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INTRODPUGCTION

The rate at which an animal grows is of great
importance to Animal Tnduetry. From economic point of view,
rapi? growth, early puberty and maturity results in early
breeding and auick financial returns. Retarded growth on the
other hand inereases the age at puberty, delaye the breeding,
while the animale have %o be kept for longer periofs without
any finaneial returns.

The economy of profitable rearing and breeding of
livestoek Aepends upon the minimal investments with maximum
profits spread over a long period.

In livestook industry, a lion's share of wecurrent

expeniiture is spent on feeding of animals. Any fruitful

atep taken to keep thie expenditure a® minimum without loss
in efficlency, leade to bigper marging of profit.

Though rapidly growing animal consumes more feed
than a slow growing animal per day, the total food consumed
by them 111 the attainment of marketable weight or breedable
age ig considerably less for quick growing one. Waturally
farmer prefers to rear the animals for quick prowth,

Maximum mature weight of an animal ia Aetermined
by heredity. Optimum nutritional regime helpe in a%taining
the maximum Aevelopment thus fiwxed. Most rapid grouth ap '

S . 2 - s A e,V
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measured by inerease in weilght and eize, however, may not be
1deal for maximum health and life.

A large timber of animals which grew very fast often
fall to come into profitable production or have an abnormally
short productive life. Reporte are on record that cows reared
on low, meAdium and high plane of nutrition from their calfhood
until their firet calving, showed Alstinetive Aifferences in
longfvity. Average length of life, reproductive and produetive

periods were more in animals of low level proups. More animale

. from high level groups were discarded because of sterility.

The low level group possessed the best and high level group,
the pooreat economic gualities.

Over feeding has shown to shorten the life gpan Aue
to increased metabolic rate and mechanical cbstrustion of vital
organs and muscles with fat, Under feeding, particularly
restriction of calorie intake, inecreages the life span. The
effect of restricted energy intake was % slow down the growth
rate and Aelay the attainment of maturity, after which only
the Aegenarative changes in tissues sssociated with senescence
normally set in. |

It is a well established fact that inorease in
weight should correlate with optimum growth of the diverse
organs and glands upon which later production and longevity
depenl. If the mapid growth obtained is complete and correla-
ted in all mepects, it more likely lengthene the productive

1ife.
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While the above facts hold good for animals requiring !

long and ueeful productive life, the same do not hold good for
animals reared for meat. Animale slaughtered for meat, though
they have attained optimum growth at the time of slaughter,
they are physiologically immature. Tven if theee animals are
reared under conditions which may ultimately lead to early
senescence and ghort life span, thie ie¢ of no practicsl conge-
duence as they are slaughtered when they are etill voung.

Tn theee animale rapid growth resulting from high
plane of nutrition means that they reach the marketable weight
in a minimum time. But rapid growth is not necesearily most
economie growth from the point of view of efficiency of food
conversion. Animals fed on high plane throuzhout till thsy
attain slaughter weipght were less efficlient in this respect.

Feeding young stosk on high plane when they are in
aceelerated growth phase and changing them to low plane when
they reach retarded growth phase, resulte in overall efricdenecy
in food conversgion. Muscle is the predominent tissue formed
during the ascelerated growth phage and fat during the vetasied
growth phase. Thus high plane of mutrition during acvelerated
growth phage helpe to put on more musele and low plane during
later period prevents excess fat deposition. Sesiﬁés economy
in feed, the carcass will have better market value due %o
better carcase quality (lean meat), '

Thus in theee animale it seems desirable to maximise

the growth rate at certain stages of animal life and %o
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deliberately retard 1t at other astages.

Feeding etandards are very helpful to farmer in
Teeding hie livestook and pelieve him of much gueses work about
what and how much he has to feed in order to get economie
returns. Feeding gtandards for growth must be Aifferent for
each gpeciees and must consiet of series of values correeponi.
ing to Aifferent ages and body welights representing the growth
period. '

Wolff-lehmann feeding standards are probably the
earliest to be evolved. These values were periodically modified
by Morrison ani incorporated in the successive editione of hig
book "Feeds and Feedins® and now is popularly known asg
"¥orrigon feeding standards”.

National Research Council of U.S.A., hag publishend
& series of reports stating the amounte of nutrients adviged
for the various clagses of livestook.

Wood, at the inetance of the Ministry of Agrioulture
anl Fisheries, U.X.,prepared a bulletin "Rations for Livestook"||
whieh was subsequently vevised by VWoodman.

Indlan Council of Apriculture Resesrch, lasmed a
bulletin 'Mutritive values of Tndian cattle feeds and Teeding
of enimals' by Sen and revieed by May to serve as a guide in
feeding of animals.

These are only few of the many popular feeding
etandards. Tn all these standards the food requirements of
each clage of livestook are expregsed separately for (a) ary

e .
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matter (b) Aigestible protein and (e) onergy elther in tewme
of "Total digestible nutrients" or '‘Therms' or 'atapsh
equivalents' based on net energy.

Tndda is having 23 milldion bovine and 20 milldon
ovine population, little over one-fourth of world cattle
pomlation. Cattle are indiepensable for mral economy. They
gerve the farmer by motive power for agrienltural operations
1like ploughing, irrigation, rural transport an3 sugar eane
crushers. The edible livestook products like milk, milk product
and meat are very valuable iteme of human dAlet. Non-edible
proiucts like hides, skins, wool, dung, bones, horns and hooves
are having considerable monetary value. Though many weatern
countries use machines far motive power, ITndian farmeyr will
continue %o Aepend on livestock for some more period,

On rough estimation more than 507 (%s.1,135 crores)
of the annual total apriculture income (52,200 erores) is
derived from eattle. lLivestook having such ecnonsmie potential
has %o be fed and managed with proper care. At present they are
not properly fed Aue fo scarcity of cattle feeds and poverty.
Indla, while it 1o having 14.27 worl? human population, has to
maintain them on less than 9% of world food grain production.
To f411 up the gap between requirement and production, nation
ie importing large anantity of cereals from western counntrieg.
Ag the human needg are given preferanse, cattle 4o not get
their legitimate share of grains. land allocated for raising

foAder 1s also very little. Hence cattle are reared mainly on
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agricultural by_products like strav and bhuse an? insustrial
byproducts 1ike brans and oll cakes.

Fxeept the few fortunate animale whose ownera can
afford to feed them surfioiently, majority of animals in general
are maintained at sub-optimal level of nutrition. OGrowth is an
important phage of livestook production, as this e the foundati.
on on which the other forms of future production such as milk
or draught depende. Very few cattle in Tndia are reared for
beef.

Retarded growth from severe under nutrition results
in a permanent and substancial loss of production through the
animale and their progeny.

nder nutrition may be Aue to deficiency of either
calories,protein or come dletary essentials like minerals and
vitamins., Deflciency of energy will immediately cheok the
growth in mass. Deficiency of dletary protein reduces the
formation of musele tissue and growth of internal organs, as
proteir ies thelr principal constituent. Deficiencies of minera-
1s an? vitaming usually have an indirect 1nf1ueneo on growth
by Aecreasing the appetite or by adverse ph.vsioiogieal affects.

Numerous experiments have been Aone by various
workers in other countries to atudy the effeats of under feed-
ing on rperformance of growing stock. They found thaﬁ Arnetie
under faeeding arresting the gain 4in weight could not arrest
the skeletal growth in voung steers. Deleterious effeote of
retarded growth dape_ndé upon three main conelderations : (1)The

e - —rma-
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etage of growth where the retardation is applied,(2) severity
of retardation and (3) period for which the retardation ie
appliea,

The permanent atunning is more likely to result, if
retardation ie applied early in life for a considerable period
than if applied later in 1ife when the grouth rate 1s relative-
ly low. Moderate retardation inereases the period regquired to
reach the desired welght. Retardation for short perio? follow-
ed by liberal feeding will not materially affect the period.
The compensatory crowth during the liberal feedins will be high
and with better feed conversion.

To judge whether a particular animal ig beine fed
on an optimum plane or not, the reduirement of nutrients for
that animal should be assessed first. India has several breeds
of livestock and elimatic conditions are different from place
to place. Hence the western standards may not be stristly
applicable to the feeding of our livestook and no eingle feed-
ing standard can be used throughout India.

S9tudies of various workers between 1930 - '43
indicate that the maintenance requirement of Aigestible emde
protein of adult Indian cattle ig consgiderably lese thaun the
allowance recommended by.ueetern standards. Fundamental work
carried out on endogenous urinary nitrogen excretion and basal
metabolic rate sugpest that Tndian cattle poseibly have lower
mainterance requirement of enerzy and protein when compared

to wegtern feeding standards.
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Worke of Sharma (1962) and Mudgal (1968) indicate
that there 1s no advantage in supplying more protein than
recommended by Morrison and aupplying 20-28% less than the
recommenied, had no deleterious effects on growth rate.

Some growth studies regictered adverse effecte on
growth with low plane of nutrition. In these experiments both
energy and protein supply was lowered. Tt is Aifficult to
conclude whether energy or protein deficiency or interaction
of both were responsible for retardatlon in growth,

Hence a ghort term experiment has been designed to
study the effects on growth rate in young calves with energy
restriction maintaining optimum protein level and vice veras.
The results will indleate whether calorle intake or protein
intake 48 the 1limiting factor in growth at thie age of the
animals,

& * s 0

S e — e R

T S pm——— 1




e LB

o D e
£y BT :
L P zahtat
*

v

Ririwly gy

L e omiainty oo s
R A -ﬁi’}.;f.?."-?“”?;f mﬁt ‘51 ng

. . T

Sins el :«w su&‘ Bra: ‘:,f’ﬁw?,w

:‘ i”-'-ﬁ. "\. 1\"3—
1:"@_!.._361 ‘m ,r,;ln;_,._..:“ .‘: . =1 ‘7:_:_
g .2 ) "3‘5 e ‘?*c'*-hgf\;# m*e .15'-".-5-..

": e

' dxm mtﬁ“n*’r!.




MAGADH UNIVERSITY M. Se. ( A. H.) THESIS, 1967.

SO

R

e et it . e e

REVIEW OF LITrRATURE

The literature reviewed in this chapter are prouped and
presented under the following sub-headings.

1. Stuﬁigu on growth and influence of nutrients on
growth,

2. Factors affecting Algestibility coefficients.

3. Chromic oxide as indigcator in Aigestion studies.

4. Witrogen balance atudies.

5. Protein reserves.

8. fSpecific dynamic action.

7. Miscellaneoug stnudies.

1. Studles on growth and influenne of mitrients on growth:

Yumerous experiments were conducted in Tndia and other

countries on growing animals, studying the growth response in
them, under various nutri tional regimes. Some of them, pertain-
ing to the present gtudy, are reviewed hers.

Warth and Misra (1927), Warth (1920-1) and ¥arth and
Goseip (1930) (Citation Sen,1953) had earried out a number of
experiments on the Indian growing calves.

Warth and Misra (1927) reported that six calves of
average body weight 212 1b. grew at the rate of 1.05 1b. per
day during a feeding perlod of 11 to 13 weeks, when they were
fed on sorghum silage and wheat bran containing 11.47 Dop,
Daily intake of DCP was 0.38 1b,

Warth and doesip (1930) recorded an average growth of
1.15 1b. per day in B calves of average body weight 298 1h.
Taily consumption of nufrients being 0.82 1b. of NCP anA

4.5 1b. of TDN,
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They concluded that when rapid growth is not raquirod*
much less protein suffices.

Das Cupta (1943) studied the effect of replacement
of concentrates to the extent of 50 and 767 by green berseenm,
on the growth of Mgear heifers, receiving jowar sllage and
wheat etraw as roughage. Fe obtained growth of 1.3, 0.88 and
N.76 1b.§$;;§:gntrol, 80 an? 787 bergeem replacement groupes
respectively.

Lofgreen st al. (1951A) etudied the growth rate and
nitrocen balance in Holastein calves, when fed at Aifferent
levels of protein and energy. The treatments given were :
Grbup I lov energy - low protein (Morrison standards), Group IT
high enew»gy (16% more)-low protein, Group ITT low energy - high
protein (80% more) and Group IV high energy (15% more) - high
protein (607 more). Calvees of high snergy groupe gained 1.4 1b.
per day and low energy groups gained 1.2 1b, per day. There
was no effeet of the levele of protein in both the cames.

lofgreen an? Co-workers (1951b) compared the regponse
of Hole%ein heifers grown on the protein allowances of the
1978 Morrison feeding stnnﬂard'and on the estimates of Mitehell
caloulated by the factorial method. The growth data indicated
no advantage in supplying more protein to Holstein calves of
150 - 360 1b. body weight, than recommended by Morrigon. An

tntake of gomewhat below the lower 1limit of thie gtandard

produced ae pood galnes as 414 higher levels.
Agarwvala and Sundaresan (1956) fed pigs of 8 weeks
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of age for 6 months on ratione containing protein a¢ 31 and 16%
in summer and 31 and 207 in winter. In summer, pigs given the
lower protein level ate more feed and grew significantly faster
than the higher protein group, but in winter the reverse was
true. ©fPfiolency of feed conversion wase much Poorer in winter
than in summer, but there wes little Aifference between the
protein proups. The economic conversion efficiency was muoh
ereater in high protein groups, when the costs of pround-nut.
cake and maize were taken into consideration.

Popehina (1086) atudied growth of pizs of 70 - 75 kg.
body weight. The mean Aaily intakes of Aigestible protein (MP)
in the Aiffrerent groups were 310, 204, 365 and 414 g, per head
per day, 310 g. being the standard. The best Aaily welpht gaine
of 753 and 7456 g. were mede by pigs of the first 2 groups with
standard protein intake or less and their feed conversion was
moat efficient. Of all the groups, the first group latd down
moet meat and the geoond most fat. The groups with the highest
protein intake gained least weight and had the worat feed
conversion rate, Nifrogen retention varied in much the same way.
Mitropgen exoretion was least in firet two groups.

Winchester and Ellis (1966) studied the effectn of
delayed growth on beef cattle. Out of 10 pairs of identiecal
twine, one member of each palr was given & liberal ration, while |
ite twin mate wae given ration low in energy but otherwige |
adequate in respect of protein, minerale and vitamine. Among thuf'
low energy littermates, 3 were fed at sub-maintenance level, |
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3 at maintenance and 4 calves were fed at a level midway between
maintenance an? liberal ration of controls. After the period of
limited feeding, all animals were fed ad libitum %111 the desir-
84 body weight wae attained. The results indleated no 4ifference
in feed requirement per unit growth between the different
treatments., Carcass grade, meat guality end ratio of lean to
fat were not affected by delayed growth.

Faltova and Poupa (1057) veported that rata on Alets
@ither low or high in protein grew more slowly than rats on
normal Alete. They sugpgested that the term "Optimum amount of
protein® hae not only a minimum but a maximum also.

Mae Donald (1957) studled the effect of plane of
intake of TDN on rate anl effioclency of gain in identical twin
steers. One member of each of the 3 paire of identical twin
Jersy cteers was permitted a high, intermediate then low intake
of TON Auring the experimental period of 60, 40 an? 40 days
respectively. The other member of each palr was offered low,
intermediate and high intakeas during the game period. Average
net efficiencies of gain in all periods were better for the group
on low intake during the firet period. With 88% intake of TON,
a7? live weight gain wasg resulted in low intake group when
compared to performence of high intake twine. It was concluded
that 1t might be more economical to restrict feed intakes duringf-
the periofs of plenty and store the surplus for use during the
periols of shortage and thue ensure an adequate energy intake

throughout .
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Vortilov (1987) fed three groups of 1.-’) month ol4
¥hite head an? ¥azakh ocalves with rations containing steppe hay,
maize silage, ceveals, and sunflower cake. The groups received
100, 128 or 180 g. of DP per feed unit. Weight inereases in 4
monthe were 75,0, 85.5 and 62.2 kg. for the 3 levels of protein.
It was concluded that the 100 g. protein ugually recommended
is inadequate and allowance shoull be inoreassed.

Winohester ot al.(1087) selected 12 pairs of mono-
2vootic beef type cattle aged betusen 6 - 12 months, anAd atudlodr
the effeecte of ratione of low protein as well as low energy
value on growth. Tight Aifferant pelleted ratisns were feA
ranging from a calorie n:amt:emnoé ration that was having only
2.87 DP (ration 1) to rations of relatively high emfﬁ' value
liberally supplied with protein. Animals on ration 1 lost weight
while those on other rations made gains tha® ranged from alipht
increases to 1.9 1b., per day. When energy intake was held neay
maintenance, changea in body weight were positively correlated
with the level of protein intake. Minimpum practical level of
protein to be allowed to voung cattle on calorie maintenance
rations suggested arei.

Welght of the animal(lb.) 100 200 400 600 800 1000
Digeatible protein/day(lb) 0.12 0.19 0.31 0.42 0.82 0.80

Crichton et al.(19589) studied the effect of plane of
nutrition during rearing, on growth, production, reproduction
and health of dalry cattle. They took the Ragsadale (USA) Tom
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oontent (11zto 19%) and energy level (71 to 61 therms /100 1b.).
When protein was inereased, growth and feed utilisation werve
reduced by 0.10 anﬁ 0.80 1b, respectively, while high energy
414 not alter the growth rate, 0.36 lb. lese feed wae required
per 1lb. gain.

Hendrickeon gt al. (1961) studied feed lot performence
in Fereford gteers by individual feeding in high plane %o gain
maximum rate of growth to reach 380 1b. body welrht (lot 1),

moierately for the same length of period (lot 2), an? moderatel
for 350 1b., feed lot gain (lot 3). Average dally gmine were 1.74
1.31 and 1,29 1b. reapectively., Moderately gaining ealves of
lot 2 were no more efficient than full fed steers (lot 1) Aue
to lees total gain (270 1v.) or lot 3 due to longer period
(85 Aays) on feed. Blaughter result indlcate little Aifrference
in carcase composition of ocalves making Aiffevent rates of gain,
Riba (1961) studied the effect of level of protein
in fattening pigs for bacon. Bacon pigs gained inereasingly more
welght as protein was ralsed from an average of 94 %o one of.
151 g, "P per feed unit. Although feed unit required per k.
gain fell, protein used 2er kg. gain roge and so 414 the coste.
fichardson gt al. (1961) conducted raeding experinment

with heiferes and rations having roughsgs %o concentrate ratios

of 1:1, 1:3 an? 1:6. Mghest average galn was obtained with 1:5
ratio and lowest with the 1:1 ratioc. Orowth rates were 1,97,
2,08 and 2,27 1b, per day for rations having roughage to
concentrate ratio 1:1, 1:3 an? 1:8 respectively.
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Sharma (1962) studied the growth rate for a period
of 5 monthe in two groups of Tharparkar calves aped about 5
months 0l4, with 6 calves in each group, and fed on 2 levels
of protein with equal TPN intake. The control group was maine
tained on DCP and TDN levels at the average of Morrison
recommendation, while the sexperimental group received 257 less
of DCP, maintaining the level of TPN., The concentrate portion
of the ration was incressed by 0.5 1b. per head every three
weeks and the green rouchage was fed ad 1libitum. The growth
rate for the whole of the experimental period was obeerved £o
be 0.90 an? 7,70 1b. in the control and experimental grouns
recpeotively. Average NOP intake of the control and experimen-
tal groupe was 0.62 and 0.47 1b. respectively and the averape
TDN Aintake was 2.98 1lb. per day in both the groups. The
difrerence in the growth rates of calves between the groupe
vas however, statistically insignificant.

Ranlhan and Talapatra (1963) atudied with berpeem
as growth proiuction ration in Farilana calves weighing 327 to
271 1b. body weight. The oalvas were Alvided into 3 groups.
Calves in berseem group were fed berseem and wheat etraw only
whereas bone neal group received bone meal in addition and
wheat bran group was supplemented with wheat bran also in
addition to bergseem and wheat etraw. They obtalned growth of
0.72 ¢+ 0,08, 0.74 ¢ 0.03 and 0.98 + 0,07 1b. per Aay in berscamh
bone meal arnd wheat bran groups rssperttvely-

i Ak M st 2 et b g}
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Sharma an? Talapatra (1983) conducted long Auration
experiment of 288 daye with 18 Murrah calves (R-11 months) to
atudy the growth response in them at different levels of feeling
Calves were divided into 3 groups. One group (Meh plane) wag

fed 4 to 8 1b, of concentrate mixture, 2.5 - 8 1b. wheat bhusa, |

second group (medium plane) 2 - 4 1b, of concentrate mixture,

3 - 6 1b. wheat bhusa and $him group (low plane) Feceives 1-2
1b. eoncentrate mixture an? wheat bhusa 1 1b. Fach animal of all
groupe received 8 1lb. of sreen grasc in addition %o concantrates.
ﬂonc#ntm'm mixture contained £5Y sach of gram, ecrushed barley,
0.%. oake and bran.

