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INTRODUCTION



INTRODUCTLION

The domestic goat, Gapra hircus is found all over,
the world. The world goat population is ébout 383
million and approximately 70 per cent of it is found in
the tropicsl enviromments (Verma and Mishra, 1978).

India has the highest goat population among the countries
of the world and according to the 1972 census, the 68
million goats of the country constitute about 19 per cemt
of the world goat population (National Commission Report,
Government of India, 1976). In India, the density

of goat population is highestin West Bengal followed

by Uttar Pradesh, Kerala and Madras,

Goats contributed 1.65 per cent of the total world's
milk production in 1974 (F40, 1974). In India, goats
produced about 675 thousand tomnes of milk constituting
about 3 per cent of the total milk produced in 1971=-72
(National Commission Report, Government of India, 1976).
There is enormous variation in milk production of goats
throughout the world. While some of the high producing
goats of Burope yield about 3-5 kg milk per day |
for dbout 300 days, the goats in tropical areas yleld
only 0,9 to 1.0 kg per day for about 200 days (Sands
and Yc. Dowell, 1978).

Goats show higher feed efficiency for milk
production then cows (Verma and Mishra, 1978). ‘The
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amount of feed per pound of milk produced was reported
to be 0.38 1b- in goats and 0.8 1b in cows (Frederick,
1975). Morand Fehr and Sauvant (1978) also compared the
milk prodﬁcing capacity of goats and cows and found that
thé average fat corrected milk yield per day per kg live
weight was 22,0 g for cow and 35.6 g for goats. - |

The goat is the principal meat animal in India,
contributing approximately 35 per cent to the total
meat produced from livestock except poultry. Out of
the 355 million kg of meat obtained from sheep and |
goats in 1967-68; 244 milli@n kg wére contributed by
goats. The number of animals slaughtered was around
27 million which constituted about 36 per cent of the
totel population of goatsz(1976) in the country(National
Commission Report, Government of India, 1976).  Aecording
to Devendra (1976), the energy and protein efficiency
for meat production in goats were found to be 4.7 and
5.1 respectively on a ration of grass alone and 6.7
- and 10,2 respectively with grass and concentrate,
The goat husbandry wifh special reference: to meat
production appears to be a highly economical concern
under range conditions. The average dressed
percentége was'found to be 47 per cent (Johri and
Talapatfa, 1971). . |

India is the single 1érgest goat-skin producing



country. West Bengal produces skins of the finest
quality. They contribute a major item of India's
export trade, particularly to U.S.4A.. where they are
mostly used in foot wear industry. Goats contribute
about 56 million skins every year. Of.this,BO per
cent is exported in the raw stété, 55 per cent is
tanned for mezking dried skins énd 2¢5 per ceni is
tanned in village tanneries (Bhatnagar, 1977).
| The hair obtained from goats differ in quality
depending upon the breed. Mohair obtained from
Angora goat is used for making blankets, pile fabfics,.
summer suitings, lining nets, rugs, shoe laces etc.,
Mohair is produced in Uttar Fradesh and Himachal Pradegh.
Pashmina is 'the hairy under coat obtained from the
Pashmina goat and is used for making robes, blankets,
namdas; bags, ete. On an average, these goats
produce 112 g of pashmina (Bhatnagar, 1977). The
total quantity of hair obtained from goats im Tndia
annually is estimated to be 4,516 metric tonnes which
include 40 tonnes of Pashmina (Mudgal and Devendra, 1979).
The solid excreta of the goat is several times
richer in nitrogen and phosphorus content than that.
of cow or buffalo. Goat's urine is equally rich in
nitrogen and potash and more valuable than that of any

other species of animals. One hectare of land regeives



sufficient dressing of menmure if 4,800 goats are foldea'
there for a night (Bhatnagar, 1977). The total quantity
of manure obtained from goats is estimated to be 34
million gquintals every year.

Feeding Habits.

Goats are sensitive animals with peculiar feeding
habits. They are fastidious about cléénliﬁess and like
freguent changes in the feed. Feeds must be clean and
fresh, since the goats eat nothing that is dirty or
| foul smelling. '

Goats’aré browsers and thrive in areas richer in
- bushy -plants where they get enough opportunity for
browsing. They have a liking for.leaves and prefer
dry green feeds over the succulent ones. They can
distinguish bétween bitter, sweet, salty and sour tastes
and show a higher {olerance for bitter taste thén cattle
(Bell, 1959; Goatcher amd Church, 1970). Indian
breeds of goz2ts do not relish much of straw or silage.

| Goats'prefer grains and oilseed cakes in cracked |
form rather them in ground form.  But the browse forms
an imporitant part of the diet of goafs. Goatslmay
be used to convert otherwise useless browse planté
into meat and milk. The special feeding habits of
goats are particularly significant in areas where the

guantity amd quality of feeds are low as in the case of



many parts of the tropiecs,

Though the domestic goat sexrves mankind providing
very valuable milk, meat, hair, manure ete, very little
is known about the nutritional requirements of this
class of animal, The main reason for the lack of
this information is +that the part played by goata is
llttle less when compared with cattle in tropical and
in the developed countries. This animal opeCiGS has
not been the subject of much.iﬂterest snd study for
years iﬁ meny cowntries, Realisiné fhe.importaneé
of goats in the‘iural economy of the develo?ing
countries, several workere in different parie of the
world have eafneétly started attempts to develop this
species of animal. Not much detailed stﬁdies have
been carried out in India and abroad o establish
the nutritive regquirements of goats for varioﬁs physiological
fuﬁctions suech as maiﬁtenaneé, growth, reproduction and
lactation, N | | |

The limited data available at present would stress
the need to carry out more further detailed investigation
to find out the precise mutritive requirements of our
native goats for optimum growth and - -production. This
asgeét of study on goat nutrition hés assumed par%icular
importance because of the fact that the success in goat

rearing essentially depends upon a scientific rearing



of kids from birth to puberty. This study was, therefore,
undertaken to find out the levels of various nuirients

fqr optimum growth in kids.
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REVIEW OF LITERATURE

Limited informétibn is available regarding the
nutrient reqﬁirements of goats, most probably because,
this animel species has not been the subject of interest
for scientists for many years when-éompared'to other
‘domestic animals. However, it has now been well
'recognised that the goat has speecific feeding habits
and nutritional characteristics just like any other
species of domestic animals,

Drymatter Consumption.

Goats differ from other ruminants by virtue
of their capacity for higher feed intake and more
particularly for forage consumption. The apparent
superiority of goats over other species in digesting

soﬁe feeds more efficiently has been confiirmed by
many workers in India (Mia et al. 1960a and 1960b).
Pant et al. (1962) reported that the rumen liquox
from goats digested significently more cellulose then
-$hat from sheep under identical conditions of
experimentation. They have further attributed this
superiority to the differences either in certaiﬁ
physiological factors or in the selection of herbage.

Majumdar (1960b) recorded a drymatter intake of
2.6 1b per 100 1b body weight in adult goats. Brammon
(1966L on the other hand, reported substantially higher



drymatter intzke of 6.5 = 11 per cent of body weight in
goats as compared to only 2-3 per cent recorded for sheep
or cattle, Mackenzie (1967) stated the drymatter
requirement as 5-7 per cemt of liveweight in the case
of dairy goats, while Devendra (1967) recorded 2.75 kg
drymatier intake for 100 kg body weight in Kambing
Katjang goats. Singh =nd Sengar (1970) reporied the

. drymatier cohsumption of goats as 1,86 ~ 2.65 per cent .
 and 2.6? - 3442 per cent of liveweight in Jemunapari
bucks énd'doe'reSpectively.‘ ‘They also reported

2,03 = 2,82 per'éent and 3,42 - 4.20 per cent of body
weight as dry matter inteke in Berbari bucks and doe
respectively. VWhile the drymatter consumption wae
found to be 2,42 t0 3.58 ké per 100 kg body weight

in Jamunapari goats maintained a% Chakkranagar, it was
only 1.42 o 2.65 kg pér 100 kg liveweight in similar
animgls képt at_Mathura, (Sexena =nd Maheswari, 1971).
Maheswari and Talaﬁatra (1975) recorded drymatter
intake of 3 kg and 4.05 kg per 100 kg body weight in
Jamunapari goats, in feeding trials using fresh cowpea
fodder and éOWpea hay respectively. Rindsig (1977)
reported that althbugh goats could consume drymatter
only about one sixth as that of cows; the drymatter
consunption by goat in proportion‘to the body weight was
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more than that by cow or sheep, it being in the range of
4=T per cent of liveweight. Experiments conducted at
the University Goat Farm, Mannuthy, revealed amn average
drymatter intake of 4,11 kg per 100 kg body weight in
adult male goats fed to appetife on concentrates_

and jack leaves and 3.6 - 4.2 kg per 100 kg body

weight in 1actating goats fed on limited concentrates
and ad.lib. guinea grass (4nnual Progress Report on

A.I.C.R.P. on Goats, 1978),

Digestive Efficienecy.

One.unique characteristic of goats, often
associated with their wider distribution especially in
the tropical climates, is their ability to thrive in
very adverse environments where the rainfzll is often
below 70 mm. They tend to flourish even under these
situations feeding on a wide range of browse plants
and srubs when the availability of grasses is often
very low. Goats can thrive and maintein thelr body
condition satisfactorily in such extremes and adverse
eircumstances vwhen animals like cattle or sheep cannot.
One of the reasons attributed to such am ability of
goat to adapt to any environment is its relatively
greaterlcapécity to digest cellulose or crude fibre,

According to bevendra (1978), the estimates of

digestive efficiency in the goat are quite comparable to
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those reported for other species of ruminamts, the
gross efficiency varying from 14,1 - 15,1 per cent.
However, there is considerable evidence that goats

are comparatively more efficient in digesting crude
fibre or cellulose., Devendra (1978) has discussed

in detail the possible reasons for the better

digestive efficiency of goéts which include such
factors as the naturé of the diet, level of feed

intake, rate of salivary secretion, péttern of

rumen fermentation, and rate of mo%eménﬁ of

ingests along the alimentary tract. Higher digestibility
coefficients for orgenic matter and ecrude fidbre have
also been observed in goats when comparedlto either

cow or buffalo by Jang and Majumdar, (196é) in feeding
experiments to compare the digestibility coefficients

of nutrients by different ruminant species with a ration
made up of sSpear grass hay and ground nut ecake feod at

8 per cent of their metabolic body weight.

Frederick (1975) reported a higher feed efficiency
of milk production for goats when compared to that for
cows, the gquantities of feed required for producing
each pound of milk in the two species being 0,38 and 0.8
1bs respectively. Similar gtudies have been carried out
by Verma =nd Mishra (1978). They have fouﬁa that the
average yield of milk per 100 kg of digestible oxganic
natter was 125.6 kg in the case of British Alpine Goats
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while it was 86.0 kg for the cross bred (%Zebu x Holstein)
COWS.,

Maintenasnce Requirements.

The nutrient requirements of goats for maintenance
have been studied by meny workers both in India and abroad,
Ritzman et al. (1936) showed that the basal metabolism |
of goats was considerably lower than that of any other
farm stock. In comparison with sheep of almost similar
body size, the basal metabolism in goats was lower by
40 per cent in females and 15 per cent in males,

French as early as in 1944 reported the energy
requirement of browsing goats for maintenance as 0,59 kg
S,E., per day per 45.4 kg 0.73 body weighte Almost
similar values of 0.43 - 0.45 kg S.E, per 50 kg body
weight were recorded by Tasaki (1960) for maintenance
of adult goats. Majumdar (1960a) determined the
minimun protein requifements of goats ‘for maintenance
using a low nitrogen as well as a nitrogen free ration.
The excretion of endogehous urinary nitrogen was
0,052 g per kg body weight while that of metabolic
faecal nitrogen was 0.41 g per 100 g dry feed intake,

The protein requirement for malntenance ag calculated
from the endogenous urinary nitrogen values was found

to be 0,65 1b per 1,000 1b body weight. Prom balance
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experiments carried out, the above author has calculated
the requirement for crude protein as 2,63 g per kg body
weight and that of digestible crude protein as 1.14 g
per kg body weight., Mackenzie (1967) reported the
maintenance requirement of energy as 0.4 kg S.E, per
day per 45.4 kg body weight and that of digestible
crude protein as 0,9 g per kg body weight in the case
of temperate dairy goats. = Devendra (1967) has
reporjed almost similar values of'energy reguirement
(0.41 + 0,1 kg S.B. per day) for 45.5 kg body weight.
He also réported the protein requirement as 45 - 64 g
digestible crude protein pexr 100 kg body weight,.
Kentleach and Rayburn (1976) suggested the maintenance
requirements for a dairy goat weighiag 100 1b as
1.38 1b T,D.N,, 0,21 1b D.C.P., 0,007 1b calcium
and 0,006 1b phosphorus while Rindsig (1977) stated
the D,C.P., T,D,N,, calcium and phosphorus requirements
for maintenance of lactafing dairy goats weighing 100'1lb
as 0s14 1b, 1.36 1b, 4 g and 3 g respectively., Nawab
Singh and Mudgal (1977) calculated the digestible
crude protein requirement of goats for maintenance on
the basis of endogenous urinary nitrogen and metabolic
faecal nitrogen values and it was found to be 116.89 g
per 100 kg body weight.

