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INTRODUCTION



INSROBUGl'ION

She domestic goat, G:at>ra hircus is found all over;

the world. The world goat population is about 383

million and approximately 70 per cent of it is found in

the tropical environments (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 cent

of the world goat population (National Commission Report,

Government of India, 1976). In India, the density

of goat population is highest in West Bengal followed

by Uttar Pradesh, Kerala and Madras,

Goats contributed 1.65 per cent of the total world's

milk production in 1974 (FAO, 1974-). In India, goats

produced about 675 thousand tonnes of milk constituting

about 3 per cent of the total milk produced in 1971-72

(H^ational Oommission Report, Government of India, 1976).

There is enoimous variation in milk production of goats

throughout tbe world. While some of the high producing

goats of Europe yield about 3-5 kg milk per day

for about 300 days, the goats in tropical areas yield

only 0,9 to 1,0 kg per day for about 200 days (Sands

and Mc. Dowell, 1978).

Goats show higher feed efficiency for milk

pi?oduotion than cows {Yerma and Mishra, 1978). The



amomit of feed per pound of milk produced was reported

to "be 0.38 lb in goats and 0,8 lbr> in oowa (Frederick,

1975). Morsnd Pehr and Sauvant (1978) also compared the

milk producing capacity of goats and cows and fouEid that

the average fat corrected milk yield per day per kg live

weight was 22,0 g for cow and 55.6 g for goats,

Ihe 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 million kg were contributed by

goats, !Ehe number of animals slaughtered was around

27 million i^hich constituted about 36 per cent of the

total population of goats (1976) in the country(National

Commission Report, Government of India, 1976), According

to ISevendra (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 1G«2 respectively with grass and concentrate.

The goat husbandry with special reference};; to meat

production appears to be a highly economical concern

under range conditions. 2he average dressed

percentage was found to be 47 per cent (Johri and

lalapatra, 1971).

India is the single largest goat-skin producing
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country. West Bengal produces skins of tlie finest

quality. They contribute a major item of India's

export trade, particularly to U.S.A. where they are

mostly used in foot wear industry. Goats contribute

about 36 million skins every year. Of this^ 30 per

cent is exported in the raw state, 55 per cent is

tanned for making dried skins and 2.5 per cent is

tanned in village tanneries (Bhatnagar, 1977).

(Dhe hair obtained from goats differ in quality

depending upon the breed. Mohair obtained from

Angora goat is used for making blankets, pile fabrics,

summer suitings, lining nets, rugs, shoe laces etc,.

Mohair is produced in Uttar Pradesh and Himachal Pradesh.

Pashmina is'the haiiry under coat obtained from the

Pashmina goat and is used for making robes, blankets,

namdas, bags, etc. On an average, these" goats

produce 112 g of pashmina (Bhatnagar, 1977). 5?he

total quantity of hair obtained from goats in India

annually is estimated to be 4,516 metric tonnes which

include 40 tonnes of Pashmina (Mudgal and Devendra, 1979),
• r

IDhe solid excreta of the goat is several timea

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 receives



sufficient dressing of maniare if 4,800 goats are folded

there for a night (Bhatriagar, 1977)» 2?he total quantity

of manure obtained from goats is estimated to he 34

million quintals every year.

Feeding Habits.

Goats are sensitive animals with peculiar feeding

habits, Ehey are fastidious about cleanliness and like

frequent changes in the feed. Feeds must be clean and

fresh, since the goats eat nothing that is dirty or

foul smelling.

Goats are browsers and thrive in areas richer in

bushy plants where they get enough opportunity for

browsing. Shey have a liking for leaves and prefer

dry green feeds over the succulent ones, IDhey can

distinguish between bitter, sweet, salty and sour tastes

and show a higher tolerance for bitter taste than cattle

(Bell, 1959; Goatcher and Church, 1970), Indian

breeds of goats do not relish much of straw or silage.

Goats prefer grains and oilseed cakes in cracked

form rather than in ground form. But the browse forms

an important part of the diet of goats. Goats may

be used to convert otherwise useless browse plants

into meat and milk. The special feeding habits of

goats are particularly significant in areas where the

quantity and quality of feeds are low as in the case of
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many parts of the tropics,

though the domestic goat serves mankind providing

very valuable milk, meat, hair, manure etc, very little

is known about the nutritional requirements of this

class of animal. She main reason for the lack of

this information is that the part played by goats is

little less when compared with cattle in tropical and

in the developed countries, O-'his mimal species has

not been the subject of much interest ^d study for

years in many countries. Realising the importance

of goats in the rural economy of the developing

countries, several workers in different parts of the

world have earnestly started attempts to develop this

species of animal. lot much detailed studies have

been carried put in India and abroad to establish

the nutritive requirements of goats for various physiological

functions such as maintenance, growth, reproduction and

lactation.

5?he limited data available at present would stress

the need to carry out more further detailed investigation

to find out the precise nutritive requirements of our

native goats for optimum growth and : -production. $his

aspect of study on goat nutrition has assumed particular

importance because of the fact that the success in goat

rearing essentially depends upon a scientific rearing



of kids from "birth to pu'berty. Shis study -was^ therefore^

undertaken to find out the levels of various nutrients

for optimum growth in kids.
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REYIEW OF LITERATURE

Limited information is available regarding the

nutrient requirements of goats, most probably because,

this ^imal species has not been the subject of interest

for scientists for many years when compared to other

domestic animals. However, it has now been well

recognised that the goat has specific feeding habits

and nutritional characteristics just like any other

species of domestic animals,

Srvmatter Consumption.

Goats differ from other ruminants by virtue

of their capacity for higher feed intake and more

particulS3cly for forage consumption. The apparent

superiority of goats over other species in digesting

some feeds more efficiently has been confirmed by

many workers in India (Mia ^ 1960a and 1960b),

Pant £t (1962) reported that the rumen liquor

from goats digested significantly more cellulose than

that from sheep under identical conditions of

experimentation. They have further attributed this

superiority to the differences either in certain

physiological factors or in the selection of herbage,

Majumdar (1960b) recorded a drymatter intake of

2,6 lb per 100 lb body weight in adult goats, Brannon

(1966)^ on the other hand, reported substantially higher
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drymatter intake 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 cent of livev/eight in the case

of dairy goats, while Devendra (1967) recorded 2.75 kg

drymatter intake for 100 kg body weight in Kambing

Katjang goats. Singh and Sengar (1970) reported the

drymatter consumption of goats as 1,86 ~ 2,65 per cent

and 2.67 - 3»42 per cent of liveweight in Jamimapari

bucks and doe respectively. They also reported

2,03 - 2,82 per cent and 3»42 - 4*20 per cent of body

weight as dry matter intake in Barbari bucks and doe

respectively. While the drymatter consumption waej

found to be 2,42 to 3.58 kg per 100 kg body weight

in Jamunapari goats maintained at Ohakkranagar, it was

only 1,42 to 2,65 kg per 100 kg liveweight in similar ,

animals kept at Mathura, (Saxena and Maheswari, 1971).

Maheswari and Talapatra (1975) recorded drymatter

intake of 3 kg and 4.05 kg per 100 kg body weight in

Jamunapari goats j in feeding trials using fresh co;\rpea

fodder and oowpea hay respectively. Rindsig (1977)

reported that although goats could consume drymatter

only about one sixth as that of cows, the drymatter

consumption by goat in proportion to the body weight wag



more than that by cow or sheep, it "being in the range of

4-7 per cent of liveweight. Experiments conducted at

the University Goat Farm, Mannuthy, revealed an average

drymatter intake of 4.11 kg per 100 kg body weight in

adult male goats fed to appetite on concentrates

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

weight in lactating goats fed on limited concentrates

and ad.lib, guinea grass (Annual Progress Report on

A.I.C.R.P, oh Goats, 1978)^

Digestive Efficienov.

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 rainfall is often

below 70 mm. Ihey tend to flourish even under these

situations feeding on a wide range of browse plants

and &rubs when the availability of grasses is often

very low. Goats can thrive and maintain their body

condition satisfactorily in such extremes and adverse

circiMStances when animals like cattle or sheep cannot.

One of the reasons attributed to such an ability of

goat to adapt to any environment is its relatively

greater capacity to digest cellulose or crude fibre.

According to Devendra (1978), the estimates of

digestive efficiency in the goat are quite comparable to



10

those reported for other species of ruminants, the

gross efficiency vaiying 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 goats which include such

factors as the nature of the diet, level of feed

intake, rate of salivary secretion, pattern of

rumen fermentation, and rate of movement of

ingests along the alimentary tract. Higher digestibility

coefficients for organic matter and crude fibre have

also been observed in goats when compared to either

cow or buffalo by Jang and Ma^umdar, (1962) in feeding

experiments to compare the digestibility coefficients

of nutrients by different riiminant species with a ration

made up of spear grass hay and groiand nut cake fed 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 quantities of feed required for producing

each pound of milk in the two species being 0,38 and 0,8

lbs respectively. Similar studies have been car3?ied out

by Verma and Mishra (1978), They have found that the

average yield of milk per 100 kg of digestible organic

matter 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)

COWB,

Maintenance Requirements.

The nutrient requirements of goats for maintenance

have been studied by many workers both in India and abroad,

Ritzman ^ (1936) showed that the basal metabolism

of goats was considerably lower than that of any other

faira 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 weight. Almost

similar values of 0,43 - 0,45 kg S,l, per 50 kg body

weight were recorded by Tasaki (i960) for maintenance

of adult goats, Majumdar (1960a) determined the

minimum protein requirements of goats for maintenance

using a low nitrogen as well as a nitrogen free ration,

The excretion of endogenous 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,

She protein requirement for maintenance as calculated

from the endogenous urinary nitrogen values was found

to be 0.65 lb per 1,000 lb body weight. Prom balance
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^ experiments carried out, tiie aljove author has calculated

the requirement for crude protein as 2.65 g per kg body

weight and that of digestible crude protein as 1., I4 g

per kg body weight. Mackenzie (1967) reported the

maintenance requirement of energy as O.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. Sevendra (196?) has

reported almost similar values of energy requirement

^ (0,41 + 0.1 kg S.E. per day) for 45.5 kg body weight.

He also reported the protein requirement as 45 - 64 g

digestible crude protein per 100 kg body weight,

Kentleach and Rayburn (1975) suggested the maintenance

requirements for a dairy goat weighing 100 lb as

1.38 lb S.D.JS., 0,21 lb D.C.P., 0.007 lb calcium

and 0,006 lb phosphorus while Rindsig (1977) stated

the D,G.P., ffi.S.M,, calcium and phosphorus requirements

for maintenance of lactating dairy goats weighing 100 lb

as 0,14 Ihj 1.56 lb, 4 g and 5 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.

Iiindahl (1972) calculated the maintenance requirement

-4,
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of goats taking into account the degree of exercise

they performed. For a goat weighing 20 kg, the T.D.U.

requirements were found to he 0.26, 0.34 and 0,57 kg

for light, moderate and extensive exercise respectively,

Huston (1978) used a factorial approach to estimate

the nutritive requirements of Angora goats and found

that these estimates were considerably higher than

those generally accepted for sheep. !Ehe digestible

energy and digestible protein required for a 45 kg

goat were found to be 3.7 M cal, per day and 86 g per

day respectively. Haenlein (1978) reported the

maintenance requirements of 50 kg dairy goat as 500

European starch units and 50 g digestible protei^n.

