink when pesture carries 6C=70f
water. Shkolnik (1972) reported that Bedoiun go-is
were someiimes wr tered only once every fog dhys even
during the hottest part of the summer.

In stucies by Anand et al. (1966), mrture
Rambouillct nd Rrmbouillet x Suffolk ewes from 21 to
14 yexrs old were given 1.13kg of dried Lucerne pellcts
and sn1t drily while w-ter wi:s provided ad libitum,
Tritiated woter wes injected intu each animal through
one jurular vein rnd blood samples were taken from the
other at 4-h intervals for the first 12h and then every
12h up to 7 drys, The latter found that the meon totcl
budy wrter voe 54.6 41,64 of liveweight and biological
half-lifc of tiitium was 4.4 to 7 days with an 2ver ge
of 5.4 days, Mern drily intake of water, total w.ter
loss =2nd urinc production wwre 66.8, 72.7 and 27.1nl
per kg live=-weight. Daily weter intake by drinking wos
42/ of tot~l wrter los:z. , while urine formed only
37.2,% of totrl loss or 40,.6Y of total int~ke. Dcgen
and Young (1€£1) estimsted the total body waiter ~nd
trtnl wrter turnover using tritiated water injectec
into weaned Suffolk croussbred lambs each eighing 20kg

¥ ) 0 (8]
in temper-turc chembers nt 0°» 1075 20" or 307, Thc
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latter noted th~t turnover, evaporative water loss

and DM intrke were influenced mainly by environmental
temper:turc, Fercentage woter in faeces was influcnced
mainly by 2mcunt in feed; losses in urine were not
affected by environmentsl temperature or ~mount of fced.
Aggrey (1982) studied the effect of seasonal changes
on wrtor content and water turncver of cattle, sheep
and go~ts on posture undel’ humid tropical conditions,
using tritium dilution technique., Axgrey (1982)
reported thit tot2l body water was significantly lowver
in the dry season thah in the wet season. the latter
also notcd thrt in all seasons water turnover wos
highcst in csttle, followed by sheep and then goats,
Aggrey (1982) concluded thzt the gont would be 2 nore
suit~ble 2nimerl for production under dry conditions than
c2ttle ~nd sheep. Koemal (1982) used the triti~ted woter
dilution technique to determine the total body witor
(TBW) =nd wrter turncver rate (WIR), in water buffalo,
Red Danish crttle, fat-tniled Ossimi sheep, crossbreod
Nubian - Bedoiun goats ond camels. The later reported
a significrnt effect of species on TDW and WTR.
Springell (1968) reported that the total body w-ter
(TBW) ond its distribution in the budy of the aninial can
ve used 28 an index of the condition of the anim~l as it
is propertionrl tc the body solids. Macfarlane :nd
Howard {196<) rnd Degen (1977) noted that water
turnover, which is genetically determined, is ~lso affected
by envirvnmentrl conditions such as smbient temper ture,
type "nd aveilability of food and water and thc

activity of the animal. Weter content and its turnover may
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Le related to the adaptation of livestock to a trorical

environment (Springell, 1968). Macfnrlane et al,

(1974) and Biré (1984) predicted body water ocontent

and body composition using tritiated w:ter spce

(TOH). Pancretto and Till (19C3) worked on body
composition in wvivo of mature goats using TOH sprce,
Gharaybch et e1. (1968) indicated that crossbred cnincls
dif fer from pure breeds both in wdy composition tnd
water turnover rate.

17. Natcr Deprivatiun

Khan, Scsidharnn and Ghosh (1978) reported the
effect of w ter deprivation on Larmer goats grazing
and browsing cn natur~l vegetation for 8 hours 2 day
in the Rajesthan Jdesert. Two groups of 6 castroted mole
gonts 18 merths old were kKept on the experiment during
summer, from April to June and in the post-monsoon pcriod
from Septcmber to Decemher, The control groups were
watered drily ond Jdrank an average of 7.59 1litrcs/100kg
liveveight dr ily. The second group were given o
quart:r ol thc intake by the controls. The exourimentel
anim~1ls showed no loss of appetite or weight, During
May nd June when the maximum tempernture wis 40°¢,
the control group gnined 2.74%  of initinl weight ond
the restricted group gained 1.67%.

Blair-West et 2l. (1979) reported studies in which
the woter intcrke of 4 Merino ewes was restricted for

8 to 15 days to produce a minimum loss of 10,5 bodyreight



18

while they continued to eat their normal ration ¢ fced.
The anim~ls were then given access to water or 10ml
potnssium chloride for 2h, The latter obscrved th't

water roestriction inereased plasma renin and vosoprossin
concentr-tion. When given free access to @ater, pl sma
renin increrscd further ut urine flow rotes did not
return to norm-1l for 2t least 6h following re-introwuiction
of frece-tccess wrter.

More cnd Sehni (1978) reported on the w ter
requircments of weaned chokla lambs recorded up to 6
months of agc., Thereafter the experimental animcls vere
divided into 3 groups and given water once every 24h,
once every 48h during winter, or once every 72h during
summer, In the same work, they ¢bserved thnt; waiter
deprivation during winter did not affect weight p.in but
summer deprived lambls lost 1A.4% of liveweight, Oversll
water int ke of control and deprived groups was 2.4
and 3.7 litres dei}y. When given on alternate days in
winter, woter consumption appeared to be compensutod for
vy the deprived lamis taking up te double the quantity
of thit drunk by controls. More and Sahni (197C)
noted thot haematocrit values did not indicate significent
d2hydr2tion in either season and there was no decrease
in plasma volume extracellular fluid or body wotcr caused
by depriv-tion of water for 48h in winter. In sumer,
water depriv:tion for 72h significantly incre.sed Lody

fluid volume,
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Narinder cnd Taneja (1978) reported on the effect
of water deprivetion under arid conditions on two
groups of Merweri ewes grazing natural pasture in
India, Tre control group had free access to water ind
the experimental gr~up had ne drinking water. It
was found that, during summer, the deprived group lo~st
34% of livevcight in 3 days, and in winter they lost a
similar percentage of weight in 36 days. Avernge eir
temperature was 18.500 in winter ancd 33.300 in summer
resultin~ in increased water requirement in the sumncr,
Succulent desert plants also preovidec a source of
moisture in winter up to 70.4%, while in summcr mois mr~
content wrs only 20.5%. Narinder andi Taneja (1278)
also observed that packecd cell velume and rectal
temperature were higher in deprived than control
sheep ~nd higher in summer than in winter at maximum
weight loss.

