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CHA FT ER-1
INTRODUCTION

" Throughout the enimate kingdem, from the simplest
mieroorganisms to the most complexly organized beings, that
inexhaustible power of growth which ever since the genesis of
the first protoplasm in the infinite past has created the struc-
ture of the fossil remains of former ages as well as our own
existence - this capacity to grow, has remained as the most remark-
able phenomenon of nature, the supreme riddle of life"———_Rubnerusm)

Growth is the foundation of all the important forms o
livestock production. Animals of any species will not meke any
economical gain in any type of production unless they have been
properly nourished during their actuwal growing period. It is true
that the maximum productive ability of an individual is largely
controlled by its inherited potentialities, but these potentiali-
ties can not be reached unless the individual has been provided
proper environments since its early stages of life. Good and
abundant supply of food constitutes one of the most important
parts of such environments.

The economy of early growth is a matter of serious
congideragtion specielly for India,which is solely an agricultural
country and where thre livestoék constitute the backbone of its
economy. According to Joshi et al (1653) and quoted by Ahrmed(1961),

India before partition had 28 well defined breeds of cattleyand
according to Sen(1953), the total animal population,then,included
215 millions of cattle and Buffaloesyabout 97 millions of sheep
and goats, 4.5 millions of equines and one million of camels.The
overall human population was 380 millions, of which more than
75% depended on the agriculture and thus on animal Husbandry.

But the fact remains that most of our even better animals are
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usually stunted in size, low yielders and poorer than average
in many other important charesteristics. This is mainly due to
under=- or malnutrition and ill menagement which have foreced them

to become an econcmie burden to the society .

During the last 25 years, the human population has been
consistently increasing and according to Mukherjee(1938), the
pressure of hovine population varies directly with the human
population pressure. While the shortage of human food stuffs can
be met by importation from other countries, the same can not hold
good in case of animgl population where the position of food
supply 1s rather different. & number. of workers have drawn atten=~
tion to this seriousness of the problem and have suggested
various wage ways and means for the proper development of our

livestock.

One of the main problems confronting us in the develop-
ment of our livestock is their retarded or £ poor growth which
is solely due to malnutrition. Unless we achleve success in the
acceleration of the growth rates of our livestock economically,
our all attenpls towards the desirsd goal are apt to be futile.
Unfortunately, much less is known about the problems relating
to growthe. It is only recently that physiological studies have
furnished a good deal of valuable informetion regarding the
major processes of growth. As a result of the se studlies, now,
we are in a position to define the complex phencmenon of growth,
measure 1t, follow its course, and it is still nmore recently
that various methods have been known for the acceleration of

its rates
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The economic importance of eariy' growth can well be
understood by the facts that the growth rate has a definite
influence on fecd economy, final product end lengthening of
life span(Maynard,1956). The data from the experiments carried
out at the Missouri Agricultural Experiment Station by Moulton
et al (1922) elearly reveszl that "higher planes of nutrition .
proved more efficient from the standpoint of energy recovery &
the production of edible meat, Analysis of a large body of data
by Watson (1943) brings out clearly the increased physiological
efficiency from higher planes of nutrition., Work of MeMeekan
(1940~1941) reveals thet the growth rate of the different parts
as effected by the planes of nutrition influences in turn the
composition of the carcass at market weight,

Cne of the most important features of the effect of
planes of nutrition on the growth rate emerges from the exten=-
sive series of experiments cerried cut by Sherman with rets.
These experiments show that diets which preduced & more rapild
rate of growth algo resulted in & longer life. (n the other
hand,lcCay's studles elearly reveal that rats vhose growth is
severely retarded in early life, by calorie restrietion only,
have a longer life span than thogse which grow rabidly under
ad libitum fecding. Although,these findings of MeCay are
contrary to those of Sherman, but MeCay has also reparted that,
with animels which had grown normelly and eontinued to receive
ex ad libitum diet until middle age,calorie restriction there=

after resulted in & longer life. 411 these findings are of
great practical significence in case of breeding and producing
animals, where the life time performance is the final measure of the
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successes achieved in rearing these animals.