The energy and protein requirements for maintena]ace of

adult Malabari goats as determined from feeding trials

and balance experiments are found to be 8.57 g and

9,88 g of S.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 l.I.G.R.P. on Goats

for the year 1978).

Production Requirements.

Very few systematic studies have been carried

out to establish the requirements of goats for various

physiological functions such as growth and milk

production. French (1944) calculated the production
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^ requirementB of lactating goats "based, on the fat content

of milk» According to him, the energy required for

each kilogram of raillc testing 4 per cent fat was found

to be 0.61 kg S.E. or 0.69 kg T.D.N. Sasaki (i960)

calculated the energy requirements for milk production

as 1,550 £ oal for producing milk of 1,000 K cal,

Mackenzie (T967) stated the requirements in terms

of starch equivalent and digestible protein for each

litre of milk as 525gand 50 g respectively,

^ I Kentleach and Raybum,(1976), on the other hand,
recommended higher requirements viz, 0,32 Ih

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

4 per cent fat. Sheir recommendations for calcium

and phosphorus were 0,0025 lb and 0,001 lb respectively

for each pound of milk with 4 per cent fat. According

to Rindsig (1977)^the requirements of D.C.P., T.D.N.,

^ calcium and phosphorus for producing each pound of

milk testing 4 per cent fat were shown to be 0.051 lb,

0,53 lb, 1.2 g and 0,9 g respectively. Devendra and

(1970) recorded the energy and protein requirements for

each litre of milk as 500 g S.E, and 70 g D.G.P.

respectively. According to some recent estimates

(Huston, 1973)^the production requirements were found

to be 5.5 M cal of digestible energy and 172 g



V digesti"ble protein for each kilogram of mills produced.

Very little information is availalsle at present on
, I

the requirements of goats for optimum grov;th. Prench
« ...

reported' the energy requireaeiita of Icids weighing .

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

Mackenzie (1967) has suggested a ration -with 1 part

of digeetihle protein for every 7 parts of sta3,'ch

eaui-yalent for optimum growth in kids. 23evendra

and Burns, (1970) recorded the energy requirements

for growth in goats as 3*0 g of S,S, per gram lireweight

gain. Haenlein (1978) has recommended the nutritiye

requirements of kids from 1st to 8th month of their

growth period, the body weight ranging from 6.5 to

29 kg. 2Ihe requirements are given separately for

males and females and stated in terms of dry matter,

digesti"ble protein, fat, fihre, H.P.E. atid Etiropean

starch units,
Y
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MATERIALS MB MBTHOiS

Animals.

Alpine - Malabari cross'bred. kids belonging to

the University G-oat Farm, Mannuthy formed the

experimental subjects for the study. 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, 11 and III) of eight

animals each as unifoiraily as possible with regard

to sex, age and weight. All the animals were

dewormed 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

G-round nut cake 30.0

Coconut cake 10,0

Yellow maiae 32.0

Horse gram 15.0

Rice bran 10.0

Mineral mixture 2.0

Salt 1.0

Vitablend AD^ (Glaxo) containing 50,000 I.U,
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•y- Of Yit* aad 5000' I.U, of Vit. i) per grass, waa

also incorporated in the iaixture 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 animals,

2he percentage chemical composition of th«

concentrate mixture and jack leaves are shown below:

Concentrate Jack

r

mixture leaves

lirymatter 93.5 42,4 •

Crude protein 21.3 112.8

Ether extract 5.6 4.1

Crude fibre 5.1 19.7

'iotal agh 9.1 9.6

ilitrogen-free extract 58.9 53.3

Caieium 1.44 1.96

Phosphorus 1.00 0,57

Methode.

She animals in the three experimental groups I,

II and IXI were given the concentrate mixture and

jack leaves as detailed below:

Concentrate Jack

mlxitee Igaves

Group I 250 g 300 g

Group II 300 g 400 g

Group III 350 g 500 g
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feeding experiment was conducted in three

stages of approximately months each, the total

duration of the trial "being months. At the end

of each stage, the concentrate allowance for the

experimental animals in each group was increased by

50 gms each taking into consideration, the increased

nutrient needs of the animals commensurate with

advancing growth. The quantities of ^ack leaves

fed to the animals in the respective groups were kept

constant in ^1 the three stages of the experiment,

2he concentrate mixture was always given after

moistening it in order to prevent dustiness and to

stimulate feed consumption. All the animals were

provided fresh water ^ libitum.

Records of daily feed consumption, water intake

and weekly body weights of animals were maintaijied

throughout the experiment. 2wo separate digestion-
'~7'

cum-metabolism trials involving in each case five

days collection period, were conducted one at the

beginning and the other at the end of the experdjnent.

Only male animals were used for the metabolism trials.

During the collection period, the animals were kept

in separate metabolism cages with ^1 the facilities

for feeding and collection of dung and urine

uncontaminated by any feed residue or dirt. fThe

-4, •
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balance residues of concentrate as well as jack leaves

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

dung collected each day was weighed accurately>

mixed and a representative sample at the rate of

one fifth of the total quantity was stored in a

refrigerator, Q?he samples preseirred during the

entire collection period were pooled and used for

chemical analysis. Specially made rubber lined

funnel shaped conduits with accessories were used

for the collection of urine from each animal, the

urine being collected in amber coloured bottles

containing sufficient quantities of 255^ stilphuric

acid as the preseirvative. She total quantities

collected each day were measured accurately and an

aliquot at the rate of one tenth of the total volume

was stored in amber coloured bottles under refrigeration.

Ihe pooled samples of urine were used for further

chemical analysis.

Blood samples were collected from sil the animals

at the beginning, middle and towards the end of the

feeding experiments, sodium citrate being used aa the

anticoagulant. Ofhe 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

Gyanmethaemoglobin method, (Benjamin, 1974) usiiag

^ Irma Hemophotometer. Biuret method (Gornall

et al. 1949) was employed for the determination

of plasma protein. Plasma calcium was determined

by the Glark and Collip modification (1925) of

Kramer-Tisdall method (1921) and inorganic phosphorus

by Piske and Subba Bow (1925) method.

She feed and dung samples collected during the

metabolism trial were subjected to proximate

analysis as per standard procedures (A.O.l.G., I970).

She nitrogen content of urine was determined by the

Kjeldahl method (A.O.A.C., 1970). She caloiusi content

of the urine was estimated by the method described

by Glark and Gollip (1925) and Inorganic phosphorus

by Piske and Subba Row method (1925).

Statistical analysis of- the resxilts was done

following the method given by Snedecor and Cocharan

(1967).

Prom the data gathered from the metabolism

trials, the nutrient requirements for growth were

calculated in terms of B.C.P., S.D.IT., 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,

ESIIMA!DIOH OP HAEMOGLOBIN

(Cyaamethaemoglobin , Method)

Principle.

Ferrous iron of haemoglobin reacts with pottasium

ferricyanide and forms methaemoglobin which contains

ferric iron. Methaemoglobin then reacts quickly with

potassium cyanide and becomes cyanmethaemoglobirie

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 ferricyaEiide

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. 0?hen added 0,02 ml of well

mixed sample of whole blood to 5 nil of the reagent.

Mixed thorou^ly and let stand for at-least 15 minutes,
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'Y Replaced tiie blank tulDes with the unknown sample tubes

and noted the readings which gave the haemoglobin

content in gram percentage,

IDTERMINASION OP 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 intensity is proportional to

-4 its concentration.

Reagents.

(1) Biuret reagent#

Dissolved 1.5 g of cupric sulphate (GuSO^.
and 5,0 g of sodium potassium tartarate in 500 ml

water. Added with constant stirring, 300 ml of 10

per cent sodium liydroxide solution (prepared from

the stock carbonate free 65 - 75^ solution),
'y .

Diluted to 1 litre with water and stored in a

paraffin lined, bottle.

(2) Standard Solution.

Dissolved 250 mg of Bovine serum albumin in

50 ml distilled water so that 1 ml contains 5 mg»

Procedure.

Prepared the ^andard by adding 4 ml Biuret reagent

to 1 ml standard bovine serum albumin solution and 50 pi
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T water. Prepared the iinknovoi solution "by adding 4 ml

Biuret reagent to 1 ml distilled water and 50 jil

plasma. Prepared the "blank "by adding 4 ml Biuret

reagent to 6 ml of distilled water. Made up the

volume to 10 ml in all cases. Read the optical

density of the unknovai and standard solutions at

540 m ja using the blank for adjusting the instriiament.

CalculatioH.

Plasma protein content (g per cent) «

•V Reading of unknown x Q«0Q5 x 100

Reading of standard x 0,05

ESIIMAIPION 01 CALCIUM CONTENT OF URBp;

(Olark and Collip Method)

Principle.

Calcium is precipitated from urine as the oxalate.

The precipitate is dissolved in acid and the oxalate

ion determined titrimetrieally "by using potassium

permanganate.

Reagents.

(1) Methyl Red Solution.

Dissolved 1 g of methyl red in sufficient

alcohol to make 1 litre,

(2) Amiaonium Oxalate Solution.

Dissolved lOg of Ammonium oxalate in sufficient

distilled water to make 1,000 ml.
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-y (5) O.I.N. Potassium Permanganate Solution.

Dissolved 3.162 g pure potassium permanganate

in one litre of distilled water allowed to staxid

for a few days, and filtered tlarougli 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,

-f Transferred 1 ml of the cleared urine to a test

tufee, added 2 drops of methyl red solution, 2 ml of

1 per cent ammonium oxalate solution and adjusted the

PH to 4.5 with 1 H Hcl 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 liquid. Dissolved

the precipitate in 4 ml 1 S" and placed in a

boiling water bath. IlLxed frequently to facilitate

complete solution. Titrate with 0,1 H potassium

permanganate solution until the first drop v/hioh

gives the solution a pink colouration which persists

for atleast 15 seconds.

~-r
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Qaloulation.

Titre value x 2 a mg of calcium/ml of urJbae

BSlBIAfflOlJ OF INORGMIG PHOSPHORUS IN DRXNE

(Piske and SublDa Row Method)

Principle,
1

Phosphate reacts with molybdio acid to form

phosphomolybdic acid. On treatment with 1, 2„ 4

amino-naphtholsulfonic acid, phosphomolybdic acid

is selectively reduced to produce a deep "blue colour,

which is probably a mixture of lower oxides of molybdinum,

Reagents.

(1) Molybdate Solution.

Dissolved 25 g of reagent-grade ammonium

molybdate in about 200 ml of water. In a 1 litre

volumetric flask, placed 500 ml of 1 N sulphuric

acid. Added the molybdate solution and diluted

with washings to 1 litre and mix^d.

(2) Aminonaph-thol sulfonic acid Reagent.

ir'laced 195 ml of I5 per cent sodium bisi0.fite

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 and shalced

until the powder is dissolved. If the solution io not

complete, add more sodium sulphite, 1 ml at a time

with shaking, but avoid an excess. (Transferred the
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'T- solution to a brown-glass Isottle and stored in the

cold,

(5) Standard Phosphate Solution.

Dissolved exactly 0.351 g of pure dry

monopotassium phosphate in vjater and transferred

quantitatively to a one litre volumetric flask.