The latter alsc found that whken water 4as oliler.d
after deprivetion sheep €rank 17 litres in summer and
5 litres in winter on the first day and all weight
loss was regoined in 31 days Jduring summer and in 19
days ﬁuring winter,

More and Sahni (1981) reported studies made at
Avikanagar on chokla ewes grazing fer 8 to 10h a day
on natural pasture without supplement. There was ro
rainfall in winter and spring and mean relative

humidity fell to 18.4% at 150vh in spring. The
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ewes, in 4 groups were allowed water ence in 24, 48,
72 ar G6h; 7 ewes from 1st, 3rd and 4th groups were
mated first in spring Héfere the trial and again in
winter, so thet they lambed in the monsoon and in the
following summer. They found that all the ewes watered
once in 24 or 72h lambed successfully in the firct
cycle but 4 of the ewes watered ence in 96h aborted
in the first summer; in the second cycle, with pregnancy
in winter »nd spring, all lambed successfully. A
singificant increase of water intake in the 3rd month
of pregmancy wes alsc etserved. Ewes waterecd once
in 72 and 96h dreank up to 32% of their bodyweight in
2 to 3min, but mean daily intakes were less by 2 to
5% of bodyweight than those of ewes iaily. These
workers also noted that nem-breeding ewes drank less
than those in late pregnancy or lactation. Those
ewes were wetered every 48h drank as much as those
watered daily. Pregnant ewes watered once in 72h
or 96h lost weight; those which aborted lost about 34%
of bodyweight in May, the hottest month, whereas those
that lambed lost about 26%. In the second breeding
season it wcs found that the water-deprived ewes lost
only about 15% of bodyweight, but.up to 20% during the
lactation period in summer,

In studies by More, Singhhndhand Ssahni {1976) newly
weaned chokla lambs from 90 days el age, in 2 groups

each were given water to appetite every midday for 6
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months or at intervals of 48h for 3 months followed
by 7?h for the next ( months. For 5 months the lambs
grazed uncultivated grasses and shrubs for 8 to 10h
daily and in the last munth they were fed on cowpea
hay in st»lls. The maximum and minimum temperature
reported for Januery, were 23,0°C and 5.3°C. Daily

maximum tempercture then increased to 37.8°c in

June, At the end of the trial, lambs watered daily
weighed 23,7kg »nd the others weighed 18.8kg. They
further observed that deprivation of water reduced
weight of gestrointestinal tract, liver and skin.
water deprivetion increased dressing percentage from
41 to 45% but the chemical coumposition of longissimus
dersi was not affected.

Ghc sh, Khan and Alichandani (1976) reported on
the effects of 24h and 48h water deprivation of
glomerular filtrzticn rate (GFR), and on blood and
urine electrolyte levels in Marwari sheep. The latter
found thnt bodyweight, urine veolume, GFR and erythrocyte
Na concentrctions fell considerably aue to dehydr:-tion.
Plasma Na #nd urinary K concentrations remained
unaffected. While plasma K appeared reduced, the K
in red blood cells increased after 48h of water
deprivation, The most remarkalle response reported
was in the concentration of urinary Na which rose to

more than double the normal.,
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Purohit, Chosh and TaneJja (1974) found that 50%
vater restriction for 21 days resulted in a
significantly decreased urine vulume, faecal water
and transfer function of %idney while urine electrolytes
irc reased sigrificantly in Marwari rams. when
restricted sheep were again allowed free access to
water, urine volume recovered within 24b,

Clark snd Jay (1975) reported a 4=year study
with 3 generctions of Romney ewes which was designed to
measure intcke of drinking watér and to compare growth
and reproduction with and without access to drinking
water. The latter found that daily water intake vas
gerernally small and exceeded 4.5 litres on only two
ambient tempersture. The same workers also noted
that sheep arc adapted to absence of drinking water
during pcriods when the normal requirement is low,
Gordon (1965) found that the time spent ruminating
by sheep was reduced ly deprivation of water, while
feed intake wrs also reduced by 46%,

Umunna et 21, (1981) reported studies in northern
Nigeria during the rainy season and end of the dry
season respectively in which Yankasa sheep were given
elther a high-roughage or a high-concentrate diet,
Water wrs given once in 24, 48, 72 or 96h, Free
weter intake decreased linearly and significantly
as the period of water derrivation increased but

feed int:ke wrs not similerly affected, The latter
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also found thet there wes a marked decrease in
livewcight gein and consequently an increase in fecd
intake/kg grin. In the metnbolism study, there was a
tendency for nitrogen (N) in faeces and urine, and
moisture in freces to decrease while menn retention
of N nd digectibilities of N incressed with increcsing
period of wrter deprivetion. They also noted that
rams given wrter once in 72 or 36h were inactive nnd
twe r:ms died of severe dehydration in the group with
a high-concentr: te diet given at the end of the dry

sSe1son,

1.8 X¥ater Int:ke

In studies by Taneja and Abichandani (19G67) in
Rajasthan using Marwari wethers that were 2 years
old; int-ke of drinking water was measured daily frcm
February to June, when environmental temperatures rongec
from 7&0 to 107°F et varieus relative humidities,

The workers found no rignificant rejation between
intnke and relative humidity.

wilke, Smith and Janovsky (1901) reported thot
lactating Saanen goats 14 to 18 months old were given
straw trented witk sodium hydroxide, either alor.e
or in 2 complete mixed feed. DM intake was more
closely relrted to liveweight. When untreated or
Ne@i - trected meize straw were given to appetiie,
it was found thct Nend treatment Incrensed the

water int ke by more than 50%. With complete mizec
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diets, witer intrke wrs increased when the diet
contained 60% NeOH treated maize straw (5% Nrﬁﬁ.or vhen
the sodium intrke was 18mg/g feed. Wilke et al,

(1981) also noted that surplus Na was excrctea via a
highar concentrrtion of Na in urine and a gre~ter
volume of urine,

Stephenson et al, (1980) reported that the effect
of heat stress on milk production, feed intnke, water
intake, urine output, growth rate of lambs nd pl-sma
prolnctin concentrrtions were determined 1in ewes ond their
lambs, They found thot bodyweight gain was similar in
both stressecd rnd unstressed lambs. Feed intnke wes
reduced by henrt stress in the climatic ch mber but not
unier natural conditions. These researchers also
found thnt weter intake 2nd plasma protein concentr- iions
were incre~sed in heat-stressed ewes. Urine output
accounted for 67 2nd 80% of the water plus milk intcke
of unstressed :nd heat stressed larbs, respectively at
5 to 6 wecks old. The latter would indicnte the
importance of providing water to lambs during grazing
in tropical regions.

Clark and qQuin (1949) reported that on 2 rotion
of poor quality grass hay, sheep were found to maintcin
their normal intrke of water when allowed to drink
for onc¢ hour only every second day. When given water
at 72h ~nd 96h intervals, the total intake wis decreased

to 63 percent #nd 54 percent of the normal, respectively.
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The consumption of lucerne hay was markedly

suppressed by lrck of water even during the first

24 hours of thirsting, Clark and Quin (1949) 2lso
observed thst sheep on lucerne hay receiving water

only twice weekly still gained in body weight, This
gnin was, however, accelerated when water was constantly
available,

Macf-rlane, Morris and Howard (1958) rzported th:t

Merino sheep required more water in summer, on the
averige 12 times &s much as in winter, when they took
7.3ml/kg/day. Also, they reported that water intcke
was closely reloted to respiratory rate.

Wnen woter requirements wes estimated, during 2
seasons for buffanlos, Holstein x Haryana cattle,
Suffolk x Muzaffarnogeri sheep and Barbari goats,
Ghosh ct zl., (1980) found that there were significant
difference in the water requirement and water turnove:
between sercons and between species. Water turnover
and wgter requirements were leact in goat followed by
sheep, cross~bred cattle and buffalo when expressed as
- /kgo.sz
1.16, 3.54, 0,45 and 0.13 and ir summer 2,25, 2,00,

day. Metabolic water production in wintgr was

0.38 and 0,12 litre/day in Yuffalo, crossbred cattle,
cross=bred sheep and goat respectively, Metabolic
water procduction wzs 10% of total water input in
buffalo anc cross-bred cattle, Wwut wes more in sheep

and go~ts for both seasons.