Although, India has had a large cattle population |
(about 4rd of the world's cattle population - Sen and
Krishnan, 1941), reliable data on the growth rate for most of
our livestock are not available. As quoted by zmmm Sen(1953),
the only published data available relates to the Sahiwal breed,
which have been furnished by Sayer (1934). These data show
that the average daily gain of Sahiwal heifers on the ordinary
farm diet was 1.03 1lb,, whereas of those on the special diet
(made up of an extra amount of milk and some change in the
concentrate) was 121 1b. Viswanath (1941) has shown that
"heifer calves could be brought to mgturity within the age of
19 monthe,; which is considerably less than the usual age of
2% years. The latest worker, yamdagni, (1962) under the guildance
of Dr, 8.K.Talapatra at Mathura (India) has shown that growth
rate as high as 1.9 1b, daily per head could be obtained in
Hariana calves under special feeding regime. It appears,
therefore, that under a good system of feeding and management ,
the growth rate of our livestock can be very closely compara-
ble to that of g similar type of animal reared in the western
countries (Sen,1953). It may be mentioned here that Morrison
(1937) has recorded the average daily gain of Jersey heifers
to be 1412 1lbs. during the first year.

Since the growth involves an increase in the
structural tissues, such as muecles, bones aim and other
internal organs, it is primarily an increase in the protein,

minerals and water. From the standpoint of nutrition, it
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involves an intake of large amount of energy producing
nutrients,minerals(chiefly clacium and phosphorug),and various
Vitamins. Thus the nutritive requiremaﬁts for growth are quite
different from the requirements for other body funections.

Cf all the requirements for growth,the major is that
of protein,because, it has boen established that about 25% of
the increase in weight in young animals is protein and this
rate of inerease falls down sorewhat as the animal matures.
Unfortunately,the protein requirement for growth appears to be
the least well defined. Only a little experimental information
is aveilable concerning the protein requirement of young
stocks, ¥hatever little information is available,the results
of the different workers seem to be markedly divergent, These
differences are pertly because the various scientists have used
different biological values and different mainteinance reguire=-
ments for "normal growth".

The feeding standard generally followed in major part
of the world is that of Morrison. This standard is based on the

study of various investigations carried out in western countries
invelving feeding trials, balance studies and slaughter experie

ments where necessary. Recently,factorial method(Mitchell,iode)
has also been tuken into consideration. A4 large number of

indian workers namely,Sen(1963) and Lander(1945) have condueted
several nutritional and balance studies with Indian livestock
and have setforth their recommendations for various physiclo-
gicel funetions under Indien conditicns. More recently,the
NeReCo Of the UsBeA+(1956) has brought out another standard
for different classes of livestock which has now recelved
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considerable attention., It is believed that since this
recommendation represents the pooled judgement of a group

of experts in the field of anlmal nutrition, it serves as the
most practical guide to the need of nutritional requirements
of the farm animals, at least for practice in the U.S.A. In
fact, the N.R.C. reports comprise feeding standards for the
requirements of total food and for all dher nutrients for

which quantitative data are available.

The investigations on the requirements of various
classes of livestoeck carried out in India, though limited,
suggest that the adoption of foreigﬂ standards always leaves
a fair margin of safety so far as the feeding of Indian cattle
is concerned., This is because the mature weights of most of the
Indian breeds of cattle are about three - quarter or half as
much as those of foreign breeds. Thus, the mutritive require-
ments of Indian cattle have been found to be about 20% less
than those recommended in Morrison and other foreign standards.
Although, the details of the various requirements for growth
have been discussed in the chapter of review of literatures
pertaining to the systems of calf rearing, the recommendations
for protein and energy as given by Morrison(1959), the Ne.R.C. of
the U.S.4. (1956), and Sen (1952) may be given here for the

purpose of a general review of the situation.

TasteXa) Morrison Feedinz Steandard for growths-

BOdy ’Wt 3 DOMI D.CQPO T.D.I‘I.
lbs. lbs: lbs. le.
100 1.8 " 2:4 0035 - 0.45 108 i d 2.2

200 4.9 -y 6.1 0055 . 0.65 3.6 - 4.4
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Body wt. DeMe DuC «Pe
1lbs. lbs. lbs,
400 Dol = 1144 076 = 0.87
600 12,6 = 1541 0:83 = 0,94
800 1549 = 19,1 0488 « 0,99
1000 1846 = 22,3 093 = 1.03

TeDelNeo
lbs.

6.0 = 740
747 = 043
9l = 1049
1040 = 12.0

TasteI(b) N.RoCo standard for growing dpiry heiferss
T.D.N.