Added 10 ml of 10 N sulphuric acid, diluted to

the mark with water, and mixed. Q?his solution

contains 0,4 mg of phosphorus in 5 ml.

^ Procedure.

Measured out 250 |Ul 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 acid 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.

At the same time, transferred to a test tube

5 ml of the standard phosphate solution containing

0.4 mg of phosphorus and the same 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 that were used

for the standard ^d unknown, and diluted to 10 ml

with distilled water. Ihen determined the densi'ty
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"T'

of the standard aid of the unknown in a photometer

at 660 to 720 mju., setting the photometer to zero

density with the blanlc.



RESULTS



.A

RESDiTS

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 1o and represented in

Fig. I, a?he average daily gains of the animals are

63.7 + 5.5» 64*4- + 5»0 and 67.6 + 2.0 g for the groups

I, II and III respectively, the data being presented

in Tables 2a to 2o and statistically analysed in Table 3,

The feed efficiency of the experimental animals

maintained on the three dietary regimes are 7.01 + 0,7|,

7»50 + 0«5 and 7«90 + 0«3 respectively for the groups

I, II and III, these values being set out in Tables 4a

to 4c, represented in Fig, II and statistically

analysed in Table 5*

The drymatter consumption of animals expressed

per 100 kg body weight recorded during the second

metabolism trial are found to be 3.1 + 0.2, 3.5 + 0,3

and 3,6 + 0,3 kg for the groups I, II and III res

pectively and are shown in Tables 6a to 60. The data

on average water intake of the animals with their

statistical analysis are presented in Tables 7 ^and 8.

The percentage chemical composition of dung and

th6 crude protein, calcium and phosphorus contents in

urine voided by animals during the two metabolism

trials are shown in Tables 9 to 11,
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2he digestibility coefficients of nutrients in

the ration calculated from the two metabolism tcials.

are detailed in ffables 12a to I2c and the statistical

analysis of the results in OJables 13 to 17. Q?he data

on the daily retention of calcium and phosphorus of

the experimental animals are shown in (Tables 18a to

I8c with their statistical analysis in Sable 19,

®he results of the haematological studies carried

out during the course of the feeding experiment are

presented in Tables 20 to 22 and the statistical analysis

of the data in Tables 23 to 27.

T'he digestible crude protein requirements expressed

per unit body weight gain calculated from the results of

the present study are 0,86 + 0.08, 0.90 + 0,06 and

0,89 + 0.03 respectively for groups 1, II and III .

The total digestible nutrient requirements for unit

increase in body weight are found to be 4.84 + 0,04,

5.2 + 0.3 and 3«3l + 0,19 respectively for groups I, II

and III, the values being set out in Tables 28a to 28g

with their statistical analysis in Tables 30 and 31.

The calcium and phosphorus requirements 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

24.9 + 2,8 g, and 17.2 + 1.1, 13.0 + 5.6 and 22.5 + 2.5 g

respectively for kids maintained under the three dietary
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regimes (groups I, II and III), the data being

presented in Tafcles 29a to 29c,

Sable 32 presents a siunm^y of B.G.P., $,2).S,,

S,E,, GaloiiM and Phosphorus reauirements arrived

at from the results obtained during the course

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

Group I,

W e e k B

- 1 -. -2^ . 5 .. -4, - § .. -!^- - 2 - -8- « 9 . 10. J1 - 1^. Jl - 14. .15 . 16. .17 . 18. _ J9 . - 20.

7 12.0 12.4 12.8 13.1 13.5 13.9 14.0 14.3 14.7 15.2 15.5 16.4 16.5 17.3 17.6 18.3 18.5 19.0 19.3 19.4

,2 9.5 9.5 9.8 10.0 10.0 10.6 11.2 11.7 12;2 13.1 13.4 14.3 14,5 15.4 16.0 16,7 17.2 17.5 17.8 18.7

,1 8.2 8.9 9.5 10.2 10.5 10.5 11.0 11.8 12,0 12,6 12.9 13,5 14.3 14.5 14.5 15.2 16.5 17.0 17*3 17.9

,0 7.7 8.4 8.6 9.2 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

,8 13.1 13.2 13.6 13.8 14.3 14.5 15.8 15.2 15.2 15.4 15.9 16.3 16.5 17.3 17.2 17.5 17.8 18.4 18.0 18,4

,7 8.9 S.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 13.5 14.1 14.2 14.7 15.0 15.4

.4 8.4 9.2 9.5 9.9 10.7 10.8 11 ^>1 11.1 11.2 12.0 12.6 13.0 13.7 14.3 14.5 14.8 15^3 16.0 15*8 16.4

,9 7.3 7.6 8.0 8.5 9.2 8.9 9.6 10.1 10.8 11.2 11,8 12.5 13.3 14,0 15.0 15.8 16^4 17^6 18,0 18.5

2 9»4 9.8 10,2 10.6 11.0 11.1 11.7 12.0 12.5 12.9 15.4 14.0 14»5 15.1 15.5 16.0 16^6 17.2 17U 17^9

.7 +0.7 ±0.7 ±0.7 ±0.7 ±0.7 ±0.7 ±0.7 ±0.6 ±0.6 ±0.6 ±0.5 ±0.6 ±0.5 ±0.5 +0.4 ±0.5 ±0.5 ±0*5 ±0*5 ±0^5



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

Group II.

¥

6 7

e

8 9

e

10

k

11 12

s

13 14 15 16 17 18 19 20

11.7 11.8 12.7 15.0 13.5 14.0 14.3 15.0 15.0 15.2 16.1 16.3 17.1 17#6 18.0 18.5 19.2 19.5 20,6 21.0 21.8
11.2 11.1 11.5 12.8 13.0 14.0 13.7 14»6 15.1 15.7 16.2 16.4 17.2 17.6 18.2 18.3 19.0 19.6 20.3 20.0 21.7
7.7 8.5 8.8 9.3 9.5 10.0 10.0 10.8 11.3 11.6 12.5 13.3 13.8 14.4 14.9 U.B 15.6 16.7 17.3 17.2 18.8
7.2 7.4 8.5 8.8 9.3 9.7 9.8 9.3 9.8 10.1 10.8 11.3 11.5 11.5 12.1 12.0 12.3 12.9 13.3 13.5 14.0

11.2 11.3 12.0 12.4 12.5 13.0 13.2 13.5 13.6 13.7 14.3 14.5 15.0 15.3 15.6 15.7 16.5 17.2 17.5 17.7 18.2
7.6 8.3 9.1 9.2 8.7 9.3 8.9 9.2 9.5 9.7 10.3 10.0 10.8 11.3 12.0 12.5 13.2 13.8 14.2 14.5 15*3

8.8 8.9, 9.4 9.6 9.8 10.1 10.3 11.0 11.3 11.5 12.1 12.7 13.3 14.3 14.6 15.0 15.9 16.2 16.7 16.9 16.9

9.3 9.6 10.3 10.7 10.9 11.4 11.5 11.9 12.2 12.5 13.2 13.5 14.1 14.6 15.1 15.3 16.0 16.6 17.1 17*4 18^1
+0.8 +0.7 +0.6 +0.8 +0.8 +0.8 +0.7 +0.9 +0.8 +0.9 +0.9 +0.8 +0.9 +0.9 +0.9 +0.9 +0.9 +1.0 +1.0 +0.5 +1.1

Sji
fO



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

Group III,

. „ ... - 2J1£. ^

2"™ 4*"*"'™ ~ 9"™t0 11^ 12 " 13 ' 14 15 16 17 18 19 20

11,8 11.5 12.2 13.8 14.2 14.3 14.5 15.4 16.0 16.6 17.0 17.9 18.2 19.3 19.4 19.0 19.5 20.3 21.6 21.3 22.2

12.5 12.6 13.6 13.9 14.5 15.1 15.4 16.2 16.7 17.0 18.p 18.0 18.9 19.5 19.5 20.2 20.5 21.3 21.8 22.3

9.8 10.4 11.3 12.2 12.7 13.2 13.4 13.1 13.7 14.5 14.9 15.1 15.7 15.8 16.2 15.6 15.7 16.0 17.0 16.8 17.6

7.2 S.6 8.9 9.6 9.3 10.2 10.4 10.3 9.8 10.6 11.4 12.0 12.4 12.8 13.6 T3.5 14.2 I4.8 15.6 15.3 16.0

10.0 10.5 10.8 11.2 11.4 11.8 12.3 12.4 12.7 13.5 13.9 14.8 15.2 15.6 16.1 16.7 17.5 18.7 19.6 18.8 20.0

8.6 3.5 9.3 10.0 10.2 10.6 10.8 11.2 11.7 11.9 11.9 12.4 13.0 13.4 14.0 15.0 15.2 15.8 16.1 16.2 17^1

6.2 5.8 6.7 7.3 7.4 8.0 8.2 3.9 9.2 9.5 10.0 10.5 10.9 11.5 12,0 12.5 13,7 13.9 14.7 14.7 15.5

7.6 8.5 9.0 9.4 9.8 10.1 10.5 11.0 11.6 11.8 12.2 13.0 13.6 13.9 14.3 14.5 15.5 U.S 15.8 15.9 16.5

9.2 9.6 10.2 10.9 11.3 11.7 11.9 12.3 12,7 13,2 13.6 14.2 I4.6 15.2 15.6 15.8 16.4 16.S 17.7 17.6 I8.4

+0.8 +0.8 +0.8 +0.8 +0.9 +0.8 +0.9 +0.9 +1.0 +1.0 +0.9 +1.0 +1.0 +1.0 +1.0 +0.9 +0.9 +1.0 +1.0 +1.0 +1.0
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GROUP X

GROUP XL

GRovp jir

F'OR.T»s»|̂ ©MT^ S 9 1© IJ
Average body weight of kids maintained on three

experimental rations-
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Sable 2a. Average daily gain (in g) of animals maintained on the

experimental rations for a period of 136 days.

Group I,

Animal
number

Initial body
weight

Final body
weight

2?btal body
weight gain

Daily gi

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

6326 11.7 19.4 7.7 56.6

6338 9.2 18.7 9.5 69,9

6332 8.1 17.9 9.8 71.5

6349 8.0 18.5 10.5 77.2

6313 12.8 18.4 5.6 41.2

6320 8.7 15.4 6.7 49*3

6327 8.4 16.4 8.0 58.8

6368 6.9 18.5 11.6 85.3

Average 9.2 17.9 8.4 6377
S,E. +0.7 +0.5 +0.8 +5.3

4^



0?able 2b. Average daily gain (in g) of animals maintained oil the
experimental rations for a period of 136 days.

Group II.

Animal
n-umber

Initial body
•weight

(kg)

Pinal body
weight

(kg)

Sotal body
weight gain

(kg)

Daily gain

(g)

6335 11.7 21.8 10.1 74.3

6328 11,2 21.7 10.5 77.2

6329 7.7 18.8 11.1 81,6

6363 7.2 14.0 6.8 50.0

6315 11,2 18.2 7.0 51.5

6377 7.6 15.3 7.7 56.6

6376 8«8 16,9 8.1 59.6

Average

S.E.