_ 26

Bond, Rumsey and Weinland (1976) reported thot
the fceding ¢nd drinking patterns of bullocks were
not altered before, during and after deprivation
of feed, water or both when three - setg of
monozygotic twin beef bullocks were given free access
to water ond fed ad libitum on 2 30% forage diet, rnd
88% forrge diet and a no-forage diet in 3 trials. These
researchers also found that water intake was much
reduced when bullocks were deprived of a high-rouzhage
diet but not when they were deprived of non-forage
diet. Fced intrke was reduced about 50% on each type
of diet when weter wrs withheld, These workers
thercforc concluded that when feed, water or both
were withheld from cnttle for up to 2 days and then
re-offerced the szme feed, there was minimal chonges
in their int-ke patterns.

Phillips (1960) showed that water intake of
cattle depended on food intake and body weight,
Thickett et 21, (1981) reported a significant
correlation of both liveweight gain and pellet intake
with w~ter intrke of British Friesian bull calves.
They found thet for each extre litre of water consumed
per day, there wrs an extra pellet intake of 0,082kg
and an incre~se in liveweight gain of 0,056kg.

The wrter requirement for individual animnls
depends on the composition of the animals diect

(Crampton ¢nd Harris, 1969).
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Bass (1782) noted that the drinking pattern of
wether sho:p was directly related to the type of food
saffered and its di:stribution throughrut the day.

Rumsey et 21, (1S7¢) repurted that water intuke of
bullncks was dependent en diet. Cunningham et al, (1 GC&)
repnrtad on the dependence cof water intake of

lactating cows on envirunmental temperature; while Taneja
and Abichandani (1967) repcrted nu significant rclation
Letween water int:ke and relative humidity in Mar.ori
wethers, Ilorrocks and Phillips (19C1) reportzd ta t

the water int lkes of shorthorn were significantly hi‘her

that thoce of the Borans. Krishna et al, (1976) found
that ;atur intcke of cattle was highly correlat:d with
MM intake. Devendra (1976) ebscrved that water intilke
of Malaysian shecp was significantly affected by diet,

The results of previous wurkers have shown the
import}nce of woter in animal production. Wator
requirement by & ruminant animal Jdepends un many f ctors
such as environmental cunditinns, tetal feed intnlke,
feed type and the physiclugic state »f the animal., In
tropical countiries, high enviranﬁental temperiture influences
water intake of these ruminants animals especinally during the
Ary season when there is n» green fodder. The physiolo: ic
state of ths female animals also influence water reculrement.
Since there ic paucity nf data on. water requirecuentec
of Nigerinn indi;enous sheep and goats, it was nececoory

tu carry oult this study.



CHAPTER 1II
MATERIALS AND METHODS



2,1 Location

The investigatiens were cnrnducted at Ahmadu Bello
University Farm, 1003;0& on Shika-50§ito road, Zaria,
The farm location is situatee at 11.N latitude and
640m ahove sea level., The studies wePfe conducted
during the three recognised seasgns of the year :
March-April (hot, dry season), Nevember-January
(cold, dry season) and Junc-August (wet season),
Daily and weekly meterelegical Jata were obtiained from

the Institute for Agricultural Research, Samaru (Table 1).

2.2 Management of experimental animals

The animsls were fed and watered in individual

pens housed under a cummon rot.f. The animals were

fed on hay (Andropogun jayanus) and concentrate
consisting of & mixture of maize aﬁd cottonseed cake
(C4 and C,) (tables 2 and 3). The &nimals were
individually fed daily and feed refusals were weighed
to determine intake. Measured amounts of clean water
was given to the animals in metal pails and they were
allowed to drink to appetite and the water left was
measured to determine actual amount éf water intake,

The animals were weighed Liweekly to monitor growth.

2.3 Measurement of physiclogic Parameters

Jaw movement data were mbtained by visually
observing the experimental animals and counting the
number of times the jaw moved in a minute during

chewing,
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Teble 1:

- iy & +
Climatic conditions

Average Dail

Rainfall Hasw

Temperature (°¢)

Relative humidity(%)

Maximum Minimum Yiaximum Minimum
Dry hot season
(March-April) Nil 39 21 67 13
Vet season
(June~August) 6.28 28 17 82,1 71
Dry cool seascn
(Octeber-January) Nil 30 15 39 17

+ . < _
(samaru I,A.R. Weat

her Stetion Report)
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Table 2: Percentage cemposition of the concentrate

mixture

Ingrodient Composition (%)

| c1 c2
Maize 72.2 60,16
Cottonseced cake : 24.1 35,09
Salt . 2.0 2.0
Bone meal 1.5 1.5
*itamin-minerel Premix ".25 0.25

*Vitamin-mineral Premix used is ZOODRY VM 702 and it
centains per kg diet: vit. A 25,000 L.U., vit D3
27,500 1.U,, vit. E 25mg, Magnesium (mg) 25Cmg,
Magnanese {Mn), 125mg, Irun (Fe) 200mg, Zinc (Zn)
112.5mg, Copper (Cu) 15mg, Iodine (I) 6.5mg, Cobalt
{(Ca) 2mgz.

C1 - Fed to pregnant, non-pregnant and male animals

2 - PFed to lactating ewes.



31

Table 3 : fnelyzed compnsitiun (%) uf the concentrate
meals and hay (DM Lasis)

Hay 5% c2 Maize
Crude protein (CF) 4.10 18.4 18.0 Sl
Ash ..0 5.0 5.8 4,0
Ether extract (EE) 2,0 L.G 4,98 3,4
Crude fibre (CF) 39.1 545 5.9 2,7
Nitrogen free extract 37.80 1.30 59.32 69,5
(NFE) T 5 -

L

Erergy per g of diet = 3870,32 cal/kg



32

Rectal tempereture was measured by inserting clinical
thermometer into the rectum of each restrained experimental
animal for 2 minutes. The thermometer was cleancd
using cotton wool scvaked in methylated spirit betvcen
animals.,

Respiratory rate was oltained hy counting the
movements (per minute) >f the thrracic cage of the
experimentel enimals,

Pulse rote was ol'tained Ly corunting the pulse on
the femornl vein of the experimental animal,

2.4 Blood Collection, handling and
Stornge technigues

Blood was obtained from the € xperimental aninals
through the jugular vein using sterile 19G needles.,
The venous blcocod samples were put into labelled plain
small pyrex tubes for serum while the tubes contoined
anticoagulent (ethylene diamine tegtracecetic acid)
(EDTA) in the cese of samples meant for plasma, The
tubes were then covered with fitted stuppers. Sawmples
meant for plrsme were agitated gently to mix the blood

with the anticoagulant. The Llusad samples were kcpt at
4°C for 24h before centrifuging at 3500 rev/min for 15min.

Blood samples meant for plasma were centrifuged immediateély
after collection at 3500 rev/min for 15min. The plasma

(¥
and serum collected were stured at =32 C until analysed.
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2.5 Bstimction of Blood Parameters

Estimation of blood parameters, packed cell volume
(PCV), haemoglobin (Hb), Red blosd cell (RBC), hite
blood cell (VWBC), Mean corpuscular hremoglobin
concentration (MCHC), mean curpuscular volume (MCV)
and mean corpuscular uszemouglobin (MCH), were done
according to Brown (1980).

Serum totel protein was determined by the Biurct
method (Coles, 1967). Electruphuresis of serum samples
was carriced out sccording to the prucedure outlined for
a Micro-zone Electrophuresis system (Beckman Instruments,
Clinical Instruments Diviscn, Fullerton, Calif, USA).