Lindahl (1972) calculated the maintenance requirement
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of goats taking into account the degree of exercise
they perfofmed. For a goat weighing 20 kg, the T.D.N.
requirements were found to be 0’26’.0’34 and 0,37 kg
for light, moderate and extehsive exercise respectively.
Huston (1978) used a factorial approach to estimate
the nutritive requirements of Angora goats and found
that these estimates were comsiderably higher than
those generally accepted for sheep. The digestible
energy and digestible protein required for a 45 kg
goat were found to be 3.7 M cal, per day ahd 86 g per
~ day respectively, Haenlein (1978) reported the
maintenance requirements of 50 kg dairy goat as 500
Buropean starch units and 50 g digestible protein.

The energy and protein requirements for maintenance of
adult Malabari goaté ag determined from feeding trials
and balance experiments are found to be 8.57 g and
9.88 g of S5.E. and 0,79 g and 0,83 of D.C.P. per
kilogram body weight for adult female and male goats
respectively (Progress Report on 4.I.C.R.P. on Goats
for the year 1978).

Production Requirements.

Very few systematic studies have been carried
out7to establish the requirements of goats for various
physiological functions such as growth and milk
production. French (1944) calculated the production
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requirements of lactating goats based on the fat content
of milk, = fccording to him, the energy required for
each kilogram of milk tecting 4 per cent fat wae founé
10 be 0,61 kg S.E, or 0.69 kg T.D.N: Tasakil(1960)
calculated the energy requirements for milk production
as T,SSOfK gal for producing milk of 1,000 K cal.
Hackenzie (1967) stated the requirements in terqs

of starech equivalent and digestihle protein for each
litre of milk es 325gand 50 g respectively.

Kentleach and Rayburn (1976), on the other hand,
recommended higher requirements viz, 0.32 1b T.D.R,

and 0,057 1b D,C.P. for each pound of milk testing

4 per cent Tat. Their recommendations for calcium

and phosphorus were 0.0025 1b and 0,001 lb.respéctively
for each pound of milk with 4 per cent fat. According
to Rindsig (1977), the requirements of ».C.P., T.D.N.,

- calcium ond@ phospheorus for producing each pound of
milk testing'4 per cent fat were shown to be 0.051 1b,
0s33 1b, 1.2 g and 0,9 g respectively, Devendra and Buvns
- (1970) recorded the energy amd protein requirements for
each litre of milk as 300 g S.E, and 70 g B.C.P,
respectively. According to some recent estimates
(Huston, 1978), the production reguirements were found

to be 5.5 M cal of digestible energy and 172 g
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digestible protein for each kilogram of milk produced.
Very 1little information is available at pfeseﬁt on

the reguirements of goats for optimum growth. French

reported the energy requiremenis of kids weighiﬁg‘:

from 9 kg in terms of S.E, and protein eguivalent.

Mackenzie (1967) has suggested & ration with 1 part

of digestible protein Lor every T parts of starch

- equivaient for optimum growth in kids. Devendra

and Burns, (1970) reeordeé the energy requirements

for growth in goats as 3,0 g of S,E. per gram liveweight

gain. Haenlein (1978) has recomnended the nutritive

requirements of kids from i1st {to 8th month of ﬁﬁeif

growth period, the body weight ranging from 6.5 to

29 kz. The requirements are given separately for

males and femaies and stated in terms of dry matter,

digestivle protein, fat, fibre, H.¥F.E, eaud Buropean

starekr units,
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MATERIALS AND METHODS

Anjimals,

Alpine - Malabari crossbred kids belonging to
the Unifersity Goat Farm, Mannuthy formed the
experimental subjects for the stu@y. Twenty  four
crossbred kids of 3 - 4 months of age and weighing
on an average 9 kg were selected and divided into
three groups, (Group I, IT and III) of eight
animals each as uniformily as possible with regard
to sex, age and weight. All the animals were
devormed and sprayed against ectoparasites before
the commencement of the experiment.

Diet.
~ The percentage composition of the concentrate

mixture used in this study is given below:

Ingredients Percentage
Ground nut cake 30,0
Coconut cake 10,0
Yellow maigze 32,0
Horse gram 15.0
Rice bran 10,0
Mineral mixture 2.0

Salt ‘j.O

Vitablend ADg (6laxo) containing 50,000 I.U,
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of Vit. A and 5000 . I.U, of Vit. D per gram, was
also incorporated in fhe izixture at the rate of
20 g for each 100 kg of the mixture, Jack leaves
formed the sole roughage for all the three groups
of enimals,

The percentage chemieal composition of the

~concentrate mixture and jack leaves are shown below:

Soncentraie Jack

mizxture igaves

Irymatter 9345 42,4
Crude protein 21.3 12,8
Bther exiract 56 441
Crude fibre 5.1 19.7
otal aeh | 9.1 9.6
Ritrogen-free extract 5849 53.8
Caleiunm 144 1.96
Phosphoras , 1.00 0.57
Methods.

The animals in the three experimental groups I,
II and III were given-the concentrate mixture and

Jack leaves as detailed delow:

Congentrate Jagk

. mixture ;gﬁgesl
Group I 250 g 300 g
Group II 300 g 400 g

Group IIX 350 g 500 g
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The feeding experiment was conducted in three
stages of approximately 1% months each, the total
duration of the trial being 4% months. At the end
of each stage, the concentrate a@llowance for the
experimental animals in each group wés increased by
50 gms each taking into consideration, the increased
nutrient needs of the animals commensurate with
advancing growth, The quantities of jack leaves
fed to the animals in the.respective groups were kept
constant in all the three stages of the experiment, |
The concentrate mixture was always given after
moistening it in order to prevent dustiness and to
stimulate feed consumption. 411 the animals were
provided fresh water ad libitum.

Records of daily feed consumption, water intake
and weekly body weights of animels were maintained
throughout the experiment. Two separate digestion-
cum-metabolism trials involving in each case five
days collectlon period, were conducted one at the
beginning and the other at the end of the experiment.
Only male animals were used for the metabolism trials.
During the collection period, the animals were képt
in separate metabolism cages with &1l the facilities
for feeding and collection of dung and urine

uncontaminated by eany feed residue or dirt,. The
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balance residues of concentrate as well és Jjack 1eavés
were collected each day separately for all animals for
the determination of moisture content. and to
calculate the drymatter intake. The dung was ..
collected manually as and when it is voided. The
duﬁg collected each day’ was weiéhed ageurately, .
mixed and a represéntati%e sample at the rate of
~one fifth of the total quantity was stored in a.
réfrigerator. The saﬁples preserved during the
éntiﬁe collection period were pooled and used for
chemical analysis; Specially made rubber lined
funnel éhaped conduits ﬁith accessories were used
for the collection of urine from each animal, the
urine being collected in ember coloured bottles
containing sufficient quantities of 25% sulphuric
écid as the preservative., .The totsl quantities
collected each day weré measured accurately and an
aliquot at the rate of one tenth of the total wvolume
was stored in amber coloured bottles under refrigeration.
The pooled samples of urine were used for further
chemical analysis.

Blood samples were collected from &ll the animals
at the beginning, middle'and'towards the end of the
feeding experimenis, sodium citrate being used as the

anticoagulant. The haematological studies included
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estimation of haemoglobin, packed cell volume, plasma
protein, plasma calcium and plasma inorganic
phosphorus, Haemoglobin was estimated by
ICyanmethaemoglobin method, (Benjamin, 1974) using
an Erma Hemophotometer., Biuret method (Gornall
et al. 1949) was employed for the determination
of plasma protein., Plasma calcium was determined
by the Clark, and Collip modification (1925) of
Kremer-Tisdall method (1921) and inorgenic phos@horus
by Fiske and Subba Row (1925) method.

The feed and dung samples collected during the
netabolism trial were subjected o proximate
anelysis as per stendard procedures (4.0.4.C., 1970).
The nitrogen content of urine was determined by the
Kjeldahl method (A.0.4.C., 1970). The calcium content
of the urine was estimated by the method described
by Clark and Collip (1925) and inmorganic phosphorus
by Fiske and Subba Row method (1925),

Statistical analysis of  the results wasz done
following the method given by Snedecor and Cochran
(1967).

Prem the data gathered from the metabolism

trials, the nutrient requirements for growth were
calculated in terms of D.C.P., T7,D,N,, Calcium and

Phosphorus per unit gain in body weight. in
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arriving at the above requirements, the data on
animal number 6,319 were not taken into consideration
since wide variations in growth rate and feed

efficiency was shown by that animal.

ESTIMA?ION OF HAEMOGLOBIN
(Cyaumethaemoglobin  Method)

Prinqiple.

Perrous iron of haemoglobin reacts with pottasium
ferricyanide and forms methaemoglobin which contains
ferric iron. Methaemoglobin then reacts quickly with
potassium cyanide and becomes cyanmethaembglobin.
Cyanmethaemoglobin is a stable pigment and its con-
centration is directly proportional to its optical
density.

Reagents.
Drabkin's diluent.

Dissolved 1.0 g sodium bicarbonate, 50 mg
potassium cyanide and 200 mg potassium ferricyanide
in distilled water and made up the volume to 1,000 ml.
Procedure,

Using 5 ml of Drabkin's diluent, checked the zero
of the instrument, Then added 0,02 ml of well
mixed sample'of wholé blood to 5 ml of the reagent.
Mixed thoroughly and iet stand for at-least 15 minutes,
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‘Replaced the blank tubes with the unknown sample tubes
and noted the readings which gave the haemoglobin
content in gram percentage,

IDETERMINATION OF PLASMA PROTEIN
(Biuret Method)

Principle.

Substances containing two or more peptide bonds
form a purple complex with copper salts in alkaline
solution and the colour intensiiy is proportional to
its concentration,

Reagents,.
(1) Biuret reagent, .

Dissolved 1.5 g of cupric sulphate (GuSO4. SHZO)
and 5,0 g of sodium potassium tertarate in 500 ml
water., Added with constant stirring, 300 ml of 10
per cent sodium hydroxide solution (prepared from
the stock carbonate free 65 - 75% NaOH solution).
Diluted to 1 litre with water and storéd in a
paraffin lined bottle.

(2) Stanaard Solution.

Dissolved 250 mg of Bovine serum albumin in
50 ml distilled water so that 1 ml contains 5 mg.
Lrocedure. .

Prepared the ssandard by édding 4 ml Biuret reagent

to 1 ml stendard bovine serum albumin solution and 50 Pl



23

water, Prepared the unknown solution by adding 4 ml
Biuret reagent to 1 ml distilled water and 50 .pl
plasma, | Prepared the blank by adding 4 ml Biuret
reagent to 6 ml of distilled water. Made up the |
volume to 10 ml in a11 caéés}: Read the optical
density of the unknown and standard solutions at

540 m p'using the blank forladjﬁsting‘the instrument.
Calculation. |

Plasma protein content (g per cent) =

Reading of unknown x 0,005 x 100
Reading of standard x 0,05

. ESTIMATION OF GALCTUM CONTENT OF URINE
(Clark =nd Collip Method)

Frincipie,

Caleium is precipitated from urine as the oxalate,
The precipitate is dissolved in acid and the oxalate
ion determined titrimetricaliy by using potassium
permanganate,
Reagents.
(1) Methyl Red Solutiom,

Diésolved 1 g of methyl red in sufficient
alecohol {o make 1 litre.
(2) ‘mmonium Oxalate Solution.

Dissolved 10g of Ammonium oxalate in sufficient
distilled water to make 1,000 ml.
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(3) 0.I.N. Potassium Permanganate Solution.

Dissolved 5.f62 g pure potassium permanganate
in one litre of distilled water allowed to stand
for a few days, and filtered through glass wool.,
Standardised against 0.1 N. oxalic acid solution or
against pure dry sodium or potassium oxalate.
Procedure.