Body wte Dgily toteal DuCePe
. feed
1bs. 1bs. e
100 2 20 40
200 6 1040
400 1 7ed
600 15 547
800 19 4.7
1000 22 4.3

Jaslel (¢) Indis

Li{g wtldllass L Cattle H§Class Ll Cattle
L

[Cilass Lll Cattle

IMature wt.10001b}Mature wt.750 1b.l Mature wt.500 1lb.

DsCePe §TeDeNo }D.C Fq QT. Ne .C.P. }'-I-D.N-
1b. 1b. 1bs. lbs _
100 0uB2 146 0.+24 148 0s16 048
200 0457 347 0443 248 0.28 1.9
400 0485 6.4 064 4.8 0ed3 342
600 1.0 842 0475 6ol
800 (215" b 0485 7.4
1000 1425 11.5

While sufficient information regarding the nutritive

requirements of growing calves and the effects of planes of
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nutrition on the growth rate are now available, only a little
experimental evidence is available to show the effect of plane
of nutrition on the level of blood components. From the
standpoint of nutrition, the composition of the blood is of
great significance in the sense that it is the medium by which
the absorbed nutrients are carried to the different parts of
the body and by whiech the waste products of metabolisms are
removed. Although, much work has been done on the study of
blood chemistry in foreign countries involving different species
and under different physiological conditions, the issue has
received attention in India only recently. The problems of calf
nutrition have now focussed attention on the level of various
blood components since these (the latter) often serve as a
valuable guide in evaluating the nutritional adequacy of the
diet as well as the nutriticnal state of the animal in question.
For example, it has been seen that larger the amount of adipose
tissue, the lower is the percentage of blood for the body as a
whole. It has been shown in hibernating woodchuck that t he
figure for blood percentage increases as it uses of its fat
reserve (Maynard,1956).

It has been generally said that malnutrition often
influences the e rcentage composition of some of the blood
components and also that these are greatly affected by age,
sex, breed and season. Among the lIndian workers who have tgken
great pains in their studies in this line, the names of Sen &
Roy (1933), Kohar,Singh & Rao (1940), Mullick & Pal (1943) and
Kehar & Murthy (1945) are worth mentioning. These workers have

.
AW
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furnished a large body of valuable informations with regard

to this aspect of animal nutrition in case of different species
of livestock such as, Dhani and Hariana cattle, Murrah buffaloes,
Horseszsheep etc. They have also been able to fix up normal

blood values for these species of animals.

The present work is an endevour to study the effects
of two different levels of protein and equal amount of energy
" on the growth rate and blood ecomposition in Tharparker cal#es.
Tharparker breed is a well defined dual purpose breed and has
been largely used in Bihar state for various cattle develop-
ment programmes both in rural as well as in urban areas. A
Tharparker herd is beiﬁg maintained at the Govermment Cattle
Farm, Patna for over 30 years and the Farm is attached to the
Bihar Veterinaery College for teaching and experimental purposes.
Thusg, this breed could easily made available the reguired

number of calves for this study.

12 calves were selected on the basis of siﬁilarity in
age and ' divided into 2 groups on the body weight basis. One
group was fed a concentrate mixture used at the Farm which
furnished the asverage of Morrison's maximum and minimum
stendard recommendations for growth azs regards protein and
energy and the other group recéived a concentragte mixture so
constituted that it supplied 25 percent less D.C.P. and the
sane gmount of T.D.N. per lb. as the previous concentrate mix-
ture. Hay and green para grass were fed to both the groups zk
ad 1ib and deily consumption recorded for each group through-
out'the experimental period.
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The experiment was spread over for about 5 months
ineluding a ten days digestion trial during which weekly
record of growth rate and fortnightly vaeriation in blood
components were studled. The components of blood under study
veret«=

(a) Serum calcium |

(b) Serum Inorgenic Fhosphorus

(¢) Serum total protein

(d) Blood glucose

(e) Haemoglobin

(f) Noneprotein nitrogen. :

The details of these studies have been discussed in
the chapter "Material & Methods".