The albumin, 4 - , &5~ ) P- and = globulin fr:ciions
were run on cellulose acetate strips using Beckam B - 2
buffer at pH 8,6 #nd u = 0.075. The electrophoretic
strips were fed into a Beckman R 110 Densitometer,

and estimates of each prutein fraction obtained brsed
on the tot~l serum protein determined as stated eorlicer,

Serum megnesium was analyzel using an atomic
absorption spectrophotometer, Perkin~Elmer 2903 (Perl:in
Elmer, Norwalk, Conn, USA), accurding to the procedure
outlined for determinaticn. Serum scodium 2nd pot-ssium
were determined by flome photometry. Serum chloride was
analyzed as outlined Ly Coles (1974).

2.6 Statistical anslysis

The strtistical analysis of variance of various
parameters wes done as per the methods of - Steel ond
Torrie (1260), #nd trestment differences determined »
the orthogon:cl compsrisons of means as outlined by

Snedecor (1959).
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Experimental 1: Weter balance of Maradi goats
ond Yankasa sheep.

Four Maradi bucks with a mean weight of 20kg ~nd
4 Yankasa roms esch weighing 25kg were used in the
study. Thc animsls were put in metzl metbolism cages
for a precollecction and adjustment period of 21 dnys
during which time they were given free access to
drinking woter tnd feed (toble 4 and t.ble 2). The
animals were fed hay and concentrate at 2 ratio of
60:40., The adjustment pcriod wae immediately followed
by a 14=day collection periond during which f:ed intolie,
w2ter intcoke, freces voided and urine output were
measured, The animels were dressed with harncss b gs
for collection of fzeces. Urine produced was collected
in plastic prils pl~nced under the met:bolism cnges,
The plastic prils contained 25ml of tolucne to precvent
the evaporrtion of the urine and 25ml of 50% HpS0, to

trap the nitrogen in the urine. The animnls were
weighed biweekly. Serum bLohtnimed once a weck from
the blood of the animals were analysed for sodium and

potassium, The moisture content of the feed nd

%éeées were determined (A,0.A,.C, 1970). A saaple of
fresh faeces wis collected dnily, and the faecal
moisture contunt wrs determined by drying the fresh
materinl ~t 1050C constant weight, Total daily foecal
water loss wes then calculated from the total daily
faecal output. Pre-formed water in feed wns deternined

after calculsting the water content of samples of fced
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dried at 10500 to constant weight. Metabolic wntcr
gainz2d was estimrted daily Ly calculating the
oxidation wster obtainable from one gramme of feed ond
multiplying this figure by the difference between dry
food enten =nd dry faeces voided (Schoen, 1963).
Evaporation woter loss was calculated by substrocting
the sum of faecnl and urinery water loss from the
water int ke, pre-formed witer 2nd metabolic water,

Samples of urine were collected daily per animal
and stored in polythene bottles at 4 C until analysed

for sodium ~nd potnssium using the flame photometer,
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Experiment 2: Breed differences in water metabolism
cf penned indigenous sheep nd goats.

Two brccds erch of sheep and goats were used
namely Yankosa and Ouda sheep nnd Sahel and Marcdi
goats. Sixteen animals (4 of each Lreed) wzre used in
the study. The animnls were pen~fed me :sured amounts

of native hay (Andropogon gaysnus) and concentrote

containing 1€% crude protein (tablecs 2 and 3). Blood
samples of the onimals were collected once every 3
weeks to determine the following : PCV, Hb, #BC, MCIHC,
MCV, MCH, Plasme Na*s K' Mg** and €17, Blood urea
nitrogen, scrum lbumin, total protein and serum
alkaline phosphotsse. The feeding trial lasted for 63
days and the experiment wns conducted in the hot, dry
season of the months of March, April and early May,
At the end of the 63 days the animals were deprived of
feed 'nd woater for 18h, following which tritiated woter
TOH was injected. The venous blood of the animals were
sampled immedictely prior to TOH injection (blank),
Sterile tritinted water diluted with physiolorical
saline w's injected intramuscularly at a single dose
rete of 10-15 Ci/kg! body weight. The animals were
then kept without access to feced and water for 2 period
of 48h. Venous blood samples were taken from e~ ch
animal at six-hourly intervals for the next 72 hours

after which the enimnls were given limited amount of

1
1¢1 = 3,70 x 10'° Bq
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feed and woter. On subsequent days daily blood s:mple
was taken until the 8th doy after TOH injection. Soon
after collecting the last blood sample, the 2anim~ls were
weighed “nd slaughtered for direct determination of
body composition. Five ml of bloed were collected from
each anim~l 2t each blood ssmpling. Disodium s2lt of
ethylene dirmine tetrascetic acid (EDTA) (0.8mg/ml of
blood) was uscd s the anticomgulant,

_ fhe blood semples were centrifuged at 3500

" revolutions/min for 15min, The plasma collected were
stored at =-32°c until preparation for counting.

To determine the amount of radiocactivity in plcsma,
one millilitre of 20% trichloroacetic acid (ICA) wes
added to 1ml of plasma to dcnxture the proteins; the
test tubes were then centrifugea for 10 minutes °nd the
protein=frce supcrnetant removed. Samples were prepored
for counting in vials by mixing 0.50ml of deprotciniscd
plasma with 1Cml of tolucne hased liquid scintillation
cocktnil,

Samplcs were counted in duplicntes together with
blanks ~nd strndords in single well-type liquid
scintillntion counter (LSC 2 Neclear Enterprises),
Quenching woe corrected for by the channels ratio
method, Blonks were similarly prepared by treating
pre-injection blood samples as described above for the

samples. Strnderds were prepared by diluting the dose
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solution of TCH 1:1000 and 0.2ml of this whs counted
in triplicnte rs above.

The rote ccnstont (K) for the disappearance of
radioactivity from plosma is the slope of the reogression
line obtained by plotting the logarithm of the
disintegr~tion counts of somples tnken over the period
of 8 days (In St) sgninst time (t) based on tho
following equrtion:=

Ln St = 1n So « Kt
So is the velue of St at the time equal to zero when
isotopic wrter wis administered.

The biologic=l half-life of tritium wnas detormined
by substituting K value in the following equnation:

K = 0;6 3
Helf-1ife

TOH space wrs calculated as descrided by Springell,
1968; Ranjhan et 1. 1982 from the following equ-tion.

TOH space (litres) = Standard count (dpm) x dosc (ml)
Semple courts (dpm)

The woter turnover rote was calculated as the
product of the TOH = space 2nd the rate constant (K)
for the disapperrsnce of rodionctivity from plasme,
From the results of the direct slaughter technique and
the indircct TCH dilution technique, prediction equ- tions
were formulrted to determine body composition in the
living animel from TOH space., Total body water wcs
calcul~ted by using the factor 0,85 x TOH space (Kings,
1977, Ranjhcn et al, 1982).
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Determinction of body composition

The body composition of the experimentnl animcls
were determined directly using the direct sloug.ter
technique method described by Panaretto and Till
(1963)., After the animels were slaughtered, the
alimentsry trrct was removed and the gut contents
homogenized rnd analysed for moisture content, The
half carcoss obteined after dressing the a®fcass and
halving through the brck bone was divided into
different commecrcinl cuts and each cut wns chopped
into small pieces with a heavy chopper. A portion of
this chopped  moss fromech cut was pooled, together
with similer portions of chopped mass from skin, head,
feet and entire gut (without contents) and various
internal orgrns. The pooled mass was then homogenized
by chopping #nd pounding with an iron pestle in a morter.
The minced mass thus obtained was analysed for moisture,
protein, f~t :nd ash contents as per the methods

suggested by Sebranek (1976).
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Experiment 3: Effect of age and sex on the water
requirement of penned sheep and gocts