Mixed 25 ml of the centrifuged urine sample
with 1 g of activated charcoal and filtered.
Transferred 1 ml of the cleared urine to a test
tube, added 2 drops of methyllred solution, 2 ml of
‘1 per cent ammonium oxalate solution and adjusted the
PH to 4.5 with 1 R Hél or 2.5 per cent ammonium
hydroxide solution. Let stand for 12 to 24 hours at
room temperature. Centrifuged and poured off the
supernatent liquid, Wiped the inside surface of the
centrifuge tubes with absorbent paper to remove any
adhering drops of supernatent ligquid. Dissolved
the precipitate in 4 ml 1 N H2804 and placed in a
boiling water bath. Mixed frequently to facilitate
complete solution. Titrate with 0.1 N potassium
permanganate solution wntil the first drop whieh
gives the solution a pink colouration which persistse

for atleast 15 seconds.
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Calculation,
Titre value x 2 = mg of caleium/ml of urine

ESTIMATION OF INORGANIC PHOSPHORUS ;N URINE
(Fiske and Subba Row Method)

Principle. ‘

Phosphate reacts with molybdic acid to form
phosphomolybdic acid. On treatment with 1, 2, 4
amino~-naphtholsulfonic acid, phOSphomolybdic acid
is selectively reduced to produce a deep blue coloux,
which is probably a mixture of lower oxides of molybdinum,
Reagentg.

(1) Molybdate Solution.

Dissolved 25 g of reagent-grade ammonium
molybdate in about 200 ml of water. In a 1 litre
volumetric flask, placed 300 ml of 1 N sulphuric
acid. Added the molybdate solution snd diluted
with washings to 1 litre and mixed.

(2) Aminonaphthol sulfonic acid Reagent,

Flaced 195 ml of 15 per cent sodium bisulfite
solution in a glass stoppered cylinder. Added 0.5 g
of 1, 2, 4 aminonaphthol sulfonic acid. Added 5 ml
of 20 per cent sodium sulfite. Stoppered amd  shaked
until the powder is dissolved. If the solution is not
completé, add more sodium sulphite, 1 ml at a time

with shaking, but avoid an excess. Transferred the
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solution to a2 brown-glass bottle and stored in the
cold. |
(3) Standard Phosphate Solution.

Dissolved exactly’0.351 g of pure dry
monopotassium phosphate in water and transferred
quantitatively to0 a2 one litre volumetric flask,
Added 10 ml of 10 N sulphuric acid, diluted to
the mark with water, and mixed. This solution
contains 0.4 mg of phosphorus in 5 ml.

Proeéduré.‘

Measured out 250 Ml of the urine sample in
a test tube and added 1 ml of molybdate solution,
Mixed by @ntly shaking and added 0.4 ml of
aminonaphthol sulfonic &cid reagent -and then the
volume was made up to 10 ml with distilled water.
Again mixed by inversion and allowed to stand for
5 minutes. |

A% the same time, transferred to a test tube
5 ml of the standard phosphate solution containing
0.4 mg of phosphorus and the szme reagents that were
added to the urine sample and the volume was made
upto 10 ml with distilled water, Prepared a blank
'solution-by using the same reagents thet were used
for the s tendard =nd unknown, and diluted to 10 ml

with distilled water. Then determined the density
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of the stenderd and of the unknown in a photometer
at 660 to 720 mp, setting the photometer to zero
density with the blank,



RESULTS



RESULTS

Data on weekly body weights of animals in groups
I, II and III maintained on the experimental rations
. are set out in Tables 1a to 1¢ and represented in
Fig. I,l The average daily gains of the animals are
63,7 + 5.3, 6444 + 5.0 and 67.6 + 2.0 g for the groups
I, IT and III respectlvely, the data being presented
in Tables 2a $0 2¢ and statistically analysed in Table 3,
| The feed efficiency of the experimental animals
-maintained on the three dietary regimes are 7.01 + 0.7,
7450 # 0.5 and 7.90 + 0.3 respectively for the groups
AI, Ii and III, these values being set out in Tables 4a
‘to 46, represented in Fig, II and statistically
analysed in Table 5,

The drymatter consumption of animals expréssed
per 100 kg body weight recorded during the second
metabolism trial are found to be 3.1 + 042, 3.5 + 0,3
and 346 + 0¢3 kg for the groups I, II and III res-
pectively and are shown in Tables 6a to 6c. The data
on average water intake of the animals with their
statistical amalysis are'presented in Tables 7 and 8,

The percentage chemical composition of dung and
the erudelprqtein, caleium and phosphorus contents in
urine véided by animals during the two metabolism

trials are shown in Tables 9 to 11,
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The digestibility coefficiente of nutrients in
the.ration calculated from the two metabolism triale.
are detailed in iables 12a to 120 and the statistical
. analysis of the results in Tables 13 to 17. The dapa
on the daily retention of calclum and phosPhorus of |
the experlmental animals are shown in Tables 18a to
18c with their statistical analysis in Table 19.

The results of the haematoiogical stu&iee earried
out during the course of the feedlng experiment are
presented in Tables 20 to 22 angd the statistical analysie
of the data in Tables 23 to 97. |

The dlgestible crude protein requlrements expressed
per wnit body welght gain calculated from the results of
the present study are 0,86 + 0,08, 0,90 + 0.06 and
0,89 -+ 6.03 respectively for groups I, II and III.

The total digesfible nutrient requirements for unit
inereaee‘in body weight are found to be 4.84 + 0.04,
5e2 + 03 and 5,31 + 0;19 respectively for groups I, II
‘and III, the values being set out in Tables 28a to 2Sc
vith their statistical analysis in Tables 30 =mnd 31.

- The calcium and ?hOSphorus reguirements for unit
gain in body weight as calculated from the results
obtained are shown to be 18.7 * 4.4, 15.5 + 8.4 and
249 + 2.8 g, and 17.2 + 1.1, 13,0 * 5.6 and 22.5 + 2.5 g
respectively for kids maintaine& under the three dietary
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- regimes (groups I, II and III), the data being
presented in Tables 293 to 29u.

Table 32 presents a summary of H c. P., T, D R,
S E., Calcium and Phosphorus reuulrements arrived

at from the results obtained during the course

- of the experiment,



Table 1a. Body weights (in kg) of animals maintained on the experimental rations,

--—--—---—--—-q,—-----w—---—-n---—---m--_---——-————'.--b-ﬁ‘-'ﬁ

12,0 1244 12,8 1341 13,5 13,9 14,0 1423 14,7 15.2 15,5 1644 16,5 17,3 17,6 18,3 18,5 19.0 19,3  19.4
9.5 9.5 9.8 10,0 10,0 10,6 1102 11,7 122 13,1 1304 14,5 14,5 15.4 16,0 16,7 17,2 17,5 17,8 18,7
802 8.9 945 10,2 10,5 10,5 11,0 11.8 12,0 12,6 12,9 13,5 1443 14.5 1445 15,2 16,5 17.0 17,3  17.9
7.7 8ed 8.6 942 9.5 9.8 10.5 11,3 11,8 12.4‘12,9‘13.6 14,3 15,0 15,5 15,8 17.0 17,5 18,0 18,5
13,1 13.2 13,6 13.8 14.‘3 1‘4 .5 15,8 15,2 1542 1544 15,9 1643 1645 1703 17.2 17,5 17.8 18.4 18,0 1844
8.9 8.2 9.5 9.7 10,2 10,0 10.6 10,8 10,8 11,3 11,8 12,4 12,5 13,0 15,5 14,1 142 147 15,0 15,4
8e4 942 9,5 9,9 10,7 10.8 11%?1 111 11.2 12.0 1246 1340 13,7 1443 1445 14.8 1;5-.3.216.0 15.8 = 1644
73 746 8.0 8.5 942 8.9 946 10.1 10,8 11,2 11,8 12.5 13.3 14,0 15,0 15,8 164 17.6 18,0 18,5

904 948 10,2 1046 1150 11,1 11,7 12,0 12,3 12,9 13,4 1440 14,5 15,1 15,5 16,0 16,6 17,2  1Tad 1749
£007 £0.7 2047 047 £0.7 +0s7 +0.7

<



Table 1b, Body weights (in kg) of animals maintained on the experimental rations.

Group 1I.

e e A GA Wr R OGN W 7 En ae w G an @ & e e

11.7 11.8 12.7 1300 135 14,0 1443
1.2 1121 11,5 1208 13,0 1440 13,7
TeT 845 848 943 945 10,0 10,0
Te2 Ted 84,5 88 9,3 9,7 9.8
1142 11,3 12,0 1244 12,5 13,0 13,2
766 843 941 942 8,7 9.3 8,9
8e8 849 944 946 9.8 10,1 10,3

15,0 15.0 15,2 16,1 16,3 1741 17,6 18,0 18,5 19,2 19,5 20,6 21,0 21,8
1406 15,1 15,7 16,2 16,4 17,2 17.6 1842 18,3 19.0 19,6 20.3 20.0 21.7
1008 1123 11,6 12,5 13,3 13.8 14,4 1449 14.8 15,6 16,7 17,5 17,2 16,8
903 948 10,1 10,8 11,3 11,5 11,5 12,1 12,0 12,3 12,9 13.3 13.5 1440
1305 15,6 13,7 1443 1425 15,0 15,3 15,6 15.7 16,5 1742 1725 17.7 1602
902 9.5 9,7 10,3 10,0 1068 11.3 12,0 12,5 13,2 13,8 1442 14,5 15.3
11,0 11,3 11,5 12,1 127 1323 1423 1446 1500 15,9 1602 16,7 16,9 1649

- v = om -

903 '906 1003 10.7 1009_1104 1195.
1008 %07 $046 1048 +0s8 20,8 %0,7

S - -—— — - ow D e MR RN NP S Sy S S A S W WD W U ) e Bt WD Bt O W - o s SO A

1109 1202 12@5 13q2 1305 1401 14q6 1501 1593 1660 16.6 1701 17.4 1801

20.9 108 1049 10,9 #0e8 #0,9 +049 #0439 +0.9 0.9 +1.0 +1,0 +0,5 +141

_--—----------—---—----ﬂ-—-n-——-—--9.—-

44
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Table io.

Body weights (in kg) of enimals. maintained on the experimental rations.

Group IiI,

- S e AP G EW NP @ e B AR ah ED W GF P Gr D e MR G5 E @ W S dn P W W W W &

2

- =» - W - L 7

11,8 1.5
12.5 12.6
9.8 1044
742
10,0
8.6
6,2 |
746

8.6
1045
8.5

Se8

8.5

12,2
13.6
1.3
8.9
10,8
9.3
6.7
3,0

13,8 14,2
13,9 14.5
12,2 12,7
Ge6 9.3
11.2 11.4
10,0 18,2 °
Te3 Te4
9.4 9.8

'.11.7

0 11.6

16,0 16,6
16.7 7.0
13.7
10.6
1345
11.9
945

1.8

12.7

9.2

14.5 -

Y 18.9

13.9

19,3 19.4
19.5
16,2
1346
16,1
14.0

15,8
12.8
1546
13.4
11.5 12,0

14.3

9.2 9.6
+0,8 +0,8

10.2

10,9 11.3 1.7
+0e8 +0,9

5 12.7

1362

ma e a2 DD AT S5 e ap WP GR R TR G S0 eA AR W WRE em 5 4P 4= @ B 2

15.6
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Table 2a,

Average daily gain (in g) of animals maintained on the

experimental rations for a period of 1%6 days.

---—--------------—---—----p--~---

6368
Average

S,E,

Initial body Final body Total body
weight gain

weight

weight

(g)

566
69,9
T1e3
T7.2
41,2
4943
58.8

141



Table 2b.

Group II,

6376

Average
S.E,

Avyerage daily gain (in g) of animals maintained on the

experimental rations for a period of 136 days.

Initial body Final body Total body Daily gain

welght weight welght gain .
R o DI o ORI L
1.7 21.8 1061 T4e3
1162 21.7 10¢5 172
TeT7 18.8 1.1 81,6
Te2 14.0 6.8 50,0
1.2 18,2 7.0 51.5
746 15,3 7.7 56.6
8.8 1609 8.1 596
T e T T Twea T T Tas T 64.4
+0,8 +1,1 +0,6 +5.0

44



Table 2e,

Group IIX,

6365

Average
S.E,

Average daily gain (in g) of animals maintained on the
experimental rations for a period of 136 days,

" Inttial body Fimal bedy fotal boiy | Daily gain
weight weight weight gain
e e @
11,8 22,2 10,4 7645
12,5 22,3 9.8 7241
9.8 17,6 7.8 574
702 16.0 848 64,7
10.0 20.0 10.0 T35
8.6 17,1 8.5 62,5
6.2 15.5 9.3 6844
7.6 16.5 8.9 6544
T 92 T T e TTTT 0.2 7 67.6
+0,8 +1,0 +0e3 +2,0

9¢



Table 3. Analjsis of Covariance - average daily gain

Source af S5(x) SP(xy)  SS(y) Residual daf MSS F

. Between groups 2 0.0757 = 0.989 68,125 6645984 2 33,2992 0,22(N.S,)
Error 20 85,6809 =~67,74  2903,808 2850,2522 19 150,0133

Total 22 85,7566 =68,729 2971,933

--—-—-‘—---————----ﬁ-’—m---—‘—-—-----—-n----.