9.3

+0.8

18.1

+1.1

8,8

+0.6

64.4

+5.0

vjj
VJI



3}al)le 2c. Average daily gain (in g) of animals maintained
experimental rations for a period of 136 days..

on the

Group III,

Animal
number

Initial body
weight

(kg)

S'iaal body
weight

(kg)

I'otal body Daily gaiii
weight gain

^ ^ (kg) (g)
6351 11,8 22.2 10.4 76.5

6325 12.5 22.3 9.8 72,1

6316 9.8 17.6 7.8 57.4

6341 7.2 16.0 8.8 64.7

6323 10.0 20.0 10.0 73.5

6339 8.6 17.1 8.5 62.5

6355 6.2 15.5 9.3 68,4

6365 7.6 16.5 8.9 65,4

Average
S.E.

9.2

+0.8

18.4

+1.0

9.2

+0.5

*67.6 "
+2,0

Kjl
cn
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Source

y

Sable 3. Ai^alysis of Covariance - average daily gain

df SS(x) SP(xy) SS(y) Residual df MSS
SS

Between groups 0,0757 - 0,989 68,125 66.5984 2 35,2992 0.22(N.S.)

Error 20 85.6809 -67i74 2903.808 2850.2522 19 150.0133

Total 22 85.7566 -68vf729 2971.933

Regression coefficient B ® - 0.79
U.S. - l?ot Significant

V>i



lable 4a«

Group I.

Animal
number

Feed efficiency (kg feed/iinit weight gain) of animals maintained on

the three dietary regimes.

Scymatter intake Drymatter intake Sotal drymatter Total weight Peed
from concentrates from jack leaves intake gain efficiency

(kg) (kg) (kg) (kg)

6526 38.6 16.4 55.0 7.7 9.8

6538 38.6 16.4 55.0 9.5 5.8

6332 38.6 16.4 55.0 9.8 5.7

6349 38.6 16.4 55.0 10.5 5.2

6313 38.6 16.4 55.0 5.6 9.8

6320 38.6 16.4 55.0 6.7 8.2

6327 38.6 16.4 55.0 8.0 6.9

6368

Average

S.B.

38.6

38.6

+0.0

16«2

16.38

+0.02

54.8

54.98

+0.02

11.6

8.4

+0.8

4.7

7.01

+0.7

03



Table 4.]?.

Group II.

Feed efficienoy (kg feed/unit weight gain) of animals maintained on
the three dietary regimes,.

Animal
niimber

mt 9m- mm m

Urymatter int^e
from concentrates

i^^s)

Drymatter intake
from jack lisaves

(kg)

Total drymatter
intake

(kg)^ „ ^

Total weight Eeed
gain efficiency

—

6355 44*7 21.8 66.5 10.1 6.6

6328 44,5 21.5 66.1 10.5 6.3

6329 44.5 21.2 65.7 11.1 5.9

6363 41.0 21.5 62.5 6.8 9.2

6315 39.6 21.8 61.4 7.0 8.8

6377 40.2 21.6 61.8 7.7 8.0

6376 40.1 21.5 61.7 8.1 7.6

Average 42.1 21.6 63.7 8.8 7.5

S.B. +0.9 +0.1 +0.4 +0.6 +0.5

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

Group III,

Animal
niimber

Itjnnatter intake ."OrjTnatter intake {Total drymatter 3?otal y?eight Peed
from concentrates froia Jack leaves intake gain efficiency

(kg) (kg) (kg) (kg)

6351 48.4 27.2 75.6 10.4 7.3

6525 47.5 26.9 74.4 9.8 7.6

6316 46.1 26.9 73.0 7.8 9.4

6341 39.2 26.7 65.9 8.8 7.5

6323 47.9 27.2 75.1 10.0 7.5

6349 47.4 27.2 77.4 8.5 8.8

6355 42.4 26.6 69.0 9.3 7.4

6365 42.3 26.0 68.3 8.9 7.7

Average 45.2 26.8 7473"^ 9.2 7.9
S.E. +0.9 +0.1 +1.3 +0.3



t '^roup n l^roup\ll

cimma&6 maintaiuti

^n tfic ffiree ^ieiar^ fe^imei>.



TalDle 5. Analysis of Govariance - feed efficiency

Source df SS(x) SE(xy) SS(y) Residual SS df MSS £•

Between groups 2 0.0757 0.02 3.18 3.18 2 1.59 0.16(N,S_.)

®3?ror 20 85.6809 20.88 196.22 191.13 19 10.06

^JJotal 22 85.7566 20.90 199.40

Regression coefficient B = 0.24 (N.S.)

N.S. - Hot Significant
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iDable 6a. JSrymatter consumption (in kg) of animalB recorded daring the second
metabolism trial.

Group I,

Animal Body Daily dxymatter
namper weight intake from

jack leaves

(kg) (g)

6526

6338

6332

6349

16.5

13.3

14.3

14.3

iTsrage 14*6

S.E. +0.4

118,5

118.5

118.5

118,5

118.5

+0.0

T'aily drymatter
intake from
concentrates

(g)

327,6

327.6

327.6

327.6

327.6

+0,04

'Total drymatter Drymatter in-
intake/day take per 100

kg body weight

(g)

446.1

446.1

446.1

446.1

446.1

+0.04

2.7

3.4

3.1

3.1

3^1

+0.2



Table 6b•

Group II,

Animal

Drymatter consumption (in kg) of animals recorded during the second
metabolism trial.

Body Daily drymatter Daily drymatter Total drymatter Drymatter intake
intake from intake/day per 100 kg body

jack leases concentrates weight

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

6355 17,6 158 374.4 532.4 3.0

6328 17.6 158 374.4 532.4 3.0

6529 14.4 158 374.4 532,4 3.7

6363 11.5 158 322.^ 480.92 4.2

Average 15.3 158 361.5 519.5 3.5

S.E. +1.5 +0.0 +12.9 +11.5 +0.3

VJ5



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

Group III,

Animal
number

Body Daily drymatter Daily drymatter Total drymatter Dcymatter intake
weight intake from intake from intake/day per 100 kg body

jack leaves concentrates weight

(kg) (g) (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 15.8 197.5 415.2 612.7 3.9

6341 12,9 197.5 344.0 541.5 4.2

Average 16.7 197.5 392.1 589.6 3.6

S.E. +1,6 +0.0 +17.6 +17,3 +0.3



^ ^ A

Sable 8. Analysis of variarsce - Daily water intake in litres,

Source df SS MSS

Between groups 2 0.41 0,21 0.55 (K.S.)

Between period 1 1.17 1.17 3.08 (U.S.)

Error 20 7.6 0.58

I'otal 23 9,18

K.S. - Not Significant

a\
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^Cable 9* Percentage chemical composition of dung (on drymatter basis) voided by the animals
during the first metabolism trial,

GrouD ®otal fjuantity Dry- Grade Bther Qmde Sotal Nitrogen Galcima Phos-number of dun^^ voided matter protein extract fibre asto free phorus
Kg) extract

I 6326 950 58.3 18.1 4.3 11.7 20.6 45.3 3.0 1.8

6338 990 55.8 18.6 3.0 12.8 22,1 43.2 4.3 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 4.4 1.9

ri 6335 1,225 59.1 22.5 3.4 16.7 18.1 38.3 3.0 1.4

6328 1,524 52.5 15.0 3.0 11.5 16.7 52.9 3.9 1.6

6329 1,396 54.3 20.2 4.3 15.3 19.7 42.1 3.8 1.7

6363 768 59.5 21.6 2.8 14.8 20.1 38.8 4.6 2.3

III 6351 1,383 65.3 18.9 5.2 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 4.5 14.1 17.6 45.1 3.5 1.2
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Table 10. Percentage oliemioal composition of dimg (on drymatter "basis) voided by the animals
diiring the second metabolism trial.

Animal QJotal quantity i!ry- Crude Ether Crude Total Nitrogen free Galcium Phos-
G-roup number of dung voided matter protein extract fibre ash extract phoms

(g)

I 6326 1,205 55.8 21.7 4.2 16.4 18.4 39.3 3.7 1.4

633B 1,094 57.3 18.7 3.2 15.8 19.2 42.9 3.1 1.3

6332 1,100 59.4 22.7 3.3 16.7 18.5 38.7 3.9 1.5

6349 1,116 58.0 20.2 3.3 16.7 18.8 31.1 3.4 1.2

II 6335 1,467 57.3 21.5 2.5 15.6 18.7 41.7 3.9 1.6

6328 1,984 52.7 20.4 3.1 15.0 16.8 44.7 3.1 1.6

6329 1,517 54.6 23.3 3.8 14.4 19.2 39.3 3w8 1.7

6363 1,267 57.9 14.5 2.6 17.0 17.4 48.4 3.6 1.6

III 6351 1,789 62.6 18.6 2.8 17.2 17.5 44.0 3.5 1.2

6325 1,523 60.6 16.6 2.9 18.0 19.2 43.3 3.6 1.5

6316 1,848 55.3 16.1 2.7 17.6 16.4 47.3 3.4 1.5

6341 1,362 60.8 22.6 2.6 18.3 16.3 40.3 3.9 1.7

00
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Table 1:1. 3)ata on the crude protein, calcium and phosphorus contents in urine voided by-
animals during the first and second metabolism trials.

Group
J^imal

number

{Total volume of urine
{voided during the
{trials (ml)

1

Crude proteinC^)' Calcium

?

(mg/ml) {Phosphorus(mg/ml)
.r

mm mt mm ^

*1 First
trial

Second
trial

Pirst
trial

Second |
trial

3?irst
trial

Second
trial

{First
{trial

Second
trial

I 6326

6538

6332

6349

5,165
3,450

2,980

4,140

7,420

5,475 ,
4,910
4,020

3.4

4.6

4.3

3.6

3.1

4.4

4.4

1.0

1.2

1.5

1.0

0.3

0,6

1.8

0.8

0.2

0.3

0.4

0.4

0.5

0.7

0.8

0.7

II 6335
6328

6329

6363

12,515
3,830
2,450
1,120

16,570
5,825
4,745
2,610

1.4
4.1
5.6

12.4

1.6

4.0

5.0

8.5

1.0

1.0

1.5
1,8

0.4

0.5
0.2

0.2

0.3
0.2

0.3

0.2

0.4

0.3
0.2

0.2

III 6351

6325
6316

6341

5,190
4,320

1,355
1,230

7,545
7,135
4,355
1,800

4.2

4.1

11.4

7.5

4.1
3.8

6.1

9.6

1.3

1.5

1.9

1.2

0.2

0.5

0.4

0.2

0.2

0,2

0.2

0.3

, 0.2

0.3

0.4

0,5

-ps.
vo
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Table 12a.

Group I.

Miraal
number

6526

6538

6352

6349

Average

S.E.

Digestibility coefficients of nutrients in the rations obtained during the

first and second metabolism trials.