Twenty Merr2i gosts and twenty Yankasa shcep
were used in this study. The animals were 10 males
and 10 non=pregnent, non-lactating females for ecch
specie, Five erch of the mnles and females were
about 12 morths old while the othcr 5 were about 24
months old, The animals were watered daily using
cle"n met~l pails. The gorts were fed weighed
quantities of concentrste (C1 Table 2) nnd roughage
in the ratio of 40:60, The study lasted 50 dayvs,

The onimcls were alloted in four (groups)
treatments of 5 snimals per group for each specie,
that is, 4 groups of sheep and 4 groups of goats:-
Group 1, 5 mcle, 1 year old
Group 2, & mrle, 2 years old
Group 3, 7 femcle, 1 yeer old
Group 4, 8 femrle, 2 years old

Based on feed requirements, the one year old
goats werc given 166g concentrate daily while the
2 years old reccived 208g daily., The 1 yenr old sheep
had 208g while the 2 years old got 292 daily.
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Experiment 4: Seasonal variations and influence of
intermittent watering on grazing
Yankosa sheep.

Twenty mcle Yankasa sheep divided into 4 groups
of 5 rons were used in this study. The animals
weighed averogely 20kg and they were 15 months old,
They were selccted from the sheep flock on the
Ahmadu Bello University Frrm. Tne unimals were
grazed for € hours daily for a period of 50 d~ys
during which they were subjected to intermittent
watering, Wrtering intervals adopted were treatment 1 =
once in 24k (deily), treatment 2 - once in 48h,
treatment 3 - once in 72 and treatment 4 -~ once in
96h., The onim: 1s were given on the aversge 250g
of concentrote (C4 on Table 2) each day after grazing,
The anim~ls were watered a2ccording to their assigned
treatments after grozing. This experiment was
carried out in the wet season (June, July, Auguct)
and also repe:ted in the hot, dry season (March - April)
to determine sersonal wvariations using ancother set
of 20 Yankcs2 mele sheep. The animals were not
allowed to crink on the field when grazing during
the rainy serson.

The enimols were weighed biweekly to monitor
growth. The uncultivated pastures grazed by these
animals were sampled twice &2 week to determine the
proximate composition using A.0.A.C, (1970) methods
of analysis (teble 4). Physiologic parameters nomely
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Table 4; Meen proximate analysis (%) of pasturcs
grazed by experimental animals (M basis)

Iry season Wet scuson

pasture pasture
- Dry matter 93 .1 20.9
Ash : _ 9.4 10.6
- Ether extrecct 1.6 5.3
Crude fibre 38.5 23,6
Nitrogen free
extract (NFE} 47.4 ' 47.8

Crude protein 7.0 12.7
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Jaw movement £s an indicetion of ruminction , rectal
temperature in later afternoons, respir:tory
rate "nd pulse rete were determined as discusged
earlier,

Blood wos obtained from the animals Jorthnishtly
through the jugular vein. The blood samples were
used to cdetermine the plasma minerals, serum, albumin,
alkaline phosphetase and blood urea nitrogen, PCV,

Hb, RBC, WBC, MCHC, MCV, MCH.
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Experiment 5: Influence of diet type on water intcke
of sheep and goats.

Sixteen Yenkasa r-ms weighing averagely 22kg and
16 Mardi mele goats weighing on the avernge 15kg
were used in the study. The Maradl goats were purchased
from the loccl morkets and then quarantined for 60 dcys,
The animcls were treated for intestinal parasites with
Thibenzole (Merck Sharp and Dohme, MSD). They were
also dipped zgeinst external parasites with phizonl(n)'
and then a2ll the goats were treated with long ccting
terramycin (Ffizer) to prevent goat 'kata'., During
the quarantine period and go:ts were kept indoors ond
fed hay (Andropogon gayanus predominantly) and
cotton seed cike/maize concentrate mixture., The goats
were token out once in 2 days for grazing to allow
them adjust grodually from their previous management
9f unlimited roeming, grezing and browsing. Their
grazing time was then gridually reduced until finally
stopped, They were kept indoors for 2 weeks prior to
the start of the study to allow them adjust to pen
management,

The znimrls were randomized into 4 groups of 4
sheep nnd 4 gorts each. Four diet types werc tested
in 4 treatmcnts,
treatment 1 - hay only
treatment 2 « hay + whole malze
treatment 3 - hay + milled maize

treatment 4 -~ hay + concentrate mixture
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Concentrrte mixture was made up of maize and
cottonsced ccke (Teble 2). Table 5 shows the
chemical composition of the feeds on dry matter
tasis, The enimels were fed to Aappetite once daily

in the morning.
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Table 5: Ghenicel composition (%) of the diets
fed, (DM basis)

Hay + Maize Hay + Concentrete

Crule protein (CP) 6.22 g,02
Ash 7.00 740
Ether extrcct (EE) 2.56 3.12
Crude fibre (CF) 24.54 25.66

Nitrogen frce extract
(NFE) 50.48 47.2
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Experiment 6: Response of Yankasa ewes under vorious
physiologic states to water deprivation

Thirty-six Yankasa ewes were used for the study
out of which 12 were 3-months pregnant, 12 were open
(non=pregnont) snd non-lactating and the other 12 were
lactating °nd¢ not pregnant. The animals were houced
in individual pcns under a common roof. The animals
were subjected to 3 forms of watering intervols;
daily (groups 1, 2 and 3) (24h intervals), 48 hourly
(groups 4, 5 end 6) and 72 hourly (groups, 5, 7,

8 and 9)., Within each physiological class (pregnant,
open and lcctrting), the ewes were randomly alloccted
to the 3 wrtering regimes. Thus, under each watering
regime 4 ewes of each physiological group were
present, th:t is 4 pregnent, 4 open and 4 lactating,

The cxpcrimental diet (Tables 2 and 3) which
comprised of hay and a protein supplement were fed
at the ratio of 60:40 respectively.

The loctrting ewes were hand milked at 8a.m, at
forthnichtly intervals to determine avernge milk
yield per day, Lambs were withdrawn from thec ewes
a night previous to the milking day, -and then returned
to their doms, Milk samples were also analysed for
total solids, weter content, fat, ash and crude
protein in the laeboratory using the A,0.A.C. (1970)

method of ~nelysis,
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Physioclogic par-meters namely Jaw movemcnt,
rectal temper:ture in late afternoons, respiratory rate
and pulse rrte were measured ©s previously described,
Blood was cobteined from the ewes forthnizhtly,
The bloo¢ scmples were used to determine the pl-sma
minerals, serum proteins, alkaline phosphatase, blood
urea nitrogen, FCV, HL, RBC, WBC, MCHC, MCV and MCH,
The stucdy was conducted towards the end of the
rains and ir the early dry, cool season (September -

October) losting 50 days.
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Experiment 7: Effect of feed restriction on wcter
reguirement of sheep.