They obtained growth of 1.4, 0.8 1b, per d4ay in high
and mefium plane groups respectively. In the low plare group
older calves lost an? younger calves maintzineA their welrhte,

‘ Verma (1967) stufle? the comparative growth of
Tharparkar ocslves on berseem and goncentrates with hergeem on
equal nutrient intake basis. Twelve,one year 0ld male calves
wers A1vided into 2 croups of 8 ealves eash. One group
(experimental group) received berseem preen and/or hay ad
1ibitum an? the other (contrel group) received the esame amount
of "CP amd TDW from both concentrates and bergeem preen and/or
hay, the Ary matter intake from the coneentraties and the
roughage being in the ratio of 3:1. The average growth over the
exparimental period of 3 months was 0.88 and 1.20 1b, per Aay
for the experimental and contyol sroups respectively.

Clanton et al. (1984) reported the effeolts of protein

3
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and energy levels on growth of beef ocattle. 56 animals were
divided 4into 4 groups conslsting of 14 calves in each. One
group served as control (HWP/HE) fed at W.R.C. recommendation
levels for calves with growth of 1 1b, per day for protein and
energy, second group high protein - low energy (FP/LE), thimd
aroup low protein - high energy (LP/HP) and laet group low
protein - low energy (LP/LE). low protein groups obtained 0%
protein of N.R.C. recommendations, while low energy groups
received 82 ¥ energy of the N.R.C. recommendations. The experi.
ment was conducted for 140 days. Paily average galin, increage
in hight and heart-girth obtained for Alfferent groups ave

Av.Adally gain Inereage %n 140 Aaye
(1b.) Height G1rth

(em.) I (om,)

ghown below.

HP/HE - 0.81 8.8 13.7
HP/LE 0.44 7.7 7.8
LP/HE 0.44 8.9 9.0

LP/LE 0.24 6.2 5.2

Corroll et al. (1964) studied the energy utiligation
in heifere as affected by a low - proteiq’iso - oaloric diet.
Forty weanling heifers were used in the experiment., They were
Aivided into two groups. low-proftein group received ration

sontaining 2.7¢ DOP and 53,9% TDN, whereas control group recei- |

ved ration containing 12.8% DCP and 61.5% TDH. During the
protein restriction period (108 days) low - protein group

T T T, ST
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gained 0.8 1b. in live weight compared to. 27 1b. for controls.
Then both the groups were fed with liberal ration sontaining
10.4 € NCP and 66.5¢ TDN. Compensatory live wedght growth during
this period (110 days) was so great that the Aifferences in
Tinal weight of paired heifers were not significant.

Mudgal and Ray (1968A) reported the growth rate of
Tharparkar ealves of National Dalry Research Tnstitute, Farnal,
under farm conditions to be 6.81 &+ 1.14 kg, per fortnight,

8.44 & 3,03 kg./month, 11.49 + 2.10 kg./month in male calves
of age groups of 0 « 8 months, 7 - 12 months and 13 . 24 months
respectively, and 5.98 + 1.82 kg./fortnight, 7.11 4 2.97 ke./
month and 9,40 ¢+ 2.43 kg./month respeetively for female calves
ef corresponiing age groups.

The same authore (1965C) reported growth rate of
6.33 + 1,48 kg./fortnight, 8.67 & 3.04 kg. /month and 11.49 +
2.9 kg./month for male calves and 6.81 + 1.14 kg./fortnight,
6.44 + Z.03 kg./month and 11.48 + 2.10 kg./month for female
oalves of age groupe 0.6 months, 7-12 montha and 15-24 months
regpectively for Sahiwal calves.

Mudgal and Ray (1968B) showed that reduction by 20% in
the level of NOP recommended by Morrigon doee not affeot the
growth rate in Sahiwal calves of age groups 6-12 montha, provi-
ded the TDN intake is maintained at satisfactory level. They
used in their experiment 38 calves divided into 3 groups. First
group fed at 207 below, second at Morrison standards and third
at 207 above Morrison standard as far ae DOP intake ig conccrne1i
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TON supply wae kept at Morrieon's average and egual in all
groups. Txperiment wae conducted for 12 moﬁtha. The average
Per day palin of male oalves was 418 g in first an? third
groups and 303 g, in the second group.

Palel (1968) studied for a period of 4 months, the
growth rate in Tharparkar calves fed at 3 levels of nutrition.
He Nad four calves in each group. Group I & control received
ration at Morrison standard, group TT received 257 extra
concentrates and group ITT 507 extra concentrates over the
control group. Green paragrass fed ad 1ibitum served ae roughagel

Average growth rate in calves was 3680, 500 and 645 g./
day in groups I,TT amd ITT respectively, DOP requirement for
1 kg. galn in boldy weight was 1.1, 1.0 and 0.9 kg. Por proupe
T,TT and TIT reapectively. Corresponiing figureg for TN were
6.54, 5.64 and 4.70 ko.

2.Tactors affeoting the Aigestibility coeffictients:

Proximate analyeis of a feeding etuff gives a rough
idea of the nutritive value of the feed. Digeatibility of the

feed and its rutrients indicates the extent, an animal oan

Aipgest an? assimilate the nutrients in the faed.
Determination of digestible mitrients in a feed

eliminates a highly variable loss, namely uniicested faegal

loss an? places the feed upon a much more nearly comparable

v

basie ae regarde 1%s- act@al phyelological value. The digesti-
bility of a ration depende upon several variable factors like
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level of feeding, nutritive ratio and fibre content of the feed
and the ratio of concentrate to roughage in the ration ete.
Voluminous literature is available on the factors affeoting the
Algestibility coefficients but reference 1s confined to only
few of them which facilitate the discussion later on.

Armeby (1930) mentioned that faeces containg some of
the unreserbed bile constituente which includes in the eSher
extract fraction of the faeces; while their amount is aﬁall,thp
feed of the farm animals 1s algo usually poor in ether extract
and consequently the error in the computation of the paroentage
Algestibility may be relatively lavge.

Seghan (1952) showed that appdarent digeatibility of
EE in the feed will be lower if the ¥T eontenﬁ in the feed itgelf
iz low. He Aivided the T components into ungaponifiable matter
and? total insoluble acide and found that dipgeetidility of un-
saponifiable matter may be even negative. He concluded that
some of the unsaponifiable matter found in the fasces 1s derived
from the body and 1s not an undigeeted fraction of the ingested
substance,

Dae Cupta (1943) reported that apparent digeetibility
of fat deoreaces with the deoreased quantity in ¢he retion. The
Alpenstibility of EE appears to be proportional to ths amount
present in the ration. Tn his experiment "Green berseem as a
gubstitute for concentrates for economie feeding of dairy cattle",
he obtained averace Aigestibility coefficients for EE R4.43% for

‘concentrate mixture alone’ group, 70.59% for‘m replacement by

e e e e e i b i b At ettt
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bergeen’group and 60,14 for 787 replacement by berseen’ group.
The IF content was higheet in ration of ‘concentrate alone’ group
and lowest in the ration of 757 berseem replacement’group.

Frensch (1966) conducted Aigestibility trials with Zebu-
Oxen, feeding them with chaffed hay only, at 4iffevent levels
{(to supply 78, 80 and 1007 of maintenance allowance). The digest<
1bi11ty of orude fibre was found $o inerease with sach Aearesse
in hay intake.

Iageiter gt al.(1956) studied the effect of varying
hay-grain rations in dairy cows. The hay fed was having (P 18.59,
TON 817, The results are given below.

Mmy:grain Hay:grain Fay:grain

80:20 60: 80 20:80
(%) (%) (%)
Digestibility of:
Dry matter 685.9 69.3 73.8
Crude fibre 54.2 49.1 38.0
Crude protein 73.3 74.8 78.5

Makela (19568) reported that when cowe were fed to
appetite, Ary matter was retained in the rumen for 24 hours,but
for 2 to 3 days when only one-third full feeding was alloweAd.
With young bulls same proporfion of the feed was retained in the
rumen somewhat longer. Bulk or filling capacity of feed wasg founq
%o be more closely related %o 1te Ary matter sontent than fibre,

ballaat or water content,.
Bloom &% al.(1987) reportaed that inereasing the

e e e
e i
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proportion of concentrates in the Alet from 25 %o 85 €, led to
an inorease of dicestibility of D.M. from 54.5 to 63.17 anA
similar increases ware found for Algestibility of C.P,,T.E. and
N.F.T. Digestibility of O.F. was higheset at 41.57 with 487
concentrates in the Alet and lsaet at 20.77 with 857, As the
level of feeding fell from hich to low, of the proximate consti-
tuents of the ration, only orude fibre 4irestibility showed
mieh variability, increasing from 27.9 to 35.3%.

Putnam and loosli (1957) studied the productive and
Aipgestive efficlency of oowa'oonguming rations conteining 80,
80 and 407 D.M. from roughage and balance Trom concentratos.

Ae the proportion of concentrate in the ration became larger,
the apparent Aigestibility cosfficiente of mixed ratisns increa-
sed for D.M., C,P., E.E., N.F.E, and total C.N.0. The apparent
Aigestibility of C.¥V., however, decreased as the propirtion of
coneentrate in *he ration inereased.

The same authors (1989) obtained similar results in
another experiment.

Witozak (1967) used Merino sheep with rumen fistulae
bags with hay, suspended in the rumen for astudy of decompoeition
of fibre. When concentrates eupplying 77 and 98 g. of D.P. per
feed unit for 2 groups respsctively with N.R. of 1:8.8 and
1:7.1 were given, the amount of fibre decomposed in the rumen
of asheep on Aiet lower in protein was slightly greater. Txami-
nation of rumen contents 12, 36 and 60 hra. after eating the

ration of hay and concentrates showed that with time, contents
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of dry matter and fibre Adecreased, fibre more than dry matter,

Faloheimo gt al. (1959) found that the mean retention
time of dry matter in the retieculo-rumen was eipgnificantly
negatively correlated, with the amount of Ary matter ecaten per
100 kg, body weight. ¥When part of the hay ration wse replaced
with concentratens, the clearence of hay constituents from the
retionlo-rumen seemed to be retarded,probably bacause the
concentrateg were cleared rapidly, the net effeet wae equivalent
%o a reduetion in a ration consiasting entirely of hay,.

martriel (19680) encountered A1fficulty 4n analyeie of
facces of oalves from the often high fat content, Tt was found
best to use fresh fasces hydrolyveed with hydrochloric aeid and
Aried vapidly for 2 hrs. at 95°C before being extracted to avoid
the inelusion of ether extract fraction of body origin,

Richardson ¢t al.(1961) in a Aigestion etudy with
Hareford gteers observed a highly aignificant inereass in em™ide
fibre Aigestion with roughage to concentrate ratioe 1:3 and 1:86
over the 1:1. Crude fibre digestion wag higheast with She 1:3
ratio. NFE apd EE dig;stion wae lowest with the 1:1 ratio. k
Protein digestion, however, was not affected by ochangoe in the
roughage to concentrate ratio.

Blaxter and Martin (1962) reported that in sheep kept
at energy ani nitrogen maintenance, production of methane was
doubled when casein was given into the rumen, and not affected
when given into the abomasum. Net avallability of metabolisable |
energy wag only 50.8 % when casein was given into the rumen

e e i e . - et
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oxide in Aigestion triale, excretion pnﬁom and faotors

Compared with 64.7¢ when given into abomasum. It wag oonoluﬂcd
that the low nutritive value or protein as & sourse of anergy
for fat synthesis in sheep 18 due to ite fermentation in the
ration than to any peculiarity in the intermediary metabolism
of amino acids.

Stone and Fontenot (1964) fed three groups of calves
with 3 rations containing 1133, 1164 and 1222 Kunl.nig.ane!‘sy/m
with corresponding protein content of 12. 18, 12.51 ana 12,297,
™ergy concentration in the ration 414 not o} gnificantly influe-
nee the apparent Aigestib: 11ty of orude protein and the ether
extraot. While the Gilgestibility of ary matter, orguniec matter
and nitrogen free extract inoreased, Alpestibility of erude

Tibre deorsased with each increase in enerpy coneentration,

Chromic oxide is being increasingly used as an indica-
tor in estimations of Algestibility of rations an? faeoes voided
by animele. Prom the concentration of chromic oxide in faeceg,
following the administration of known quantity of inlicator for
a period, the amount of fasces volded ise caloulated.

Tn rmminante, chromic oxide exhibits a peculiar A4-
ur{nal exeretion pattern in faeces. Hence, in these onimale the

S —

concentration of chromic oxide is estimated either from 'total
faecal collectione' or 'grab samples' of faesces oollooted from
rectum at gpecified times, whioh give accurate estimates of | 8
total faeeal out put. Some of the works on the use o chromie
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Sohurch et &l.(1950) advosated & method of chemioal
Aetermination of chromic oxlde in feed or faeces. The material
is ashed in nieckle ocreible, fused with sodium paroxide, The
ash 1s dissolved in water and volume made up to 820 ml. mark
‘n volumetrio flask. The intensity of colour Aeveloped 1s read
in a photo electric colorimeter using 440 mfﬂ" filter. Calibra.
tion ocurve 1a determined from etandard Aichromate seiutions.

As the Beer-lambert law ig not appliecable, plotting y against
10&’31‘:& gave a atraight line.

Bolin at al. (1982), to over come the disadvantage of
colorimetric determination of fused chromic oxide, suggested
another method. Their method involves Aigestion of the sample
containing chromiec oxide ir a calibmated 100 nl. Kjeldhal flaek |
with oxidieing solution containing sodtum molybdate, aoneentmteL
sulphurie aecid and 70-72¢ perchloric acid until a cleap Aipee-
tion mixture is obtalned. After cooling, the volume is made up
to the mark an? the solution is read in the Evelyn “hoto elect-
rioc colorimeter with 440 m u filter against dletilled water set
at 100. “tandard curve is prepared by Algesting a known amount
of chromic oxide, 4iluting up to the mark and further 4iluting
aliquots to pgive degired range of Ailutions and were read 1in

the colorimeter.
Daneky and M1l (1952) euggested an improvement in the |
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0.287 level. A composite sample from ezch individual on teat,

method of Sehurch and co-workers by measuring the eslour deneity
Aeveloped ,at 375 mn in Beokman D.U. Speotro photometer.

Gehrke (1960) followed a volumetrie method of eatimation
of chromic oxide, dlgesting the ashed matersal in oxiAeing |
solution eimilar to the one Aesoribed by qgin et al, (1952)ana
titrating the aoluuion with gtandar ferrous ammonium sulphate
solution.

Platkonski et agl.(1962) developed yet anothar volumetric
method of estimation of chromic oxide. Ashed faeces or feed ig
fused with sodium paroxlde; 4issolved in water and acidified with
A11. sulphuric acid. Few drops of bromine water 1s added and
heated. The warm eolution is made alkaline with potaseium hydro-
xide and filtered. The filtrate is acldified, 0.5 g. of potaasiuml
iodide ig added ard titrated with gtandard sodium thiosulphate

eolution.

lge of oxide a na i tr :

Crompton 2t al, (1951) successfully used chromic oxide
g2 index of Alpestibility of rations of sheep. Ground oate -
Tnileator combination wae mixed, damped with water and dvried in
hot-air oven. They used the representative sample from daily
faeces collections for chromic oxide estimation amd obtained good
results.

Irwin and Crompton r1951) reported the use of chromie
oxide in humar subjectes by feeding Alete contailning indicator at
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coneisting of major portion of the gecond to the fifth aofiu:tio
after the ingestion of the indicator was found to be adequate to
Aetermine the coefficlient of apparent Aigeetibility.

Sehurch ot al.(1952) used chromic oxide with good reeul!
te in Aigestibility studies with pigs fed ad 1ibitum in the barn.
They concluded that chromic oxide method for Aigestibility
estimation 48 as religble as a seven day 'marker to marker
collection' for awine,

¥e Cullough (1963) obgerved that the use of indicator
technicuee offer an apparently reliable measure of contributions
of forages to the total ration of a dailry cow under grazing
conditions,

¥ane and Co-workers (1953) compared various digestion
trial teohnigues with dalry ocattle fed orchard grasa hay. They
asoured ocomparable dAigestion coefficients with the standard 10
Aay ‘consumption-excretion' method aml chromie oxide and plant
pignent ratio technique when caloulated with both the total
collection samples and the average of 3 daye partial collieetion
or grab sample. Digestion coefficients caloulated by orude 1ogn1ﬁ
and the corrsoted legnin ratio techniques were sgignificantly
lower than that by 'eonsumption-exeretion' method.

Fardison and Reid (19563) exsmined the adequaecy of
facces obtained at oonvaniont.aampltug times for eatimation of
D.M. intake in grazing animals. They found that faeces samples
procured at 8 a.m. and 4 p.m. and compounded on an equal wet-

welcsht basis during 7 or more days resulted in reliable estimatedq

¥
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of Ary matter intake,

Fariieon ot al. (1954) studied the faecal chromie oxide
concentration and found that mogs reliable eetimate of total
faecal Ary matter out put was obtaineAa by eompounding samples
taken at 6.8 a.m. ana 6-8 p.m. TnAividual cows showad large
variations indicating use of mare animals,

1loy? et al.(1968) compared the uge of titanic oxtde
and chromic oxide as index material for Aetermining the
apparent digeetibility and titanie oxide was found to be inade-
quate as an index material in the rat diet.

Olawson ot al. (1955) used ehromic oxide in digestion
studies with swine. Their findinge were : Cxcretion of indica-
tor reached equilibrium in 3.4 days of etarting the experiment,
ﬁaeults by all methods namely (a) sample over 24 hrs, oollec-
tion (b) greadb sample at 8 a.m. and 5 pem. () pooled samples
of 5«30 a.m., 10-30 a.m., 3-30 Pels and 8-30 p.m. and (4) total

collection for ‘seven day period' were in agreement. Most
accurate being 24 hr. collection followed by 4 dally samplen.

“mith and Reid (1958) used chromie oxide as indicator,
of faeeal out put for the purpose of Aetermining the intake of
pasture herbage by graszing cows. They coneluded that the
indlcator concentration of faeces taken rectally at 6 a.n. ana
5 nem. on seven consecutive days and bulked on an equal weight
basle provided scourate estimates of the total fascal out put,
recovery being 100.58 ¢ 0.87%. They found no Aifference in the

acouragy of the estimate between adninietering the indicator

SRS
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in oapsules an? that in concentrate feeds, Effectiveness was
the same regariless whether chromic oxide was aiminigtered at
6 a.m. or 4 p.m, or &t 6 a.m. and 4 PeMe

Pipfen and Briscon (1988) used chromic oxide in grazing
wetherae, Their obsarvations were, that the dailly exsretion
pattern of indlcator measured at 2 hr. intervals was relatively
constant for 1n6111ﬂﬁn1 sheep but varied coneiferably from
animal to animal. There wae no Algtinet exeretion pafttarn wvhen
the indicator was administered in 6 Aoses Aanily.

Fameoka an? Co-workers (1956) observed only one peak
of chromiec oxide exeretion pattern when chromie oxide along with
feed was given at 9 a.m. and 4 p.m. or at 7 hr. an? 17 hv.
intervals. When the feed was offered at 12 hr. intervale, two
peaks appeared. The Aally variation of chromic oride execretion
was Tound o be + 107,

Brigson % al.(1957) studied the effect of frequency
of administédration of chromic oxide on 1%z faecal excretion
pattern by grazing cattle and found that when tle indicator wag
given once or twice daiiy, its concentration 1; the faeces
changed sipgnificantly during the Aay, but when At was given 8
timees Aally ite concentration remained constant and could be
estimated from any one random feecal sample.

Perander an? Co-workere (1987) eetimated ths Aigesti-
bility of wheat, sulan grass and corn silage by wethers amd
gteers, both by total colleotion and chromic oxifde teechnique
based on a single grab sample. Indleator teqhniqua gave a
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widely Aifferent results.