J Jipymatter
t
t

] Crude protein
»
f

Ether extract ] Crude
1

fibre {Nitrogen free
j extract

!First
I trial
1
f

Second
trial

JFirst
* trial
1

Second
trial

First
trial

Second
trial

J First
{trial
1

Second! First
trial 'trial

1

Second
trial

69.3 69.8 69.0 66.3 74.1 67.8 64.8 55.9 75.6 78.9

69.4 71.9 68.8 72.9 81.8 76.2 61.7 60.4 76.7 78.5

68.3 70.7 62.2 65.7 79.0 75.4 51.4 56.4 79.0 79.8

69.3 71.0 71.1 69.9 83.2 75.7 60.4 56.8 75.3 85.9

69.1 70.9 67.8 68.7 79.5 73.8 59.6 57.4 76.6 80.3

+0.3 +0.3 +1.9 +1.7 +2.0 +2.0 +2.9 +1.0 +0.8 +1.3

VJl
o
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ffiaMe 12b.

&roup II,

f

Digestibility ooefficients of nutrients in the rations obtained during the
first and second metaboliem trials.

T
t
I
I
t

i)rymatter J Crude protein I Ether extract } Crude fibrefNitrogen
1 I I free extract

-t^HJUUcU.

number
^MBMV no •MWtd MMM
'(First
{trial

J - . ^ .

Seconds
trial '

^ _ __t

First
trial

Second?First
trial Jtrial

Second}First Second?First Second
trial j trial trial {trial trial

6335 67«9 68.4 60.1 ^ 64.3. 72.0 „ 79.7 49.4 57.5 78.4 76.6

6328 69.1 , 69.1 74.5 . 5t.9 73.0 68.6 66.5 49.1, 71.3 68.8

6329 66.3 . 68.9 62.5 61.9, 82.0 69.5 51.3 61.3 75.1 78.3

6363 72.9 , 69.5 67.2 , 76.2 74.4 79.3 63.9 56.5, 81,4. 73.8

Average

S.E.

69.1

+1.4

69.0

+2.1
am

66.1

+3.2

65.1 75.3

+3.2 +2.2

73.7

+2»6

57>8

+4.4

56.1

+2.6

76.6

+2,2^

74,.4

±2.0

O

3



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

Group III,

I Drymatter i Crude protein J Ether extract J Crude fibre }Nitrogen free
^ Animal \ | ? j j

number Second! E'irst Second] iPirst Second! First Second} 5'irst Second
[trial trial jtrial trial |trial trial jtrial trial jtrial trial

6351 66.5 63,8 67.8 63.9 65.7 74.2 62.6 47.5 70.0 71.7

6325 64.2 68.5 58.7 68.8 73.9 76.4 53.9 52.9 73.9 75.8

6316 64.8 67.0 55.4 67.1 73.2 77.1 52.8 51*0 75.9 72.0

6341 60.7 69.5 54.9 61.9 62.4 78.7 59.9 54.9 68,3 78.2

Average

S.E,

64.0

+1.2

67.2

+1.3

59.2

+3.0

65.4 68.8 76.6 57.3 51.6 72.0 74.4
+1.8 +2.8 +1.0 +2.3 +1.6 +1.8 +1.6

ro
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Table 15. Analysis of variance - Digestil>ility

coefficients of drymatter.

Source df SS MSS P

Between groups 2 85.78 42.89 51*15**

Between periods 1 16.01 16,01 19.09**

Error 20 16.77 0.8385

Total 23 118,56

** Significant at 1^ level.

OJaljle H. Analysis of variance - Digestibility

coefficients of crude protein.

Source df SS MSS F

Between groups 2 141.6 70,8 2.51CN.S.)

Between periods 1 25.0 25.0 0,89(N.S.)

Error 20 563.71 28.1855

Total 23 730.31

N.S. - Not Significant



1^

lable 15. Analysis of variance - Digestibility
coefficients of ether extract.

54

Source df SS MSS 1

- . .
- - - - - ~ - — •• • «— **

Between groups 2 36.29 18.15 0.5B(N.,SJ

Between periods 1 5.52 5.52 0.18(K„S.)

Error 20 623.21 31.16

a?otal 23 665.02

U.S. - Not Significant.

Sable 16. Analysis of variance - Digestibility
coefficients of crude fibre.

Source df SS MSS "E

Betvjeen groups 2 66.815 53.4075 1.41(J®»S«)
Between periods 1 61.44^ 61.4410 2»59(®f.S.)

Error 20 473a967 23.6985

Total 23 602.225

N.S. - Not significant.



ITable 17. Analysis of variance - Digestibility coefficients of

nitrogen-free extract.

Source df SS MSS,

Between groups 2 110.81

1

55.41 4.86 *

Between periods 1 10.14 10.14 0.85(H.S.)

Error 20 238.01 11.90

(Dotal 23 358.96

* Significant at 5?^ level.

ui
ui
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Sable I8a,

Group I,

4- Y-

Data on retention of oalcium and phosphorus (g per day) of
animals during the first and second metabolism trials.

Anima^. number
Calcium

Pirst trial Second ffirial

Phosphorus

First trial Second trial

6326

6538

6332

6349

Average

S.E.

1.49

0.24

0.75

0.22

0.68

+0.30

1.18

1.98

0.45

1*59

1.30

+0,40

0.80

0.90

1,60

0.70

1,00

+0,60

1.00

1.30

1.00

1.50

1.20

+0.70

o\



A

lable 18b, Data on retention of calciimi emd phosphorus (g per day) of
animals during the first and second metabolism trials.

Group II.

Calcium Phosphorus

First trial Second trial Pirst trial Second trial

6535 0.70 0.12 0.90 0,30

6328 1.50 0.30 1.40 0.30

6329. 1.01 1.50 1.10 1.30

6363 1.30 1.90 0.60 1.40

Average 1.10 0.96 1.00 0.80

S.E. +0.20 j;0.40 +0.20 +0.30

vjn



Table 18c.

Group III,

-Animal number

Bata on retention ofcalcium and phosphorus (g per day) of
animals during the first and second metabolisia trials.

Calcium Phosphorus

First trial Second trial Pirst trial Second trial

6351 1.20 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 0.90 1.80 0.78 1.30

Average

S.E,

1.10

+0.20

1.68

+0,05

1.03

+0.13

1.46

+0.05

vn
CO
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Table 19. Analysis of variance ~ Calciimi and Phosphorus retention in g per day

Source d.f SS MSS P
~ — — — — — - — —

- - -— - - - .
- - - - - ^

Between groups 2 1.7697 0,8849 2.22(K.S.)
Galciutn Between periods 1 1.4017 1.4017 3.52(H.S.)

Error 20 7.969167 0.3985

lE'otal 23 11.1405

.. Between groups 2 1.464 0.732 2.95(N.S.)
Phosphorus Between periods 1 0,2017 0,2017 o.sKk.s.)

Error 20 4.9626 0.2481

Total 23 6.6283

VD



Table 20a,

Group I«

Data on blood values of experimental galmals recorded during the second
week of the experiment.

Aaimal
number

i^acked cell
volume

Haemoglobin
(g/100 ml)

Plasma protein
(g/100 ml)

Calcium
(mg/100 m2)

Inorganic phosphorus
(mg/100 ml)

6326 38 9.4 7.3 14.0 6.7

6333 36 10.0 8.4 11.0 6.9

6332 33 9.2 8.4 11.0 6.9

6349 28 8.6 8.9 12.0 7.1

6313 40 11,8 7.9 14.0 7.2

6320 41 10.0 7.3 14.0 5.5

6327 36 10.4 7.3 11.0 5.0

6368 37 9.8 7.3 11.0 4.4

Average 36.1 9.9 7.9 12.3 6.2

S.E. +7.0 +0.4 +0.3 +0.7 +0.7

ON
o



fafele 20fc,

Group II.

y i •

Bate OS blood values of experiaeat&l aniraals reeor<ied during the second

ifieek 0f tfee cxpeje'iffieat.

Aalmal Pricked c ell Haemoglobin PlasiBG protein Calcium Inorgenic phosphorus
niKsfcer voluae (g/lGO al) (g/100 ml) (ag/100 al) (ag/100 isl )

6535 37 9.0 8.9 11.0 5.3

6528 41 10,2 9.4 11.0 5.9

6529 32 10.6 7.9 14.0 7.4

6363 35 9.4 7.3 11.0 5.1

6315 36 11.0 7.3 13.0 5.1

657? 46 8.8 9.4 12.0 5.4

6376 38 10.4 5.8 9.0 6.0

6319 36 9.0 e.4 13.0 €•5

Average 37 9.8 8.1 11.8 5.9

S.B. ^1.3 iO.5 t2.2 +0.40

ON



lable 20c. Data on "blood values of experimental animals recorded during the second
week of the experiment.

Group III.

%imal
num'ber

Pacted cell
volume

Haemoglobin
(g/100 ml)

Plasma protein
(g/100 ml)

Calcium

(mg/100 ml)
Inorganic phosphorus

(mg/100 ml)

6351 39 10,4 7.9 11.0 8.0

6325 45 9.0 7.9 14.0 6.7

6316 40 9.0 8.4 11.0 6.0

6341 31 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 8,2 7.9 11.0 6.4

6365 37 9.6 7.9 14.0 6,1

Average

S.E.

35.3

+2.7

9.2

+1.6

7.1

+0.1

11,8

+0.6

6.3

+0.7

ro



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

Group I,

Animal backed cell Haemoglobin Plasma protein Calcium Inorganic phosphorus
number volume (g/100 ml) (g/lOO ml) (mg/100 ml) (mg/100 ml)

6526 35 10.4 7.6 10.6 5.9

6338 29 10,8 7.8 11,0 7.0

6332 26 10.0 11.8 5.1

6349 27 9.6 7.5 13.2 6.0

6313 47 10,6 6.4 11.4 7.3

6320 30 10,4 7.6 13.8 6.8

6321 35 10,2 6.4 11.8 6.4

6368 30 10.8 7.0 11.4 6.1

Average 32.4 10.4 7.1 11.9 6.3
S.E. *2.9 +0.2 +0.3 +0.5 +0.3



Table 21b,

G-rbup II.

JOata on blood values of experimental animals recorded during the 12tli
week of the experiment.

Animal
number

Packed cell
volume

Haemoglobin
(g/100 ml)

Plasma protein
(g/100 ml)

Calcium
(mg/100 ml)

Inorganic phosphorus
(mg/100 ml)

6335 33 9.4 6.8 11.8 5.0

6328 37 10.2 7.2 11.0 8.5

6329 33 10,0 7.5 11.8 6.3

6363 32 9.8 8.4 9.8 4.6

6315 43 9.4 9.5 11.0 4.4

6377 31 9.0 7.2 10.6 5.8

6376 40 10.0 8.3 11.4 5.8

6319 26 9.6 8.7 10.2 7.8

Average 34.4 9.7 7.9 11.0 6.0

S.E. +2.3 +0.1 +0.3 +0.3 +0.6



Talkie 21c. Data on "blood values of experimental animals recorded during the I2th
week of the experiment.

Group III.

Animal Packed cell Haemoglobin Plasma protein Calciimi Inorganic phosphorus
numher volume (g/100 ml) (g/lOO ml) (mg/100 ml) (mg/100 ml)

6351 41 9.0 8.8

•

CO

5.8

6325 35 9.6 8.3 11.4 8.7

6316 35 9.6 8.3 9.8 6.1

6341 36 10.8 7.2 13.8 5.2

6323 29 10.0 8.0 10.2 6.1

6339 38 10.4 8.7 9.8 7.8

6355 27 .9.2 . 7.9 11.4 6.2

6365 45 10.4 7.5 13.0 8.0

Average

S.E.