Twelve Yenkesa rams weighing about 19kg on the
average were used for the study thnat lasted 50 days
(trinl 1), The animsls were randomly distrihuted
into 3 tre-tments of 4 animals each, The treatments
weres

i. dcily feeding (24 hourly)

ii. 48 hourly feeding

iii. 72 hourly feeding

The experimental animals were dipped against
actop2rnsites using Pfizona and dewormed using
Rafoxanilde (Renide)(ﬂ) before the Leginning of the
experiments. The animals were given hgy and
concentrate mixture (t~ble 2) made up of miize ond
cotton seed menl in the ratio 60:40. The animals
were given fced according to the treatment and feed
refusnls weighed daily. Klood samples were collected
thronugh the jugular vein every forthnight to determine
the following: serum ~lbumin, blood urea nitrogen,
plasma=-sodium, potassium, magnesium and chloride,
Totn2l protein, MCV, Hb, MCH, PCV, WBC, RBC, MCHC
and alk~line phosphntase were determined as
described. Fulse rate, respiratory rate, Jaw
movement ~nd rcctal temperature were mensured

every day threughout the experimental period,
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The stucy wes repented using another set of 12

Yankasa rros weighing averagely 20kg for a perioc of
50 days (tricl 2). Animals in treatment 1 were riven
full feed of 800g dry matter (DM) to allow for

10-15% refusal while those in trectment 2 got & fred
of (400g D) rnd those on treatment 3 had a % of
200g DM deily. The animals were watered daily, As
in tri~1l 1, blood parameters and physiological
parameters were clso mezsured, The animals were wcighed
Liweekly to monitor growth, The study wns conducted

in October to Jrnuzry (cool, dry se2son).
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Experiment 8: Effect of feed management on water
intrke of Yankasa sheep and Maradi goats

Two tricls were conducted, the first was to study
the effcct of concentrate to roughesge ratio on wcter
consumption of sheep =2nd goats (trinl I), while the
second trirl wrs cerried out with Yankasa sheep to
study erffect of feed processing on water intake
(trinl II). 1In trisal 1, 16 non-pregnant, non-lactoting
Yanknsa ewes 7nd 16 non-pregn~nt, non-lactiting Maradi
does aged 15 months wered used. The animnls were randomly
allocnted to 4 trectments of 4 gonts, 4 sheep e~ch.
The 4 tre:tments were as follows:-
treatment 1 40:60
trevtment 2 60: 40
treatment 3 30:70
treatment 4 70:30
percent pge rrtios of concentrate to roughnge in the
diets fed to the animnls. The study lastzd 50 dvys,
In the second trial (trial I} 7S Yanknsa
non=-preogn-nt, non=-lactoting ewes aged 15 months
each weighing 20kg were used., The animnls were

randomly distributed into 4 trestments of 4 animals

each nnd fed individually viz

Trt. 1 ~ Long hry + milled concentrate

Trt. 2 « chopped hay + milled concentrate

Trt. 3 -« Long hay + unmilled concentrate

Trt. 4 - Chopped hny + unmilled concentrate

A1l the anim~ls in the 4 treatments were given €50g

DM daily for 50 d~ys consisting of 40% concentrzte ond 60%
hay. Weter cnd feed intake were measured daily ond body
weight messurements were done every forthnight, The studies

were conducted in the cool, dry sesson.



CHAPTER III
RESULTS
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Experiment 1

3.1 WATER BAI/.NCE OF MAR/DI GO/TS AND YANKASA SHEEP
Avernge drily goin in body weight were 0,13 ond
0.06kg for the Yankasa rams =nd Maradi bucks respeclively

(Table 3.,1.1). The Yankasa rams consumed more feed ond
water nnd grined more weight - thon the Maradi bucks.

The Yankas2 rems under heat stress of the hot dry

se”son and on food of low moisture content required
202.5ml/k30'73/d?y. Maradi buck under simil2r conditions
required 152.4m1/kg0‘73/day. The Yankasa rams consuned
more feed ~nd hrd higher faecel output compared with

the Mar-di bucks. Faecal water output of the roms cnd
bucks were 16.08m1/kgo'73/day and 9.82m1/kg0'73/dcy
respectively. (Teble 3,1.2)., Watér loss in urine by
- the Yankosa rom waa 45.6m1/kg0’73/day while the Maradi
. wuek lost 42.0m1/kg’*7>/day. Evaporated water locs

0.73

from ram wcs 162,.4ml/kg /day while 4#ne Maradi buck

lost 120.hm1/kg0'73/d3Y-

Serum sodium for the Yankasa roms and Maradi bucks
were 138,05 nd 137.90meq/litre respectively. Urinory
sodium avernged 34.3 and 31.4meg/l for the Yankaso rons
and Maradi bucks respectively (Tazble 3.1.3).

Data on the water inlance status of each animal
are shown in tsble 3.1.4.

The results of the present study showed thnt Maradi
goats can tolerste heat stress Letter than Yankoso cheep.

The Maradi goots dronk less water, and produced dricr
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Tzble 3.1.1: Growth porformonce of Yank-sa r‘'m: *nd
Moradi bucks used in water balnace tricl.

- e .-

SPECIES

SHEEP GoATS 331
Number »f ~nim-1ls 4 4
Initinl weight (kg) 25.63 19.83 0.24
Final wcight (kg) 27,50 20.70 0,27
Weight g ins (kg) 1.88 0.87 1,09
Average dnily grin b
(kg ) 0,13 1. 062 0.007

f
Stand~rd crror

ab
Means within the some v rirble bersring differ nt
superscript differ (P/0.01).
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Table 3.,1.2: Woter balence of Yankasa rams and Maradi

goats.,
SPECIES 1
SHEEP GOATS 30
No of anim~ls 4 4L
Average nf livevcight
(kg) 25.56 20.16 0.25
Metabolic mass (ke *'2)  10.95 8.96 0.06
Water drunk ml/kfn'7?dny 202.5° 152.4° 8.14
Water int-ke in foed
ml/kgl* 2 /dey 3.17 2.75 0.03
Metrbolic w-tur
ml/kg0'73/d1y 19.02°P 16.952 0.36
Waoter loss in freces
ml/kg®* 2 /ary 16.08° 9,.82% 0.84
wgterol$§s in urine
ml/kg " /d"y b5o60 QQ.OO 2.07
Evaporated watcer loss
0073 - L & f

ml/kg"”+ /2 /day 162 .40 120.40 54 Th
Average daily fcecel
output (gm) 302,10 208,80 10,92
Average dnily urine
production (ml) 501.1 382.9 9.16
Daily water inteke
(m1) 221,00 1364.00 68,79
Daily Hey int:ke (gm) 500,00 375,00

Tstnndnr*d error

3BMeans within the seme v riable bearing different

superscript dificr (¥/0.01)
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faeces thon Yonkrsa sheep. Evaporstive wat:r loas

0'73/d1y Tor

was 162.4ml/ ke’ 73/d€!¥ and 120.4ml/kg
the Yank-so sheop, Maradi goats respectively. The
percent ge frocel vater roanged from 50-605% for

Yanknsa shocp nd 40=45% for Maradi pgoats.
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Table 3.7.3: Scdium and potassium levels in scrum
rnd urine of sheep and gonts (mer/litre)

SPEC ES

SHEEP GOATS 531
No. of animrls 4 4
Serum Na¥ mweg/litre 138.05 137.90 0.93
Serum K* meo/litre 3.60 3.50 0.1&
Urine Nat mca/litre 34,30 31.40 0.43
Urine K* meq/litre 123.40 104 .4 4,06
. .