Baleh et al. (1987) studied factors influencing the
excretion of administered chromic oxide by steers. It wae
obeerved that when gelatin capsules with indicator were placed
through mumen fistulae, the ecapsules discolved in about & minut
The indicator waes then rapidly transferred to the omasum, less
than 337 remaining in the reticulum after 30 to 80 minutes.
When thoroughly mixed with the reticulo-rumen conftents, the
in2lcator Aiminished with the 4dry matter of the contents. The
chromie oxide was more evenly excereted when given before, than
when givsen after feeding,

K¥ane and Co-workers (1957) measured the Algestibility
of rations by means of radlo active lsotope (cr;_o,-,). I% was
tested in a 3 way comparison of dicestibility coeffieients
obtained by (a) total collection procedure (b) indieator ratio
techniaue (o) radio isotope as a reference material. There was
no significant Aifference in all the results. Radlo actlive
method wes more convenient from an analytical stand point.

The sare authors (1959) conducted similar experiment

ueing radio active chromic oxide crglog, and obtainad same result

Bloom et al.(1957) made some obeervations on ration
. Aq1geatibility and on the exoretion pattern of chromic oxide in
Aairy ocows. They found that faecal excretion of indicator
followed a Aturnal pattern, According to them, the abaorption
of nutrients mey pi-ooeeﬂ at vuryi.ngl rates over a faily period,

Puring hich periode of absorptive activity fzhe amount of
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chromie oxide would inorease in relation %o the smaller relative |

amount of ingesta remaining in the tract, reverse being the ocace
during the period of low absorptive activity. They adviged
collection of grab samples at 12 hr, intervals or at those hrs.
when the variation of the indicator in the fascas averapes %o a
mean value for the Aaily period.

Tutnam % al. (1958) gave 20 g. of chromic oxide in
gelatine capsules at a atandard time once daily. Concentration
of indlieator in 4dry matter of faeces gampled every 2 or 3 hr.
intervals ranged from 80-120% of the mean values for 24 hrs. am
was not affected by different proportions of roughage in the
Alet ranging from 35 to 100%,

Davie et al.(1958) evaluated the chromic oxide mathod
for Aetermining the Aigestibility of the pationé in Aairy cowe.
They ueged 8 lactating dalry cows in a 10-day digestion trial in
which taotal enllection method of determining Aigestibility was
compared with grab sampling technique ueing chromic oxide as
indieator an? showed no sisnificant Aifferences in the results.
Analysis'of gamples from the total faecal composites for the
firet six Aays of the 10-4ay trial, revealed coeffiecients of
Aigestibility waes comparable to those obtained for the entire
period.

Hardleon =nl Co-workers (1969) conducted three digestion
trials employing dairy heifers or lactating cows. The mean
recovery rates of the indicator from totally cecllected fasees

and compounded grab esamples of 6 a.m. and 6 p.m. for trials 1,2
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chromie oxide would increase in relation %o the smaller relative
amount of ingesta remaining in the tract, reverse being the case
during the period of low absorptive activity. They anvised
collection of gradb samples at 12 hr. intervale or at those hrs.
when the variation of the indicator in the faseces averapes %o a
mean value for the daily perioA,

Tutnam et g;Qf1959) gave 20 g. of chromioc oxide in
gelatine capsules at a gtandard ¢ime once daily. Concentration
of indieator in 4ry matter of faeces gampled every 2 or 3 hr.
intervals ranged from 80-120% of the mean values for 24 hrs.,aﬁﬂ
was not affected by 4ifferent proportions of roughage in the
Adet ranging from 35 to 1007,

Davie 8t al.(1958) evaluated the chromic oxide method
for Aetermining the Algeetibility of the ?ationé in f2ivy cowe.
They uged 8 lactating dairy cows in a 10-day direstion trial in
which total collection method of determining Algestibilifty was
compared with grab eampling technique ueing chromic oxide as
indicator and showed no siznificent Aifferences in the results.
Annlysis'of gamples from the total faecal composites for the
Piret gix Aays of the 10-4ay trial, revealsd coeffioienta of
Aipestibility waes comparable to those obtained for the entire

period.

Hardleon =nd Co-workers (19569) conducted three dligestion|

trials employing Aairy heifers or lactating cows. The mean
recovery rates of the indicator from totally cellected faeces

an1 compounded grab samples of 6 a.m. and 6 p.m. for triale 1,2
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and 3 respectively were 89.4, 69,7 and 97.5%;and 98.4, 90.0 and
89,77, Average Aaily faccal dry matter out go was estimated
from the grab sample technique with an error of about 127. only
in trisl 2, satiefactory estimates were obtained. They opined
that the indiscriminate uge of the indicator in the nutritional
studles eoul? regult in considerable error.

Corbett et Q._. (1960) etudied the excretion of chromie
oxide adminiefered ag a component of paper %o sheep. At 10 a.m.
ehesp were gliven gelatin capsules containing shradded or une
shredded paper impregnated with chromic oxide in an olly suepen-
sion. Variatioq in the excretion of chromic oxide in faeces
inoreased in ordeyr with the shredded and unshredded paper and
the suspeneion. With the last Aiurnal chanpges showed a reduced
concentration of the indlcator starting at 4 a.m., those given
shredded paper excreted high concentrations at 4 a.,m. anl 6 p.m.
end low concentrations et 2 a.m. and 10 a.m.

IAnnerud and Donker (1961) studied the factors affecting
the exeration pattern of chromic oxide in faeces of Aalry cows
on paature, They found that cows on hiph concentrate had an !
exeretion pattern that wag more variable and about 2 hre, ahed
of cows on low coneentrate, Cowe f2? chromiec oxide once a Aay
A4eplayed a ourve with one hirh an? one low per Aay, whereas
those fof twise Aaily had two highs and two lowe, with about
half as wide a rance in values, '

fhandary and Majumdar (1962) examined the comparative

usefulness of indicator technioue in Atgestibility detem&muonr

.§
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in buffaloes, cattle, sheep an? goats. All animals were fed

on spear prase and ground nut cake at 8% metabolic live welcht.

In 7-Aay trials, buffaloes and cattle were given 10 and sheep
and gpoats 5 g. of ehromic oxide. Greb samples of facees gave
satisfactory recovery of chromic oxide and digeetibility
caleunlated from the 1ndieatdr, cloeely resembled values esti-
mate? by conventional methods.

Ma jumiar st al. (1962) stulled the uee of chromic oxide
ag an indicator for estimating the faecal out put of hullocks.
They conduo®ed geven experimente a?ministering 5 g. of chromie
oxife Aally to eash bullock, Fecovery of indicator in colleect-
fon of faecees pooled for 4 or more Aays was nesrly 1007,
“amples of pooled faeces for 7 Aays gave more satisfactory
rasulte than thoae of shorter pariods. Recovery was higher in
faeces collected at 7 a.m. than at 4 p.m. Regoveries in
'composite morning and evening grab samples' for a period of
7 daye were considered fairly satisfactory,

Majumdar and Gupta (1962) obgerved the pattern of
exoretion of chromic oxide in the faeces of grazing animals
vig-a-vas atall fed animals. They found that chromiec oxide
exeretion patterns in grazing and stall-fed bullosks and
buffalo calves depended on regular feeding, time the marker
was piven an? the management. Chromic oxide appeared in faeces
13 hr. after ingeation.

Deinum €% al. (1962) conducted experiments with 3 cows,

given 80 g. of paper impregnated with ehromic oxide and
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supplying about 16 . of the marker. 97.5, 99.6 and 98.4% of
the indicator was recovered in faeces. Traces of chromino oxide
were found in the liver, lymph glands and kidneys. It 43
surgested that they might be attributed to %he abgorption of
the marker ani may acoount for the Alfference Letween the
amount given and that recovered,

Clanton (1962) studied the variatione in chromio oxide
methods of Aetermining Aigestibility on hand-fed beef cattle
rations. nigeatibiggooeffloienta determined by indieator in
total oollectinne were lowsr than conventional metho? hecause
reacovery of chromie oxide was only 95.1%. Grab sample methods
resnlted in eti1ll lower Aigeastibility coefficients. low energy
rations proluced by using large amounts of low quality hay
resulted in erroneous chromic oxide recoveries. ™ opined that
chromic oxide indicator methods wonld be appropriate, if only
A1gzeatibility comparisons between the rations were desired,
provided the practical nature of the rations were gsimilar.

Putnam (1962) conducted a survey on the use of chromie

oxide in ruminant regearch in Canada. From out of 101 laboratory

reports he received, 45 laboratories have not used the material. |

21 laboratories Alscontinued ani 44 laboratories used ashromie
oxide with equal fraguency “or Aigestion and faccal production
egtimates. Abnormal results were noted in 26 laboratories at
one time or other. Most of the laboratories using chromic oxide
were gatisfied with the technique, but with reservations

concerning variations among animals, due to low recoveries or
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Mitrogen balance shows whether an animal ie maining or|,
losing protein. In growing animale, nitrogen balance indicatesa .
the actual inerease in protein tissue, thus representing a morq‘
exact meagure of growth than the inerease in welght, which may
réault from deposition of fat. Wifropen balance in an animal
Aepends upon the lavels of Aigeastible protein and energy in
thelw rations. SOmé of the works dealt with nitrogen balance
and influence of nutriente on nitrogen balance and their rela-
tionehip with growth in body weight are reviewed here under.

Lofgreen et al.(19514) eonducted a study with dairy
calvee on the effect of energy intake on the effisiency of
protein utilieation as measured by nitrogen balance. Thedr
findings were : (1) 2007 inerease in non-nitrogen TON brought
about a marked increase in the efficieney of utilisation of the
nitrogen available abave maintenanoce requirements, when calves
were on the low protein intake.(2) When the animals were con-
suming the high protein level, an inereage in the energy intake
brought about no increase in nitrogen retention.

Fontenot et al.(1955) showed that in bullooks on low
protein ration (BY protein), nitrogen retention was progressive-
ly depressed by increasing amounts of cerelose. With high
protein rations (107 and 127 protein) the nitrogen retention
wae increased by addition of cerelosge.

Rosenthal and Allison (1988) reported that in adult
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rate, with uniform Aaily intake of 260 mg. of casein in the !
Alet, supply of 42 Cal. of enargy per Aay maintained the boﬂyﬁ
weleht, 74 tal. per Aay increased Yoly weicht and eupply of |
1R Cal. resulted in loss of welght. M-balance Aeoreased aas Cal,
were reduced ut practically remained conatant, at each level
of energy intake.

Srieson et al.(1957), from a study of growth rate and
N-balance triale, found that re*ention of nitropen wag bhest
when apparent Aigestible protein supply was 21.57 of the intake
of Alpestible energy and growth was best when srotedn supply
was 4,237 of enerpy, with rations adequate in protein, but
given at Aifferent levels of intake. Tach 100 g. of body weight
Fain per Aav required 268 Jip.Calories, agsosiated wiﬁh a
ratention of .22 g. of nitrogen,in calves.

Cunningham 8t al. (1958) conducted further gtudies with
calves ani reported that at protein intake levels upto 127 of
body welrht per Aay, growth rates agreed clogely with values
pradicted from intake of protein and energy, but at 147, aotusl
growth ratas were lower.

funningham (1980), fed pips of about 50 kg. live weight
with rations containing~ 18, 26 an? 237 pmtein 4in amounte
calculate? to supply 27 ¥eal. energy/kg. boAy weipght., Pipe
given 187 protein rained on averape 42 kp. ani retained 108 g,
of nitrogen in 6 weeks, pips piven 267 protein loet on average

1.2 ke. and refained 200 p. M and those gpiven 337 protein
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gained on average 0.6 kg. and retailned 241 g.N for the same
period., Apparent Aigeatibility of protein rose with increage
‘n Aletary protein.

Riba (1961) studied the effect of level of protein in
fattening pige for becon. When two groups of pilee ware given

R anA 113ﬁﬂ.r. per fasd unit, at the game level of Ary matter

intae, group with high protein intake excrete? more niltrogen .

‘n *he urine. Retention of nitromren was 39.497 o° the low and
only ©3.44%7 of the high intake.

Whi telaw e, al. (1961), fed calves of 11 weeks ol on
8 concentrate dietslequal in energy value but cruyde protein
content varyinc from 11.8 to 22.87 havine A1fferent amounts of
rround nut meal. FaeAd wae offersd at 87 of metabolic body
welch? {“9.74). N-retention rose with inereasing erufe protein
in the Alet upto a level of 19-207, Maximum gain was 475 g.per
Aay, and on average, gaing contained 2./8% W,

“harma an? Talapatra (1983) studie? growth regponse
in buffalo calves at 2 levels of feeding namely, high,medium
an? low plane. The average balance of nitropen an? growth among
calvee of Aifferent groups were in order + 37.80 + 3,88 g.,
1.4 1b,, + 12.80 + 1,49 g,, 0.A2 1b. and + 4,81 + N.488 g, ,~-
per day for high,medium an? low planes raspectively. Among the
calves of low plane, older calves loet weight and younper
calves maintained,

Twao Tabali an? Junichi Nkumera (1964) reported that

in White leghorn biris,with inecrease in nifrogen intake,

< S TR LS
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-5. Protein regerves:

exoretion of urea an? ammonia inecreases, Protein intake being,
Songtant, energy intake of standard an? 757 of atandara levelé.
maintained urinary nitrocen exeretion and bimg prew at 8 and
8 g. respectively in 8 Aaye. When 507 anA 287 of the standard.
was given urinary nitrogen exeretion inereased an? birls loet

180 and 580 g. of body welght respoctively for the eame period.

2tone and Fontenot (1064) gtudied the effect of eneigy 4.

level of fattening rations on nitrogen utilisation by ateers.
They fed three groups of calves with 2 ratione containinpﬂllﬂa,!
1164 and 1222 Keal DE/1b. and 12.18, 12.51 and 12.207 nap’ ‘
respectively. They found that the level of Aigeetible energy
of feel ha? no significant effect on nitrogen retention.

Yudgal and Ray (1968D) fed calves with TDN at Morrison
scale and protein at three levels, group 4,207 above; B,
Morrison geale and ©, 207 below Morrison scale. Mitrogen
balances of experirmental calves were on average 13.82 s 3.27,
11.08 + 2.54 and 8.40 + 1.24 g./day for groups A,B and C
respectively in the first metabolism trial. Corresponding
firures for the second trial being 22.08 + 8.30, 18.48 + 5.12
and 12.15 + 1.83 g.

A liberal protein intake regularly, tends %o result in

@ small inerease in bodAy, which is referred as 'protein regerve'
or 'deposit protein'. The inerement thus built up, tends ¢o m
t

Aieappear, on & low-protein Alet, The references on 'protein ;

reserves’ in livestook are scanty. flome of the avallable %

P p—
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literature 1s reviewea balow,

Lofgreen et al.(1951A) atudied the influence of energy
intake on the nitrogen retention of Holstein heifer calves |
ani reported that inorease in protein 1ntake, while maintaining'
the TON constant, permitted growth made up of higher proportior
of protein thagwthat of low protein calves which gained at the if
same rate,

Lagrutta and Cllento (1054) reported that rofeeding
after a perdiod of restriction in growing rats resulted in
atorage of large'quantltiea of organic nitropen compounds or
compounds with a high proportion of nitragen in the musele

and liver.

Jacobue et al. (1985) Aemonstrated the presence of
"protein reserve pool" in liver, muscle and bone of the ncooks.
Puring protein Aepletion, liver lost the grestest percentage
of 1ts niftrogen, but in terms of total body nitrozen loss,

muscle and probably bone lost most nitrogen. The livers from
repleted coocks had a higher total nitrogen content than those
from cocke that 414 not retain nitrogen Auring repletion period.

Gopalan ani “arasingarao (19668) examined the extent of

'labile protein stores’' and their response to protein feeding
in unfer-nourished adult subjecte. With a protein free Aot
urinary nitrogen 4deoreased to a nearly steady value within

2 to 3 days indicating poor labile protein stores in these

subjectn., With Alets containing protein, consifderabls nitropen
wae retained.
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'8.Specific dymamie aotion:

The inorease in heat production, following ths ingestio!

of food, or & specific nutrient, is referred ag ‘spseific

Aynamie aoction'. Meat increment resulte in a slgnificant loss

of the ingeeted energy, the extent of which is 1nf1ueneed by
various factors. “ome of the works on the subject are reviewed
here.

Rubner(1902) (cited by Blaxter,1956) Aemonstrated that
in man, the amino acide that are incorporated inte body proteing
exert no heat effeot (SDA), whereas AIf they are Aeaminateq,
there 15 considerable (377) inerease in heat production. Part
of the oombuatablé energy of the amino acides will be exersted
in the urine as urea and other metabolites which amounts to
167 of the heat of combusten of protein metaboliged.

Fawkine (1962) Aescribed the specific Aynamis sotion
cuantitsz tively as the energy increment tq the basal, which
resulte from food utilisation. For any one food or food mixture,
the total inerement is proportionate to the amount fed. Foods
high in profein have the greatest effect. It follows, that
under such coniitions, if the calorie value of the food given
Aoes not exceed the basal expenditure plue the inorement, there
will be negative calorie balance.

Armetrong and Blaxter (1986, 1957A,8 and ©) conAuated
a seriee of experimente with gheep, to study the hest increment
of volatile fatty acide, and foundl, that éoetio acid inereaces

1
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the heat inorement conesiderably. They concluded, sinace the
profucte of Algpestion of flbre are fatty acids and the propor-
tion of acetic 2014 inoreases with fibre content, the heat
inerement of feed inoresses with its fibre content. Further,
they found that the heat increment of high protein 4dried grass
vas about 507 above the medium protein Aried grass.

Bogomolov (1980) studied the DA of protein feeds in
cattle. . Fe found that protein free Alet produced a slsar refuc-~
£1nn 1n oxveen consumption of about 327 compared with that on
atandard? ration, After fransfer to green maize oxygen congumpe-
tion rose again by 33% for cows anl 387 for calves and even
more when high-protein mixture inelwling clover and veteh was
given, It wae calculated that 1 g. protein of green maize gave
heat increment in calves by 3.2 Keal. and 1 p. protein from
clover, vetech and oats mixture increased it by 7.86 ¥eal.

Cahn an? Houget (1960) argued, that carbohvdrate
supplied in excess of what can be gotred is rabidly convertad
into fat and that it ie¢ the heat liberated in this process that
412 lost 4in specific dynamic action. Since comparatively little

nitrocen can be stored in the bedy when given in excees of

requirement, the SDA of protein is high. Since fat can be stored

almost without limit, it hag 1little or no SDA.

Lery (10680) estudied the influence of nutritional state
of pig on basal metabolism, He ueed pige weiching between 29 %o
84 kp. Nry matfer intake varisd from 450 to 1300 p. per feed

an? Altropen intake from O to 42 p, Torrelation coeffieient

B
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between oxygen consumption and nitrogen intake averaged
+ 0.654 ¢ 0.097, but there was little effeet of dry matter
intake on basal metabolian.

Rokushima (1981) reported that basal metabnlie rate
of rabbite was not affected by changes in protein gupply. The
SNA of glyeiné or the hydrated produst of protein was elgnifi-
cantly high in them on a high-protein Adet and low in those on
2 low-protein Ajet.

Fartsook and Hershberger (1983) examined the influence
of low, intermediate and high levels of Aletary protein on heat
production of rata. They reared 28 rats on 1900&1&10‘ but ‘
containing 8,25,41 and 577 protein Alets. All the rats were fed
in equal guantities. SDA of the food and the total heat proiue-
tion (gross energy of food minus the aum of energy of excreta
an? energy of the weight gain) of the animals Aeoreased as the
dletary protein incrsased from R to 26% and then increaged ag
the dletary protein increaged from 25 to B77. Welght gain, feed |

efficiency were at maximal valuee at 257 level of Aletary

protein.

7. ¥izcellaneoup studieg:

The literature, which could not be reviewed unier any

of the previous sub-headings, are raviewed here unler.
Blaxter (1951) reported that in young Ayrshire calveas

Auring nitrogen free feeding period, the metabolio faeccal

nitrogen was 0.427 + 0.013 g,/100 g. dry matter inpeated, The

ke A b b e et A e R e b




. ( A H.) THESIS, 1967,

S

MAGADH UNIVERSITY M.

e e —

enlogenous urinary nitrogen was 81.9 mg. /3ay /kg. body weipght.

Trvin et al.(1951) atudied ‘et energy Va. TNN'! 4pn
evaluating the effiotency of an all-alfalfa hay ration for
milk production. The actual milk profuetion Auring all-alfalfa
hay ration was much nloser *o that expecte?d on the hamia of
TON ealoulatinone. No markes inoreases were obrmerved in milk
profuction when part of the hav Was replaced by grounad sorn,
eellulose mix, enrn etarch, cane gugar, Aistillers aslubles
and soybean oil meal,which could not be explained on a nes
energy basls.

Lofgreen and Xleiber (1983) Aetermined that averspe
metabolie nitrogen exoretion was 0.27 2. per 1700 g. Ary matter
intake in the case of young Aairy cslves.