Regression coefficient B = = 0,79 (F.S.)
N.S. = Not Significant

Le



Table 4a, Feed efficiency (kg feed/unit weight gain) of animzls maintained on
the three dietary regimes,

Group I.

Tnimel | Drymetyer inteme Drymatier intake Totel drymatter Totel velght Feed
number from concentrates from jack leaves intake . gain efficiency
UIDTIRIE. . SRR .. (e .. )
6326 3846 16.4 55.0 T7 0.8
6338 3846 : 16.4 55.0 9.5 5.8
6332 5846 16.4 5540 9.8 57
6349 38.6 1644 55.0 10.5 52
6313 5846 16.4 550 506 9.8
63520 5846 16.4 55.0 6.7 8e2
6327 5846 16.4 55,0 8,0 649
6368 3846 1642 54.8 11.6 4,7
ierege 8.6 638 54.98 8.4 .01
S.E. +0.0 +0.02 ©#0,02 +0.8 +0.7



Table 4b. Feed efficiency (kg feed/unit weight gain) of enimals maintained on
the three dietary regimes. .

Group II.

Inimel | Drymatier inbeke Drymetter imbeke Total drymatber Total weight Feed
numbexr from concentrates from jack leaves intake gain efficiency
S ¢ kg). e e o - - (kg) _ .. .. ¢ kg), .. .. & kg Lo o -
6335 44,7 21.8 66.5 10.1 646

6328 M5 21,5 6641 10,5 6.3

6329 44.5 21,2 6547 1.1 549

6363 41,0 21,5 62,5 6.8 942

6315 3946 . 21.8 6104 7.0 8.8

6377 40,2 21,6 61,8 7.7 8.0

6376 40,1 21,5 6147 8.1 7.6
Average T 22:1-;w ST T -2;.5_ —————— gET? ——————— BTBa T ;.g T
S.E. +0.9 +0,1 20.4 +0.6 +0.5

G WD B NP WD AR AR GB Gm GE A B WD N CW WA T GF OGN MR Ws B Sn M OB G @ TR GR GE M e OR G em @ W W G Gr W A s

6%



Table 4c. Feed efficiency (kg feed/unit weight gain) of animals maintained on
the three dietary regimes,

Group III,
inimal  Drymatter intake Drymetter intake Total drymatber Tobel welght Feed
number from concentrates from jack leaves intake gain efficiency
........ o) oo e e e
6351 48.4 27.2 75.6 10.4 Te3
6325 47.5 26,9 T4e4 9.8 T+6
6316 46,1 26.9 75.0 7.8 9.4
6341 39.2 26,7 6549 8.8 Te5
6323‘ 47.9 272 751 10.0 Te5
6349 47.4 27.2 TTe4 865 8.8
6355 4244 26,6 69.0 9.3 Ted
6365 42,3 26,0 6843 849 T.7
Average 4;.5 --------- 2g.§ -------- ;4:8~v- T 5.5 ---- 7:9P o
S.E, . +0.9 +0.1 +1.3 10,3 +0,3

W R N M ST Am SR AR AR WY e 2P E M OD M W@ AR MK MR mm R SR SN G @) BT e SR e Gm  WR Wh OB M Ar W MR A me O ee  ovam



. Yrtpr Gowpu Grupu

':figﬁ:.‘l. deed riiicieney o} anz’niaéo maz’ni’diuc&




Table 5, Analysis of Covariance - feed efficiency

--———-—-n.;.t--_—---b-—n-—--—-----:—-——----—--—---

Source af  S5(x)  SP(xy)  SS(y) Residual S5 af MSS ¥
Between groups 2  0,0757 0,02 3,18 3,18 2  1.59 0,16(N.S.)
Brror 200 85.6809  20.88 . 196.22 191,13 19 10.06

-Q--n-—------n*-uv—---—n—--—-~—-oou—n-——-nmg-—---
.............................

Regreésion coefficient B = 0,24 (N.S.)
NeS. - Not Significant

N4



Table 6a. Irymatter consumption {in kg) of animels recorded during the second
metabolism trial.

Greoup I,

Animal  Body | Dailv drymatter Laily drymahter Lotal drymatt@r Drymutter in-

number weight intske from - intske from intake/day take per 100
jack leaves concentgrates kg body weight

(kg) (g) (g) (g) o

6326 16.5 118.5 527.6 446.1 2.7

6338 13.3 118.5 32746 446.1 364

6332 14,3 118,5 32746 446,.1 3e1

6349 14.3 118.5 527.6 446.1 e

Average 14.6 118,5 327.6 446, 1 341

S.E. +0.4 0,0 40,04 +0,04 10,2



Table 6b, Drymatter consumption (in kg) of animals recorded during the second
metabolism trial, R

Group II,

Animal Bogy Daily drgmatte; Daily drgmat;er Total drymester Irymatier intake
numbexr weight intake from . intake from intake/dey per 100 kg body

jack leaves concentrates weight
(xg) (g) (g) (g)

6335 1746 158 374.4 532.4 3.0

6328 176 158 57444 532.4 3.0

6529 4.4 158 3T4e4 532.4 367

6363 11.5 158 322.9 480,92 402
Average 153 158 361.5 512.5 5.5

S.E. :1 05 :000 . i12-9 1'11.5 i003

et



Table 6¢. Drymatter consumption (in kg) of animals recorded during the second
metabolism trial,

Group III.

Animal Body Dally drymatter Dally drymatter Total urymatter Dnymeuter intake
nunmber weight intake from- intake from intake/day per 100 kg body

Jjack leaves concentrates _ © - weight
(kg) () (g) (g)

6351 19,3 197.5 421.2 618,7 3,2

6325 18,9 197.5 387.9 585.4 3.1

6316 15.8 1975 415,2 612,7 349

6341 1249 19745 3440 54%1,5 4.2
Average 16,7 197,5 - 392,1 . 56946 3.6

S,E, +1,6 : +0.0 , +17.6 +17.3 +0.3

144



Pable 8. Analysis of vaerianmce - Daily water intake in litres. -

Source daf SS MSS F
Between' groups 2 0.41 0,21 0,55 (N.5.)
Between period 1 1,17 te17 3,08 (N.5.)
Error 20 : Te6 0.38

Total 23 9,18

TR AR om G e, @ me D SR G NP G P G Ah Ae G TS G I G G O B D @R S W B an ew O @

N.S. - Not Significant

97



Table 9. Fercentage chemical composition of dung (on drymattef basis) voided by the animals
during the first metabolism trial.

.---on-—-&-_---—--a--uﬂ—--—C.-m----.—ba‘-------nuﬂ

Animal  Total quantity Iry-

Crude

~ Zther

Crude

Group . . Total Nitrogen Calcium Phos-
number of dung voided matter protein extract fibre ash free phorus
ig) extract

I 6326 950 5843 18.% 4.3 117 20.6 45.3 2.0 1.8

6358 990 55.8 18.6 %.0 12.8 22,1 45,2 4e3 1.8

6332 925 61.8 21.9 3.4 15.7 21.1  37.9 3.7 1.1

6349 922 60,0 17.2 2.8 13,2 20.7 46.0 4e4 1.9

11 6335 1,225 59,1 22,5 3ed 16.7 18.1 38.3 3 1.4

6328 24 5245 15,0 5.0 11,5 16.7 52.9 549 1.6

6329 1,396 54.3 2042 4.3 15,3 19.7 42.1 38 1.7

6363 768 59.5 21.6 2.8 14.8 20.1 38.8 4.6 " 263

IIT - 6351 1,383 6543 18.9 542 9.5 19.1 47.3 3.6 1.5

6325 1,728 54,8 20,6 3.7 14.1 20.3 41.3 3.5 1.7

6316 1,284 60.7 20,1 3.6 16.0 18.9 41.5 3¢5 1.7

6341 920 66.1 18.7 4e5 4.1 17.6 45.1 3.5 1.2

Gu EmP G AR ey R e AR IR S G AP A AW MR ER S M GB O dE AP PR G W0 MR OO G AR s WM WP Y eGP S W G S S e Wh D i o M S W A



Table 10, Percentage chemical composition of dung (on drymatter basis) voided by the animals
during the second metabolism trial.

- e mm D G Gm OB M W G an B S M DN SN Sh G B Gp e me G G S GR MR M WA W A S mp SR G Mn SR Wy um Gy @ WO U A WM e e

Animal Total quantity Dry- Crude Ether Crude Total Nitrogen free Calcium Phos-

Group number of du?g)voided matter protein extract fibre ash extract phorus
g
I 6326 1,205 55.8 : 2107 402 16.4 18.4 3903 ® 104
6338 1,094 57.3 18.7 342 15.8 19,2 42.9 3.1 13
6332 1,400 59.4 22,7 3e3 16.7 1845 3867 369 1.5
6349 1,116 58.0 20e2 3e3 16.7 18.8 311 3e4 1e2
6328 1,984 52,7 - 20.4 3.1 15,0 16.8  44.7 30l 1.6
6363 1,267 579 1445 2.6 17.0 17.4 48,4 3.6 1.6
III 6351 1,789 62,6 1846 2.8 17.2 17.5 = 44.0 %05 142
6325 1,523 ' 60.6 16,6 2.9 18,0 19.2 = 43.3 3.6 1.5
6316 1,848 5543 16.1 2.7 17.6 16.4 47.3 3e4 145
6341 1,362 60.8 22,6 2.6 18,3 16.3 40.3 3.9 1.7



Table 11, Data on the crude protein, calcium and phosphorus contents in urine voided by
animals during the first and second metabolism trials,

" ITotal volume of urine} - R
Animal - . jvoided during the

?
. . t
Group number itrials‘(ml) ; 3 é :
! Pirst Second E First Second ! First Second 'Pert Second
.!ﬂ trial trial ; trial trial |} trial trial 'tr1a1 trial
I 6326 5’165 7)420 304 ' 3.1 : 100 003 002 005
6338 3,450 5,475 4,6 362 1.2 0.6 0:3 0.7
6332 2,980 4,910 4% 4.4 1¢5 1.8 0.4 ' 0.8
6349 4,140 4,020 346 44 1.0 0.8 Oud " 0a7
IT 6335 12,515 16,570 1.4 1.6 1.0 0cd 0,3 0.4
6328 ' 5,830 ‘ 5,825 : 401 400 1'00 0e5 0.02 0e3
6329 24450 4,745 56 560 1.5 0.2 0.3 02
6363 1,120 2,610 12,4 8e5 1.8 0.2 0,2 0.2
ITI 6351 5,190 7,545 442 441 1.3 0.2 0,2 042
6325 4,320 7,135 4.1 3¢8 1.5 05 0.2 0e3
6316 1,355 4,355 11. 6ol 1.2 Oe4 0.2 Oe4
6341 1,230 1,800 75 946 1.2 0.2 0.3 - 0.5

.-——--'——--——q—-g.—-—-—-—-‘———u’——.—x—--u-."-—---——-—--,-—-



Table 12a, Digestibility coefficients of nutrients in the rations obtained during the
first and second metabolism trials. ‘

Group I.
——————— T T S Em e s o g R Em W s s W TR SR T W S SR T MmO e ST e e .-
1  Drymatter { Crude protein i Ether extract ; Crude fibre }Nitrogen free
T v H ! { extract
Animal HES - - ——— e e —————— - e
number 1FPirst Second 'Pirst Second'ﬁirst Second }First becondirirst Second.
gtrial trial :trlal trial 'trlal trial Etrial trial (trial trial
_____ .,.-l._..........._.'....-........_..!....-_......._v.._...._-_-'-.._........
6326 6903 69,8 69,0 66,3 T4el  67.8  64.8 55.9 T5.6 T8.9
6338 69.4 7149 68,8 72.9 81,8 T6e2  61.7 60e4 T6sT 7845
6332 68,3  T0.T 62,2 - 65.7 79,0  T5.4 5144 5604 79.0 79,8
6349 69.3 71.0  T7T1.1 69,9 83,2  T5.T 60e4 56.8 753 83.9
hvevage 63,1  T0.9  67.8 68,7 7945  T3.8 - 59,6 57.4 76,6 80,3
S.E. iOQS +0¢3 | 1.9 +1.7 +2,9 +2.0 +2,9  +1.0 0.8 +1,3

06
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Table 12b, Digestibility coefficients of mutrients in the rations obtained during the
first and second metaboliesm L rials.