4 -
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CHAPTER IX
REVIEW OF LITERATURES

Growth 1s a highly complex universal phenomenon and
is a subject to individual varlability il.es there is a
charesteristic rate of growth for each specied. In short,
it may be said that for all, the rate of the growth is not a
constant feature, nor does its entire course follow any simple
mathematical expression, Although, the maximum development of
an individual is governed by the heredity, but modern scientif=
lec teehniques have provided measures by which this iInherited
potentiality ecan be reached in shorter period of time and these
measures are rested on a tripod,viz, Breedihg,feeding and
managements

Like growthy blood pieture is also a highly veriable
charesteristic, It varies between individual to individual,
between species to species and between breed to breed, Even
in the same inidividual itilargely effected by age,sex,season
and diet. Therefore, it is misleading to think of an average
value as applying to every healthy individual execept in certain
constituents with a narrow margin,i.e, caleium. There are others,
for example, stigar and Nitrogen which rise shortly after a meal
and gradually fall to a fasting level.

Inspite of more and more attention having been devoted
to the studies of problems relating to growth and the chemistry
of blood, we are still unable to claim a complete knowledge of
these phenomena, Considerable amounts of work have been done
with different breeds in India and abroad on these aspects, but
very little data are available for Tharparker cattle. Hence
this study 1s a little venture in these directions,
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The literatures cited here in this chapter have been
restricted only to those which have been direceted towards the
study of the features eonsidered In the present work. Bgsides
thesey the literatures pertaining to the various mtritive
requirements and systems of rearing of dairy calves have also
been considered, Consequently, the literatures have been
roeviewed mainly under the following topiesie
(1) Rearing of dairy calves,

(ii) Growth rate and feed economy,
(i11) Changes in blood components in relation to level of diet,

(1) REARING OF DAIRY CALVES:
Dairy ealves are the back bone of dalry industry in

every country. Therefore, mich emphasis has been laid on proper
raising of dairy calves, no matter whether they are to be reared
for milk, meat or any other type of economic consideration.
Mutritive Reguirements Of Growing Cplyes i~ Before diseussing
the various methods and general principles of ealf rearing,it
is necessary to deal with the various nutritive reguirements
for growths It has already been mentioned that the rate and
character of the body increase vary with age as well as with
species. It 1s evident,therefora, that a feeding standard for
growth must be different for each species and must be inclusive
of values corresponding to different ages and body weights rep;
resenting the growth period. For example, a ealf,at birth is
not actually a ruminant,ﬁhcause the rumen develops a little
later.Therefore, it needs high quality and abundance of protein
and vitamins ineluding B-complex during its pre-ruminant stage.

Its needs for these nutrients at this stape are more or less
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similar to those of pigs og'chicks. By the time,the rumen has
developed and the calf has become a real ruminant,ample B-com-
lex vitamins are synthesized in the fermentations that take
Place in the rumen and also the quality of protein becomes of
mich less importance. |

Since the body increase represents ihm an inerease in
the protein,minerals & water & is a subjeet to fluetuation
with age,dairy calves usually require (1) plenty of good quali-
ty protein,(2) sufficient energy producing nutrients, (3)enough
of minerals concerned in growth and (4) liberal amount of
vitamins., Numerous workers have conducted several experiments
to fix up normal levels of these reduirements as a result of
- which feeding standardsfor different classes of livestock
have been setforth to serve as a practiecal guide in proper

raising of dairy calves.

(1)_Protein & energy Requiremynts for Growth:- The

requirements of these nutrients at different ages and for

various body weights have been discussed earlier(p.6-7), It
may be mentioned here that the requirement of a given nutri-
ent for growth must include the amount needed for maintenance
and also the amount required for the new tissue formed.The
values given in the preceeding chapter represent these
combined requirements.,

(2) Mineral Requirements For Growths- By farythe prineipal
minerals required for growth are caleium,phosphorus ,mag=
nesium & a few trace elements., Of these, the previous three

are the important constituents of bones, teeth,cartilages and

-
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other soft tissues. In generaljover 708 of the ash of the
body consists of ecaleium and phosphorus, and of these,nearly
99€ of caleium and 80% of phosphorus are pfasaht in the bones.
ind teeth, Of the total magnesium of the body, 70% is present
in the bones and remainders in various body fluids and soft
tissues, These three minerals are bett&r discussed togetheor hwme-
because they are closoly related to each other as regards
their oceurance in a definite ratio, distribution and meta;
bolie functions., The relative importance of these differs
eonsiderably in diffdrent specles and according to physio-
logical funetions. In the present discussion, only the
requirements of these for growing calves have been dealtwith,