Blaxter and Graham (19568) showed that energy retention
depended on intake. “nergy losses in faeces, urine and heat
tenleq %o ralse as fee? intake 1s increased =nd loeses in
methane fell, resulting deecline in net energy.

Slaxter (19568) suggested that Kellner's stareh

equivalents can be expreassed in calories ac followg: -

1 kg. 4ig. protein = 2240 ¥Xeal.ae fat in body
1 kg. Alg. WFE = 2360 Xeal, ¢ o
1 kg, Aig.Fibre = 2380 Keal. * "
lo§§591155 e 58A8 Foal., * .

in graine = B003 Keal, * "

in roughage = 4508 Kcal, ¢ "

Average = 5310 Koal, " "




46

MAGADH UNIVERSITY M, $c.( A. H.) THESIS, 1967.

e

e e e e e e e

For losses Aue to fibre, Aeduct 1,360 Keal. for every kg. of
orude fibre in 100 kg. of feed.

Crampton et al.(1957), at the instance of Uommittee
on Animal Futrition of the United States Research Gouneil,
suggested a mathod of converting TON values to aceeptably

accurate corresponding calorie figures. Acoording to him :-

% protein x 5.85 +
Carories per gram ™Y =« 4 fat x 9.3 + x(1.018-0.0108%
€« cm X 4,3 “fat)

Freston (1968), recognising that the protein reauire-
mente of growing-finishing cattle and lambe are & function of
boly weirht, body weight gain and dipestibility of the protein
in the ration, sugpested that daily protein requirement can be
expressed by the following equation.

Mig. protein for cattle(g.) = 2.?9!90;:;? (1+1.906) and

Dig. protein for lambs (g.) = 2.'?9#)1‘;;? (1+6.02G)

Where, w";tza 1g the metabolic mass and G is the Aaily gain(Kg.).

® e 0 a0
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MATTRIALS AND  METRODR

K me an

Twelve apparently healthy Tharparkar male calves of
&ge ranging from 11 %o 18 months were selected for econduoting
the expsriment at the Government Cattle Farm, Patna. The
cal&@a were Aivided in®o three comparable groups. Firet, sll
the animals were grouped into triplets, consisting calves nf
“imilar age and weight, as far 22 poseible. The ealves in
each triplet were allotted %to eaech group by raniom Alstribut-
ion. Marginal ad justments were made by transfer of few eslves
from one group to another go that the averages boly weicht an?
&ge of the four calves of easoh group were similar %o the
extent possible. The details of Alntribution of calves are
presented in table 3.1.

~ TABLE 3.1
Distribution of lya ] -y
G A i
Calf No.l Age*® *}?zé.’lca1r Ro.] Age l;:;Jg:}ri Age l(ﬁz'
156/65 1-.3-28 100 156/66 1.3-29 118 122/ 1-3-256 134
181/656 1-3-19 130 162/65 1-3-18 112 13:/ 1-323 100

19/88 1-.2.01 198 30/66 1-0-23 198 B/66 1-P-20 08
72 /68 0-11-08 08 48/88 1.n-11 102 736’ N-11-06 114

Group Av.1«£.08 113 1-2-.08 115 1-P-11 111
+ 8,E, 40=-10 + 8 +1-03 43 +0-14 413

*Ape in yeavre,months & daye on 1-4-67,the Aate of seiection.
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The calves of first group symbolised ags group A,
served ae control and were fed on ration accoriing to Vorrigon
feeding etandard as general guide, The second group B was fed
with a ration giving 207 lems of DCP but ensuring equal TN %o
that of group A. The third group C was fed with a ratinn with
eaual DCP but 207 legs of TN, compared to group A.

The animale were traneferred to a separate ghed, and
fed in inividual fcediln'g troughs dally, throughout the perioed

of experiment. The existing ration of the calves wag gradually
changed to the experimental rations. A period of 30 Aayes elaps-
el before all the groupﬁ continued to consume thelr auota of
the ration. This unusually long preliminary period, was mainly
flue to the refusal of group © animale to consume the recuired
amount of coneentrate conglating of 807 of ground nut cake.
Puring thie preliminary period, calf no.158/68
Aeveloped Alarrhoea and found to be suffering from helminthia-
eis. Fence thie calf was replaced by snother oslf no.11/66 of
gimilar welght and comparable age. All the animale wé?e oﬁée
treated againet helminthe vith "Phenovis®. 0alf no, 156765 of

group © was persietently refusing ma for portion of 1ta.oonoan-

trate ration, but obgerved it resdily taking the soncantrate
m! xture B, Hence thie calf wae tranefarred %o group B Alg.

placing calf no.162/65 to group O.

v w e —

All the animale excapt those in group € were taking

their full quota of concentrates and roughage oulte early in

the experiment, Calves in group C, probably due to high content

VL R v TR T .
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of ground nut cake in concentrate mixture, they were not con-
suming completely t111 the end of the prelimirary period as
already mentioned.

By the end of the preliminary period of 30 days, all
the calves were consuming their caloulated ﬁ:ll guota of
concentrate and roughage. The feeding trial wse conduoted for
120 Aays. The Aistribution of calves after the expiry of the
preliminary perin? 12 given 1n table 3.2.

TABLE 3.2,

Final 4istrbution of calves after the

i ezaizx_gz__n%_nzsLaﬁinazz_nzalgﬁf ¥:
' Gr [+]
Calf No. Age  ["t. [oaif ?*939 (W, !éai?“rggﬁi“”“Tﬁif““

Y, M. "i.“m,“no, [y . g, ,I[;gl!gg, Ig. 5,3,1;3,1
156/686 1~ 5-03 106 155/86 1.5-04 133 162/85 1-4.23 191

161/86 1- 4-24 152 159/85 1-4-28 98 B/86 1-3-28 10°
19/68 1- 3-08 137 39/86 1-1-28 138 11/86 1-3.20 114
72/88 1- 0-11 100 46/86 1-1-168 115 74/66 1-1-10 122

Oroup 1~ 3-11 124 «  feBal1] 126 1-3-04 116
average

Puring the period of experiment, the weather was warm

and 4ry in April, hot in the months of May and June an? relativd

aly eool an? humi® Auring the monthe of July, Auguet and
ceptember with oceasional rains., Wfeather Aata during the
period, consolidated from the records of the neirshbouring

*Regional Fotato Research Tnetitute” ,Patna 1s glven in table
Zads
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TABLE Sl
Average weather data Auring the experimental period.

¥onth Te Av:nggg_ [Reiative 1ra1:°§:%1
w2 Maxtimum(“F) JMintioum Thumidity (2)f  m.m.
Apm 1l 98.2 €9.0 88 28,7
May 100.7 78.5 /7 29.0
June 101.4 R0.9 76 21.3
July 03.3 79.8 a7 158.8
Augunt 89.68 78.0 a1 213.4
“eptember 29.1 77.1 a8 478.1

Computation of raetions:
Soon after seleotion, the appetite of the calves were

determined for computing rations, 8o &s to ensure theliyr intake

according to the caleoulated levels. In addition to the umual

1 kg. of farm concentrate mixture, weighed amounts of PFaragrase |
i wae fed to eaoch calf geparately for 3 daye. The Ary matter
| intake of individual calves ranged between 2.5 to 2.78 kg./day.
To avoid the incidencez of feed refusal, 1t was Aecided to

1imit the Ary matter intake of each calf to 2.5 kg./day to

|
|

|

|

|

{ start with,
} The average body welght of calves was 113 kg. (250 1b,)
: Morrison (1989) recommendation for this weight rangs of calves
1z, Ary matter 2.68 - 32,26 kg., DOF 280 « 318 g. «nd TN 1.89 toj|

.27 kp. foulf /Aay.

bl
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Taking into conelderation, the proximate composition

of feeding etuffs, as recorded by previous workars in this
laboratory ana AMpgeotibility cosffioients of nutriénts as
mentioned in the bulletin, "Mutritive value of Indian Cattle
faede an® feeding of animale"® by.ﬁen and Ray (19684), Aigestible
nutrisnte of the feed stuffs ueed in the ration were preouned

to be as follows for the purpose of computation of matione.

Name of the feed astuff DOP  TOHN Hemarka,
£) (1)
Wheat bran - 10.82 68.9 Fregh matter baele
Groun? nut cake 32,48 71,2 «A0-
Green Paragrase 4.30 64.5 Dry matter basia.

Ration oconsisted of three concentrate mixtures ,one

for each group of calvee, containing ground nmut cake an? wheat
bran in Aifferent proportions, to pive the Asgireq pro%ein
level; mineral mixture anAd salt;nnﬂ green Faragrass ag sole

roughage.

a o) o)
"eed atuff iﬂatlon A iﬁation Biﬁataon o

I (xa.) & (Xe.) { (Xz.)

Towlered ground nut cake 20 4 60

Wheat bran 80 08 40

thiviomin'mineral mixture 1 : 1 1
(x.0.1.)

alt 2 2 ?

"otal 103 103 103




Taking into consideration, the proximate composition
of feeding gtuffs, as recorded by previous workers in this
laboratory anA Ageotibllity coaffioients of nutriénte as
mentioned 4n the bulletin, "mutpitive value of Infian Cattle
feeds an® feeding of animals”® by.ﬁen and Ray (1984),'61gsstlb10
nutriente of the feed atuffs ueed in the ration were preouned

to be as followe for the mrpose of computation of wpatione.

Name of the feed atuff DAr  THN Eemarka.
(£) (%)
¥heat bran 10.82 688.9 Fresh matter basis
Groun? nut cake 32.458 71,3 R 0n
Green Paragracse 4.30 64,5 Dry matter baats,

Ration oonsisted of three concentrate mixtures,one
for each group of calvas, containing ground nut ocake anA wheat
bran in Alfferent proportions, %o give the Asagired protein

level; mineral mixture ana salt;an? green Faragrass as sole

MAGADH UNIVERSITY M. Sc. ( A. H.) THESIS, 1967,

roughage.
Oona ...‘3‘;:,. 1 o
Peed atuff ation on Bifation
I__(k@.) § (Xe.) i {(Xz.)
| “owlered ground nut cake 20 4 60
Wheat bran 80 06 40
‘hvlomin'mineral mixture 1 . 1 1
(I cc OI ° ,
alt 2 2 2

“otal 103 103 103
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The nutritive value of the mixtures was worked out
to be "G an? TDN content in omder 15.0, €9.0; 11.5, 69.0; as—
3.0, 70.7 pareent far the mixtures A,B and C prespectively.
"nffielent quantities of powlered ground nut cake and wheat
bran wers stored separately, in advance, to minimise the
variatione in chemioal composition of the concentrats mixtures.
The mamufaeturers of 'Aviomin' brand mineral supplement,claimed
that their profuect %s in accordance o the 1.9.7. gpeeifiecation
and the flurine content 1s 1imited to 0.004 7.

Inflan Btandards Inetitute in thelr specification
no.I18:1664-1960, specified the recuirements for mineral mirture
for eupplementing the cattle feeds, According to them the |

mineral pixture should contain:e

Molsture - Max. 7t
Caleium = KEn, 22.0%
Fhosphorous ¥in. 0.57
Salt - Min. 30,071
Iron - - De4 to 0.6%
ToAine am XTI - 0.2 %o 0.3%
Copper - - 0.'06 to 0.17

Manganese « -~ 0.09 to 0,129

Cobalt - e- 0.12 to 0.02%
Flurine - Max., 0.09281
Tporee PR fpores of Bacillus anthracia,

0lostridium botulinum, Cloetridium

chauvoeli, Cloatridium septicum shoula
not be preeent,

ST
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Tvery time the concentmate mixtures AB and © were
prepared in quantities sufficient for a month. All the in-
gredients in the rations mentioned eariier were well mixed
&nd stooked in eeparate gunny bags sﬁd were labelied properly
before etaoking them.

Prily ratione for experimental calves ana their

faftimated Algestible matrient sunply, at the commensement of
the experiment are as follows:.

MAGADH UNIVERSITY M. Se. { A. H.) THESIS, 1967.

Oalves of group A. D.M. DCP TON
(kg.) _(g.) (xg.)
1.78 kp. concentrate mixture A 1.89 282 1.20%
4.00 kg. green Faragracs 1.00 42 0.544
Total mutrient intake/cslf /day. 2.69 304 1.761

Cinlves of up 8.
1.75 kp. conoentrate mixture B 1.50 201 1.20%
4,00 kg, green raragréss 1.00 a2 .844

Total nutrient intake/oalf/day. 2.50 243 1.76%

Calveg of group Q.
1.00 ke. concentrate mixture ¢, 0.01 237 0.708
5.00 k. green Faragrags 1.26 54 «681
Total nutrient intake/oalf/day, 2.16 201 1.304

-

By giving the above mentioned rations, group A ealves
were receiving NCP at VYorricon's average standard ana ary matter
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and TON intake slightly lees than the minimum resommendation.
Oalves of group B were ensured game Ary matter and TDN intake
but 207 less DOP than proup A. Group C received same DOP but
TON intake was 20¢ lecs than group A. Inspite of larger amount
of roughage piven to this group, group ¢ was offered less dry
matter than the other two groupes because of the neceasity of
20¢ less TPN intake. Throughout the period of experiment, seme
amounts of rreen Paragrass were given to each animal. The
ration of concentrate mixture was however, increased by 100 g.
every month to meet the increased maintenance raquiremeﬁt. The
above mentioned nutritive values are only tentative. The actual
values based on our Alpestibility coefficient data, were
precsented in the chapter 'Results and Aiscuasion'.

Feedi

All the oalves were housed in a ghed an? gtall fed in
individual feeding troughs. Required weighed amounts of concen-
trate mixture were given between © - 10 a.m. At 10 a.m. and
4 p.m. 81l the animale were offered water ad 1ibitum. At 4 p.m.
require”? welighed amounts of green Faragracs (ehaffed) were
given to calves., Orts were nminimum Aurings the peried of experi-
ment. Whenever there were left.overs they were weirhed and
pamples were taken to the laboratory for 4Ary matter estimation
and making necessary entries in net Ary matter ani nutrient
intake,

Chemical £ .
fampling:- All pampleg were colleoted from 10 or more
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different places in each bag and diffevent bage and well mixed
to form a representative bulk sample. Oreen Parogrses wag
alwayve sampled at the time of offering 1t to the calves. About
800 g. of sample wae collected from 10 or more different places||
of the chaffed heap of Paragrass and brought to the laboratory
in & wide mouthed jar and the Ary matter was estimated, Dry
matter content of the Faragrase was estimated weekly onece
during the first three fortnights and, daily for the remsining
period of the experiment, to facilitate the correot determina-
tion of Ary metter intake from the roughage.

After drving in hot air oven, the grass sample wag
bulked for & fortnight from which, representutive samples were
taken for estimation of crude protein and for monthly proximate

analyeis of all nutrient components.

Metho

Molsture «.+ By keeping a weighed quantity
of the feed in hot ailr oven at
100°¢ %o & constant weight as
decoribed by A.0.A.C.(1940).

Orude protein ess By Kjeldhal method as Aegoribesd
by A.0.A.0.(1940).

Crude fibre «ss Woende method as given in
A.0.A.C,(1940).

Ether extract «s» Soxhlets extration using Petro-

' leun ether (B.P. 40-80%C for Shn)
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Total ash s+« Ashing weighed quantity of material
in silica basin in muffle furnace
at 600% for 5.8 hrg.ae given in

A0.A.C.(1940),
Nitrogen free ... By difference.
extract.

All the calves were welphed at the beginning of the
experiment and then at fortnlghely intervale, %o reoord the
growth in each ocalf. Whiteman et al.(1954) and ¥ooh et al.(1988)
hafl suggested to weirh the animals after ghrinking them for a
period of 10-18 hrs., to reduce the errors in weiching due to
variability of ingseeta in the Aigestive tract.

On each ocoasion, the calves were weighed in the
morning at 7 %clook, before watering an? feeding. The last
intake of feed and water would have been in the previous evening
at 5 %gloek. Thus about 14 hre. of shrinking of ealves was
engured at the time of welighing. The calves were weighed on
two oconsecutive days and the averapge of the readings reckoned
ae body weight. The inerease in body weight in & fartnight was
the growth during the period.

Body meagurement:

Rody measurements were recorded for all calves at the
beginning an? at the enl of the experiment. Height of the calves|
at the withers, length between the pointe of ghoulder ani the
hip and heart-girth behind the ghoulders were measured, to know
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the Aifferencee 1f any in the inerease of these measurements
in Aifrerent groups.

Yetaboligm trial:

At the end of feeding trial, digestion tvial and
eimultaneous nitrogen-balance study were conducted. Twe ealvesn
from each group were seleected at raniom and were ghifted to
a separate ghed. General instructions given by lander (1049),
for conducting metabolism trial, were observed.

It was proposed to determine the faecal out put, both
by conventional quantitative sollection of faeces and chromic
ox!de indicator technicue by grab esampling. Tn the abasence of
readily available A.R. grade, ‘Dampha'’ laboratory reagent grade
chromic oxide was ueea.qf

For collaotlon[ﬁrina, a conieal rexine bag was tied
round the belly of the calf by means of tape, =0 that the
prepucial opening smugly lie in the funnel of the bag. The
ends of the tape aretied %to a elde of the body. To the bottom
of the bag, a flexible plastic funnel was fitted an? connected
to a long rubber tubing, the other end of whioh was kept in
urine reoopta&la. As and when the calf passed urine, urine 1is
drained through the funnel and fube into the receptacle. Tt
was ensured that the calves could lie down comfortably with
the device in place. During the trial period, occcasionally
the tapes were loosened to allow free aeration of ths eneloged |

gheath. Tor the rest of the period, the tapes were secured
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the Aifferences if any in the inorease of these meagurements

in Aifferent groups.

Vetaboligm trial:

At the end of feeding triel, dlpestion trial and
eimultansous nitrogen-balance gtudy were conducted. Twe ealves
from each group were gelected at reniom and were shifted to
e separate shed. Ceneral instructions given by lander (1049),
for conducting metabolism trial, were obeerved.

It was proposed to Astewmine the faeeal out put, both
by conventional quantitative sollection of faeces and chromic
ox!de indicator technigue by grab eampling. Tn the abaence of
resdily available A.R. grade, ‘Dampha’ laboratory reagent grade
chromic oxide was used,

For oolleetlon[hrina, a conical rexine bag was tied
round the belly of the calf by means of tape, 30 that the
prepucial opening smugly lie in the funnel of the bag. The
ends of the tape aretied to a elde of the body. To the bottom
of the bag, a flexible plastic funnel was fitted an? connected
to a long rubber tubing, the other end of which was kept in
urine raeeptaﬁlo. As and when the oalf passed urine, urine 1s
drained through the funnel and fube into the receptacle. Tt
was ensured that the calves could lie down comfortably with
the device in place. During the trial period, occasionally
the tapes were loosened to allow free aeration of ths enclosed
gsheath. Yor the rest of the period, the tapes were secured

]
]
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properly to prevent loss of urine,

The worke of Staples (1961), ®ing (1080) and
Clanton (1061) were in favour of 7-day collection period,
which gave coeffioclente comparable in accuracy to the 10-day
collection period. Mence 8-day colleotion period, preceded
by another 8.day prelininary non-experimental pariod wap
thought reasonable. 8-day preliminary period was for the
calves fo accustom to the urine collection fittinge and peymit
the indieator attaining equilibrium in intake and exeretion,

The same quantities of concentrate mixtures and
roughage were used Auring the trial. 12 g. of chromic oxide,
well mixed in concentrate mixture, was offered to each ealf.
To prevent dustiness and loes of indicator, the mizture wag
moistened with water.

Quantitative collection of faeces wag done mannually
and etored in a covered trav, throush watohmen kept round the
clock for the purpose. 24-hr. faeces collection from each calf
wae welrhed anl recorded. The faeces of each anima) wae well
mixed an? a vepresentative sample waes colleoted from several
places ant taken to laboratory in petridishes, Two percent of
the total collection was Xept in hot-alr oven for Ary matter
eatimation. After Arying, the faeces was powdered and bulked
in wide mouthed glage bottles, for 8 daye for further chemical
analyeis. The toSal weight of grab samples taken Aally wae
adfed to the 24 hr.-collection value, for caloulating the

amount of Arv matter excreted every day.
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For estimating the dry matter voideA by chromie oxide
indicator technique, about 100 g. of orab sample of faeces w#s
collected per rectum from every calf at 6 a.m. an? 4 p.m.