Group II.
R S R A e T B T Rl i i B R B I PRI A
i Drymatter i Crude protein ; Ether extract } Crude flbre;Nitrogen ,
Animal t ! i ! ;free extract
§ o nim i - , - : et ]
n“mb?r %First Second; ‘FlrSL' Secondi?irst4 SeeondgFirst uecona:Flrst Second
1trial trial §trial trial !trial trial |trial trisl !trial trial
........................ e - e o =l - - I S
6335 . 679 . 68,4 6041 | 64.3 T2.0 79T 49.4 57.5. T84 76.6
6328 6941 . 6241  T4e5 . 57.9  T3.0 68.6 66,5 49.1 T1.3 68.8
6320 . 66,3 . 68,9 62,5 61,9 82,0 69,5 513 61,3 T5.1 783
6363 - 12,9 . 69,5 6T7.2 76.2. T4e4 | 79¢3 63,9 56.5 81,4 T3.,8
iverage 69,1 69.0 66,1  65.1 T5.3 73.7  57.8 56.1 76,6 The4
S.E. +1.4 42,1 #3,2  #3,2  +2.2 42,6 +4e4 $2,6  #2,2° #2,0

LG



Table 12c, Digestibility coefficients of nutrients in the rations obtained during
the first and second metabolism trials.

Group III,
‘‘‘‘ R e et it Rl Il T e i Sl
! Drymatter | Crude protein | Ether extract } Crude fibre jNitrogen free
fninal % e ' o cmmeeeent SEEERCE
| " ]
number  upypgt SGCOHd!Fert SecondsFlrst Second‘Flrst Second'Flrst Second

k]
’trial trial trial trial | trlal trial ; trial trial 'trial trial

6351 6645 63.8 67.8 63.9 6547 7442 62,6 47.5 T0.0  T1.7

6325 64.2 68,5 58,7 68.8 T3.9 7604 53.9 52,9 T3.9  7T5.8
6316 64.8  67.0 55.4 67.1 3.2  T7.1 52,8 51,0 75.9 72.0

Average 64,0  67.2 59,2  65.4 6848  T6.6 57.3 51.6 72,0  T4.4
S.E. +1.2 313 #3.0  #1.8  #2,8 +1,0 #2,3 11,6 1.8  #1.6

49
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Table 13. Analysis of variance - Digestibility
coefficients of drymatter.

Source daf S5 MSS P
Between groups 2 85.7T8 = 42,89  51,15%*
Between periods 1 16,01 16,01 19,00%*
Exrror 20 16,77 0,8385

Total 235 118,56

** Significant at 1% level.

Table 14, Analysis of variance - Digestibility
coefficlents of erude protein.

Source arf S8 MSS F
Between groups 2  141.6 70,8 2.51(N.5,)
Between periods 1 25,0 25,0  0.,89(N.S.)
Error 20 563.71 28,1855

Total 25 T30.31



Pable 15. Analysis of variance ~ Digestibility
coefficients of ether extract.

54

Source -df SS MSS

Between groups 2 36,29 18.15 0.58(N,5.) |
Between periods 1 5452 552 0.18(N05-)1
Error 20 623,21 31,16

Total 23 665.02

N.S. - Not Significant,

- e @ w e @&

Table 16. Analysis of variance - Digestibilify

coefficients of crude fibre.

Source af S8 MSS F
‘Between groups 2 66.815 33,4075 1.41(N.5.)
Between periods 1 61.441 61.4410 2,59(K.S.)
Error - 20 473,967 23.6985

Total 23 602.225

NoSc - NO'[: Significant-



Table 17. Analysis of variance - Digestibility coefficients of
' nitrogen-free extract.

WP OGP WR M R S WE AR WD 4D S SO W A SR aF WP e GR W Aa e WS S WP W G Gk W Ee O b, Sees

Source af S5 MSS ¥
Between groups 2 110,81 55¢41 4,86 *
Between periods 1 : 10,14 10,14 : 0.85(N.S. )
Brror = - 20 238,01 11,90 |

Total -~ . 23 358,96

* Significant at 5% level.

114



Table 18a, Data on retention of caleium and phosphorus (g per day) of
animals during the first =amd second metabolism trials.

Group I,
Calcium | Phosphorus
Animal NUMDEY  ~emcccm——cm .- - —————
FPirst trial Second Trial First trisl Second trial

6326 . . 149 1.18 0,80 1.00
6338 0.24 1,98 0,90 1430
6332 0,75 " 0445 1,60 1.00
6349 0,22 1,59 0,70 1,50
Average . 0,68 130 1,00 1420
S.E. +0,30 +0,40 +0,60 +0,70

94



Table 18b. Data on retention of calecium znd phosphorus (g per day) of
animals during the first and second metabolism trials.

Group 1I.
Calcium Phosphorus

“Animal number - o e —————— -
' First trial Second trial Tirst trial Second trial
6335 0,70 012 0.90 0,30
6328 1.50 0430 1,40 0,30
6329. 1,01 150 1.10 1.30
6363 1.30 - 1.90 0,60 1440
Average 1,90 - 0,96 1,00 ' 0.80
S.E, -+ %0.20 . - 10,40 +0.20 #0,30

LS



Table 18c. Data on retention ofcelcium and phosphorus (g per day) of
animals during the first and second metabolism trials.

Group III,

. Calcium B Phosphorus
Animal number — ee——c————eecee- - e —————— -
- First trial Second trial First trial Second trial
6351 120 1.60 1.30 1.54
6325 0,80 1.60 0.95 1.50
6316 1,60 1.70 1. 11 1.49
6341 0,50 1.80 0s78 1.30
.Avérage 1,10 1.68 . 1.0% 1.46

SiEo ' io. 20 io. 05 iO. 13 10005

84



Analysis of varisnce - Calcium and Phosphorus retention in g per day

Table 19.
Source N af SS MSS i
Between groups 2 1.7697 0,8849 2.22(N.8.)
Caleium Between periods 1 1.4017 1.4017 3,52(W.S, )
Error ' 20 7.969167 0.3985
Total 23 11.1405
. Between groups 2 1.464 0.732 2,95(N.S.)
Phosphorus Between periods 1 0.,2017 0.2017 0.81(N.S.)
Error 20 4.9626 0.2481
Total 23 6.6283

65



Table 20a, Data on blood values of experimental enimals recorded during the second
‘week of the experiment.

Group 1.

) -A;i;az T 1P;e£e5 ;eIl- "Hééioéi;bln° fPIa;ﬁ; ;r;t;l; ) EaIc;u; -izdgg;ﬁié-pigs;h;r;s-
number volume (g/100 m1) (g/100 ml) (mg/100m)  (mg/100 ml) '
6326 38 9.4 Te3 14.0 6.7
6338 36 10.0 8.4 11.0 6.9
6332 33 9.2 8.4 11.0 6.9
6349 23 Be6 8.9 12.0 7.1
6313 40 11,8 7. 14,0 Te2
6320 41 10,0 7 3 14.0 55
6327 36 1044 Te3 . 11.0 5.0
6368 37 9.8 7.3 - 1.0 4ot
Average T 3641 9.9 | 7.9 . 12.3 6.2 )
S.E. +7.0 +0.4 +0,3 - 40,7 - +0.7

09



Table 20b., ILate om blood vzlues of experimentel animsls recorded during the second
week of the experiment.

Group I1I,

) Enimgl. .V—..P;cgeg ;ezl.vaa;ﬁ;g;ogi; .?;a;m;‘;r;t;i; ) 5E£¢;u; R En;r;a;i; ;h;sggo;u;
number volume (g/100 ml) (g/100 m1) (ag/100 ml) {mg/100 m1)
6335 37 9.0 8.9 11,0 5.3
6328 41 10.2 9.4 | 11.0 5.9
£329 32 10.6 7.9 14,0 T4
6363 35 Yed Te3 11.0 S¢1
6315 36 11.0 7.3 13.0 5.1
6377 . 46 8.8 9.4 12,0 Sed

6376 38 10,4 5.8 9.0 6.0
6319 36 9.0 8.4 13,0 645
Average 37 ) 9.8 8.1 11.8 5.9
Se.E. +1.3 20.40 +0.3 2.2 +0.40

19



Pable 20c. Data on blood values of experimental animals recorded during the*secondf
week of the experiment. '

Group III.

4Animal Paeked cell Haemoglobin Plasma protezh Cglclum Inorgan;c-pﬁospiorus
number . . volume . . . (g/100.ml) (g/100 m1) (mg/100 m1) = (mg/100 ml)
6351 .39 S0 7.9 .. 100 840

6325 45 9.0 749 14.0 6.7

6316 40 9.0 8.4 - 1.0 - )

6341 51 9,0 - 8.4 11,0 6.4

6323 | 32 9.4 7.9 11.0 5.8

6339 32 ' 8.8 8.4 11.0 . 4.8

6355 26 82 79 11.0 6e4
Average 35.3 0.2 7.1 1. 63
<S.E’0 1'2.7 i1.6 - i0.1 i0'6 " :097

—.—---'-——-———-ﬁ-—----—,——----—,--———;-—-—ypv-g—‘.,-_n_-”'_--.—
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Table 29a., Data on blood values of experimental animals recorded during the 12th
week of the experiment.

Group I,

) En;mgl‘ ) Ea;k;d-cglz ) -H;e;oélgb;n- Elgs;a-p;o;ezn- B aaie;u; - En;r;aalg ;h;s;h;r;;
number volume (g/100 m1) (g/100 ml) (mg/100 ml) (mg/100 ml)
6526 - 35 . 10.4 76 10.6 5.9
6338 29 - 10.8 i 7.8 11.0 7.0
6332 2% 0.0 6.7 11.8 5.1
6349 21 . 9.6 7.5 13,2 6.0
6313 47 10.6 | 6.4 11.4 7.3
6320 . 30 10,4 A 7.6 13,8 6.8
6327 . 35 102 6 1.8 6.4
6368 50 10.8" | 7.0 11.4 6.1
Average —-“EETZ ------- , ;6:4 ) : ) Tel o 11.9 T 6.3 . -
S.E, +2,9 +0,2 10,3 0.5 +0.3 .

¢9



Table 21b. Datz on blocd values of experimental animals recorded during the 124h
week of the experiment.

Animal TPacked cell Haemoglobin Plasma protein Calcium Inorganlc phosPhorus

number  volume (g/100 ml) (g/100 m1) (mg/mo ml). (mg/100 ml)
6335 33 9.2 6.8 11.8 5.0
6328 37 10,2 7.2 11,0 8.5
6329 33 10,0 745 11.8 6.3
6563 32 9.8 8.4 9.8 4.6
6315 43 94 9.5 11.0 4.4
6377 31 9.0 7e2 ~10.6 5.8
6376 " 40 10.0 8.3 11.4 5.8
6319 26 9.6 8.7 10,2 7.8
bverage  B4.4 X 7.9 1.0 6.0

S.B, 2.3 +0,1 +0.3 +0.3 - 10,6



Table 21c. Data on blood values of experimental animals recorded during the 12th
week of the experiment,

Group III.
Apimal Packed cell- Haemoglobzn~ PZa;ma protein Calcium Inorganlc phosphorus
number volume (g/100 m1) (g/100 ml) (mg/100 ml) (mg/‘lOO ml)
6351 41 9.0 8,8 13.8 5.8
6325 35 9.6 8.3 11.4 8.7
63516 35 9.6 8e¢3 9.8 6.1
6341 36 10.8 T.2 13.8 5¢2
6323 29 10.0 - 8.0 10,2 6.1
6339 38 10.4 . 8aT 9.8 7.8
6355 27 . 9.2 . Te9 11.4. 6.2 .
6365 45 10.4 . Te5 1%3.0 8.0
Average 35.8 ) 9.9 ' ' '8.; ' 14,7 6.7
S.h, 2,6 +0.2 +0.3 +0.7 - +046

-——--u-q——-——-—-—-—p———-—_ncnn—-—t-———-.-------
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Table 22a, Data on blood values of experimental zmimals recorded during the 18th
' week of ‘the experiment. '

Group I.
inimal Packed cell Haemoglobin Plasma protein Calcium Inorganic phos horﬁs
number  volume (g/100 ml) (g/100 ml) (mg/100 ml) mg/‘IOO mlg
6326 33 9.0  Te2 12,0 6.6
6338 33 9.8 T2 12,0 7.0
6332 34 8.8 - 83 . 12,0 6.4
6349 28 8.0 T2 11.0 7.0
6313 45 9.6 7.8 11,0 6.6
6320 35 8.0 7.8 12,0 6.8
6368 40 10.0 6.7 12,0 6.5
verage  35.6 9.1 T 12,0 6.8 i
SGEO 1'204 10.3 i1¢5 1003 :0.5

- er we e ar UP W M AB W G WE D W AR SR T OB AR we WP SR AR A% @4 EGF WS S AP SR G M OB AR AP N WD W R Sh AR SN
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Table 22b. Data on blood values of experimental animals recorded during the 18th
. week of the experiment. '

Group 1I.
Animal = Packed cell Haemoglobin Plasma protein | Calcium Inor anic phos horusr
number  volume (g/100 ml) (g/100 ml) (mg/100 ml) mg/100 ml
6328 41 10,6 8.3 12.0 8.0
6329 38 - 11.8 . Te5 - 11.0 6.8

14

6363 35 10.4 Te2 ‘ 13.0 6,0
6315 41 8.0 . T8 ' 14.0 4.8
6377 35 ' 8.0 : 7.2 1.0 663

. 6376 - 36 11.0 6.7 12.0 6.7
£319 z1 2.4 8.3 14,0 : 8.0
Average ) 55.5 - 9.8 7:; ---------- - -;;.1 | 6.8

S.E. +1.4 10,5 +0,.2 +0.5 +0,4



Table 22¢. - Data on blood values of experimental animals recorded during the 18th
week of the experiment.