35.8

+2,6

9.9

+0.2

8.1

+0.3

11.7

+0.7

6.7

+0.6

(yt
VJl



Table 22a.

Group I.

Data on blood values of esiperiraental aaimals recorded during the 18th

week of the experiment.

^nimal
number

Packed cell
volume

Haemoglobin
Cg/100 ml)

Plasma protein
(g/100 ml)

Calcium
(mg/100 ml)

Inorganic phosphorus
Cmg/100 ml)

6326 33 9.0 7.2 12.0 6.6

6358 33 9.8 7.2 12.0 7. or

6332 34 8.8 8.3 12.0 6.4

6349 28 8.0 7.2 11.0 7.0

6313 45 9.6 7.8 11.0 6,6

6320 35 8.0 7.8 12.0 6.8

6327 37 9.4 7.8 14.0 7.3

6368 40 10.0 6.7 12.0 6.5

Average 35.6 9.1 7.5 12.0 6.8

S*B. +2.4 +0.3 +1.5 +0.3 +0.5

a\
o>



Table 221d.

Group II.

Data on blood values of experimental animals recorded during the tStli

week of the experiment.

Animal Packed cell Haemoglobin 3?lasma protein Calcium Inorganic phosphorus
number volume (g/100 ml) (g/100 ml) (mg/100 ml) {mg/100 ml)

6335 30 9.2 7,2 14.0 8.0

6328 41 10.6 8.3 12.0 8.0

6329 38 11.8 7.5 11.0 6.8

6363 35 10.4 7.2 13.0 6.0

6315 41 8.0 7.8 14.0 4.8

6377 35 8.0 7.2 11.0 6.3

6376 36 11.0 6.7 12.0 6.7

6319 31 9.4 8.3 14.0 8.0

Average 35.9 9.8 7.5 11.1 6.8

S.E. +1.4 +0.5 +0.2 +0.5 +0.4

a\
-Q



y

Table 22c. Data on blood values of experimental animals recorded during the 18th

week of the experiment.

Group III.

Animal Packed cell Haemoglobin Plasma protein Calcium Inorganic phosphorus
number volume (g/lOO ml) (g/106 ml) (rag/100 ml) img/lOO ml)

6551 56 10.8 9.4 10.0 7.5

6325 55 10,6 8.5 15.0 8.5

6516 59 12.0 6.9 14.0 5.2

6541 40 11.0 7.2 15.0 7,2

6525 54 8.0 7.8 11.0 5.0

6559 51 10.0 7.2 14.0 6.0

6555 50 S.6 7.8 14.0 7*5

6565 55 11.6 6.9 11.0 6.0

Average 54.5 10.5 7.7 12.5 6.6

S.E.

f

1

CM.1
V+11

1

+0.4 +0.5 +0.6 +0.4

o^
00
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Table 23* Analysis of variance - Packed, cell volume.

Source df SS MSS F

Between groups 2 57.25 28.63 0,33 (N.S.)

Between periods 2 116.083 58.04.2 0,67 (N.S.)

Error 67 5779.17 86.26

2otal 71 5952,5

U.S. - Not Significant

Table 24. Analysis of variance - Haemoglobin

(g /100 ml).

Source df SS r4SS p

Between groups 2 0.1154 0.0577 0.03 (H.S.)

Between periods 2 I.4I 0,705 0*36 (N.S.)

Error 67 131.6946 1.97

Total 71 133.22
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lable 25. Analysis of variance ~ Plasma protein

(g /100 ml).

Source df SS MSS

Between groups 2 1.4768 0.7384 0.30 (N.S.)

Between periods 2 0.258 0.129 0,05 (N.S.)

Error 67 163.3605 2.438

Eotal 71 165.0953

N,S, - Uot Significant.

Table 26, Analysis of Yariance - Calcium (mg/100 m:L),

Source df SS MSS F

Between groups 2 0«97 0.485 0.88 (K.S.)

Between periods 2 3.083 1.542 2.80 (N.S.)

Error 67 37.007 0.55

a?otal 71 41.06

S^.S, - Not Significant.
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71

Tatle 27. Analysis of variance - Inorganic phos
phorus (mg/100 ml)»

Source df SS MSS P

Between groups 2 1.0098 0.5049 0*52 (S.S,)

Betvyeen periods 2 4.8155 2.4077 2.46 (N.S.)

Error 67 65.51 0.978

2otal 71 71.3^51

N.S, - Not Significant.



2able 28a,

Group I.

Animal
number

y

D.G,P,, and S.E, requirements per kg body weight gain of experimental

animals calculated from the data on feeding trial.

lotal D.C.P. Total T.B.H. Total S.E. Totalbody B.G.P,re- T.D.H.re- S.E, re-
intake intake intake weight quired per quired per quired per

(kg)
gain kg gain kg gain kg gain

(kg) (leg) (kg) (kg) (kg) (kg)

6326 7.1 39.8 34.6 7.7 0.92 5.17 4.49

6538 7.1 39.8 34.6 . 9.5 0.75 4.19 3.64

6332 7.1 39.8 34.6 9.7 ;o,73 4.10 3.57

6349 7.1 39.8 34.6 10.5 0.68 3.79 3.30

6313 7.1 39.8 34.6 5.6 1.27 7.11 6.18

6320 7.1 39.8 34.6 6.7 1.06 5,94 5.16

6327 7.1 39.8 34.6 8.0 0.89 4.98 4.33

6368 7.1 39.8 34.6 11.0 0.65 3.43 2.98

Average 7.1 39.8 34.6 8.6 0.86 4.84 4.21

S.E, +0.0 +0.0 +0.0 +0,8 +0.06 +0.40 +0.40

ro



Sable 28b,

Group II,

Animal
number

y

D.G.P,, ir.D.M, and S.E, requirements per kg body "weiglit gain of experimental

animals calculated from the data on feeding trial,

IDotal D.G.P. Total T.D.N, 2otal S.E, (Dotal body D.O.P, re- re- S,E, re-
intake intake intake weiglit quired per quired per quired per

(kg) (kg)
gain kg gain^ kg gain kg gain

(kg) (kg) (kg) tkg) (kg)

6335 8.1 46.3 40«2 10.1 0,80 4,58 3,98

6328 8.0 45.9 39,9 10.5 0.76 4,37 3.80

6329 7-5 45.9 39.8 11.1 0.72 4,12 3,59

6363 7.4 43,4 37,8 6,8 1.10 6,38 5.55

6315 7.4 42.7 37.1 7.0 1.06 6.10 .5.30 ,

6377 7.4 42.9 37.3 7,7 0.96 5,57 4,84

6376 7.4 42.8 37.2 8.1 0.91 5.28 4.59

Average

S.E.

7.7

+0.20

44.2

+0.6

30.5

+0.5

8.8

+0.7

0.90

+0.06

5.20

+0.30

4.52

+0,29

V>1



liable 28c. 5!,D,K, and S.E. requirements per kg body weight gain of experimental
anima3,s calculated from the data on feeding trial,

Group III.

Animal Total D.C.P. Total I.I),N. Total S.E. Total body D.C.P. re- T.D.N. re- SiE. re
number intake intake intake weight quired per quired per quired per

(kg) (kg) (kg)
gain

(kg)
kg gain

(kg)
kg gain

(kg)
kg gato

(kg)

6351 8.6 50^7 44.1 10.4 0.83 4.88 4.24

6325 8.5 49,9 43.4 9.8 0.86 5.09 4.43

6316 8.3 49.9 43.4 3.8 1.06 6.40 5.56

6341 7.3 44.9 38.3 8.8 0.83 5.10 4.35

6323 8.5 50,4 43.8 10.0 0.85 5.04 4.38

6339 8.5 50.0 43.5 8.5 1.00 5.88 5.12

6355 7.8 46.2 40.2 9.3 0.83 4.97 4.32

6365 7.7 45.8 39.8 8.9 0.86 5.15 4.47

Average 8.1 48.5 42.1 9.2 0,89 5.31 4.60

S.E. +0.3 +0.8 +0.8 +0.3 +0.03 +0.19 +0.17

•ISfc
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iEable 29a, Galciiim and Phosphorus requirements (g/kg body weight gain) calculated
from data on feeding trials.

Group I» .

Animal Calcium re- Phosphorus re- Bailygain Requirement of Requirement of
nurafeer tained/day tained/day calcium/kg gain phosphorus/kg gain

(g) (g) (g) (g) (g)

6326 1.2 1.0 56.6 20.8 17.6

6338 2.0 1.3 73.5 26.9 17.7

6532 0.5 1.0 71.3 •6.5 14.0

6349 1^5 77.2 20,6 19.4

Average ' 1.3 n2 69.7 18.7 17.2

S.E. to. 3 +0.1 +4*5 +4.4 +1.1
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Table 29'b, Calcium and Phosphorus requirements (g/kg "body weight gain) calculated from
data on feeding trials.

Group II.

Animal
numljer

Calcium re
tained/day

(g)^ _ ^
Phosphorus re
tained/day
_ (g)

Daily gain

(g)

Requirement of
calcium/l£g gain

(g)

Requirement of
phosphorus/ kg

(g)

6335 0,1 0.3 74.3 1.6 4.4

6328 0.3 0.3 77.2 4.0 3.9

6329 1.5 1.3 81.6 18.3 15.9

6363 1.9 1.4 50.0 38.2 27.6

Average 0.95 0.8 70.8 15.5 13.0

S.E. +0.40 +0.3 +7.1 +8.4 +5.6



Table 29g.

Group III.

Oalcium and. Phosphorus requirements (g/kg body weight gain) calculated from
data on feeding trials.

Animal Calcium re Phosphorus re n3aily gain Requirement of Requirement of
number tained/day

(g)
tained/day

(g) (g)
caloium/kg gain

(g)
phosphorus/kg gain

(g)

6551 1.60 1.54 76.5 20.0 20.0

6325 1.60 1.50 72.1 20.0 20,0

6316 1.70 n49 57.4 29.6 30.0

6341 1.80 1.30 64.7 30.0 20.0

Average 1.68 1.46 67.7 24.9 22.5

S,E. +0.05 +0.05 • +4.1 +2.8 +2.5



lable 50, Analysis of Covarianoe - I'.C.P, requirement per kg daily gain.

Source df SS(x) SP(xy) SS(y) Residual df
SS

MSS P

Between groups 2 0,0757 0,01 0,01 0,01 2 0,005 0,03 (N.S.)

Error 20 85.6809 2,47 2,92

I'otal 22 85.7566 2.48 2,93

Regression coefficient p « 0.03 (N.S.)
N.S. - Not Significant

2.85 19 0»15



Ia"ble 51. Analysis of Covariance - S.B. requirement per kg "body vei^t

gain.

Source df SS(x) SP(xy) SS(y) Residual df MSS E
SS

Between groups 2 0,0757 0,05 0,67 0,65 2 0.33 0.51 (N.S.)

Error

Total

20 85.6809 9.99 13.43 12.27 19 0.65

22 85.7566 IO.O4 14.10

Regression coefficient p »= 0.12 (N.S.)
N.S. - Kot Significant.