Standnrd error



1.4: Water balonce of Yenkasa sheep and Maradi goats when drinking water ad libitum

- e 8 -

=
animel jAverag® Metebelic Water Intake aw\wmo.ﬂk\au% "=ter loss HH\xmo.wu\an.
Numbter 1live~ size Drunk In food Metabolic In Urine In feeces w<mvodmdmn

imuqrﬁ qu.\ xmwrw
nrmw :
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n

0

+

26.00 10.79 221.86 3.20 1792 45,81 15 21 181.96
27.00 11.00 188,78 314 18.12 ) eD2 1779 152,90
. 26.25 10.C6 193.18 3,22 18.27 W 27 15.29 152 .62
27.00 11.09 206 .37 3415 19.79 > L eki3 16.52 162 2R

-2 P~ S
WN~JW N

73 20,60 €.10 145 .84 2

19.55 5.76 178,08 2.80
19 20,00 8,91 138.77 2,67
i 20.50 2.07 147 .11 2.69

86 16.99 LD g 35 11.04 113,99
3 16.65 wq.@p 12.06 138.43

. Y
m\

oo 8.28 108.24
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Expcriment 2

3.,2: BRIED DIFFERINCES IN W: TERR MET.BOLISM OF
PENIIZD INDICI.NOUS SHEEFP /ND GOLTS.

Ferformance of the egnimsls

Sirnific: nt differences (P/0.01) existed betucon the
water int k¢ of shecp and poats and between the v rious
Wreeds of sheep tnd also goats (Teble 3.241). Aver:: o
daily whter intike were 2207ml, (202.48ml/kg°*77),
1757m1, (162.26m1/kgC73), B64m1, (107.62m1/kg"""")
and 1046m), (1&?.32m1/kg0'73) for Ouda sheecp, Yoank: ot
sheep, 3ahel rnd Meradi goats ruspectively. Mean delily
welight grins obtzined were 0.131kg, L4110kg for thc Cude
and Yanknasa br.cas of sheep respectively while the v-lues
were 0.015kg nd C.05kg for the Sahel and Maradi brecds
of gonts reapectively. There was no significoant
di fference (P »0.05) between feed intake of the two
kreeds of shecp but statistical significant diffircence
(P/0.05) exiztcd for feed intzke between the Sahel -nd
Maradi go-ts.,

Bloced composition

Significnt differences (P/0.u1) were found betucen
values for piossme chloride, magnesium, potassium of chzep
and go~ts. Differences in plasma sodium was
significant at (F/0.05) (Table 3..2.2). Th: detailac
values of tht serum ablumin, blood urea nitrogen,
packed cell volume, RBC, haemoglobdm, total prot:zin,

WBC, alkaline phosphatase, are shown in Table 3.2.2,
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Table 3.2.3 cshows the weight of the vorious priue
cuts of thc animcls in each lLreed. Dressing percent- e
was about 545. for the sheep and 55% for the gouts,
Signific:nt differences (P/0.01) existed between the
prime cuts of tke sheep and goats., The sheep were

heavier at slzughter, and also yielded bigger meat cutc,

Composition of the whole 2nd Empty Bodies
of Sheep and Goats

The vorious compositions of each animal used in the
study arc given in Tables 3.2.4 and 3.2.5. A wide
range of body composition was exhibited Ly the goats,
for example, frt content ranged from 3.56 - 33.03% of
live weight (L.VW.). Body water as a percentage of
liveweight r-ngcd from 67.34-70.77 for Ouda brzed of
sheep, nd 52,37-71.54 for Yankasa. The latter werec
68,92-74,.69 rnd LE,16-67.35 for Sahel and Marazdi goats
respectively.

Table 3.2.€ shows the breed averages for body
composition, Totrl body water (as % L.W.) was 52,79,
02.2 for the Oude ond Yankasa sheen, and 71.2 and 55,6
for Sahel ~nd Meradi goats respectively.

Table 3,2.7 shows the mean values for tritioted
water spoce (TCH space), biological half-life of tritium
and water turn-over rate for each breed, of shezep and
goats. TOH space was least for Maradi go~ts being
66.1% of liveveight while the value for Sahel goat vas

77.8% . D4 space velues for Yankasa and Ouda were



60

Table 3.2.1: Performance of the difference brecds of

shecep and goats,

SPECIES 4 SHEEP 2 3
BREEDS CUDA YANKASA SaHEL
No. of animnls L L4 4
Initinl weight

(kg) 22,25 22.52 1146
Final weight (kg) 30.52 29.50 12.57

b
Weight ghin (kt3 8,27 6.97 0.98

Average dnily

gain (kg) 0:13 0,11 0.015
Average daily Huoy

intake®® () 455,2 585.9 293.3

Average daily
concentrate
intake (z) 333 333 200

Average daily
water intakefb
(ml) 2207 17%% 664

Average daily
water intake

---------

W UiDI

4

12,
6425
3.15

0.05

2071

-'Jii-'.r

147,32

e

SE

0.27

0.04

6.41

34.1

#1,2 Vs 3,4 sig ¢t B/0.01

®9 vs 2, siz ot F/0.01 and 3 Vs & sig at P/0,01

©4 Vs 2 not sig F.70.05 but 3 Vs &4 sig at P/0.0%

1
Standard error.



Table 3.2,2: Effect of breed on blood parzmeters in penned
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sheecp end goats,

SPECIES
BREEDS
Groups

No. of animnls

No. of obzservations

Plasma chloride
(meg/1)ab

Plasma magncsiun
(meq/100m1 jab

Plasma sodium (meq/1)°

Plasma gotassium
)

(meq/1
Serum albumin(g/d1)2P

Blood urea nitrogen
(mg/a1)ad

Packed cell volume %
MCV (femtolitres)ab
MCHC (g/d1)9

MCH (picogram)®

RBC2

Hb® (g/dl)

Total protzin (g/dl)f
WBC

?kkal}TS phosphatacel®

SHEEP
OUDA YANK/. S/ SAHZL
1 2 2
4 4 4
12 12 12
107.62. 102 .40 117.33
2.53 2.uv1 2427
141,54 143,73 144 .93
3439  3.32 4,12
3.16 2.90 3+592
10.70 10.30 16.17
26.50 29.u9 26,45
36.25 39.65 33.04
28.57. 2751 28.68
10.’4}4 1\.’08‘6 9.‘4‘1“'
7.32 T.b42 - 8.01
7.56 .00 7.54
7.15 6.98 6.33
7700 8050 7583
73.9 55.3 73.4

14,00
20 .49
37 .02

o -~
LIJ - 1 ’J

1
SE
0.68

0.039
0.78

0.07
0.07

i
Standard crror

81,2 Vs 3,4 sig ot F/0,01

b1 Vs 2 sig at £/0.01 and 3 Vs 4 sig at P/u.01
€1 Vs 2 sig at F/_0.05 and 3 Vs 4 sig at P/0.01

4 Vs 2 not sig F. 0.05 and 3 Vs &4 sig at B/0.01
€1 Vs 2 sig =t F/0.01 #nd 3 Vs 4 not sig P.” 0,05

¢

11,2 Vs 3,4 sig =t F/0.05

81 Vs 2 sig at F/0.01 and 3 Vs 4 sig at P/0,05
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7%.6 and 80,5% liveweight (L.W.) respectively. The
biological half-life of tritium was least in Yankasco
(115.5h) and longest in Sahel (173.3h). Wwater turnovor
per day/animzl (litres) was 2.52, 2.63, 0,86, 1,09
for Ouda, Yankasa, Sahel and Maradi breeds respcGtively,.
Various releotionship among factors determined in the
body composition of these animals by direet slauzhter
technique and TCH space were examined.
1. The regression of total body water (kg) on TOI spoce
(kg) gave the following equation,
Y = 0.353 + 0.841 X
where X is the corrected TOH space (kg), Y is the total
body water (kg). The correlation coefficient obtnined
between the totzl body water and corrected TOH spoce
(r = 0.992) was highly significant (P/0.01).
2. The regression of total body fat (kg) on corr:ctod
TOH space (kg) with live weight as a covariate gove
the following multiple regression equation,
Y, = =2,172 = 0,905 X4 + 0.949 X,

1
where X4 is the corrected TOH space (kg)

X5 is the liveweight (kg)

Y4 is the body frt (kg)

The multiple correlation coefficient between the boly
fat, TOH space and live weight (r = 0.969) was
significant (P/0.01).
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Table 3.2.3: Meen cercass weight and weight of v:iious
prime (whole sale) cuts.