89 @ of the sample was weighed, Aried and bulked for 8 Aaye
for esgtimation of chromic oxide,

24 hr.- urine oollection of every calf was measured
and recorded. One perecent of the daily colleotion of urine wae
pooled in a bottle containing 10 ce. of concentrate eulpmric
@cld as preservative. Ticht days pooled urine sample of each
calf was stored in separate bottles and labelled for analyels
of urinary nitrogen.

Proximate analysis of faeces wae Aone according to
methode mentioned earlier. Urinary nitrogen was @stimate? by
¥leldhal method. Ueing data of Aally nutrient intake from both
concentrate and roughege; and nutrient outgo in fasces; Algestid
bility of dry matter, crude protein, crude fibre, nitroren
free extract and ether extract were estimated, |

Total nitrogen intake in concentrate and roughage,
minue the eum of total fecal nitrogsen and total urinary nitroger
excretions, gave the net nitrogen balance of the calf in

queastion.

As mentioned earlier, 12 g. of laboratory grade
ehromic oxide wae administered daily in the concentrate mixture

to every calf. The inteke of pure chromic oxide equivalent was
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9.41 g. per day per animal. By knowing the percent of ohromie
oxife in Ary faeces, Ary matter volded by each ealf was caloyls-
ted by the following formula:-

Average Arv faeoeces voides x
by calf/day (g.) - T T cohronio oxtds in ary
farcea

Analytical procefure desoribed by Gehrke (1080) was
followed for esgtimation of chromic oxide 1ﬁ'faeaes.'rn short,
the proocedure involves oxidising the chromic oxide in the
faeces by an oxidising solution into Alchromates and estirating |
the dichromates by titrating againet etandar? ferrous Ammonium
“ulphate golution.

e +

Oroln” + gre’ " + 188" —>20p +6re’ T 4 7Hy; O,

Reagents used: &
(1) Oxi4lsing solution, prepared by mixing 234 mil.

807 perchloric acid, 150 ml.A.R. 967 eulphuric acid, 118 ml.
A19tillled water and 10 pg. of sodium molybdate.
(2) Standard solution of Fotassium permanganate (N/10)/|

(3) Btjpdgrd solution of Terrous Ammonium sulphate
(m/10

{(4) Phosphorie acid 387
{8) Perchloric acid 607.
N.B.- Before use std.potassium permanganate and std, ferrvous
ammonium eulphate solutions were gtandardised by titrat-

ing with std. oxalie a0id,and standard permanganate f
solution resgpectively.

1vt edure: .
Five grams of well mixed faeces eample was taken in a

B e i e o — ~2a

S
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. Piven off indlcating nearing completion of oxifdation,
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#ilica basin ana ashed. The Ary ash was quantitatively trane-

ferred carefully into a 250 m1. Pyrex beaker. The basin was

rinsed with three 10 ml. portions of oxifdiwing solution. Tach

time the solution wag allowea to remain in the bawin for some
time anl then transferreas into the beaker. & Guantitative
transfer of ash was thus ensured,

The beaker containing ash and oxidising solution wag
kept over sand bath in fume ohamber and eslowly haated over
Bunsen flame, t111 dense white fumes of perchloriec acid were

The beaker was removed, cooled and 10 ml. of 807
perchlorie acid was a44ed and heated again un%ll white fumes of
perchlorie acid reappearad, The beaker wag removed from the
san? bath, co0led and about 50 ml. of Aisti11led water was added.
Vipon stanling, the sulphates, pershlorates and silica aettled
down leaving a olear yellow-orange solution.

A measure? excess of std. ferrous ammonium eulphate
solution wae afded $111 the solution furned to grsen. Teo

improve the sharpness of en? point, 10 ml. of 1:1 syrupy 657

phosphoric acid was added before titration. Fxeess ferrous ii
ammonium eulphate was back titrated with ctd. potsssium permang. |
anate solution. The chromic oxide content expressed in percent
wan calculated as follows:-
Vpe++x Npe+tx lﬁ X 100

fSample weight '

-4
3!'2.03 -

Where, Vpgt+ 1s the volume of etd.iron solution used up.

e -~ —
et e
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“r.** is the normality of the gtd. iwon solution usged-

182.02 19 the moleoular weight of the ehromie oxide
ani sample welight representing tha weight of
faeces sample asghed.

The above formuls 1s derived from the basis eQuation,

that 6Fe** reagte with each 01*20?‘:', originated from one
molecule of chromic oxide.

Statistical methode:

Wherever possible the data obtained wae analyaed by
the methode Aegaribed by Snedecor (1081).

Analyeie of variance: Analysis of varience helps in
Aeciding whether the resulte obtained reflect a real A4fference
in response to the two treatmentes or micht have occurred simply
because of inherent variationes in the animals ueed, Analysis

wag done for growth rates recorded under various treatments.

o W the skeleton of the anal
otal
Source of variation [ D.¥,.{ 8,8, [Mean sOuare | ¥,
Retween groups 2 A AP = a a/a
Between fortnights 7 B B/7 = b b/a
Group X fortnighte 14 n 0/14 = ¢ a/a
’?rm’ ¢ %epn % '? nm = d -
{T=A-B-C)
Total sese 08 B R S

Wherever 'F' was significant, eritical Aifference was obtained

to find out eignificance of mean difrerence of any two means.
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The following formulae were used for obtaining oritical
difference:-

fritical Aifference at 1%= togerror A.f. /5% being nq=np
n

Oritical Aifference at 6% tog ervor 4.f. /g2 being ny =no
n

Where 301 or toa is the table value with error degree of

f!‘eado e -
'g is the error mean sqQuare.
n 1is the numbey of replicates.

The critical difference value thus obtained was
compared with the differance of the averages between any two
treatments in all combinations.

Mean and standard error:- The following formulse were

used to find out mean an? standard erropr.
Yean X
v Z.J./w
1=

Standard = X" - X1
error

L B ]

P =




Yoy

.y

=

B 4
% »
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(a) Roughage:- Green Faragrasa.
Green paragrass was the only roughage uged fopr feeding
the calves throughout the experiment.

TABLE-.i.l

Chemical composition of the Paragrags samples
ex ment (exprogae: £).

1 Drw_?gﬁta
Fort-DurationiPetails of thel Dry [Grude cruaiTﬁfﬁlfﬁﬁrTKEii
nightj I Plot. imatteriproteinifibre| {1 |

g

T 5-6-8% o Plot no.2 upto £3.0 11.4 - - RS
19-5-67 7th May,changed
to plot 3.

TT 20-5-8%7t0 Pl.no.3 upto 51.8 8.2 30.9 48.8 . 10.4
3-8-67 28th May ,changed {
to plot no.18-A : |

TIT 4-6-87 to Plot no.18-A, 32.5 3.6 - - shite

18-.8.67
IV 19-.68-87%o Plot nn,18-A, 24.4 6.6 51.7 80.1 - 0.8
:’0 '7- 6? t . 08 {

V  4-7-87 to Changed to P1. 17.7 18.3 . . . .
187687 3 on 10th Jul, +.12

vr 19-7-€7%0 Plot no, 3 17.5 2.2 28.2 47.8 . 9o@.8
2.8.87 +,08

VTT 3-8-67 to Changed to Fl. 18.3  10.2 - ES by
17-8-67 6 on Bth Aug. +.00

VITI 18-.8.87to Plot no.8 18.2 9.4 36.2 42.0 2.0 9.8
1-9-67 +.08

Average for the entire period 22.9 9.6 31.7 47.8 2.0 9.9

s s 2 Al i e - ' e
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Consistent Aifferences were found in the echemical
enalyele of the Faracraes (Table 4.1) from time to time.

Yost variation was obgserved in the Ary matter content and
orufde protein. "ry matter content at the beginning was 23,07
an? rose to a maximum of 32.57 by third fortnight. Contrast-
ingly erude protein contént reduce? pradually from 11.4 to
3.5% on Ary matter basis, These changees ave Aue to increacing
ambient tempesrature and the grass galning maturity and
weathering by summer heat. During the monthe of May and June
the weather was very hot and ary with maximur temperature
101.6°F and minimum 76.8%°F an? relative humidity ranging
between 78 - 88%Y,

Flot "0.18-A is having a eewage pump, irrigatin: the
rlot with sewape water, Puring TV fortnight, grass from this
irrigated ares wag out. During that period the dry matter
content deereased to 24.4% and orude protein inoreased to 6.67.

In the beginning of V forthight, on 5-7-67 the area
received monsoon raine (26.7 mm.). The plante grew luxuriantly
and the Ary matter content was reduced to 17.77 and the erude
protein increased %o 18.37 on Ary matter basis. Turing VT,VTY
anl VYITT fortnighta the &rw matter gontent remained within
the range of 17.8 to 18.37, but erude protein was grafually
reduced to 9.47. On vainy Adaye and few Aays afterwaria, the
Ary matter reduced consiferably due to so&king 1n raing and
#etting wet in water stagnated fields. For example, after 26.7
mm. yain on 8-7-87, the Ary matter content reduced from £256.28

B e
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%o 16.80%, likewise on 17-7.87 from 17.47 to 13.10%, on 7-8-67
from P2.31 %o 17.30%. A few data on chemical compoeition of
"aragrass obtained by previous workere in this enllepe and else

vhere are tabulatea Tor comparicon with the rresent Aata,

(Valuee in perasent)
4 | % & ; 3 tter

1
c.P. oF, N.F.®

Sharma (1962) 28.0 .9 39.8 43.7 1.4 7.8 o

i |
Vo.l I
b |
2 ‘H.l‘lprh (1985) 12,5~ 3.65" 93:35" 3708”"' 1.19 7.11-

31.8  13.28 38.57 45.63 -3.80 17,39
3 ?e!athur(,l_g_& » == 16.88 33.13 38.68 £.38 10.01
4. Sindhu(1964) 30.9 7.08 27.6 sp.n .. 10.08 *
8. Talai (1968) 23.0 10.0 44.6 29.0 6.8 10.7 o

8. FPresent studly 22.90 9.6 31.7 47.8 2.0 2.8

*Bihar Veterinary College,
The ficures obtained in the present gtudy lie within

the normal vange when compared with others data.

(b) Concentrates:- Only ground nut cake and wheat bran were

used as ingredients in the concentrate mixturee. The average

composifion of these feedins stuffs are given below;:e

I_Ash

Ground mut cake 10.02 42.93 10.87 21.92 8,40 B.1%
t-09 ':-13 :-02 ttti - :-01

“heat bran 9.02 13.65 9.95 85.76 4,10 6,82

+.02 +.01 +.43 +.03 we +.13
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The result of Proximate analysis of ground nut cake
an? wheat bran samples e in agreement with Sen and Ray (1084),

TT. Metaboliem trial.

(1) » t trial:
Two calves from esch fToup were selected at random
an? ware ghifted to anothar ghed for condueting metaboliem

trial, the detalls of whiah_wars presented in the chapter

- "Materials amd Methode". All the animale consumed the entire

quantity of ration offeres during the trial, except ocalf no.
39/88 of group B whieh left on average 100 g. of green Para-
grase (Ary matter bagis) per day. The calf wag heslthy 4n
appearance and 1t wag taking 4ts full quota pravicns to the
atart of the trial.

(a) Total enlleotion:

On average each animal passed 11 dropinge per Aday,
The faeces of all animales wae firm and well formed. The Awry
matter content of facses on averape was 21,23, 21.32 and 19,93
percent for groups A,B apA ¢ respectively. Dally faeces
exeretion, proximate analysis of feeds used Auring the trial,
and proximate analysis of faecea of each ecalf are'prasenteﬂ in

tables 4.2 and 4,3. Taking into consideration the quantity of

various nutriente consumed by calves in the eoncentrate mixture

and roughage and nutriente exereted in faeces, Alpeatibility
coefficients are caloulated for each ecalf. The coefficients

are rounded off to the neareet numerical and are presented in

tables 4.4A, B an? O,
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TABLE 4,2
Taily faeces exeretion of ealves Auring metaboliem
“I¥resh | “1?naoea§f;a%eah I I Tacces,
1. [fascesl D,M. ] Dry faeces | D.M, | npy
ﬂ2;1_1§E;lli!.l..li!ﬂ&l__i_lkﬂA) I (%) Y (xg.) 1
Group-A
Calf No,168/65 aly n a/a8
4.7 20,7 1.071 4.42 21,0 0.928
2 4,62 92,7 1.048 4,84 21.3 0,988
3 4,94 292.1 1.091 4,98 £2.8 1.126
& 5.2 22,8 1.191 4,84 £0.1 N.970
8 4,864 2.8 1.088 5.64 2.1 1.303
a8 4,568 23.2 1.083 4,98 20.5 1.021
7 4.50 27.4 0,918 6.40 21.8 1.37¢ i
8 4,34 18.1 0,780 4,04 22,0 0,889
Averape 20,95 1.028 - 21.51 1.078 j
+. 28 +.017 +.13  +.0%5
GroupB
C v, 39 /66 Calf No.468/86
4.58 £3.3 1.062 d.44 22.4 0.771
2 4,76 21.3 0.928 5.20 22.9 1.191
- 3.78 22.1 0.878 5.34 20.7 1.108
4 3,98 23.8 0.942 3.9  20.0 0.766
] 5.02 21.8 0.838 4.84 20.8 1.007
6 3.78 21.2 0.797 4.74 21.7 1.089
) 4 3.68 18.9 0.892 8.38 19.0 1.212
8 4.46 20.8 0.920 3.88 21.0 0.818
Average

g8 o8 - o8 ogy | l
4
|
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TABLY 5.21993!;0.!
T Fresh T Vaecee, | Frech | ] Faeces,
91.No.{ faeces | D.M. | Dry I faeces | D.M. | Dry
I (ege) 1 (%) 1 (xg.) | (kg,% (%) 1 (ke.)
) N 2 /8 ¢ Mg .
1 3«40 e2.0 0.748 S.74 i8.4 0.688
e 3.58 21.7 0.7 4,48 19.9 0.971
3 4,70 22.1 1.039 4,08 18.7 0.681
4 3.54 19.1 0.878 2.80 17.4 0.487
8 4,12 18.1 0.746 3.42 17.8 0.6809
8 2.42 18.3 0.443 3.82 18.8 0.711
7 2.80 18.7 0.368 4.42 20.7 0.915
8 4.10 18.0 0.779 3.62 21.3 0.771
A"Gmg. 19.62 0.709 il 18085 0.%9
2027 :!'0026 +.21 1‘0021
TABLE 4.3 :
Proximate analyesis of feeds fed, an! of fasces volded by calvee
during metabolism trial i dry matter basis).
Fartioulars
C ent 2]
Group B 17.0 10.5 68.92 4.7 8.9
Group € 33.9 11.4 48.4 7.3 9.0
Gm’n mmgﬂsa T 9.4 36.2 &98 2.0 9.6
Yaeces of calf no.156/85 9.2 28,9 43.1 B.,3 15.8
- " 19/68 8.8 £8.6 42.4 B.0 18.4
" o 30/86 0.4 22.0 47.8 8.7 14.4
] " 46/86 9.8 P?o? 4907 7.2 15!8
" L 1&/55 9.9 25.2 45-8 ?.5 % 16.8
" " 11/88 0,2 28.R 44,86 2,9 17.5

o e —
e g

= e S ——
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The Aigestibility coefficiente for various nutrients
obtained from the two animals of the same group'arc in close
agreement, For the purpose of comparison, the averapes of the
coefficients of Auplicates in each group ie shown below,

TABLE 4.4D

Average digestible coeffloients for varioue nutrients,
‘group wige (percent)

e e A
Oroup A a1 80 41 87 80 515
" B RS 78 54 (212] 84 A0
. c an a8 ea &8 85 253

Ag the calves of the three groups were fe? with three
different ooncentrate mixtureg, 1t is A1fficult %o compare the
values for various nutrients between the groups. Tirst the
results of group A, fed at Morrison etandards as general guide
are taken for comparison with the results of other authors
worked with salves of same age, fed on comparable basis.

TABLE 4.
Dipestion trial data of other workers compared to

the vegults of present study(pereent)

Total
Aythgr D.M. B2, @.%.D. E.E.
Verma (1083): RBersesm lot e . B8 78 81 51
. - Concentrate lot 69 78 89 81
¥udegal (1968): Firast trial i €0 69 69 6856
ﬁt . Second trial ... (213] 84 66 67
Dalail (1988): Morrison std. group 56 70 89 78

Pregent study : Group A Sk 61 80 80 58

|
|

1
SRR S Y
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Dry matSer:- The A1gestibllity coefficlent for Ary
matter i1s in good apreement with othera.

Crude protein:- The coeffioclent fop erude protein
appear to be hish than the findings of Mudgal (1968) and Nalat
(196€), but comparable to the results of Verma (19083). Verms
aseribed the hicher coefficlents %o green Berseem in one group
and higher matio of concentrate mixture %o rouchage (87:33) 4n
other. The calves of the group A in the pregent study also
received the ration having similar concentrate to roughage ratio
(70:30). |

Mudgal (loc.eit.) and Malal (loe.cit.) fed the calves
in a relstively higher plane of mitrition. The 4dry matter intake
for their calves were on average 2.1 amd 2.8 kg. per 100 kg body
welght per day respectively; whereas in pregent gtudy the calves
were fed on average at 1.6 kg. Ary matter per 100 kg body welghé
per Aay. |

¥hen the dry matter intake is reduced, correspondingly |
the metabolic nitrogen out put ie also reduced, and the lowered

proportion of metabolic nitroren in the faeges naturally incres.
eeos the apparent digeetibility of food profein, although the |
true Aigeetibility i1s not affected. Thies mipht be the cause for
the inoreage in apparent dlcestibility of crule protein in thiam |
erous. >
To estinate the actual Alfferences in true A1restibilith
coefficients for these studies, takins into consideration the |

Aifferences in metabolic nitrogen content in the faeces, true
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Alpentibilitics are caloulated,

For the purpose of comparison the data obtained by
Yudpal (1968) in the two metabolism triale for group B and the
rreasent data of group A are uged.

D.M.dntake O.F.intake Apparent

1

(kg./8ay) (g./Aay) Alzeatibilid
of C.P, (%)
Mudgal (1965) :
First trial 3.889 430 89
fSecond trial 4.819 823 54
Pregent study:Gr.A 2.712 403 a0

Assuming that an amount of 0.48 ¢. of metabolio
nitrogen 1s sxereted for each 100 -, of Ary matter intake 1n
feed (Blaxter & Witohell,1948;c1ted by lofgreen et al.,1981)
and .75 as factor for converting 1t into crude protein eoui-
valent, the trud Alpestibility of orude protein is saleulated
as shown in table 4.8.

The true Aigeatibility eoefficiente of erude protein
are worked out to be 94, 91 and 967 for Mudgal's trials T & IT
and present gtudy respectively.

The true digeetibilities of the three data are in
very good agreement.

R

T T e
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TABLE 4.5
True Aigestibility of orufe protein in the three
da -
81. 1 T i 11 é’,ﬁ"“"
2l Ttem i 1e oA
No.i ITrin it
i, "ry matter intake 4n reeddkg./ 3.A80 4,819 2.712
ay
2. Apparent digeatibility of 89 64 80
crude protein ¢
2. Apparent uniigestibility of 31 36 20

Y M. Sc. ( AsH.) TIESIS, 1967,

erude protein ¢
4., Crude protein intake kg./day 0.430 0.823 0.403
8. " " excrated kg./day 0,13486 00,1871 0.008

8. MWet.Y.exorsted X 8.25(Mitechell) 0.1088 0.1290 0.0786
(estimated fipgure) kg./day

7. Undigested O.P.of food origin 0.0257 0.0872  0.019
in facaes (B*.8*)

A. Yet Aigested C.P.from the food 0.4743 0.4858 0.484
(4%.7*) .

9. True dligestibility (%) sivie: v D8.0Y 1~ 81,14 96.07 1
( g-: X 100) (94)  (91) (96)

* Fepresents respective item value in the serial numbver.