Group I1II.
Mimal  Packed cell Haemoglobin Plasma protein Calcium’ Inorg anic phos horus g
number volume ( /100 ml) (g/100 ml) (mg/lOO ml) mg/ 100 mlg
6351 36 10.8 944 10.0 7.5
6325 35 10,6 843 13.0 8.3
6316 %9 12.0 6.9 14,0 5.2
6341 40 11.0 7.2 13,0 T2
6339 31 10.01 T.2 14.0 , 6.0
. 6355 zZ0 9.6‘ 7.8 14.0 765
6365 35 11.6 649 11.0 640
Average 34.5 10,5 To'T B 1245 6.6
SQE. i1 ° 2 i0.4 1003 1006 I004

S an em A W G s Gy TR A WP AR P W P ar G G MR A0 ME G aE W F W WG @b @k G AW W AR Ee S AT an G G e W s
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Table 23, Analysis of variance - Packed cell volume.

Source af SS MSS F
Between groups 2 5725 28.63 0,33 (N.S.)
Between periods 2 116,083 58,042 0,67 (N.S5.)
‘Error 67 5779.17  86.26

Total 71 5952,5 |

e Er SR R W M P @ A A S W A OE Gm OF EE WP W @S We G ms cm am  epam

N.S5. = Not Significant

Table 24. 4nalysis of variance - Haemoglobin
(g /100 ml).

- S GE ER W S0 aE S S NR SR W M @We W MM N WP AP MR P o mE AW eE  my  wan

Source at SS MSS F
Between groups 2 0.1154 0.0577 0.03 (¥.S.)
Between periods 2 1,41 0.705 0:36 (N.S5.)
Error 67 131.6946 1,97

an SE SR SR = NP SR D G R W AR e W G SR W A) 6 AP an M eP &SP GE R SR e
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Table 25, Analysis of wvariance - Plasma protein
(g /100 ml).

Between groups 2  1.4768 0.7384 0.30 (¥.S.)
Between periods 2 0.258 0.129 0.05 (N.S.)
Error 67 163.%605 2,438

Total 71 1es.0055

N.S. - Not Significant.

Table 26, Analysis of varisnce - Calcium (mg/100 ml).

Source af SS MSS F
Between groups 2 0.97 0.485 0,88 (N.S.)
Between periods 2 3,083 1.542 2,80 (N.S.)
Error 67 37.007 0.55 .

Total T 41.06
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- Table 27. 4nalysis of variance -~ Inorganic phos-
phorus (mg/100 ml),

Between groups 2 1,0098 0.5049 0,52 (N.S.)
Between periods 2 ,4;é153ﬁ‘ 2.4077 2.46 (N.8.)

Error E 67 65.51 0,978
Total 71 71.3351

“Ne8. ~ Not Significant.



Table 282, D.C.P., T.D.N, and S.E. requirements per kg body weight gain of experimental
. animals calculated from the data on feeding irial,

Grbup I,
Animai | —Totgl-D.C_P- ;otai 5 5 ﬁ -T;tgl-b-E: Io;aib;d; -D‘CfP-r;-* 5 5 E ;e: -S-E- re:h
number intake intake intake weight quired per quired per quired per
| ’ gain : &g gain kg gain kg gain
(kg) (kg) (xg) (xe) | (kg). (kg) (kg)
6326 Te 39.8 3446 Te7 0.92 517 4449
6338 . Tel ' 39.8 3446 ' 9.5 0,75 4419 3464
6332 Tel 5948 3446 97 073 4410 3457
6349 o1 39,8 34..6 1045 0,68 3,79 3430
6313 Tet 39.8 34,6 5.6 127 7o 11 6.18
6320 Te 39.8 34g6 6.7 1,06 594 5+ 16
6327 Te 39.8 3446 8.0 0,89 4498 4,33
6368 Te 39.8 3446 11,0 | 0.65 3e43 2,98
Average T 39,8 3446  B.6 0,86 4.84 4,21
S.E, +0,0 +0.0 +0,0 +0,8 +0,06 +0,40 40,40



Table 28b. D.C.P., T.D.N, and S.E, requirements per kg body weight gain of experimental
animals calculated from the data on feeding trial,

Group 1I.
Anlmgl- T;t;l D-G_P Eo;ai 5 5 ﬁ ngtgl-SaE- Eo;ai gogy-LEO-P- ;e: 5 5 ﬁ -r;—“S—E- re-
- number intake intake intake welght quired per quired per quired per
, _ gain kg gain kg gain kg gain
(kg) (kg) (xg) (kg) (kg) kg) (kg)
6335 8.1 46,3 40,2 10,1 0,80 4,58 3,98
6328 8.0 45,9 3949 10,5 0,76 4637 580
6329 Te5 45.9 39.8 11,1 0,72 4,12 3459
6363 Te4 43,4 37.8 6.8 1,10 6,38 555
6315 7.4 42,7 . 371 7.0 1.06 6,10 5,30
6377 Te4 42,9 37.3 Te7 0.96 5,57 4,84
6376 T4 42.8 3742 81 0.91 5.28 4.59
Average TeT 44:2 38.5 8.8 0.90 5420 4.52
S.E. +0, 20 +0,6 $0,5 . +0,7 +0,06 40,30 +0,29

¢l



Table 28c. D Ce P., ?.D.,N, =md S,E. requlrements per kg body weight gain of experimental
animals calculaued from the data on feeulng trial,

Group'III.
) Animal Total D.C, 5 Totaqu-D N— Eoga; g £ -T;t;i-b;d; 5 6 E.ire--T-IrN‘ ;e: -SLE re: |
number intake - intake intake weight guired per quired per quired per
. , _ gain . kg gain kg gain kg gain
(xg) (kg) (kg) (kg) (kg) (kxg) (kg)
6351 846 50,7 441 1'0.4 0,83 4.88 4.24
6325 8¢5 4949 43.4 9.8 0.86 5.09 4443
6316 8.3 4S.9 4544 7.8 1,06 6.40 5456
6341 Te3 44.9 32863 8.8 0,83 5.10 4435
6323 8.5 50,4 43.8 10,0 0.85 5.04 4,38
6339 8e5 50.0 43.5 8.5 1,00 5.88 5.12
6355 7.8 46.2 40,2 . 963 0.83 4.97 4,32
6365 TeT 45,8 39.8 849 0.86 515 4447
Average T 8.1 ) 25:; 25.1 9.2 ) 0:59 5,31 4,60
S.E. +0.3 0.8 . 20,8 +0e3 +0,03 +0.19 +0.17



Table 29a, Calcium and Phosphorus requirements (g/kg body weight gain) calculated
from data on feeding trials. -

Group I.
Anlmal Calecium re=- PhosPhorus re~ Dailygain Requxrement of Reqvlrement of
number = tained/day  +tained/day calcium/kg gain phosphorus/kg gain
(g) (g) (g) (g) (g)

6326 - 1.2 1.0 5646 20,8 17.6

6336 2.0 13 7345 26,9 177

6332 0.5 1,0 71.3 643 14,0

6349 1.6 1e5 772 2046 19.4

Average 1.3 1.2 69.7 18.7 17.2

3.5, » . 10,3 +0e 1 +4.5 +4e4 1.1

al



Table 29b, Calcium and Phosphorus requirements (g/kg body weight gain) calculated from

data on feeding trials.

Group 1I.

Animal Calcium re=- Phosphorus re- -Daily-éein Requirenent of B ﬁeauirement of

numbexr tained/day  tained/day calcium/ke gain phosphorus/ kg gain
(g) (g) (g) (g) (g)

6335 041 0¢3 T4de3 1.6 4.4

6328 0.3 0.3 T7.2 4,0 5e9

6329 1.5 1.3 81.6 18.3 15,92

6363 1.9 1.4 50. 38,2 2746

Average O. 95_ 0.8 70. 1505 130 -

5. E, +0.40 +0.3 +7.1 +844 5.6

9l



Table 29¢., Calcium znd Phosphorus requirements (g/kg body weight gain) calculated from
data on feeding trials.

Group III.
Animal Calcium re- Phosphorus re-~ Daily gain Reguirement of Requirement of
number tained/day  +tained/day . caleium/kg gain phosphorus/kg gain
(g) (g) (g) (g) (g)

6351 1460 1454 7645 20,0 20,0

6325 1.60 150 T2e1 20,0 20,0

6316 1,70 1449 5Te4 29,6 50,0

6341 1,80 1,30 647 30.0 20.0

Average 1.68 1,46 677 24,9 22,5

S.E. +0,05 +0.05 - 4,1 +2.8 *2.5

LL
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Table 30, Adnalysis of Covariance - D.,C.P, requirement per kg daily gailn.

source ar  ss(x)  Se(xy) SS(y) fie;;.éu;:.- ae  wmss F
Botween groups 2 0.0757 | 0,01 . 0,01 0.01 2 0,005 0;03‘ (N.S.)
Error : 20 85.6809 247 2,92 2;85 19 0;15

otal 22 66 2us 2.3
Regression coefficient F4==0.O3_(N-S-) ’.

N.S. = Not.Significant | |

8L



Table 31. Analysis of Covariance =~ S.E..reQuirement per kg body wight

gain,
“source ar  sS(x) | SP(ay)  5S(y) _h'eségﬁal— T & mss 1
T e T e e
Error 201 85.6809  9.99 13,45 12,27 19 0.65
Total -;;“-;;:;;66 10,04 14.1;—“- ] )

Regression coefficient P = 0,12 (N.S.)

N.S. = Not Significant.

6L
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Summarised datza on DyC.P., T,D,N.,, S,E., Calcium and Phosphorus rejguirements of growing kids
caleuwlated from the results of the present study. (Average values with S.E,).

—--n‘----—_‘-- ------- o e aB a» e» S aer @ = o wm W e W e - em a» e W T - - e W o» O -Aw e N g 6D

WGP, required ' T,D, N requz.red S5.B., required Calcium required PhOSphorus required

- e o - v ve T D G G e W e

g'kg per W per 'per kg per W per pexr kg per W per per kg per W per per kg per W per
1 kg0 aay  gain kg0e73 day gain kgle?3 day gain kg0.T3 aay gain kg0eT5 day
) (8) (g (xg) (&) (g) (kg) (g) (g). (g) ', (g)A (g) (g) (g) (g)

36 6,38 54.78 4.84 37,82 308,31 4.21 31,08 268.8 18.7 0;16_ 13 17.2 ,o.'14 1,20
)6 40413 - 40,32 #0440 +0.T3 + 0,07 +0,40 40,63 +0,08a4.4 +0,03 40,3  +1.1 %0, :

)0 6.83 57.96 5,20 39,75 334,88 4.52 34,57 29909 15,5 0,13 1,00 13,0 -0.11 0,84
6 10625 20496 10,30 10,99 24,70 10,29 £1.31 14,13 18.4 10,03 10,40 5.6 30,05  10.30

30 Te21 60,13 5,31 42,88 358.74 4,60 37,21 31078 24,9 0,20 1,68 . 22.5. 0,16  1.46
)3 #0414 +1,30 30,19 #1,11 46,30 +0,17 $0,96 159032.,8 +0,02 ' +0,05 12,5 0,02 +0.05

---ﬂ----—----—----—-—-—-------_—-----o-------'----"--
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DISCUSSION

The results obtained during the course of
the present investigation are discussed below
under separate heads.

Growth.

The results presented in Tables 1-3 indicaie
that.the kids maintained on the three dietary
regimes over a period of 4% months register
almost identical growth rateg, the average daily
body weight gains of theAanimals in tﬁe three
. groups I, II and III being 63.7 *+ 5.3, 64.4 + 5.0
and 67.6 + 2,0 g respectively. Thére is no
sigﬁificant difference in growth rate between the
three groups, The resul$s of covariance analysis
of the data reveal that the differences in initlal
body weights of individual animale in the three
groups show no positive influence on the rate of
growth shown by the animals subsequently during
fhe period of study.