Huffman and associates (1932) as a result of extene
8ive series of experiments with ealves have reported that an
intake of 6 to 12 g of ecaleium daily from birth to 2 vears of
age is suffieclent for the growth of ealves, As regards
phosphorus, they have reported that intakes of 5,7 to 2,9 ¢
per day were inadequate where the Cas F retio was 4t1 or wider,
An intake of 10.3 g daily sufficédyfrom 3 to 6 months of age,
ahd from 18 months to first ealving 10 to 42 g dally were
found to be adequate.

Morrison (1936) and Mitchell (1937) have also estimated
the calcium and phosphorus requirements for growing cattle.
The results obtained by Mitchell were later on reproduced with
certain modifications, in which the percentage retontion data
given by Ellenberger et al (1950) and true sbsorption ecceffi-
cients for these minerals have also been taken into consideras
tion,
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The reduirements of calcium and phosphorus recommens
ded by these workers are well illustrated in table II, It may
be mentioned here that the recommendation given by Morrison
represents the daily requirement of a growing calf and so does
the recommendation given by Mitchcll, but in the later case,
the values are represented in terms of gross raduirement for

maintenance plus 1 1b, gain,

Iable IT,

Calciﬁm and phosphorus requirement for growing calves.

§Morrison's st * Miteh 's stan Sk
Body weight }Calcium osphorus § Calcium JPhosphorus
iDbe

e | g i g i g
100 7 6 4.1 4,7
200 13 10 5e5 75
400 13 12 115" 13.8
600 13 12 14,5 18.4
800 13 12 20,4 21.6
1000 13 12 29,3 25,2

* Data from FeB.Morrison, 1959, Feeds and Feeding,p. 1088,
#**Data from Scientifiec prineiples of feeding farm livestock;
Proceedings of a conference held at Brighton, 1958, p.59;60.
In general,it is usually recommended that for maximum
utilisation of calcium and phosphorus, the ratio of these
minerals In the ration should be similar to that of bone i.e.
2+231. However, there are experiments to show that calves have
grown equally well on rations with casP ratios from 621 to
14231, but then adequate supply of vitamin D yas made. This
shows that in the presence of suffickent vitamin D, the ratio

of CasP becomes of minor 1mportancc%in the nutrition of ealves,
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The other minerals required for growing calves as
stated earlier, are magnesium, sodium chloride and a few
trace elements like Iron,Copper,Cobalt,Manganese and Iodine.
The requirements of these are illustrated in table III,.

Zable 111,
Mineral requirements{other than Ca & P)for calves#

Elements Enquiremntj Particulars

16 mg For 1.3 to 1.4 1b Huffman et al.(1941)
weight gain daily

4 mg  With roughago of Ray (1942)

N
; futhority

differen
contents, |
8 mg For 0,7 1b weight Blaxter et al.(1954)
gain daily : ‘
23 mg To prevent hypo-  Thomas & Ohamoto
magnesaemia | (1954)
Na el 11«16 ¢ On poor quality Sheehy & Senior -
hay diet (1936)
Iron 26 mg For 1 1b weight Blaxter et al.(1987)
gain daily on
vhole milk diet
50 mg For 2 1b weight " (4957)
gain daily on '
whole milk diet
1«2 mg  For Hb value of  Matrome ot al.(1957)
16 mg For 2 1b weight " (1957)
gain daily on
whole milk diet
Copper 9 mg On whole milk diet " (1957)
Cobalt 0.1 mg Per 100 1b livewt, Filmer & Undn(-'uggg”
: ; 1

Per 100 1b livewt. Bentley & PHillips
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3. Yitemin reuirements for growthi~ The chief vitamins
concerned in growth are vitamin 4, D and E, Of these the
former te@o are of utmost importance.