Total carbohydrateg:~ When the to%al earbohyirates

are taken into onnsideration, the Aigestible coefficient of

pregent atudy 1o in agreement with othersg' findings already
cited, When the coefficient is partitioned betwsen erule fibre

and nitrogen free extract, there are much Aifferences, probable|
causes of which are Alscussed when differences within the gmupu_

are digcugsed.
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Tther s;&g!gt;. The Aigestibility coefficient for
ather extraect 1o 557, Again this coefficient appear to be lowey
than the findings of Mudpal (1965) and Dalal (1988) an? tallying
with the Bergeem lot of Verma (1987),

While Algouseinz the eisnificance of Algestibility
enefficlent of ether extraet, Armsby (1931), in his book "The
nutrition of farm animals”, wrote that unreabsorbed bile consti4
tuents, gsome of which are ether soluble are exorets® alongwith
the faeces. As the ether extraet content of usual feeding stuffg
s emall, the interference of these ether soluble constituents
of unreabsorbed bile rives relatively large errors in computing
the pereentace Aipestibility. e also mentioned that several
instances are on reco™ in which the ether extract of the fasced
hae aven excesdefl that from feed,

Seshan (1932) and Dasgupta (1943) reported that
apparent Algestibllity of ET of the ration will be lower, if
the TE in the feed iteelf 1s low. Seshan (los.oit.) found that
the Aigestibility of 'unsaponifiable matter' component of TF
may be even nepative and conoluded thaut aome of this component,
found in faeces 1a Asrived from the dbody, an? ie not an un.
Afgeated fraction of ingested subestance.

Farifiel (1920) also encountered the problem of high
fat content in the faeees an? advocated usine fresh facces
hyiroliged with hydrochloric aci® aml Aried rapidly for 2 hre.
at 96°C before being extracted in conventional way, to avoid

the T fraction of bofdy origin.
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The previous A1scuseion will indieate tﬁut high ether
extract value in faeces and Adecreasing Alcestion coefficient ig
not uncommon. As Armeby (1930) sugpested, the Aegerdipaney is
relatively of less importeance in view of the small role which
fat plays in the orMinary rations of farm animala.

Pigeatio 2. enta betwe ; A,B and G,

The average Aigestibility coefficients of each group
are already presented in table 4.40.

Dry matter:- The Algestible coeffiecient fnr Ary
matter 1e lowest in wroup A (817) and increased to 657 ‘n proup
B and reached maximum of €77 in group C. Nigestion coeffieclents
for erude fibre also followed the same orier.

¢ betuea 2 i« Detween groups A
and B, Ary matter 4nd total Aigestible nutriente intake was
almoet the same, but orude protein for group B was about 207
lower. Aut in the Aigestibllity ocoefficiants, there is marked
Aifference for various muftrients. Yost marked Ajfference is
with ernde Pibre., This mav bs Aue %o lowered protein intake in
group B resulting ‘n inereaged Aipestion of orufde fibre, This
ta in secoriance with the findings of Witezack (19587), who
atudied tha influence of Aifferent lavels of protein contente
o feed on Ascomponition of fibre in the rumen of sgheep and
found that the amount of fibre Adecomposed on Alet lowepy in

protein was sliphtly greater,
In fact, in the present etudy, in the calves of group
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B; only 32 g. more of erude fibre was decomposed per Aay. The
orude fibre oontent of the entire mation wae a8 low as 18,27
an? Ascomposition of affitional 22 €. of orule fibre pcave
higher Aypagtiblliey coefficienta.

The components crude protein an? ether oxtraoct
recordied low Aimeetibility in group B whish chould have Accrea-
@e? the value for Ary matter Aizestibility, but their impact
is very low bacause the Aifference in the pereentace digeati-
bility of orude protein is very low and thourh the A1ffarence
is hich for ether extract, the total amount of ether extract
playing the vole ie vory low,

The Aeoreaced Alpeetibility coefficient for orude
protein for grmup B might be Ane to 1ts comparatively wider
nitritive ratio (1:4.50) than that for group A (1:3.43). It ie
an established fact that wider the nutritive ratio, lowepr the
apparent Aicestibility of crude protein (Maynord ,1088) of o
ration.

Compari con between groups A and C:- Tt %a notices
that except nifrogen free extract, all other components recor’d-
e? a high percentage of Alcentibility for proup 0. The ration
for thie group ie low in Ary matter ant enargy, but erude
protein level ia the same. As all the mutrients recoried higher |
Airsestibility, a common cause ia expected for this rise. The
main difference was in their Ary matter intake. Vhereae group A |
was fed at 1.04 kg./100 ke.body welipght, group O was fed ut

1.68 kg./100 ko.body welipght. Thig low level of Ary matter intake

P _—
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would have resulted in higher Algentibility of 4ry matter along
with other mutrients. Morricon (1950) mentioned that Parm
animale ueually Adcest a elightly larger persentape of their
feed when fed a geanty ration, than when they wreceive a full
»ation.The probable canses leading %o higher Adreatibility of
Ary matter in group © are given below.

(1) Tt is reporte? tShat the Alcestinllity of orule
fibre 1o penerally dependent upon the rate of paasage of fead
throush retioculo-rumen (Balch,1050; cited by Bhattacharya,1906-
f7). “lower the rate more the Aicection of crude fibre. Mean
retention time of Ary matter in retioculo-rumen was foun? &n be
airnificantly negatively correlated with amount of Ary mattey
eaten rer 100 ke, body welpgh® by French (1988), Makels (1968)
an® Paloheimo an? Makela (1980). Thues Aue to dscraase in Ary
matter intake, oruie fibre Aigeation wag more in group C than
in zroup A.

(2) Crude fibre in the ration tends to exert &
proteative influence nrrainat d4prestion of all nutrients
(*aynord,106R8). Tnoreaced ﬂlg'eqﬂm! of oem™fe fibre indireatly
racilitated the Aicestion of other nutrients.

(?) Mecroans? ool resifues might have Aeoresged
the rate o flow of Alpeata throuch lowsr gut an? improved the
absorption of mitrientas from the J\,umen.

Nipantibt 11ty aoefrﬂ'oiant for orude protein was

ag7 for group ¢, whersas for mup A, 1% was only 80%, "he
narrower nmutritive ratio of the mtion of the group 0 (1:2.885)
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than that of A (1:8.43)‘anﬂ the reduced metabolis nitrogen
éxeretion Ane to Aeoreased Ary matter intake, might have
caused the inorease in dpparenf Algentibllity of crude protein
in the group C.

To Aetarmine the extent, this Aecreased metabolie
nitroren has inflnenced the apparent dinﬁatibil&ty, the frue
Algestibllity of orude protein 1s caloulated on the same lines
Aesoribed earlier,

Average N.M. intake : kg./3ay = 2,741

Metabolic-N x 8.25 for
thie dry matter intake : g./day = @83

Faeoal crude protein

exoration 2. /day = 70

se

Faecal crude protein
of food origin

Total C,P. intake

s

. [day . 7

Net C.P. absorbed : g./3ay = B05
T Adgestibility of
0ur. (1) . ’ = -g‘-i?gx 100 = 98.1

The true digestibility of orude nrotein in group O
1s 08.17 and in group A 96.07%. Thus the inorease of 2%
Airegtibility may be attributed to the narrow nutritive ratio

of the ration for group C,

Nitrogen free extract:- Contrary to all other

nutrients, N.F.F. has recorded lowset 41restidbility in group O, |
The increaged crude fibre digestion 1ndirectly loweres the

Algestibility coefficient of W.V.E. ndipested reasidues of
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orude fibre component mirht have been sufficiently broken
Aown %o appear in N.F.E. of faeces instesd of in the opude
fibre portion (Maynord,1987) and- would have given lower value,

Tther extract:- The hicher Aigection coeffieient for
@ther extract for thie group might be Adue to improved resorp-
tion of constituents of bile, The energy intake for this group
is low. nder this etress, the system would have been so ad juet+
@A to cheok the wastage of enevey and congerve as much ag
poeaible by way of reabsorption of the bile eonatituents along
with other measures. This type of economy usually takes place

with constituents like water, ions of eofium, votaseium ets.,

but no speeific inetance on record is avallable in support of
this view, exocept from the works of Sharma and Talapatra (1983))
who obtained Aigestibility coefficients of EF 61.64% in high-
Plane group and 74.377 in low-plane groups.

(b) Estimation of Ary fasses out put by ghromie oxide

indicator fechnigue:- Puring Aigestion trial, Aaily grab 5amplnH

of faeces were collected from each calf at 6 a.m. and 4 p.m.,
Aried in hot air oven and bulked. The bulked samples for B Aays
were powdered and mixed well before the chromic oxide ocontent

was egtimated asg Aegeribed in the chapter "Materials and

Methods" .
From the pereent of in?locator in faeces, the exeroty

of Ary faeces by each calf was estimated. Taking the values of

Ary matter excreted, obtained by total colleetion metho? and

S

Lt




MAGADH UNIVERSITY M. Sc.{ A. H,) THESTS, 1967.

S R T S
PSS ———

concentration of indicator by pgrab sample teochnique, average
recovery of the inflcator was caloulated,

As an evample, caloulations in detail for the calf
no.186/85 of group A is ziven below:-

(a) (b)
Dry faeces ashed - 8 g. 6 g.
aga, rett (%/12) solution adsed 20 do. 20 ce.

after perchloric aeld Aigestion

qtﬂ.por..pomngﬁute mfg;a) back
titrated with exceps Ve

2.8 Gc. 94.4 cc.
Averapge - 2.5 co.
" An terme of (N/12) 3.2 ac.

n/12 ve** titrated with Org On ~  20-3.2 = 16.8 co.

T OpgO3 in faeces -V XN X 123&92 x 100
Sample weight

Where V 18 the volume of std. Tet+ titrater

¥ ie the normality of Te** golution uged

= 16.8 x 1 x 182.02 x 100
12 = 8000

- 0008 Sobprennnbssasoll)

Average Ary faeges gzarotod Quantltydof 1nd1-x
by the ealf (g./day - ggggg fe 100
: 3 : % indicator in faeces. |

o 2&%15§§%QQ 21328 —uw (IT)
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“ of recovery of ehromic oxide from grab sample:

Average dry matter out »t in facces
as founi by “otal eolleotion method = 1025 g./dsy

Amount of chromic oxide fed = 9.41 g, /Aay
Coneentration of chromic oxide in
faeoes (T,above) = 0.7002 «
Total ehmmie oxide recovere? dally . 1028 x 0.7092
88 per gvab sample aoncentration 100
® recovery of Orp0s = 1028 X 0.7002 x 100

100 9.41

= 77228 e eeeen (TTT)

The values 4n respect of ather calves also are-
calculated and incorporated in table 4.6.

TABLY 4.8

Tetimates of Ary faeces exeretion and reenvery
of indicator by grab-sample method.

1CalfiDry fasoes out (7 indloa- TEetimated D.¥. 12 recovery
OroupiNo. Iput(total eoll-Itor in gr-Jout put by grab] of
Iection;g./Bay) Jab samples]sample method, | Crgﬂé

158 1028 0.7092 1326 77.25

: 19 1078 0.8375 1472 77.83
39 a7 0.8863 1099 79.71

: 48 091 0.7964 1183 83,77
182 709 N.9878 083 72,15

. 11 729 0.9221 1021 71.44

Tn all observations, the es*imated Ary matten exXors.

tion by grab sample method i1s considerably more than the values

blained Ly za&,(cmi&jw clioh . i High (BTl s dine B Lo

T
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Among various works with chromic oxide as indicator
for Algestibility trials reviewed in chapter "Review of liftera-
ture”, only few authors reported erratic results by this method.

Hardigon and Co-workers (1989) in three Aigestion
triale obtained low recovery of chromic oxide both from totally
eollecten faeses ant gorab samplea., The mean recovery of indiea-~
tor from tatally eollented faeces was é9.4 to 97.5” anAd from
grab samples A9,7 to 98.4 ¥, They eatimater the average Aally
faeoal Ary matter outgo from grab sample technicue with an error
of about 14%€.

Clanton et al. (1962) reported 95.1% recovery of chromio
oxide in total colleoctions and still lower recovery from grab
sample technique.

Neinum gt al.(1962) found traces of the indteator in
internal organs like liver, lymph glande and kidneys., Po aftri-
buted the absorption of chromic oxide from alimentary eanal se
the preliminary cause for low recovery. |

In present study, it was presumed that the grab
samples obtained at 8 a.m. and 4 p.m. gives 1007 recovery of
the inficator. Nameoks and Co-workers (1966), Balch et al.(1057),
Putnam et al, (1958), Fardlson an? On-workers (1952), Corbett

et al,(1980), Iinnery’ and Nonker (1961) and Majumdar and Cupta
(1982) reported that the inherent periodieity in the chromio
oxide excretion pattern is not uniform and 1s easily alteren
Aue to factors like time and method of administration of indieca-
tor, type of feed offered and other feeding and management
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practices.

The survey of Putnam (1062) revealed that 56
laboratories out of 101 from whom reports were reseived uged
chromic oxide in dAigestion trials and among them 26 laborator-
ies obtained abnormal results at one time or other.

The concentration of chromie oxide in the grad u-mph
of faeees collected at Aifferent timee of a day, 18 reportes
fo bave a wide range. Aceording to Fardiecn (1983) the voncen-
tration ranged from 72.8 %o 129.3% of the mean values for
the 24 hrs. Smith and Reid (1958) and Putnam (1983) reported
the range to be €6 to 1417 and 80 o 1207 respectively.

The rational method would have been to study the
ochromie oﬂdo exoretion pattern and seleot the times of grab.
sampling to ensure 100Y recovery of the indicator.

Anbthar flaw in the present study is that ths shromie
oxide used wae & laboratory grade having 78.4 7 ghromic oxide
equivalent. This value was obtalned when estimated aftep
prolonged digestion in oxiding mixtures and moovéred after
adding known quantity of the indiocator in dry powlered facces.

The sample is found %o contain 177 water soluble
impurities, of which 17 wag dichromates and readily reduced by
ferrous ammonium sulphate,. The insoluble shromic oxide left
after washing with distilled water, when suspended in 37
hydrochlorie acld, produced a light green eolution sugpesting
the presence of aoild soluble chrombum salts as well, which
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oan not be estimated by standara iron solution.

Theee impurities, namely dichromates and other anid
soluble ehromium e2lts were included in the recovery value
of chromiec oxide in the original samples, but in alimentary
tract these soluble components might have been absorbed giving
low recavery in faeces,

Tf the recovery of chromic oxide from the totally
ecollected faeces was also estimated, 1t would have been eaglew
to conolude whether low recovery was due o either absorption
Or variation in chromic oxide exeorstion pattern. Thes eould not
be done Aue to exhaustion of perchloric acid, which could not
be procured from the markets.

As the estimates of Ary matter out-put is consider.
ably higher by grab sample , technique than by total eollsotions,
Aigeation coefricients will be lower if ealeulated by the
former method., Hence digeetion coefficients of various nutrients
were not ealeulated by the indicator method.

(11) Nitrogen balance trial:

The details of urine collection and nitropen content
of pooled urine ie given in table 4.7. Consldering the datly
nitrogen intake, anﬂ.nitrogin axoretions in Aung and urine,
balance for each oalf is reckoned and presented in table 4.8,
The effect of energy intake on nitrogen retention ig pregonted
in table 4.9. '
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Average

N-ocontent
g./1itre

3.830
3830
2.786
5.9%0
4.938
4.620
5.230
4.6656

4,763
+.377

10.42

Total urin- 45,58

ary N. .
per day./

6.080
2,048
3.408
3.620
4.480
3.520
4,380
3,738

4.013
+.337

11.12

44.63

4.590
4,988
3,730
8.1885
4.220
4.716
4.070
4,540

4,820
3.255

8.64

39.98
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JABLE 4.9

Vitrogen balance - Aata

T

{Total

OrouplCaleic.p.

lﬂo. Pntukol

ba
m:l Faeces T Urine | 'l‘otai:}g./day.

Nitrogen outgo g./day [Nitrogen

lance

4 166 483 97,27 15.20 45.58 80.78 +16.49
19 483 .27 14.72 44,683 59,386 +17.92
Average 483 .27 14,96 45.10 60.08 +17.20
. 39 390 62.40 13,12 39,91 83.03 49, 37
48 398 63.e8 16.20 39.98 65.18 + 8.80
Average 394 63.04 14.18 39.94 86.10 + 8,93
162 512 £1.03 11,04 58,68 66.680 415,24

c
11 8512 81.83 11,04 83,47 84.51 +17.42
Average 512 281,93 11.04 81.56 65.60 416,33




TABLY 4,9
The effeot of energy intake on nitrogen retention

R 5 Tow ener-
Fartioulars | W gy;high
}wotolnlprotoanlmtcin

"itroren consumed g./day -5 77.27 63,01 B81.03
itrogen apparently dtcested g. Jday 62.368 48.88 0.R0

W. apparently Aigested above mainte- 41.93 28.458 50.48
nance needs g./day

Non-nitropenous TON econeumed g. /day 1286 1344 1148
“'if.l‘opon retained g-/day son “'17.20 +8,03 “'16033
Mitrogen retained(< of oconeumed ) 22.26 14.18 19.93

N-retained (7 or apparently digested 41.02 31,39 20.39
above maintenance needs)

Ffficiency of retained nitrogen 41.96 22.41 54,80
f.N-retained /1 kg, of growth

MAGADH UNIVERSITY M. Sc. ( A, H.) THESIS, 1967,

N. apparently digested above maintenanace needs is caloulstes
as follows:-

The average body weight of calves taken for petabo-
lism trial was 1668 kg. (365 1b.). Maintenance requirement of
nitrogen for cattle 1s 43.6 g, (0.8 1b.DCP) per 10001b.body wt. ‘
(lofgreen et al.,1061) an? requirement 1s prosumed to vary with
the 0.75 power of the body welghﬁlw'va).

“aintenance requirement for animal weipghing 368 1b, =

.78
M.z__l;gﬁl «/ @
(1n0n)* g

Antilog/ log 43.5 + 2 (log 386) - & (log 1000)_7 g./dsy
: 20.43 g{ofgmmgcn%p-r Y. %

Nitropen apparently digected above maintenance needg = Appare-

ntly digested nitrogen - maintenance requirement,

—
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All the calves of metaboliam trial were having
Positive N-balance, venging from 8.5 to 17.42 g./day. There
is good agreement for the values between the animals of the
same group.

Group B versue group A:- Average nitrogen intake

of group B wag 14,23 €. lees than that of group A. But in
final balance, 1t ! lese by only 8.27 2. B group seems to
have oconserved more nitrogen by reduced N-exeretion Ehrough
dung and urine; a reduction of 0.8 p. in faeces and of 5.18 g.
in urine making a total of 5.96 g. Thie fact 1e borne by the
observations of SehmidAt - Nieleon (1964) (oﬁ,tea by Tanejs,
1666-87) in camel., It 4¢ reported that furing strecsful condi-
tions of low protein intake » the urea coneentration in the
urine of thie Species may go as low as its concentration in
the blood 1tgelr. 'It io presumed that urea instead of being
excreted by the kidney, enters the rumen via the galiva in
inereaged amount than normal, where the bacteria u'ae it in the
eynthesis of proteins.

Group O versus group A~ Animals of group ¢ had
consumed 4.66 g. more of nitrogen in the yetion than that of
group B, but in nitrogen balance it ig less by 0.87 2. In
ni trogen exeretion, group C exeoreted 3.02 £+ less in fasces
but 9.48 g. more in urine. This resultant increaged nitrogen
exoretion lowered the nitrogen balance of this group.

It is evident that the 1liberal supply of energy to

it e {1
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group E resulted in considerable amount of protein sparing
effeot, but in group U muoh of the absorbed protein ig Acanine-
ted for supply of énergy and the nitrogen component is lost
%o the animal as urinary nitrogen exoretion. <

Percent retention of nitrogen of apparently Adgeated
ani surplus over maintenance requirement was high 4in group A
(41.02%) and equally low in both the groups B (31.39%) anat ¢
(32.371),

From the nitrogen balance Aata presented in table
4.8, 1t appears that group B hag least chance of growth in
welght due to ite lowest nitrogen balance than the other groupe.
But the growth rate in thie group is &s good as for group A,
@ nominal difference of 13 g./day which is foumd to be statia-~
tieally ineignificant. Contrasbfny to thie, group ¢, thoush
they are having as high nitrogen balansce as group A, their
growth rate on averape was only 208 g./day; a 4ifference of
103 g./day and the Aifference 1s highly eignificant.

Thus it appears that only from nitrogen balance stud.

les, 1t 18 Aifficult to guess the growth in weight of any animaly|

Tn support of this point, some of the published metabolism %trial
data are civen in table 4.10.

4
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Comparison of gtudies on nitrogen balance and

TABLE 4.10

.&nthgg

i Short

Cunningham
(1960)

Ranjhan anA
Talapatra
(19683)

“harma and
Talapatra
(1083)

¥uldgal and
Ray (19866)

Studies on pigs with different
levele of protein but energy at
33 Koal/kg. body welght.