Varying growth rates and daily gains in
growing kids heve been reported by different vorkers.,
Singh and Sengar (1970) recorded an overall daily
gain of only 20-40 g for Barbari kids of 0-12 months
of age. Singh and Sengar (1978) stﬁdied ‘the

growth rates of kids maintained under two dietary
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treatments and reported an average daily gain of
79.0 g on a ration made up of concentrate mixture,
gram bhuse and green arhar and 90,C g on a ration
containing green bhuse and green arhar fed

ad libitum. In a study to find out the effect
of various treatments on the utilization of
nutrients in kids, Mudgal and Sengar reconded daily
gains of 49.1 * 2,7, 71.9 £ 3.9, 52.2 £ 1.6 and
557 + 2.3 g in kids fed control, formaldehjde
treated, heat treated ard taanic acid treated
concentrate mixtures respectively. WhilejSingh
and Rekib (1979) could record daily gains of only
33; 28 and 15 g in Barbari kidé of.4-5 months of
age on three rations viz., Berseem hay alome,

end two mixtures of Berseem hay andfnatural grass
hay in differen® proportions reSpgctively, Mittal
and Panday (1978) reported higher daily gains

of 58,0 g in kids of the same breed but within the
age group of 3-9 months.

The growth rates of lambs reported by many
workers are also quite comparable %o those of.kids°
Mathur (1973) has recorded daily gains of 36.0,
48,0, 54,0 2nd 54,0 g in lambs fed on four rations
providing proiein levels of 7, 10, 13 and 16 per cent

reépeetively. However, a higher growth rate in
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1ambs has been reported by Arore et al. (1975)
Rao and Raghavan (1978) recorded the avérage daily
‘gains in lambs as 55.8, 56.7 and 50.8.g for animals
on rations contzining high, medium and low levels of
protein respectively.

From a perusal ofvthe results on growth, it
can be seen that the overall daily gains of animals
in the preseht stﬁdy are quite comparable:to those
reported by other workers for animalé of similar
age group and ini%ial body weights. Though data
on growth rate of Alpine - Malabari crossbred kids
are scanty in literature, the daily gains obtained
in the present study are almost similar to those
recorded for Alpine - Malabari crosses maintained
at the University Goat Farm, Menmnuthy (Kunjikutty,
1979). The overall pattern of growth in all the
three groups of animals poinis to show *that the
three levels of nutrient intake satisfy the
requirements for growth.

Feed efficiency. -

The overall efficiency of utilisation of feed
for growth in the case of kids belonging to groups I,
II and III are found %o be 7.0, 7.5 &nd 7.9

respectively (Tables 4 and 5).  Though not
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statistically significant, the feed conversion
efficiency is higher for Group I, iower in Group II
and lowest in group III, The almost similar weight
gains for animals in groups under lower planes of
nutrition as well, can be attributed to the hlgher
feed efficiency of these animals, 3

Though very few growth studies have been
carried out on Alpine Malabari crossbred kids,
the data obtained in the present study are almost
in agreement with those reported for kids of other
breeds, In feeding experiments using Jamnapari-
Malabari crossbred kids, Thomas gt 2l. (1976) have
obtained feed conversion efficiency values of 6.18,
6.4 and 7.1 on three rations viz., control, ration
with 20 per cent rain tree fruit meal and that with
30 per cent rain tree fruit meal respectively. James
(1978) recorded feed efficiency values of 5.5, 6.7
and 6.8 for Saamen - Malabari cross kids and 5.9,
6.4 and 6,3 for Malabari kids on three rations
viz., one control and two experimental rations with
either rubber seed cske or tea waste as one of the
ingredients, respectively. Mudgal and Sengar (1979)
recorded the feed efficiency for growth of Beetsl
kids on four dietary treatments viz., control diet,

formaldehyde treated, heat treated and tannic acid
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treated diets as 11.76, 9.39, 10;53 and 10.38-res-
pectively. The feed conversion efficiency values
for growth of lambs are -also comparable to those
for kids., The feed efficiency for growth of
Nellore lambs as réported by Lakshminarayana
and Raghavan (1979) are found to be 6.89, 6.58, 6.23?
and 6.36 respectively for the five groups receiving
rations ¢ ontaining 12; 13, 14, 15 and 16 per cent
of ecrude protein.
Drymatter consumption.

The drymatter consumption expressed as percentage
of body weight of growing kids in Groups I, II and III
maintained on the three plames of nutrition are.
found to be 3;1 + 062, 3.5 % 0,3 and 3.6 # 0,3
respectively (Tables 10a to e¢), The values of dry-
matter intake obtained in the present investigation
are in agreement with many of the data gathered
from similer studies with kids of different breeds
and maintained under differént dietery regimes.,
Sinéhal (1978) have reported drymatter consumption
of 3.41 + 0,21, 3,66 + 0.16 and 3,06 *+ 0,12 for
Beetal kids on three rations, viz., control, urea
based and biuret based rations respectively. Singh
and Sengar (1978) have recorded drymatter intake

of Barbari growing kids as 4,4 per cent on a ration
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made up of a concentrate mlxture, gram bhuse and
green arhar, 4.1 per cent with a mixture of gram
~bhuse end green arhar and only 24 49 per cent when

fed on gram bhusa alone. Singh and Reklb (1979), on the
other hand have recorded the drymatter consumption

in Barbari kids of 4-5 months oFage as 3 49, 3 72

and 3.43 per cent of the body weight when fed '
Berseem hay, Berseem hay plus natural grass hay

(75: 25) and Berseem hay plus natural grass hay (50:50)
respectively., Peeding experiments on adult
Alpine-Malabari cross bred goats maintained at the
University Goat Farm, Mannuthy, revealed drymetter
consumption of 4,11 per cent in males aod 3.6 - 4.2
per cent in mllking gosats (Annual Progress Report on
A.I.C.R.P. on Goats, 1978), .

Widely varying values for diymatter consumption
have been recorded for adulf goats of different
breeds and maintained under different conditions of
feeding and managemeﬁt (Mackenzie, 1967;'Singh and
Sengar, 1970; Saxena and Mahes#zari 1971' Maheswari
and Talapatra, 1975; Brannon, 1966 and Morand Fehr and
Sauvant, 1978).

Water intake. ‘
It ean be seen from ﬁhe date pfeeehfed in Tables

6 and 7 that there is no significant difference in the



87

water intake of animals maintained under the three
different dietary regimes. The average daily water
consunptions in the three grouﬁs were 1.2, 1.3 and

1.0 litres in the first metabolism trial and 1.5,

1.8 and 1.5 litres in the second metabolism trial res-
pectively. "ihe increase in water intake of animals of
all the three groups recorded during the second period
may be attributed to their higher requirement of water
with advancing growth. Almést comparable water intaker
of 1.6, 1.5 andv1.1 litres have been recorded by

Singh and Rekib (1979) for Barbari kids of 4-5 months
of age when maintained on three rations viz., Berseem
hay, Berseem hay plus natural grass hay (75:25) and
Berseem hay plus natural grass hay (50350) respectively,
Devendra (1967) has recorded a mean daily water intake
of 1.5 1b (0.7 litres) in Eatjang goats during the dry
period of the year ie. from February to June. DJevendra
and Burns (1970) suggested that the averagé daily water
reguirements of goats-would range from 450 ml to 680 ml
under noxmal conditions of feeding and management.
Aguneion (1939) has made a comparative study on the
feed and water consumption of goats and sheep and
observed that goats consumed less water than sheep
under identical conditions. The ratio between dry-
matter and water intake:: of kids is found to be 1:3.6

in the present study. 4 ratio of 1:4 to 5 has heen
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suggested by Mackenzie (1967) =mnd 1:4.4 by Devendra
and Burns (1970) in the case of dairy goats. |

Since it is well known that the water intake
will vary widely according to the magnitude of the
various factors which govern the needs of the animals,
determination of water requirements for a given |
species and in set conditions is of limited value
for any general considerations.
Digestibility Coefficients.

It is clear from the data presented in Pables 12-
18, thzat the animals under the first dietary regime
(Group I) digested the different nutrients in the
.ration better when compared to those maintzined om
the higher planes of nutrition (Groups II and III)
though the differences in the digestibility
coefficients of nutrients in the rations were not
significant except for nitrogen-free extract.
Almost comparable values have been recorded by Singh
and Sengar (1978) with Beetal kids, by James (1978)
with Sasnen-Malabari cross bred kids =nd by
Thomas et al. (1976) with Jammapari-Malsbari crossbred
kids. VYhile Mudgal and Kaur (1976) have reported
higher values with Alpine~Beetal crossbred kids,
Singh and Rekib (1979) have shown lower values with
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Barbari kids. However, it has %o be noted that
the variable data recorded on the digestibilities
of nutrients ﬁay be atiributed to the differences
in breed, age and the type of rations employed.

Phere are reports that under 1dentlcal |
condltions of feeding and management- distinct
dlfferences ex1st between goats and other rumlnamts
as regards the dlgestlbillties of nutrients in
feeds, Muagal and Jevendra (1979) have presented
a summary of these results indicating the species
involved, 1bcation, type of diet and nature and
magnitude of the responses in eachlcase. Most of
the repérts indicate that goats have better
capacity to digest various nutrients aﬁd in particular
érude fibre when compa:ed tc other species of animzls,
(Mia et 2l. 1960a and bj Pant ef al. 1962; Jang &and
Majumdar, 1962; Jones et gl. 1972; Adeyanju ef ale 1975;
Mudgal and.XKaur, 1976 and Gihad, 1976),

Blood values.

From a perusal of the haematological dsta
(Tables 20-27) it is seen that the blood values
recorded during the course of the present study
agree with those reported by earlier workerss The
statisficalzmalysis of the results of haematological

Studies carried out during the three stéges of the
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experiment indicates that there is no signifﬁcant
difference in any of the blood constituents studied
either betwéen groups or between periods. The
values for packed cell volume recorded for animals
in the three groups I, II and III are found %o be
36.1 + 7.0, 37,0 + 1.5 and 35.3 + 2.7 per cent
during the first period, 32.4 * 2.9, 34.4 + 2,3 an&
35.8 * 2.6 per cent in the seéond period and

3566 % 2445 35.9 + 1.4 and 34.5 + 1,2 per cent for
the third period respeectively:. Almost similar'
values have been reported by Coffin (1953), Dukes
(1955), Schalm (1961) and Bhalla et al. (1966). An
average PCV of 30.3 + 0.3 has been recorded for sheep
by Rajeshwar Rao et al. (1962).

The almost uniform values for haemoglobin
concentrations recorded for the kids maintained under
the three dietary regimeslat gll the stages of the
experiment are essentially similar to those reported
in the literature in this regard (Coffin, 1953;
Sehalm, 1961; Bhalle et al. 1966; Thomas et al. ‘1976;
and James, 1978). Rajeshwar Rao gt al. (1962) have
reported a similar value of 9.76 + 0.15 in the case of
sheep dlso,

The plasma protein values are found to be 7.9 +

0e3, 841 % 0,3 and 7.1 *+ 0,1 g per 100 ml in the first
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period, 7.1 * 0.3, 7.9 *+ 0,3 and 8,1 + 0.3 g-per

100 ml in the second period and 7.5 * 1.5, 7.5 + 0.2 and
TeT + 0.3 g per 100 ml in the third period tor'l‘

the three groups I, II and III respectively and’

are similar to those reported by Dukes (1955),

Thomas et al. (1976) and Jamesl(1978).-

Calecium contents (mg/100 ml) in the blood
plasma of all the éxpe:imeﬁtél kids recorded at
different stages of'fhe exberimentllie within the
normal renge and are found o @ree well with the
values reported by earlier workers‘(Gowda, 19543
Seshian, 1962; Coinelius and Kaneko, 1963; Thomas
et zl. 1976 and James, 1978). |

The inorganic phosphorus content in blcod of
kids belonging to the three groups I, II and III
are found to be 6.2 + 0,7, 5.9 + 0.4 and 6.3 + 0,7
mg per 100 ml in the first period, 6.3 + 0.3,

6.0 + 0,6 and 6.7 *+ 0.6 mg per 100 ml in the second
" period and 6.8 + 0.5, 648 + 0,4 2nd 6.6 + 0.4 nmg
per 100 ml in the third period reSpectively.
Aﬁlthough similar valueé havelbeen reported by
Seshiah (1962), Cornelius and Kaneko (1963) and
James (1978), : relatively higher inorganic
.phOSphorus concentrations have been observed by

Gowda (1954) and Thomas gi,g;.'(1976).
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21 A comparison of the valués obtained for
the blood constituents during the course of the present
study with those reported earlier for thé'same in
resPecf of other breeds indicatesthat there ES’hardly
any breed difference in regards to the blood values.
The results of the study also indicate thet singe all
the blood constituents studied lie within the normal
range for the Species in question, the éxperiméntal
animals of all the three dietary regimes are under
normal and sound nutritional status.