--a
vo



Simimarised dats on D.C.P,^ a},D,N., S,E,, Oalciuni gnd Phosphorus requirements of growing kids

calculated from the results of the present stU(^. (Average values with S.E,),

I>.G.P, required 2.D.N, required S.E, reauired Calcium required Phosphorus required

per C%g per W per per kg per W per per kg per Wper per kg per W per

kgO.73 day gain kgO»73 day gain kgO«73 day gain kgO.73 day
(kg) (g) (g) (kg) (g) (g) (kg) (g) (g) (g) (g) (g)

per kg per W per

gain kgO»73 day
(g) (g) (g)

I 0.86 6,38 54.78 4.84 37.82 508,51 4,21 31.08 268.18 18.7 Oi16 1.5 17.2
+0.06 +0.15 +0,32 +0.40 +0.73 + 0.07 +0.40 +0.63 +0,08^.4 +0.03 +0.3 +1.1

0.14 1.20
+0i02 +0.10

II 0.90 6.83 57.96 5.20
+0,06 +0.25 +0.36 +0,30

III 0.89 7.21 60.13 5.31
+0.03 +0.14 +1.30 +0,19

39.75 334.88 4-52 34.57 291.09 15.5 0,13 1.00 13.0 0,11 0.84
+0.99 +4*70 +0.29 +1.31 +4.13+8.4 +0.03 +O.4O +5.6 +0,05 +0.30

•• Mi •• 90 •• ••

42.88 358.74 4.60 37.21 310.78 24.9 0.20 1.68 22.5 0.16 1.46
+1.11 +6.30+0.17 +0.96 +5^0+2.8 +0.02 +0.05 +2.5 +0.02 +0.05

CO
0
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DISCUSSION

'She results obtained during the course of

the present investigation are discussed below

imder separate heads.

Growth,

Ihe results presented in Sables 1-3 indicate

that the kids maintained on the three dietary

regimes over a period of months register

almost identical growth rates, the average daily

body weight gains- of the animals in the three

groups I, II and III being 63,7 + 5.3, 64,4 + 5.0

and 67.6 + 2,0 g respectively. There is no

significant difference in growth rate between the

three groups, She results of covariance analysis

of the data reveal that the differences in initial

body weights of individual animals in the three

groups show no positive influence on the rate of

growth shown by the animals subsequently during

the period of study.

Varying growth rates and daily gains in

growing kids have been reported by different workers.

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) studied 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«0 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 utilisiation of

nutrients in kids, Mudgal and Sengar recorded daily

gains of 49.1 + 2.7, 71.9 j; 5,9, 52.2 + 1.6 and

55.7 + 2,3 g in kids fed control, formaldehyde

treated, heat treated and tannic acid treated

concentrate mixtures respectively. lf>Tiile Singh

and Rekib (1979) could record daily gains of only

55, 28 and 15 g in Barbari kids of 4-5 months of

age on liiree rations viz., Berseem hay alone,

and two mixtures of Berseem hay and natural grass

hay in different proportions respectively, Mittal

and Panday (1978) reported higher daily gains

of 58*0 g in kids of the same breed but within the

age group of 5-9 months.

The growth rates of lambs reported by many

workers are also quite comparable to those of kids.

Mathur (1975) has recorded daily gains of 56,0,

48,0, 54.0 and 54.0 g in lambs fed on four rations

providing protein levels of 7, 10, 15 and 16 per cent

respectively. However, a higher growth rate In
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lambs has been reported by Arore ^ (1975^1 • -

Rao and Raghavan (1978) recorded the average daily

gains in lambs as 55»8, 56.7 and 50,8 g for animals

on rations containing high, medium and low levels of

protein respectively.

Prom a perusal of the results on growth, it

can be seen that the overall daily gains of animals

in the present study are quite comparable to those

reported by other workers for animals of similar

age group and initial body weights, Ihough 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, Mannuthy (Kunjikutty,

1979). i'he overall pattern of grovjth in all the

three groups of animals points to show that the

three levels of nutrient intake satisfy the

requirements for groxvth.

Peed efficiency.

The overall efficiency of utilisation of feed

for growth in the case of kids belonging to groups I,

II and III are found to be 7.0, 7.5 and 7.9

respectively (iCables 4 and 5). Though not
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statistically significant, the feed conversion

efficiency is higher for Group I, lower in Group II

and lov?est in group III, The almost similar weight

gains for animals in groups under lower planes of

nutrition as well, can he attributed to the higher

feed efficiency of these animals.

Though very few growth studies have been

carried out on -Alpine Kalahari 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 ejt (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 Saanen - 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 lubber seed cake or tea waste as one of the

ingredients, respectively. Mudgal and Sengar (1979)

recorded the feed efficiency for growth of Beetal

kids on four dietary treatments viz., control diet,

formaldehyde treated, heat treated and tannic a<3id
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treated diets as 11.76, 9.39, 10.53 and 10.38 res

pectively, She feed conversion efficiency values

for growth of lamhs are also comparable to those

for kids, 0?he feed efficiency for growth of

Hellore lambs as reported 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 containing 12, 13, 14, 15 and 16 per cent

of crude protein.

Ib^vmatter consumption,

The drymatter consumption expressed as percentage

of body weight of growing kids in Groups I, II and III

maintained on the three planes of nutrition are

found to be 3.1 + 0.2, 3.5 + 0.3 and 3.6 + 0,3

respectively (Tables 10a to d), The values of dry-

matter intake obtained in the present investigation

are in agreement with many of the data gathered

from similar studies with kids of different breeds

and maintained under different dietaiy regimes.
v»

Singhal (1978) have reported diymatter 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 mixture, gram bhuse and
I

green arliar, per cent with a mixture of gram

bhuse and green arhar and only 2,49 per cent when

fed on gram bhusa alone, Singh and Rekib (1979)^ on the

other hand^have recorded the drymatter consumption

in Barbari kids of 4-5 months ofage as 3.49, 3.72
I '

and 3.43 per cent of the body weight when fed

Berseem hay, Berseem hay plus natural grass hay

(75s25) and Berseem hay plus natural grass hay (50;50)

respectively. Feeding experiments on adult

Alpine-Maiabari cross bred goats maintained at the

University &oat Farm, Mannuthy, revealed drymatter

consumption of 4.11 per cent in males and 3,6 - 4.2

per cent in milking goats (Annual Progress Report on

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

Widely varying values for drymatter consumption

have been recorded for adult goats of different

breeds and maintained under different conditions of

feeding and management (Mackenzie, 1967; Singh iand

Sengar, I970j Saxena and Maheswari, 1971; Maheswari

and Salapatra, 1975; Brannon, 19and Morand Fehr and

Sauvant, 1978),

Water intake.

It can be seen from the data presented in 'Cables

6 and 7 that there is no significant difference in the
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water intake of animals maintained under the three

different dietary regimes. She average daily water

consumptions in the three groups were 1.2, 1.5 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, d?he increase in water intake of animals of

all the three groups recorded dtiring the second period

may be attributed to their higher requirement of water

with advancing growth. Almost comparable water intake?

of 1.6, 1.5 and 1,1 litres have been recorded by

Singh and Rekib (1979) for Barbari kids of 4-5 months

of age when maintained on three rations viz., Bereeem

hay, Berseem hay plus natural grass hay (75?25) and

Berseem hay plus natural grass hay(50S50) respectively,

Devendra (1967) has recorded a mean daily water intake

of 1,5 lb (0.7 litres) in Katjang goats during the dry

period of the year ie, from February to June. Sevendra

and Burns (1970) suggested that the average daily water

requirements of goats woTild range from 450 ml to 680 ml

under normal conditions of feeding and management.

Asuncion (.1939) has made a comparative study on the

feed and water consumption of goats and sheep aiad

observed that goats consumed less water than sheep

under identical conditions. a?he ratio between dry-

matter and water intake;: of kids is found to be 1:3.6

in the present study. A ratio of 1:4 to 5 has been
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suggested by Mackenzie (196?) and 1:4.4 t>y Devendra

and Burns (1970) in the case of dairy goats.

Since it is well known that the water intake

will YBiy 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.

BigestiMlitv Goefficienta.

It is clear from the data presented in Sables 12-

18, that the animals under the first dietary regime

(Group I) digested the different nutrients in the

ration bett«r when compared to those maintained on

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 Saanen-Malabari cross bred kids and by

Ehomas (1976) with Jamnapari-Malabari crossbred

kids, V/hile Mudgal and Kaur (1976) have reported

higher values vilth. Alpine-Beetal crossbred kids,

Singh and Rekib (1979) have shown lower values with
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Barbari kids. However, it has to he noted that

the variable data recorded on the digestibilities

of nutrients may be attributed to the differences

in breed, age and the type of rations employed^

Ihere are reports that under identical

conditions of feeding and management^ distinct

differences exist between goats and other ruminants

as regards the digestibilities of nutrients in

feeds. Mudgal and Devendra (1979) have presented

a summary of these results indicating the specieB

involved, location, type of diet and nature and

magnitude of the responses in each case. Most of

the reports indicate that goats have better

capacity to digest various nutrients and in particiaar

crude fibre when compared to other species of animals*

(Mia ^ 1960a and bi Pant ^ 1962; Jang and

Ma^umdar, 1962; Jones ^ 1972? Adeyan^u ^ aj,* I975;

Mudgal and.Kaur, 1976 and Gihad^ 1976),

Blood values.

Prom a perusal of the haematological data

(Tables 20-27) it is seen that the blood values

recorded during the course of the present study

agree vjith those reported by earlier workers^ Ihe

statistical aialysis of the results of haematological

studies carried out dui'ing the three stages of the
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experiment indicates that there is no significant

difference in any of the "blood constituents studied

either betv?een groups or between periods. She

values for packed cell volume recorded for animals

in the three groups I, II and III are found to be

36.1 + 7.0, 37.0 + 1.3 and 35.3 + 2.7 per cent

during the first period, 32.4 + 2.9, 34.4 + 2.5 and

35.8 + 2.6 per cent in the second period and

35.6 + 2.4* 35.9 +1.4 and 34.5 + 1.2 per cent for

the third period respectively* Almost similar

values have been reported by Coffin (1953), Dukes

(1955), Schalm (1961) and Bhalla ^ (1966). An

average PCV of 30.3 +0.3 has been recorded for sheep

by Rajeshwar Rao £t (1962).

She almost uniform values for haemoglobin

concentrations recorded for the kids maintained under

the three dietary regimes at all the stages of the

experiment are essentially similar to those reported

in the literature in this regard (Coffin, 1953;

Sehalm, 1961; Bhalle et 1966; Thomas M 1976;

and James, 1978). Rajeshwar Rao ^ gl, (1962) have

reported a similar value of 9.76 + 0.15 in the case of

sheep eiso.

The plasma protein values are found to be 7.9 +

0.3, 8.1 + 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 + ''.5,, 7.5 j; 0.2 and

7.7 + 0.3 g per 100 ml in the third period for

the three groups I, II and III respectively and

are similar to those reported by Dukes (i955)»

Thomas £t (1976) and James (1978).

Calcium contents (mg/100 ml) in the blood

plasma of all the experimental kids recorded at

different stages of' the experiment lie within the

normal range and are found to ^ree well with the

values reported by earlier workers (Gowda, 1954;

Seshiah, 1962; Cornelius and Kaneko, 1963; 2?homas

et al. 1976 and James, 1978).