187 srude protein level .87
2687 " » 4.78
33% o " 5.74

Hariana calves : Berseem group 18.80
Berseem,bone meal group 30.10
Berseem,wheat bran group 18.80

Murrah calves : High plane “7.80
Medium plane 12.69
low plane 4.86

Sahiwval ecalves :
AQEO{ more C.P, 13.62
Tet trial B.Morrison std. 11.08
C.20% legs C.P. 8.40

A.207more C.P. £2.08
TInd trial B.Morrison sgtd. 10.48
G,Qogn hﬂ' C.P. 12-15

- noeicro

h

1000
- 20
14

328
400
431

830
448

416
303
416

416
393
416

Whether the nitrogen balance ig commensurate with

* 0lfder calves loat weight, younz celves maintained.

growth in calves of resnective groups ?

Accoriing to Maynord (1966), the averege composition
of steer excluding contents of Aigestive tract is : Water 547,
protein 157, fat 267 an? mineral matter 4.6%, Azsuming that
newly formed tigseues in growing calves has the eame composition
an? that protein oontm 187 nitrogen, each 100 g. growth
would retain approximetely 2.4 p. of nitrogen. Thue group A




) THESIS, 1967,

H.

A,

MAGADH UNIVERSITY M. Se. (

03

S ——

Whish had average growth rate of 411 g, /day ghould have a
Rinimum ¥-balance of about 9.8 g.{day, whereas 1t ghowed a
positive balance of 17.2 g./day, an excese of 7.6 #e /day over
and above the minimum requirement for growth. Group B having
&1lmoet the game growth rate, wag having juet 5.03 g.N-balance,
barely sufficient for growth,

Group C had growth rate of 298 g./day on average and
a4 nltrogen balance of 7.2 g. /38y would have been suffioient,
but it was having a balance of 1£.3% g./day, a surplue of 9.13
grams per day.

Thus it appears that ealves of groupe A and C were
putting on tiesuves with higher proportion of protein than thoss
of group B

Tt 1s known that liberal protein intalke results in
& emall increase in body, referred ag 'protein regerve!
(Maynord,1966). The existence of this protein regerve will be
known in nitrozen balance studies.

Txietence of ‘protein reserves' and their responge
to protein feeding were reported by lofgreen et al.(1961) in
calves, lagrutta and Cilento (1754) in rate, Jacobue et al. (1985)|
in cocks and Gopalan and "aragingarao (19668) in human subjeots,

TIT._Feeding trial:

As explained in the chapter "Materials and Methodg"
the animals of three groups were fed with three different con-

eentrate mixturees and pgreen Faragrass in quantities ghown in

table 4.11. —
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Cuantities of fesds offered to calvee
(kg. /Aay)

Partioculars B
S s s pa et

Concentrate mixture:

T & TT Fortnights 1.80 1.80 1.10
TIT & TV " 1.90 1.90 1.20
AV 2.00  2.00  1.30
YIri & vIxy 2.10 2.10 : 1.40

Gresn Paregracs :
T to VITYI Fortnights 4.00 4.00 8.00

All the oalves in group © use? to take thelir con-
centrate mixture very slowly. At times some uped o leave
small cuantities of concentrate mixture even for 3 hrs.after
offering the feed. fmall guan®tity from thelir roughage ration
uged to be well mixed with the left overs, an® only after
consuning them remaining ration uged to be offard.

Nrp _matter consumption:- The average Ary matter
c§nm:mptian of all anirale of each group duriny the perio? of}
experiment ie given in table &.12.

he Ary matter consumption per 100 kz. body welsht |
1a lees in second half of the experiment than in the first !
half. The Ary matter content of Paregrass which was 23.0 to
32.75 € in first tuo months dropped down to 17.5 to 18.27 in |

e e et - - sl . b
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TABLE a4, 12

Average fortnightly dry matter consumption of

experimental calves(kg.).

TAv.fortnightly P.%.consump T 55 0.7, intake

-
ng;g;}A;:zzgacon:enfinnough_ Total ;;:; ggir {g:§§122.§§;y
1 - S - e 1 =] 7
Group A
124 23.82 13.80 37.32 2.488 2.008
IT 131 £3.82 18.90 42,42 2.828 2.158
¥ ¥ 137 24.62 19.01 43.83 2.908 2.122
Iv 142 265.14 14.64 39.78 2.652 1.887
v 147 27.00 10.82 37.62 2.508 1.708
VI 154 27.00 10.50 37.50 2.500 1.623
vII 181 28.62 10.98 39.60 2.6840 1.639
VIIY iss £28.62 10.91 39.51 2.6834 1.567

Average ... 1.84 + 022

Groups
T 120 23.82  13.50 37.02 2,488 2.146
Y 127  23.82  18.90 42 .42 2.023 2.337
TTT 132  25.14  19.44 44.58. 2,972 2.358
TV 139  25.14  14.64 39.78 2.852 1.979
v 146 27.00 - 10.62 37.62 2.508 1.791
vI 151  27.00  10.80 37.60 2.506 1.718
4 156 ©28.682  10.85 29.47 2.831 1.710
VIIT 162 28.62  10.87 29.49 2.632 1.848

Average ... 1.01 + .02p
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TABLE +4.

G M 0N O R A e O 53 L i GG,

Group G
T 118 13.80 17.28 30.78 2,050  1.782
TT 121 13,80 £3.62 37.12 2.407  1.989
TTT 128 18.12  94.37 39,49 2.8%2 2,106
IV 129  185.12  18.% 27,42 2,298 1,727
vV 134 18.87 13,27 30.14 2.003  1.B561
VI 138 18.31  13.08 29,36 1,961 - 1.413
VIT 147 1R.40 13,72 32.27 2,161  1.514
VITT 147 18.49 13.65 20,14 2.148  1.487

Average... 1.68 4,018

lzet two months.

Paragrass wae fed %o the calves at a flat rate of 4 kg.
for groups A & B and B ke. for group C on preen basis for each
ealf avery day, irrespective of ifs dry matter content. Thie
iz the main cauee for reduction in dry matter intake during
the secon? half of the experiment.

Average dry matter intake for calvee in each group for
the entire permiod of experiment worked out to be 1.84 + .022,
1.01 & 020 and 1.68 » .018 kg. per 100 kg. body welght for
groupe A,B and © regpectively. The average welght of the calveg

of 8ll groups Auring the experimental period was about 140 kg,

e e r——————————— e A ———————————— R e R T —




Worrison's min'mum recommendation for the growing calves

of thle welpght group 1s 3.178 k. which works out to 2.27 kg./
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than the vreoommenled level.

Arv matter intake and some of trem are cited below.

(Cited by Mudpal, 1986-67)

100 %g. body weight, Time the actual level of fesding was lower ||

Thia lower level of feeding 414 not give any adverze

result. Vew experiments were done in Tndla at lower level of

[Bo@ly wt.1  Description of ration 1D.M.intake/

Breed I (keg.) | {100kg /oAy
¢ i jut. (kg,)
Sahiwval 190 Wheat etraw, oat silapge, 2.02
barley, G.%.cake,wvheat bran.
ariana 184 Wheat straw + Pereeem, 2.03
concentrate mixture
Tharparkar 326 Wheat straw + G.¥W.cake 1.33
" a20 ’ -4 1.68
% 1856 " e 1,93
"yrrah 236 . : 1,96

W Amounte of various nutriente
consumed by each mup&u precented in tables 4.13A,B & ¢, The

Aipention soefficients obtained in our Aigestion trial are

presumed £o hold mood throughout the period of experiment and

the quantities of various Airestible nutrients consumed are

ealeulated on that basis.
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Tatimated net enargy 1s calevlateq by converting starch
equivalents into Therms. Am an example ,nutrients intake data
of group A 1s taken : This proup consumed total nutrients,
173.82, 92.92, 436.78 anmd 28.77 keg. digestible orude protein,
Aigeatible srude fibre, Aigestible nitrogen free extract and
Alpeatible ether extract respectively. The total amount of
oerule fibre in the ration was £28,57 ke.

The estimated net energy 1z caloulated ag follows ,using
the net energy values of Blaxter (1958): -

Ihermg Thermg |
From dig.crvie protein ... 173.62 x 2.24 -~ 388.91
Alg.erude fibre .4l 02.94 x 2.38 - 210.34

Alg.nitrogen free extract 436.78 x 2.38 =1030.89

91g. ether extract... 2R.77 ¥ B.31 = 152.77 ;
Total 1791.82

Lega losses due $o orude
fibre in feed(work of digestion) :

226.87 x 1.38 = 308.13

Eetimated net snergy from the total
ration intake bt e 1483 .80

==
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TABLE SA

Congsolidated statement of nutrients consumption | |
by all calves of Group Alkg.)

Partioulars ;rort-g !J.M.g c.P. ; cr.‘!.r. N.F...g e i
Intenti  § I § {

Green Paragrass T 86.20 6.291 17.080 25.00 1.104(]|
" " TT  75.60 6.198 23.360 36.50 1.512

" g TIT 78.06 2.662 24.110 39.87 1.521
" ‘ IV 88.08 3.886 18.570 29.34 1.171]

" " V  42.48 8.500 11.970 20.26 0.8850

" " VI 42.00 5.124 11.840 21.33 0.840

" . VIT 43.92 4,480 18.000  19.76 0.078

' " VITI  43.63 4.102 15.800 10.98 0.873
Total for fortnights 437.44 30.992 138.610 212.1% 9,749
I to VIIY :

Total concentrate mixture 0%8.20 177.800 07.080 439.80 47%.57
for fortnights I to VITI. ;

grand total eoo 1273.64 217,022 226.570 651.93 52.32|
Average Aigestibility coefflecient” 80 = 41 &7 88
Digestible nutrients consumed. 173.82 92.937 436.78 28,77|

Total consumption of 4 calves in the group for 120 Aays .
Nigestible erude protein ... 173.62 kg.
Total 4igestible nutrients 768.08 kg.
Egtimated net energy oo 1483.89 Thern

B e e R - - g .
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TABLE 4,17B

Conaolifated etatement of nutrienta congunption
by all ealvee of Oroup B(kg. )

[Fort<] T T o a I E.%.

FParticulars Inight] D.M. § 0.Ps ] C,F., IN.F.%. I
| i i i i {
Green Paragrapse b 4 54.00 6.188 18.89 24.48 1.080
. " IT 75.80 6.198 23.38 36.59 1.512
" - IIX Te.78 2.721 24.60 41.38 1.666
¥ " TV 50.868 3.866 18.57 20.34 1.1714
» A v 4?.48 6.500 11.97 20.28 0.8860
o . VI 42,00 5.124 11.84 21.33 0.840
- " vIX 43,39 4.4268 156.70 19.88 0.868
* " VIIY 43.48 4,087 15.74 19,02 0.870
Total for fortnights 437.27 39.077 138.47 212.79 8.746
I to VIIIX

- Total concentrate mixture

for fortnighte T to VITYI 8385.20 142.400 87.30 491.40 39.000
Granf? total 1272.47 181.477 225.77 704.19 4?.748

Average Ainegtibi Uty
coefficient € - 78 B84 €9 40

Nigeatible nutrients consumen 141.660 1P1.91 486.89 19.100

Total consumption of 4 calvas in the group for 120 daye
Direstible ormide protein ... 141.68 kg.
Total digeetible nutrients . 792.32 kg.
Tatimated net energy «oo 1648.22 Therm.
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TABLE 4,130

Consolidated statement of nutriente consumption
by all salves of Group C(kp, )

~r- T waraAr

T

e

e T

Trort- ‘lmﬁ%%
Particularsg ln::gg{m.ﬁ. IG.P. I C.V. x -; E.2.
R i 1 5 b {

1
Green Paragrass 1 69.00 7.847 21.32 30.47 1.380
. " IT  94.48 7.749 20.20 45.73 1.800
" " IIT  97.48 3.413 30.91° 51.687 1.980
. . IV 73.20 4.831 23.20 36.87 1.464
" " v 53.08 8.121 14,96 2B.31 1.089
" " VI 52.21 8.433 14.72 24.83 1.044
" " VIT 54.88 5.508 10.88 24.89 1.097
" " VITI 54.60 85.133 19.76 285.01 1.091
Total for fortnishts 848.93 49.125 173.93 264.28 10.078
I %o VIIY

Total concentrate mixture
for fortnighte I to VIIT.506.20 171,000 87.76 194.20 36.810

trand total 1084,13 220.128 231.69 488.48 47.788
- Ave e dipestibility eo- -
. efficient ¢ 88, 84 68 as

Nigestible nutriente consumed.- 189.30 148.27 Z02.81 39.882

Total consumption of 4 calves in the group for 120 days
Digeetible orude protein ... 189.30 kg.
Total 4igestible nutrients ., 729.42 kg,
Eetimated net energy +++1383.08 Therm,

b
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Hean body weight (kg.) e 166 144 133
Dry matter intake (kg.) 2,853 2,680 2.108
frule protein intake (g.) ... 482 378 458
Pipestible orude protein intake (ge) 3s1 208 304
Total Aigestidle nutrients (kg.) 1.600 1.860 1.820

Estimated net enerpy intake (Therm) 3,002 3.9p8 £2.6871

The object of our experiment wag to feed the animalg
of group A with TDN and DOP levels at Morrison's atandard,
group B with 207 lese DCP, but equal TON as greup A; and group
G with NCP same as group A but ™Y 207 less that group A, Ag
the animals were not consuming the required bulk to give the
deeired TOW, the ration of the control group (A) was fived at
thelir maximun feeding at the start of the experiment.

¥hen the sotual avemage daily nutrients consumption by
animals off’;:gup is considered (4.14 table) 1t s founa that
ocalves of group A consumed DOP at Morrigon's average fipuves,
an? TDN only 2/3 of Morrison minimum. Group B consumed DCP
81.7% that of group A and TON glipghtly more than group A,
Group U consumed NCF at Morrison's averapge but 8lightly more
than what group A consumed anl 7PN glightly less that group A

{04.97 of group A).

e N,
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Though calves of Eroup A & B vere fed at same emrg#
level, Mue to Mgher Arestion coeffictent for ocarbohydrates,
group B ig fm to have consumed more total Adpeatible mitrie.
nte. Calves of aroup C consumed dry matter 62,87 of group A,
and the roughage to conoentrate ratio 1s more but Aue to signi.
fleant inereases in Aigentibility coefficients, their total

dicestible nutrient consumption was aetually nearly equal to
group A.

MMHMQ_MM- ¥hile supgesting maximum snd
minimum standards for DOP for farm animals, Morrison (1959)
reécommenied to use mdnimum standards when protein rich feedg
are costly and to supply enough proteins to reach towaris higheri
fipure in the standam when the protein mieh feeds are cheaper.
Lofgreen ot al, (1951b) after A1scuseing theoretical reguirement
of growing heifers, sugpested an allowsnce of 340 g. of NOP/day
to the calves weighing about 18p kg.

Conaldering these, the NCP allowance to group A ig
fairly liberal but not too much.

Total dlgestible nmutrients:- TON valuee recommended by

Morrison (1969) for the calves of same weight group, are 2,43 kgl
minimum and 2.88 kg. maximum. Thege recommendations provide a
reasonable margin of safety and aimed for calvee growing at
about 700 g./day.

Indlan cattle are generelly regarded to have lower
metabolie rate at about 207 less that the values reported for
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Furopean cattle (Kehar,1982) ana the growth rate of oalves
of pregent etudy was only 411 . /day.
9en (1083) congidering the reported endopenous urinéry

nitrogen exoretion of Tndtan cattle, worked out the bagal
metabolism to be 4.5 Therms per 4ay/1000 1b., inoreasins the
value by 287 to cover the aotivity inerement, he concludea
that the maintenance requirement of Tndian oatfle to be 5.8
Therme/1000 1b. body welight. Taking Sen'e values into congi-
deration and changing the requirement in proportion to the
welrht to the power 3/4 (w‘%), the approximate maintenance
requirement of experimental calves in prosent study would be
2.512 Therms/aay, whereas calvees of group A weve getting
3.092 Therms /day. Tor wintering beef calves of 280 1b, /foody
welicht, and m-owihg &t 337 2. to 450 g./day, Morrison recommen.
ded an energy supply of 3.8 Therms /asy .

Sen'e earlier recommendations for Indian grovwing ocattle|.
of 157 kg. body weight ranged between 2.68 kg./day for elass T
to 1.305 kg./day for claes TIT, depending upon mature hedy
welght of the breed,

Tnspite of eglightly lower level of DN inﬁake, conpa-
red to Morrison's standard, calves in all the groupe showed
suffioient growth all along the experimental poriod at that
level of feeding. Some of the experiments done in India,
feeding calves on relatively low energy are given below.

Ranjhan and Talapatra (1963) reported feeding of
Fariana calves of 147 kg.body weight amd growing at 328 g./day

_— = s —

- e . e
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with 1.76 ke. of ™N per day from berseem ana wheat gtraw and
for calves weighing 170 xg., growing at 431 g./day with 1.967
kg. of TDN per day from berseem, wheat etraw and wheat bran.
Verma (1963) fed Tharparkar calves of about 180 xg.
body weight, grbwihg at 580 g./day with 1.96 ke./day.
From the above discuesion, 1% can be concluded that
though the calves were fed at relatively low Plane, it ia

sufficient for the maintenance and reasonable growth of the
calves,

IV. Growth vrate;

wWth body weicht:

The detalls of weighing were déseribed in chapter
"Materiales and Methods®. The fortnichtly growth in weight of
the calvees are preesented in table 4.15 and reprecented in
figure 1.

The growth data was statistically anelysed for
variance and the result is presented in table 4.18.

The growth rate (kg./forsnight) of individual ecalf
ranged between 5.750 % .462 to 6.500 ¢+ .286 in group A,
5.780 + .839 %o 8,375 + .350 in group B and 4.280 + .589 to
4.750 + .535 in group C. Standard error is ranging betwesn
+ .288 for 161/86 to % .839 kg. for 39/68, which appear to be
very high. But when the pooled performance of all the four

calves in each group is compared, the S.E. has dropped down to

SR e -

+ .264, + ,250 and + .219 kg. for groups A, B and € respastive-
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_,_ TABLE 4.15 ,"
1 Fortnishtly crowth of calves(kg.) |
_ Fortnight | Group A 1 Group B c A_
_ ] Calf c _~
| 05T T T L 0 a1 |
| I 8 8 978 - 8 6 8 5 8 L
I 17 8 e 4 & & ap Rl 5 6 4 ¢ |
m 7T 4 6 5 8 6 5 8 8 3 2 5 6.
i v 8 8 6 5 8 8 e 8 6 3 3 5
“ v 8 7 ? 8 8 4 8 6 3 8 4 6 |
| vI 8 8 7 8 5 6 3 7 4 3 5 SRR P
_ vIY 6 ] 8 a s 8 5 ? 4 8 a 5 | 3
vITI 5 g s 3" '3 R S 5. . 4 g |
Average(kg.) 5.750 6.500 6.125 8.250 5.875 5.875 5.750 8.375 4.500 4.280 4.375 4.750 |
+.452 +.256 +.589 2.452 +.378 2.589 +.639 £.350 2.452 +.6680 2.350 +.538
Av.for group 6.163 + 0.254 5.969 + 0.250 2.468 + 0.219
(per fortnight) |
A |
| Av.dailly gain 411 : 298 298 |
m (g./28y). _
m
_ |
| |
|
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TABLY 4, 18

Analysie of variance fop the growth
in weight 1n the groups.

i Jessonn { 1
Source of veriance] D.r. J 8.8, | w.s, I T.ValuelRemarke

Between groups 2 83.90 26.9850 20.880 e-
Between fortnights 7 24,00 3.428 2,883 »
Group X Fortnight 14 22,75 1.628  1.280
Error e 93.386 1.7292 -
Total 08 - - -

Critiocal A4fference between groups D;’ % = 0,782,

Difference between groups : A& B ... 0.194 inTgignificant
A&C ... 1.808 highly eignificant
B&¢C ... 1.501 hichly significant

% f.‘ Critical Aifference between fortnighte P 08 = N.038

or 72

Bar Adiagrem of avewpe fortnight weighte and theip correaponiing
fortnight in increasging order:~ ,

Fortnight VITI : .0 IIT &4 VI IV v VIT I
Average 4,917 5.083 5,333 B.417 6.667 65.88% 8.887
grovwth, :

2. : 2 L s




The averare growth rate 10 411, 398 ang 208 2+ /38y

per calf for gEroups A,R and ¢ respectively. The analysis of

variance reveals that the prowth rate of cdlves in group O g

/ Signifieantly asfferent (P/ 01) %o that

of calves in group A

and B, but the growth rates of oalves in groupa A and B 4o not

1
,I A1ffer eignificantly.
[
\

Peeding of calveg (group B) with about 207 lese erute
protein than Morrigon?

s etandard, gave equally good Tescange
in prowth whieh g in arreement with the findinpa of lofareen

J! et al. (1951b), Sharma (1962 )ana Mudgal and Ray (1964b).
. Clanton at al.(1964) reported that there was Aifferencd
" in growth rate when protein in the ration 1s reduced. Beer hei-
fers when feA accoMing o N.R.O. récommendations, grew at
0.81 1b./day, but when the protein intake wig reduced to 807 ,
maintaining the energy intake, the growth rate Aiminighed to
N.44 1b. /Aay.
| Correl et gl.(1984) studied the energy utilieation of
heifere at Aifferent levele of protein intake in rations that

MAGADH UNIVERSITY M. Sc. ( A, H.) THESIS, 1967,

were iso calorie. They recorded a total growth of 0,6 1b, in
low protein group fed with erude protein at 2.7% level in the
ration and 27 1b. in control group fed at 12.6% erude protein
level, during a 110 days' study period. 7

Our resulte are, however, not strictly comparable to
their's speelally in the extent of reduction in protein intake
of the groups. Clanton gt al.(1964) fed the low pmotein group
|| at 807 of control and forrel et 2l.(1964) fed at 2.77 0.P.1evel
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Rgainst control at 12.8%. There were drastiec Aifferences in the
protein intake between the groupe. The low protein froup might
be getting very little protein over and above the maintenance
requirement, resulting in poor reeponse in the growth,

Decreage in ™N intake (group C) resulted in hishly
slgnificant low prowth rafe, which 1e in agreement with the
findinas of Winchester et al. (1986), MacDonald (1987),
fendrickeon et gl.(1961) amd Glanton (1964).