Protein requirements,

From Tables 28 and 30. it can be seen that DCP
requirements per kg gaiﬁ in body weight of kids,
arrived at from the resulis of metabolism trials using
the exzperimentzl rations containing three levels oi’
protein and energy, are almos% identical, the values
for the three groups I, II and III being .86, 0.90
and'0.89 kg respectively, - The results also indicate
that even with higher levels of protein and with
ad libitum. feed intske no significant increase in
growth rate is obtained suggesting that the low plane
of feeding itself appearé to be adequate.for optimum
growth in Alpine -~ Malabari kids.

Even though no such systematic studieS'have'so
far been carried out on Alpine - Malabari crossbred

kids, the values obtained in the present study are
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quite in sgreement with the available data reportéd
in thé case of kids though of other breeds and
maintained under different conditions of feeding

and management. The total DCP requirements
expressed as g per kg metabolic live weight (W kg0{73
873, Brody, 1945) calculated from the results of
the present study are found to be 6.67, 7,00 and
6.94 g for the three groups I, IX and III respectively.
This is in agreement with the results of Mudgal and
Sengar (1979) who have reported the ICP requirements
of Beetal kids as 6,78, 6.68, 5.85 and 6.15 g on
four rations, vié., control, formaldehyde treated,
heat treated =md tennic zeid treatedlrations reg-
pectively. Hoenlein (1978) has siated the daily

iCP  zllowance as 65-75 g in the‘ra%ions.of kids
weighing 16=419 kg, The dajly ICP requirements as
calculated from the results of the present study are
found to be 54.9, 58,0 and 60.13 g for the groups

I, IT and III respectively.

Almost comparable velues for daily gains and
0P requivements have been reported in the case of
lambs also. Raten et al. (1973) have given a daily
ICP requirement of 60 g for crossbred lambs of 25 kg
body weight and with en average daily gain of 70 g..
Similer velues have been recorded by Patnayak (1978)

in the case of crossbred lembs, Maheshwari (1977)



From a critical evaluation of the resulis on the
IC? requirements of kids, it can be inferréd that
the nutrients provided in the experimental diets seem
adequate for optiﬁum growth in Alpihe -~ Malabari kids
since all the experimental animals maintained normal
health as evidenced by the recorded parameters used
ag criteria for the evaluation of the nutritiénal
status and in view of almost comparable growth rates
of kids reported in the literature,; though of other
breeds and maintained under differenf conditions.
Energy requirements,

Tables 28 and 31 indicate that the energy
tequirements of kids fer unit gain in body weight arve
found o be 4.21 % 0,40, 4,52 + 0,29, 4.60 + 0,17 in
terms of S.E. and 4.84‘30.40, 5.20 + 0,30 and 5.31 + 0,19
in terms of TIIN for the three groups I, II and IIIl
respectively, the differences among the three groups
being not significant. Devendra and Burns (1970)
have reported a lower value of 3 g S.E. for every g
daily gain in the case of kids, The &otal‘daily
IIN requirements expressed in terms of metabolic live

welght (W%$c73) arrived at from the resulis of the
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present study are found to be 37.82, 39 75 and 42.88 g
for the groups I II and IIT respectlvely. However,
comparatively higher values have been reported by
Mudgal and Sengar (1979) in their experiments %o
| study the effects of varlous treatnents on the
utllization of nutrients in feeds using Beetal |
kids as experimental subjects. Haenleln (1Q78) has
lrecorded thé daily gllowance of emnergy for kids
ﬁeighing 16 = 19 kg as 326 - 375 g Eﬁropean starch
units while thelin%akes of 5.B, by the anlmals of
the three giqﬁps I, IT and III during the last'phase
| of the experiment was only 270, 290 and 310 g res-
pectively.:. | l

Comparatively higher values fbr the energy
réquirementsbof‘lambs have been reported in the
literafure. Rateh et al. (1973) have repérted the
daily TDBE requirement ags 600 g for lambs welghlng 25 kg

and w1th an averege dally galns of 70 g Patnayak

(1978) has also reported almost simllar value of
610 g TIN for lambs weighing 20 kg and gaining at
the rate 6f 50 g per day. On the other hand,
Maheshwari (1977) hes reported a lower TIN requirement
of 311 g in the case of lambs weighing 20 kg and
hGVlng a daily galn of 70 g. |

Prom a eritical appraisal of the results obtained

for, the energy requirements of kids in the present
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study and in comparison with the data already
available in the literature it can be presumed that
the varying-values reported for the energy |
requirements can be attributed to the differences
in breeds and climatic conditions, In view of

. the uniform growth rates and daily gains obtained
for the kids maintained on three planes of energy and
profein)the requirements of energy arrived at from
the results of present study can 5e considered to
be optimum for normal growth of Alpine - Malabari
crossbred kids.

Calcium and Phosphorns requirements.

Data presented in Tables 29a to 29¢ indicate
that the caleium and phosphorus needs per kg gain in
body weight, calculated from the results of metabolism
triale conducted during the course of the present
investigation, are found‘to be 18.7 s 15.5 g and
24.9 g and 17.2 g, B0 g and 22,5 g for the groups
I, II and III respectively. The total daily
reguirements of calcium and phosphorﬁ%:g;xggrived
at from the above data are 1.3 g, 1.0 g and 1.7 g
and 1.2 g, 0.8 g and 1.5 g for the groups I, II and
I1I respectively, | |

Very few syctematic studies have been carried

out to establish the mineral requirements of kids.
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Chaturvedi and Saxena (1971) have recorded the
daily calecium and phosphorus intakes per kg body
weight of Jamunepari kids of 0-3 months of age

as 0,29 and 0,11 g and 0.44 and 0,13 g on tﬁo
diets of whole milk and skim milk respectively.
While Morrison standards of c¢alcium aﬁd phosphorus
requirements for lambs weighing 50 1b are higher,
the NRC recommendations for lambs of 0-3 months

of age are almost similar to those obtained for
kids in the present study viz., 0,07, 0.09 and
0,09 g of calcium and 0,07, 0.05 and 0,08 g of
phosphorus per kilogram body weight for the groups
I,‘II and III respectively.

Since a normal rate of growth accompsnied by
normal levels of calcium and phosphorus in the
blood is highly indicative of adeguate skeletal
development, it can be reasonably presumed that
the levels of calcium and phosphorus present in
the experimental diets are adequate for normal
gro@th of Alpine - Malabari crossbred kids.

On a critical assessment of the results
obtained during the course of the present investi-
gation, it may be stated that since normal values

are obtained: for growth rate, feed efficiency and
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other physiological norms used as criteria for

the evaluation of the nutrztional status of- animals,
the nutrients prov1ded 1n all the three dietaxy
regimes appear to be adequate for noamal growth in
Alpine - Malabari crossbred kids.” Further, in

as much as almost similar growth rates and- da;ly
gains are obtained for the animals under all if e
the three dietary regimes, it can be’ reaeonably
presumed that even the lovwest dietary regime (group I)
is adequate for normal growth in klds. v Howeve:,,
it may be pointed out that a feeding standard

for growth must consist of a series of figures
correSponding to the.diffexent ages dnd,body
.ﬁeighte representihg:the'Various phases of

the groﬁth periods
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SUMMARY

An investigation was carried out with twenty four
Alpine - Malabari oroésbred kids to find out their
nutrient requirements for optimum grbwfh. The kids
were dlvided into three groups of eight each (groups
1, II and IIL) and were maintained on three levels
of nuérlent 1nrake'for a total period of 4% months
in three stages of 13 months each the concentrate
allowance being increased by 50 g in each stage,
The.average daily vody weighﬁ gain, "feed efficiency,
drymatter intake, water intake, digestlblllty
coefflclents of nuitrients, nitrogen balance, mineral
balance and haematological values were taken as the
criteria £or:assessing the optimum requiremenEs of
nutrients for the growth of kids.

The salient ovbservations made during thelcourse
of the present study snd the inferences drawn from
the, results obtained are summarised belows

(1). The kids maintained on the three levels
of nutrlent 1ntake showed almost identical growth
rates and dally gains during the period of study, the
average daily gains for the groups I, 11 and 1II
being 63.7 * 5.3, 64.4 * 5.0 and 67.6 + 2,0 g res-
pectively. | | |

(2). Higher feed conversion efficiency was



100

shown by animals maintained on the lower dietary
regimes, _

(3)e The drymatter consumption in kg per 100 kg
body weight of kids maintained on the tbree dietary
treatments (groups I, II zmd III) were found to be
3.1_: 0s2, 345 + 0,3 and 3.6 3_0.3 rgspectively.

; (4)s The average daily water intake of animals
recbrded during'the-eoﬁrsé of the experiment were
1.2:1.0.2, 1.3 + 044 and 1.0 :.0.2 litrés respectively
for;groups I, II and IIT respeetiwvely in the first _
metabolism trial and 1.5 + 042, 1,8 + 044 ond 1.5 + 0,3
1i£res respestively for the same grou@s:of animals
in the second metaboliém trial,

(5); The kids maintained under the lower level
of nutrient intake (group I) registered higher
digéstibility coefficients as compared with those on
the higher levels of nutrient intake (groups II and
III), though the diffevences in the digestibility
coefficients of nutrients betwsen groups were not
significant except for nitrogen-free extract.

{6). The haematological values recorded for
the animals maintained on the three levels of nutrient
intaké were all within the normal range for the
speciles,

(7). The digestible crude protein requirements



for each kg increase in body weight, were found to
be 0,86 + 0,06, 0,90 + 0,06 and 0.89 + 0.03 kg for
the kids in groups I, II and III respectively, the

corresponding values for the total daily D.C.P,
requirements of the animals being 54.9 #, 58.0% and

60,1 + g.

(8). The energy requirements of the kids fouw
unit inerease in body weight for groups I, II and IIT
respectively were shown to be 4.21 + 0,40, 4,52 + 0,29
and 4.60 + 0,17 kg in terms of S.E. and 4.84 + 0,40,
5.20 + 0,30 and 5.31 + 0,19 kg in terms of T.D.N., the
total calculated daiiy needs for the animals in the
three groups being 268.18 + 0,08, 291.09 + 4.13 and
310,98 + 5,90 g S.E,

(9), The requirements of caleium of kids for kg
increase in body welght were 18.7 + 4.4, 15.5 + 8.4 and
24.9
13,0 + 5.6 and 22,5 + 2,5 g for the animals in the

i+

2,8 g and those of phosphorus were 17,2 + 1.1,

groups I, II and III respectively. The daily require-~
ments of calcium for growth as ecalculated from the
above data were 1.3 + 0,3, 1.0 * 0.4 and 1.7 + 0,05 g |
and of phosphorus were 1,2 *+ 0,1, 0.8 + 0,3 and |
1.5 + 0,05 g for kids in the groups I, II and II1I

respectively.
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ABSTRACT

An investigation was carried out to find out ‘the
nutrient requirements for optimum growth in kids, '
Twenty four Alpine - Malabari crossbred kids of
3-4 monthe of age formed the experimental subjects
for the study. The animels, divided into three
identical groups (groups I, II and III), were
maintained on ‘three different levels of nutrient
intake for over a totsl period of 4% ﬁdhths, the
parameters recorded éuring the course of the study
being average daily body weight gain, drymatter intake,
feed conversion efficiency, digestibility coefficients:
of nutrients; nitrogen balance, mineral balance and
haematologieal eoﬁstituents.

The average daily gain aﬁd feed conversion
efficiency recorded for animals in the three groups I,i
II and III were found to be 63,7 + 5.3, 64.4 + 5.0 and;
6746 + 2,0 g and 7.0 £ 0.7, 7.5 * 0.5 and 7.9 1 0.3
iesyectively. The average &nwnétter consumpiion of
animals were 3.1.3 0.2, 3,5': 0,3 and 3.6 * 0,3 kg per ,
100 kg body weight respgétivély for the three groups
I, II and III, |

The data collected for the haematological
constituents were found to lie% within the normal

range~for the species indicating that all the animals



i1

under the three dietary regimes were maintaining
ﬁormal and souhg nutritional statuse.

The requirements arrived at for protein and -
energy for unit gain in body weight were 0.86 i 0.06
0.90 + 0,06 and 0,89 £ 0.03 kg DeC.Pe and 4e84 & Ouhy
520 + 0.30 and 531 + 0.19 kg T.D.Ne for the animals
| in groups I, II and III reépectively. The regquirements
0f DeCePey TeDsHey calcium and Phosphdrus arrived at
from the results obtained during the course of tThe
experiment are considered optimum for normal growth

in Alpine - Malabari crossbred kids.
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