The requirements of vitamin A are usually best:
oxpressed in terms of units of carotene, a precursor and a
normal source of this vitamin for ruminants., Studies by
Guilbert and Hart (1935) have shown that the calves require
1.5 mg of carotene per 100 1b body weight to prevent night
blindnessy but now this recommendation is econsidered to be
insufficient. Boyer et 81.(1942) have indicated that the require-
ment of carotene is about 45 times that of vitamin & itself
and when there is poor conversion of carotene to vitamin A as
is in case of Chammel Island cattle, the requirement may be
%0% still higher, |

Lewis and Wilson(1945) have given the £ requirements
of vitamin A for cattle based on different criteris as shown
in table IV, -

Table IV

Vitamin A requirements for cattlett-

TRequirement per 100 1bs

Criterian =b0 weight (mg),
No Night blindness 0.4
Maximum growth rate 0.7
Maximum blood plasma level 5.8
Maximum liver storage 115

* Data from Scientifie prineiples of feeding farm livestocke
Proceedings of a conference held at Brigh Ny 1968,p .06,
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The minimum vequirement of vitamin D for growth and
proper caleification of bones from birth to 7 months of age
has been established at 300 UsS.Ps daily per 100 1b, livewt.
(Bachdel and associates, 1938), The N.R.C. recommendation is

300 I.Us per 100 1b. liveweight,

Having a comprehensive idea of the mutritive reduire;
ments of growing calves, modern economie conditions have
necossiated the adoption of several alternative methods of
fealf rearing, by whichy at very low ecosts, dairy calves ean
be kept in health and made to grow faster with promising
returns, Some of the methods geonerally recommended. are discusse

ed below,

mmedigte Post-Natal Feedinzse After birth, care has to be

& taken to ensure that the ealf is kept in a elean and hygenie

| surrounding. It is of the utmost importance that the calves

2;ot the first milk i.e. the colostrum or the beestings
ﬁ;uucdiutely after birth and then for the first 3 or 4 days of
: 1fb. The colostrum, by virtue of its high enti-body eontent

d richness in albumen and ash, guards the ealves against a
‘- fety of disecases during their defenceless periods of 1life.
le supply of colostrum is usually met vhen the calves are
lowed to suckle their mothers as s common in rural India
'l when they are fed artificially as practiced at most of the
Ary cattle farms. After four days, the walves are maintained
whole milk either by suckling or by pail focding_unti! they

| weaneds

/‘— = e T Y
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The minimum vequirement of vitamin D for growth and
proper caleification of bones from birth to 7 mohths of age
has been established at 300 UsS.Ps daily per 100 1b. livewt.
(Bechdel and associates, 1938), The NeR.C. recommendation is
300 I.Us per 100 1b. livewelght,

Having a comprehensive idea of the mutritive ruduire-
ments of growing calves, modern economie conditions have
necessiated the adoption of several alternative methods of
fealf rearing, by vhichy at very low costs, dairy calves can
be kept in health and made to grow faster with promising
returns, Some of the methods generally recommended. are discusse
ed below, .

Immediste Post-Natal Feedinzse After birth, care has to be
taken to ensure that the ealf i¢ kept 4n a elean and hygenie
surrounding., It is of the utmost importance that the calves
get the first milk i,e. the colostrum or the beestings
immediately after birth and then for the first 2 or ¢ days of
1ife. The colostrum, by virtue of its high anti-body eontent
and richness in glbumen and ash, guards the ealves against a
variety of diseases during their defenceless periods of 1life.
The supply of eolostrum is usually met when the calves are
allowed to suckle their mothers as is common in rural India
or when they are fed artificially as practiced at most of the
dairy cattle farms. After four days, the ®alves are maintained
on whole milk either by suckling or by pail fcoding.until they
are woaneds :
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Feoding on Whole Milki~ No matter, what system of rearing is

folloved later, whole milk is indespensable for ealves. But
the rearing of valves on whole milk for a longer period
requires a more eriticel attention, It is true that on whole
milk feeding system, the calves may be expected to grow at
the rate of 10=-11 1bs. per head per week, but the use of whole
milk ilono for a longer period in calf rearing can not be
Justifiable execept in very special eircumstances, since the
procedure proves to be an uneconomical one, particularly with
ordinary commercial stocks (Woodman,1948), Therefore, modern
feeding practices suggest the use of minimum amount of whole
milk with maximum returns in terms of feed costs and rate of
gain,