- = g o . e ——

GOATS
SPECIES SHEEF,, 3 A

11
BREED OUDA  YANKASA SAHEL MARADI 4

Jaa

Liveweight (kg)® 30.52 29.50 12.58 15.25 1,15

Dressin~

percentage 54.09 54,27 55.00 55,07 0.25
Carcass wt (kg3b 16.51  16.01 6.92 8.95 0,60
Leg wt (kg)? 5.94 5,90 2.48 3,00 0,29
Neck (ikg)?P 1.24 144 0.42  0.67 0,07
Loin wt (kg)? 1.18  1.09 V.48 0,68 0,05
Flank wt (kg)2P 0.83  0.86 0.44 0,56 0,05
Shoulder wt (kg)ah 4.4 4,75 2,20 3,02 0.22
Ribs wt (k)2 174 1.76 0.76 0.92 0,06
Bones wt (kg ® 5.18  4.88 2,39 2.49 0,16
Lean meat (kz)®®  11.20  11.05 454 6.2 0.51
e —— —

Standard error

1,2 Vs 3,4 sig ot P/0.O1

P) Vs 2 not sig F70.05 and 3 Vs & sig at P/0.05



Teble 3.2.4: Composition of the whole bodies of sheep and go-ts®

Breed Animal hh<mﬂmﬁm:ﬁ Water Frotein Ash Fat Dry solids in gut
Nunmber (ke )
Quda 1 2£ .0 6G.14 12,70 a2 1€.78 1.4
24 28 .1 67.34 12 .82 3.24 15.07 1.0
14 31.0 70.77 13.70 4,03 12,86 0.8
22 250 £8.39 13 M7 2.62 16.,3° 1.5
Yankasa 105 28,0 5257 13.53 3.96 20:95 1.0
91 37,0 58,61 11.29 F.08 22:70 0.9
50 28,0 71.51 16.60 3.20 1.3% 1.2
119 29.0 71.45 13.77 3.456 1 254 1.4
Sahel 13 1.5 68,92 17 A7 Ba35 TL0F 1.0
12 12 .8 71.85 15.25 3.23 C 82 0.9
10 12.0 €69.42 16.48 2.70 10,38 .8
1 14.0 74.69 16.86 2,92 3.56 < Pl
Meradi 640 G b )9 67.95 16.00 2.84 11.53 1.0
63 5ot 48,.1¢€ 14,56 2,04 250G 0.8
L8 16,0 €0.71 13.62 2.67 19,38 1.2
113 1€.0 Lo L2 13.98 3.61 33.03 140

#*Values are expressed 25 rercentage liveweight
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Teble 3.2.5: Composition of the empty bodies of sheep and gortas

. W

Breed Anioa Erpty body
Numher  weight (kg) Water Protein Ash Fot
Cuda 1 22.52 60,72 15,87 ENs 20,97
24 23,27 62 .15 15 .44 3. 19.36
14 26.16 £3.68 16,31 4L,.8 15 .31
: a2 28,84 60,65 16,06 22 16
Yanlkasa 105 24,64 L7 ,.65 15 .38 L.5 2244
91 26,80 45,85 1394 3.8 36.79
50 25.2% 66 .42 18 44 3.5 12 .57
119 26.86 66,15 1513 Z.E 14,88
Sahel 13 9.91 66.56 20,31 3.9 8,24
) 12 9,82 68.43 719,81 Le2 7 .56
10 10.78 E7.15 18.31 3.0 11.53
11 11,32 70.18 20,87 2L L,40
Maradi &40 12.19 63.4%  19.75 2.5 14,24
63 11,42 42 .95 19,69 L.D 30,37
43 13,02 55.%6 16,81 el 23.90
113 16.38 b4 15 16,25 L2 36,41

¥
'
b

F
Values are expressed p as percentage empty body weight,
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3, Yhe regression of body protein (kg) on TOH spice

with live weight as a covariate geve the following
multiple regression equation,
Yo = 0,718 + 0,091 Xq +:0.039 Xp

where X4 13 the corrected TOH space (kg)

X2 is the live weight (kg)

Yo is the body protein (kg)
The multiple correlation coefficient obtained betwein
body protein, TCH spaCe and live weight (r = 0,950) une
highly simmificent (P/0.01).

Therc wns @ significant linear relationship dbctueon
the corrccted TCH spsce(kg) and fat-free empty o7y (lig).
4, The regrescion 8f the fat-free empty boly (£72D)
on TOH space grve the following equation:

Yz = 1,376 + 0.808 X,
where X, is the corrected TOH space (kg)
Yz is the FFEB (kg)
The correl-tion coefficient between FFEB and [OH spice
(r = 0,975) ws highly significant (P/0.01),
5. Th2 rerression of body ash (kg) on the corrccted TCH
space (kg) g ve the following equation:
Y& = 0,63 + 0,038 X1
where X4 is the corrected TOH space (kg)
Y, is the body ash (kg)
The correl :tion coefficient between body ash and TCL

spuce (r = 0,06€) wes significant (P/0.01).
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Teble 3.2.6: Body composition of sheep and goats

— -

]

18 2S 3G 43

Breed Ouda Yankasa Sahel Mar~di wm4
ieter (% Lw)® 68,9 62.2 i . 5345 3,659
Frotein (% Lw)P 13,10 13,80 16 .47 14,64 0.€59
Lsh (% LW) 315 3 44 3.05 3 04 0,226
Fat (% Lw)2 . 15..5 20.8 6.8 21.8 3.429
Empty body wt AW.NV,r 25.2 25.84 10.46 153.25 0,963
weter (% EBW)® 61.8 56 .5 68.1 51.5 3.794
Frotein (% EAW)PC 15.92  15.72 19.81 13.13 0.727
Ash (% EBW) 3.83 3.92 3.67 3.17 0,263
Fet (% EBW) 18.9 24,2 7.9 26,7 4,113
. -

Standard error

% LW = Per cent live weight
% EBW = Per cent empty body weight

18 = QOuda sheep
28 = Yankasa sheecp
3G = Sahel goot
4G = Maradi goat

83¢ Vs 4G sig at P/0.05
®S Vs G sig at P/0.05
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Trhle 3.2¢7: Tritiated water spoce, Biological half-life of tritivm and water
turnover r<tc of sheep and goats.

Breeds Body weight TCH space Biological wWater turiover vper 24h.
(k=) % Liveweight) half-life (1tr/anirzl) An_w\xm.‘_,.quv

Ouda 30.52 80.5+1.2 138.6+_6.5 2.5240.35 207.92+420.2

Yankase 29.50 73.6+_0.8 115.5+_ 2.4  2.6340,2C 222 ,33412 .4

Sahel 12.58 77.840.4 173.3+_12.6 0.86+0.1 13543+ 9.5

Meradi 16 25 €€.142.8 138.6+15.4 1.09+ 0,15 142.39+10.9

+ Standard deviation

R e