When the average fortnightly ‘gmwth rates of all salves
&re compared, I fortnight recorded significantly high growth
than other fortnighte except VIT, and fortnisht VTT pecomied
elmificantly hichep growth rate than fortnight VITI. The growth
Auring other fortnishts are not different from one another

eignificantly. There i¢ no specific reason to attribute for
these Aifferences.

The growth recorded for the ealvea of same age group
and breed, in this farm by previous workers,is 590 g./day for
the control which received concentrates and roughages in the
ratio of 3:1, 306 g./day in "All Berseem ration” groups by
Verma (1963), 359 g./day by Palai(1968), in control group

{(Morrigon'e etandaml),

Under exioting farm eonditions, the growth in mmmJ{
ctlvee in Wational Mairy Research Institute, Karnal, is yeported
to be 383 g./May (Yudgel and Ray,196Ba).

Thie finding shows that for obtaining proper grovth,

adequate energy intake has to be ensured, level of orude protein
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in the ration can be reduced upto 207 of the Morrison standards
if situation Aemands, without effect on growth rate. But
decrease in energy intake has quite adverse effect on growth.

Body meacurements in the form of length, ﬁaarﬁ-girth
anl heicht at withers of all salves were recoried before the
start of the experiment and after ite complation, and the data
are presented in table 4.17.

The average growth in length, heart-girth and height
for the group A is 11.1, 13.8, 11,2 em. respectively; for
group B,11.2, 13.2, 10.8 om. and for group C, 11.0, 10.0,9.8
om., respectively for the entire period. OGrowth in length i
almost similar in all the groupe. There 12 marked dAecreage in
growth of girth and to legser Hegrae in height in group C due
to the lower level of energy intake affecting growth in body
weicht. The effectd is more marked on heart girth and to a
lesser extent on height.

Our obgervation is in general agreement with Clanton
et al, (1084). They recorded that for approximately 40% decrease
in growth in welght due to energy restriction,there was simul-
taneous Aecrease of about 397 in the growth of heart-pirth and
10.67 Aeorease in growth of heicht.Our values are about 2927

Aeoresss in growth of welight resulting in about 287 decrease in
growth of heart-girth and about 3.6%¢ decresee in growth in hei-
zht. No publisghed Aata ie avallable for comparing the adverse

effeate of growth in length of the body. ]

-
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TABLF 4,

Body measurements of calves before and after the experiment.

“Tinimal J Heart.girthle
Group] ™e. _ a»n?gu_ua»ﬂa: Final 32@ H:nn»nw __.paau d:wom?
I I { f nce. | nee. I nee. \
156 80 01 11 18 ' oas e 104 116 12 |
181 85 05 10 120 145 15 108 117 12 M“
" 19 Az o8 13 193 135 12 108 115 10 ||
72 79 PO - . 1% 118 131 18 o8 109 S LS
Average 1.7 93.0  11.1 121.7 135.5 13.8 103.0  114.2 112 || |
L
1585 82 92 10 121 135 14 93 108 I, 2B
159 80 92 12 118 130 12 99 110 11 _“
B 39 85 04 9 125 141 18 107 118 9
48 84 98 14 116 127 11 104 114 10
Average 82,7 94.0  11.2 120.0 133.2 13.2 100.7  111.5 10.8 ||
162 " 90 13 114 124 10 97 108 11
8 81 91 10 120 1722 12 102 111 9
- U Az 92 9 120 129 9 101 112 s i
74 79 91 12 123 132 9 103 111 8 “
Averspe 80.0 91.0 11.0 119.2  129.2  10.0 100.7 " 310!8° 88
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V. Effioienoy of feed coversion

"ty matter an? various amounta of nutrients consumed

by calves in three groupe are already presented in tablee 4.13A

B ant O,

TASLE 4.18

Ufficiency of feed and nutrient utilisation for
growth (Pooled performance of calves in sroup).

' i ir
81.1 Farticulars i A ?“ : “EE“ T 5]

No.} i I
1 Total increase in welcht 107 101 143
(kg.) ‘ |
£ Pry matter intake (ku.) 1273.64 1272.47 1054.13
3 Crude protein intake (kg) 217.02 181.48 220,12
4 NDipeatible ?rudg protein 173.62 141.5656 1R79.30
ke
B Total Adipgestible nutrient
-a(kg.) 768.08 792,32 729,42
a Tatimated net energy 1487 .64 1548,.22 1383.08
(Therm. ) :

For each kg, in growth,
the requirement of ..

7 Dry matter (kg.) 6.488 8.081 - %.37%

8. frude protein(kg.) 1.099 0.980 1.839

9 nigestible eorude 0.881 0.739 1.323
protein (kg.) -

10 Total Aigestible 3,899 4,149 5.100
nutrients (kg.)

11 retimated net energy 7.534 8.114 9.874

(Therm, )

o ————————————— A ———
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Dry matter consumption per each kg, of growth is least
in group A, 6.468 kg. followea by 6.a81 kg. Por group B and
7.572 kg. for group ¢ (Table 4.18). This means that the effi.
clency of Ary matter utilisation for crowth i1a maximum in
oroup A.

Hegarding efficaanoy of utiiliea®ion of ernde protein,
1t 12 maximum 4in group B and manﬂmuﬁ in group C,

TON econsumption for each ke, of gain 1e 3.R99, 4,149
and 5,100 kg. for groups A,B an? C respeotively. Sharma (10682)
worked on Tharparkar calves of about 5 monfths old and founA
that 1 kg. growth required .44 kz. TON, Verma (1963) with
one vear ol4 calves of came breed, got the ficure of 3.411 kg.
an? Nalail (1788) obtained the figure of 4.800 kg. for calves

. aged about 1 year ? months.

Resulte of group A and B of the present atudy are

comparable to their findings. TON requirement for qfoup}c of
5.100 kg. appear to be very high compared to 2.808 for group i,
While Atscuesing the Aipgestion %trial data, 1t wae pointe? out
that group € almost equalled group A, in TPN, Aue £o hichep
Aegrea of Algegtion of all nutriént:s except ¥FE,
_ Ingpite of nearly ecual TP intake, group 7 ealvea
coull not gain to the same extent as group A, which reveals
that consiferable amount of energy wae lost from the Aigeated
nutrients in thie group. .

Oroup ¢ had dipgeeted on an averape about 122 g, of ornﬂ%

fibre, 40 g. of erude protein and 25 g. of ether extract more

I e T T S S e T e L
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Per Aday meoms than group A, It 4¢

o

from Alpegten erufe fihre 49 comparatively leee, ae products

{ of Aipeation of fibre has hich proportion of acetic acid, whicr

loses about 456-807 of ocaloric value in metaboliem (Armstrong

and Plaxter,1958). Acetie &eid further inereases urinary nltro-
? #en exeretion (Armstrong et al,,1987).

F Thues the non-nitropenous net energy intake of group 0
might be below the maintenance regquirement anA protein would
have been used inefficiently as source of energy resulting 4

observed inerease of urinary nitrogen exeretion. This view 4s

an? Twao Tabaki and Junichi Okumara (1064).

| -8 that protein had greater gpescifie dygnamic effect and part
of combugtible energy of the aminomelds would have been exore-

ted ae urea along with other metabolites, and 1e estimated by

i T —

Blaxter (1966) to be about 18% of the combustion of protein

A1 aeimi1ation.

Popehima (1966) and Vortilov (1957)reported lower grow-

| th rates in piges fed on rations with high DOP. Cunningham(1960)
|  reported that pigs reared at uniform energy supply of 33 Koal/
k. body welght gained on average 1 ko.per Aay on rations

containing 167 protein, while pige on matlons containins 267

protein lost 29 . per day.
Though group C has apparently digested 26 g. more of

aether extract than that of group A, its ultimate energy value

well known that the net enerqy

qupporraﬂ by Lofgreen et al. (1951), Rosenthal and Allieon (1088)|

Cahn and Houglt (1960) and Sogomolov (1980) had reporté

[EpEce e — |

|
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Fig.5: Comparison of the TN ‘and non- snitropgen TDN |

inftakes, nitrogen balance and growth in weighr

in the thren groups.
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12 1in Aoubt, As pointed out earlier whike Alscussing the signi-
ficance of Aipection eoefficient for ether extraoc®, this
increase? ether extract Adgestion micht be Aue o improveA
reabrorption ~f bile conatitnuents whiah otharwice under lihersl
feadinz conlition, would have bean partially excrete®, These
conatituents mav not ba havins the same energy value as lipiAag
in the body.

These increased losses in energy Aue o epecifin
Aynamio aoction, urea nitroren exoretion, and non-availability
of the exnected energy from the ether extract component, might
have lowered the net energy available for this group, en that
it was not suffieient for comparable parformance in grbwth with

thet of group A.

VT. Total Atgestible trient intake by experimental

galves, usine Morrison's Aigestible goefficients
for the feeding gtuffs:

The A1westion trial conducted at the end of this
exneriment pave varving Aigestion coefficients for the various
nutrients, in the Aifferant grouns. Though probable causes for
the Ayfeopennes were Alscussed, no clear experimental evidanee
eoul? he eited in support of some of these AeAuntions. As the
At restion coefficients were estimated with two animale only,

a high Adepree confidence 1s not possible in the resultsa,.

Hence the averace TON consumption of experimentsl animaﬂ%

is now calculated, using Morrison's Aigeetion coefficients, The

total ratinn intake 1e¢ subdivided into intakea of Faragraas,

i A T — I e

E
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Frount nut cake snd whest bran. Ta¥ing into conaideratinn tha
Aigestible coefficients Porthe above feeding etuffs ag oiven in
table T in the appendix of Feeds anl Teeline® by Morrison(1980)))
the TON intake by eaoh eToup ie caloulated an? pregentad 1n
table 4,190,

Average TNN consumption per calf per Aay e workeAd out
to be 1.962, 1.948 and 1.524 k. for groupes A, R apg o réapecti-
vely. From the results, animale of proups A apd B appear %o have
consumed more TPN per Aay compared to the value caleulated on
our Aigestion trial Aata. TN consumption in group 7 te almpa+
the same in both the cases, There 1s asonsiderable A4 fferance in
TON consumption between groups A and G and B and 0, and the
TDN oonsumption in @roupe A and B is almost equal » 88 anticipa-
fed., TN intake of group € is about 227 lesg than group A. DAP
eonsunption in groups A and C 4s almost gimilur but. oohnumption
in ovoup ® 41a 227 leaa than group A,

The efficiency nf nutrient conversion calculated as pey
¥he YMorrison's Alpestion coefficients are preeented in tahle
4,20.

Tfficlency of utilieation of Apgestible orude protein
fe mayimum An group B and minimum 4n group 0. T.D.N. consumption
for each kg. of pain is 4.760, 4.889 and 5.113 kg. for groups
A, B and C respectively, indicating that low energy group (0)
had least effioiency in utiii sation of both protein anA energy. N




\ & 1 g

——— £ o T e =
TABLE 4.19
Nutrients an? TON intake by calves using
Morricon'a Aigeatibility coeffietlents,
Fartioulare f g.P. I 0.7, gn.w.s:. {w.e. T-mg
o i i I I
| Croupa
! Green Paragrase (kp.) 30.22 138.81 212.13 A.75 -
!ﬁ Piz.coefficient (7) 56 58 81 e <
il Ple. nutetents (xg.) 21.97  wr.ep 120.40 5.4 241,190
; Ground nut cake (kg.) 77.20  19.10 39.39 15.11 -
E; Nig. coefficient () o1 51 a7 o2 -
< Pig. nutrients(kg.)  70.25 9.74 34.26 13.90 145.53
; Wheat bran .... (kg.) 97.21  70.26 402.00 29.48 .
Sl vip. coefrictent(?) a4 70 o1 a1 .
f; Tig. mtrienta(kg.)  81.47 49,19 385.80 23.89 8580.21
¢ || Total for 4 calvee;1%0 days(kpz.): - 2 -  938.0%
a‘ Srouph
ﬁ Green Maregrass (kg.) 39.08 138,47 212,79 8.78 -
g: Pg. coefficlent(?) 58 66 81 62 -
! Pig. nutriente(ke. ) 21,89 77.87 129.80 B5.42 241.48
Ground nut calke (kg.) 15,49 3.83 7.90 3.03 =
Dig. coefficient (7) 91 51 87 o2 2
Dip. nutrients(kg.) 14.09 1.98 6.88 2.79 929.20
Wheat bren .... (kg.) 117.00 84,89 484,00 35.80 -
Dig. eoefficient (7) n4a 70 01 81 %
Mg, mutriente(ks.) 99.31 69.21 440.30 28.78 883,83
Total for 4 calvee;120 Aava(ke.) - - - 934.19 ||
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TABLE 4,10 (gontA, )

fartioulare I G P 1 a.F [ eI T %

Group ¢
Green Faragrass (ke. ) 49.12 173.93 ©£64.28 10.97 -
Diz. coefficient(”) 58 568 a1 fo -
Plg. nutriente(kz.) ©7.81  92.29 1R1.20 B8.80 208.31
froun? nut cake (kz.) 141.60 3B.03 72.24 27,71 .
Pie. coeffielent(”) 91 51 av 02 ..
M. matrients(kz.) 128.80 17 .86 62.856 28.50 £266.88
wheat bran .... (kg.) 26.74 21,49 122.90 9,02 .
Dlg. coefricient(¥) g4 70 91 81 -
™. nutriente(ke. ) 24.08 18.04 111.80 7.31 168.38
Total for 4 ecalvee;120 Aaye (kp.) - - - 731.86
a2
TABLE 4,90
Average NCP and TON intake and effisiency of nutrient
eonversion in Aif*erent groups,calenlated as per
Morrigon's dices tdon coefficients.
Particulars f A ?1..9...1%9 =1 ;
Average daily gain (g.) 411 398 208
nCP intake (g.)/day 362 282 374
TON intake (kg.)/day 1.962 1.946 1.574
Nutrient requirement for each
kg. growth in body wt: _
1) SRRSO TN 0.9A3 0.726 1.258
4,760 4,389 5.113

mﬂ L (k{!‘-,

——————




EROT P- A

Calf No. 19/66.
AgéQ: 1 yr. 3 months.
49 kg. growth in

120 days.

GROUPS-B

Calf No. 39/66.
AgéE 1 yr. 2 months.
46 kg. growth

in 120 days.

G RIO. B P i@

Calf no. 11/66.
Agéﬁl yr. 4 months.
34 kg. growth in

120 days.

experiment)

Fige4: Photographs of representative calf of each
group at the end of the experiment.

( 2 at the beginning of the |
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The object of the experiment was to stuly the
effecte of reduced protein and energy levels on growth rate of
calves,

Twelve Tharparkar male salves of are ranging from
11 o 18 monthe were gelecte? for confuctinc the expariment
at the Covernment Cattle Farm, Patna. The calves were Alstri-
buted into three similar groups (A, B and ), according their
body welght an? age. Group A (control) was fed on Yorr! gon
feeding standard, group B on 20% less NOP but equal T to
group A and group T on equal DCP but 207 less of TN, compared

Three different concentrate mistures were prepared,
one for each group, consisting of ground nut cake and wheat
bran in &ifferent proportions, to give the degired level of
cernde protein. The crude proteln content of the coneentrate
nixtures was 21.4, 17.0 and 33.9¢ (on dr: matter baecis) for

sroups A, B and ¢ respectively. Oreen Paragrass was used as sole

roughage throughout the experimental period.

At the beginning of the experiment, the ealvee in
groups A an? B received 1.8 kg. of concentrate mixture and
4 ke, of green Paragrass/calf/day whersas, oalves ef group C
received 1.1 kg. of concentrate mixture and § kg. of green
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Faragrass, which was estimated to supply the desired level of
nutrients to each group. The concentrste ration was insreased
by 100 g. every month to meet increaced! maintenance requirement.

All the calves were weighed once every fortnight.
Body measursments in the form of length, heart-girth and
heicht were also recorled before and after the experiment.

The feedins trial lasted for a pariod of 120 days,
at the en? of whieh, simltaneous direstion and mitrogen
balance trials were conducted with tws animals from each group
for a 8 days' period. An attempt was made %o entimate the
fecal output by 'Chromic oxide indicator technique ', ueing
grab-samplee of faeces colleoted ut 6 a.m. and 4 Peti.

Megestible nutrient intake and efficiency of feed
and nutrient conversion for growth were csleulated using the
digestion coefficient data obtainel from our digeetion trial,
ag also with Morrison's Algeation coeffiecients.

The average growth rate in cslves during the period
of experiment was 411, 398 and 298 g./day for groups A,B amd €
respectively. The growth rate of calves in group C wae found
to ba sicnificantly lower (P/01) than that of groups A and B.
The average ineoreasss in length, heart-girth and heizht for
proup A were 11.1, 1%.8 and 11.2 em. respectively. The values
for group B an? € in order, were 11.2, 13.2 and 10.8 em.; ana
11.0, 10.0 and 9.8 em. for the entire period. There wis marked
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deorease in prowth of heart.girth in group O.

Calves of group ¢ gave hisher Aigestibility
coefficiante for all mitrients exceps NFE tlan the other groups.
Frobable reasons for the inereased digeetibility cosfficients
were dlscussed basing on Ary matter intake, nutritive matio
and ether extract content of the rations. Due %o higher
Algeetibility coeffic’ents obtained by ua, the TN intake of
group C worked out to be almost equal to groups A and B. (
Chromic oxide indicator technique, using grab-samples, gave
eonsiderably high estimates of dry matter output, due to low
recovery of chromiec oxide ‘n the grab-samples. !

All the calves were having positive nitrogen balance,
average being 17.2 g, /day for group A, 8.9 g/day for groupd B
and 16.3 g./3ay for group C. Iffieiency of retained-N for k
prowth was maximum for group B (22.4g of W/kg.growth) and
minimun for group C (54.80 g.of W/kg.growth). .

Average consumption of digestible nutrients by the

calves worked out to be MNCP 361, 295 and 394 g./day and TDW

1.60, 1.65 and 1.52 ko./day for groups A,B and ¢ respectively. \
Efficiency of TDN conversion was maxisum in group A (3.90 ke.
of TNN/kg.growth) and minimum in proup C (6.10 kg.of TON/kg.

growth).

Average TDN consumption by calves was also ealeula-

ted using the digeation coefficient values, eiven by Morrigon
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(1989). Average mn consumption on these values worked sut

%o be, 1.95, 1.95 ana 1.62 kg./May for groups A,B and @
respectively. The froups A and B appear to have consumed

more TON per dav, compared to the values calculated as per

our Aipestion trial Aata. ™N consumption in group ¢ was almost

the same in both cases.,

These findings indicate that reduction of about
207 protein in the stanjara ration 414 not affect the orowth
rate, but reduction of 207 energy had congiderable adverse
effect on the growth of calves in the age group of 11 to 16

mont ha,
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