She inorganic phosphorus content in blood 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 rag per 100 ml in the second

period and 6.8 + 0.5, 6.8 + 0,4 and 6.6 + 0.4 ®g

per 100 ml in the -tiiird period respectively.

Although similar values have been reported by

Seshiah (1962), Cornelius and Kaneko (1963) and

James (1978), relatively higher inorganic

phosphorus concentrations have been observed by

Gowda (1954) and ^homae ^ al. (1976).
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- :• i A comparison of the values obtained for

the blood constituents during the course of the present

study with those reported earlier for the same in

respect of other breeds indicates that there is hardly

any breed difference in regards to the blood values.

The results of the study also indicate that since all

the blood constituents studied lie within the normal

range for the species in question, the experimental

animals of all the three dietary regimes are under

normal and sound nutritional status.

Protein requirements.

From Sables 28 and 30, it can be seen that JXIP

requirements per kg gain in body weight of kids,

arrived at from the results of metabolism trials using

the experimental rations containing tliree levels of

protein and energy, are almost identical, the values

for the three groups I, II and III being 0.86, 0,90

and 0,89 kg respectively. The results also indicate

that even with higher levels of protein and with

^ libitum, feed intake no significant increase in

growth rate is obtained suggesting that the low plane

of feeding itself appears to be adequate for optimum

growth in -'^Ipine ~ Malabari kids.

Even though no such ^stematic 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 agreement with the available data reported

in the case of kids though of other "breeds and

maintained under different conditions of feeding

and management. She total IJCP requirements

expressed as g per kg metabolic live weight (W kg^*^^

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, It and III respectively.

'-Shis is in agreement with the results of Mudgal and

Sengar (1979) who have reported the DCP requirements

of Beetal kids as 6.78, 6.68, 5.85 and 6.15 g on

four rations, vis., control, formaldehyde treated,

heat treated and tannic aoid treated rations res

pectively. Haenlein (1978) has stated the daily

iXJP allowance as 65-75 g in the rations of kids

weighing 16-i9 kg, The daily , jXJP 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, II and III respectively.

Almost comparable values for daily gains and

DCP requirements have been reported in the case of

lambs also. Raten ^ (1973) have given a daily

IXJP requirement of 60 g for crossbred lambs of 25 kg

body weight and with an average daily gain of 70 g.

Similar values have been recorded by Patnayak (1978)

in the case of crossbred lambs. Maheshwari (1977)
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Prom a critical evaluation of the results on the

DCP requirements of kids, it can be inferred that

the nutrients provided in the experimental diets seem

adequate for optimum growth in Alpine - Malabari kids

since all the experimental animals maintained normal

health as evidenced by the recorded parameters used

as criteria for the evaluation of the nutritional

status and in view of almost comparable growth rates

of kids reported in the literaturej though of other

breeds and maintained under different conditions.

Energy requirementb.

Tables 28 and 51 indicate that the energy

Requirements of kids fcr unit gain in body weight are

found to be 4.21 + 0,40, 4.52 + 0.29, 4.60 + 0,17 in

terms of ii.E. and 4.84 +0.40, 5.20 + 0,50 and 5.31 + 0,19

in terms of SDN for the three groups I, II and III

respectively, the differences among the three groups

being not significant. Beveridra and Bums (1970)

have reported a lower value of 3 g S.E. for every g

daily gain in the case of kids, She total daily

TKU requirements expressed in terms of metabolic live

•weight (Wj^0.73) arrived at from the results 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 XII respectively. HoweYer,

comparatively higher values have "been reported "by

Mudgal and Sengar (1979) in their experiments to

study the effects of various treatments on the

utilization of nutrients in feeds using Beetal

kids as experimental subjects. Haenlein (1978) has

recorded the daily allowance of energy for kids

weighing 16 - 19 kg as 320 - 375 g European staroli

iinits while the intakes of S.E. by the animals of

the three groups I, II and III during the last phase

of the experiment was only 210, 290 and 310 g res

pectively.

Comparatively higher values for the ener^

requirements of lambs have been reported in the

literature, Raten ^ (1973) have reported the

dally !DM requirement as 600 g for lambs weighing 25 kg

and with an average daily gains of 70 g Patnayak

(1978) has also reported almost similar value of

610 g TBN for lambs weighing 20 kg and gaining at

the rate of 50 g per day. On the other hand,

Maheshwari (1977) has reported a lov/er I'M requirement

of 311 g in the case of lambs weighing 20 kg and

having a daily gain of 70 g.

From a critical appraisal of the results obtained

for, the energy requirements of kids in the present
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study and in oomparison v;ith, the data already

available in the literature it can be presumed that

the varying values reported for the energy

requirements oan 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

protein^ the requirements of energy arrived at from

the results of present study can be considered to

be optimum for normal growth of Alpine - Malabar!

crossbred kids,

Oalcium and Phoa-phorus requirements*

Data presented in iEables 29a to 29o indicate

that the calcium and phosphorus needs per kg gain in

body weighty calculated from the results of metabolism

trials conducted during the course of the present

investigation, are found to be 18,7 g, 15»5 g and

24,9 g and 17.2 g, ^,0 g and 22,5 g for the groups

I, II and ill respectively. She total daily
fa-

requirements of calcium and phosphorus^as arrived

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

III respectively^

Very few systematic studies have been carried

out to establish the mineral requirements of kids.
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Chaturvedi and Saxena (1971) have recorded the

daily calcimn and phosphorus intakes per kg "body

weight of Jamimapari kids of 0-3 months of age

as 0,29 and 0»11 g and 0.44 and 0,13 g on two

diets of whole milk and skim milk respectively.

While Morrison standards of calcium and phosphorus

requirements for lambs weighing 50 lb are higher,

the MC recommendations for lambs of 0-3 iaonths

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

1, II and III respectively.

Since a normal rate of growth accompanied by

normal levels of calcium and phosphorus in the

blood is highly indicative of adequate skeletal

development, it can be reasonably presumed that

the levels of calcium and phosphorus present in

the .experimental diets are adequate for normal

growth of Alpine - Malabari crossbred kide.

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 nutritional status Of animals,

the nutrients provided in all the three dietaj^

regimes appear to be adequate for hbamedL growth in

Alpine - ijlalabari crossbred kids. ' Purthery'in

as much as almost similar growth rates and daily

gains are obtained for the aiiimals under all

the three dietary regimes^ it can be reasonably •

presumed that even the lowest dietaa^ regime (group I)

is adequate for normal growth in kids. However,

it may be pointed out that a feeding standard

for growth must consist of a serieb of figures

corresponding to the different ages ^d body

weights representing the various phases of

the growth period.
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SUMMARY

i

i An investigation was carried out with twenty four

Alpine - Maiatari crossbred kids to find out their

nutrient requirements for optimum growth, Ihe kids

were divided into three groups of eight each (groups

I,. II and III) and were maintained on three levels
I

of nutrient intake for a total period of 4i months

in three stages of 1-^ months each, the concentrate

allowance being increased by 50 g in each stage,

The average daily body weight gain, feed efficiency,

drymatter intake, water intake, digestibility

coefficients of nutrients, nitrogen balance, mineral

balance and haematological values were tak^ as the

criteria for assessing the optimum requirements of

nutrients for the growth of kids.

The salient observations made during the course

of the present study and the inferencee drawn from

the, results obtained are summarised belowg

(1). The kids maintained on the three levels

of nutrient intake showed almost identical growth

rates and daily gains during the period of study, the

average daily gains for the groups I, II and III

being 65.7 ± 5.3, 64.4 + 5.0 and 67.6 + 2»0 g res

pectively.

(2). Higher feed conversion efficiency was
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shown "by animals maintained on the lower dietary

regimes,

(3). Ihe drymatter consomption in leg per 100 kg

"body weight of kids maintained on the three dietaa^y

treatments (groups I, II and III) were found to be

3»1 + 0,2, 3»5 + 0,3 and 3.6 + 0,3 respectively,

; (4). 5?he average daily water intake of animals

recorded during the course of the eicperiment were

1,2+0,2, 1.3+0,4 and 1,0 + 0,2 litres respectively

for groups I, II and III r-ccpootiTsly in the first

metabolism trial 1,5 + 0,2, 1,8 + 0»4 and 1,5 + 0,3

litres respectively for the same groups of animals

in the second metabolism trial,

(5). 3?he kids maintained under the lower level

of nutrient intake (group I) registered higher

digestibility coefficients as compared with those on

the higher levels of nutrient intake (groups II and

III), though, the differences in the digestibility

coefficients of nutrients bet'.veen groups were not

significant except for nitrogen-^free extract,

(6), The haematoiogical valties recorded for

the animals maintained on the three levels of nutrient

intake vjere all within the norms! range for the

species,

(7). The digestible crude protein requirements
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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.O.P,

requirements of the animals being 54.9 +, 58,0+ and

60,1 + g.

(8), The energy requirements of the kids for

unit increase in body weight for groups I, II and III

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 daily needs for the animals in the

three groups being 268,18 + 0,08, 291.09 + 4.^3 and

310,98 i 5,90 g S.E.

(9), '-Che requirements of calcium of kids for kg

increase in body weight were 18.7 + 4.4, 15,5 + 8,4 and

24.9 + 2,8 g and those of phosphorus were 17.2 + 1,1,

13,0 + 5,6 and 22.5 + 2,5 g for the animals in the

groups I, II and III respectively. The daily require

ments of calciiun for growth as calculated from the

above data were 1,3 + 0,3, 1.0 + 0,4 and 1,7 i 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 III

respectively.
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ABSTRAGG?

Aji iavestigation was carried out to find out the

nutrient requirements for optimum growth in kids.
'I

ITwenty four Alpine - Malabar! crossbred kids of

3-4 months of age fomed the experimental sub^eota

for the study. She animals, divided into three

identical groups (groups I, il and III)^ were

maintained on three different levels of nutrient

intake for over a total period of 4^ months» the

parameters recorded during the course of the study

"being average daily ho^ v?eight gain, drymatter intake,:

feed coiaversion efficiency, digestibility coefficients

of nutrients^ nitrogen balance, mineral balance and

haematological constituents.

a?he average daily gain and feed conversion

efficiency recorded for animals in the three groups I,

II and III were found to be 63*7 + 5«3» 64»4 + 5.«Q and :

67.6 + 2.0 g and 7.0 + 0,7, 7,5 t 0.5 and 7.9 + 0.3

respectively, She average drymatter consumption of

animals were 3.1 + 0.2, 3.5 + 0,3 and 3.6 + 0,3 kg per

100 kg body weight respectively for the three groups

I, II and III.

fhe data collected for i^ie haematological

constituents were found to liee within the normal
I

range for the species indicating that all the animals



ii

under the tliree dietary regimes were maintaining:

normal and sound nutritional status.
I

The requirements arrived at for protein

energy for imit gain in body weight were 0.86 6.06
0.90 i 0.06 and 0.89 + 0.03 kg D.C.P. and 4.84 + 0.4,
5.20 -i. 0.'30 and 5.31 + 0.19 kg T.D.N. for the ani.mals

in groups I, II and III respectively. The requirements

of D,C.P., T.D.N., calcium and Phosphorus arrived at

from the results obtained during the course of the

eiKperiment are considered optimuni for normal groirfch

in Alpine - Malabari crossbred kids.
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