‘ After the calves have been carefully schooled to have
a good start on whole milk and have learnt to feed themselves,
not less than about 5§ 1lbs. of milk per head daily is vequired.
This is 1hcreased gradually to a gallon or more per head per
day if necessary till the calves are three months old. After
this period, t} gallons per day suffices. Since whole milk
feeding for a Iohger period is not an economical proposition,
Lander (1949) has suggested that it should be diseontimued only
after a mnth,. at which age the calves will be able to nibble
hay and other leafy materials and take small quantities of
erushed grain and finely ground oil ecakes. According to Woodman
(1948), the whole milk may be completely stopped only after
the calves have become a fortnight old amd milk substitutes
continued thereafter in conjunction with a suitable calf meal,
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Morrison in his Feeds and Feeding (1959) has suggested
that in case of very valuable calves some whole milk may be
given alongwith skim milk upto two months or even longers

Sheehy (1955) has indicated that the whole milk
feeding alone may be contimued upto third week of 1ife and
thereafter it may be fed alongwith separated milk upto six
weeks, After six weeks, the whole milk may be completely
stopped and the ealves changed to skim millk,

Roy (1988) has advocated that the initial daily
maintenance requirements of calves of birth fw weights 60-400
lbs, are usually met by 4-6 1bs, of vhole milk fed in smaller
quantities at frequent intervals, while maintenance plus a
dally weight gain of 1 1b, necessiates the supply of 6,5«8.5
1bse of whole milk for the same liveweight range.

Toedine on Milk Substitutesi= The most commonly used milk

substitutes are skimmed or separated milk and whey. Separated
milk may gradually replace part of the whole milk, 3 1bs. of
the former replacing 2 1bs. of the latter, untily substitution
has been completed (Lander,1949), Vhen only skim milk is to be
fedy only 14=16 lbs. of it daily is enough. In any casey the
allowance should not exceed 18 lbs. daily until the ealf is
six weeks old (Morrison,1959), Sinee the separated milk has
had most of its fat removed, some fat or oil 1s mixed with it
to bring its value up to the whole milk, Accordine to Woodman
(9948), addition of about ong~third 1b. of fat or oil to one
gallon of separated milk practically serves the purpose.
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Lander(1949) has suggested to give some finely
gEround weal containing about 15% fat with some fish liver
0il or 6«9 ozs of a mixture made up of 2 parts of crushed
gramy 1 part of bran and 1 part of cake per head per day
as an appropriate substitute for the fagt.This gradually
ray be increased to 2 lbs at the end of fourth month.
Morrison(1959) has also suggested that some cereal grains
rich in carbohydrate and some good gquality hay may be fed
alongwith separated milk.

¥hen neither skimed nor separated mwilk is available,
the next preferable milk substitute is vhey. But as it is
devold of most of 1lis protein and fat,sddition or-i'lb of
protein and=£'lb of fat to 1 gallon of vhey is necessary to
bring its value upto the whole milk, This is achieved by
adding some suitable grain mixtures to it in right quantie
ties. Wisconsin studies have shown that ealves hove made
normal growth when fed on vhey at the rate of 14 lbs per head
daily increased gradually from three weeks to six weeks age

together with clover hay and a suitable grain mixture.

Feeding Calf Steptersi~ The method of raising calves on calf
starters is largely adopted in Farms,vhere no milk bie
products are available. In this method the calves are given
a good start on normal amcunts of whole mlilk and are taught
to eat & dry calf starter, or a calf meal and good quality

hay as soon as possible.
h good eglf starter has about 204 protein and a high
TeDelNe value. Consequently,it should not have more than 35 of

fibre.Some of the calf starters contain 15-16% of protein.
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The calf starter is usually fed either as a gruel
or as a dry meal, Woodman (1948), has reported that the
calf starter was fedyduring the war, as a gruel. This was
prepared by adding 1 1b of the calf starter to 1 gallon of
water which was then boiled for two minutes and finally
cooled to 100PF before feeding milk to the younger calves
or fed as such to the older calves. Morrison (1959) has
suggested that until the calf is three monthes old, the calf
starter may be fed as & dry meal ad 1ib upte & maximum of
4«5 1bs a day with plenty of gocd hay. Feeding calf starter
can be discontinued at the age of four months and some
cheaper grain mixture fed alongwith good quality hay.

The daily schedule of milk and meal feeding to
calves has been described by Lander (1949) as followste
First weokse Colostrum for 34 days, then 3 quarts whole
milk daily in 2 feeds.
2nd wegk s~ 3«4 quarts vhole milk in 2 feeds daily.

Srd & 4th yeekie Begin by feeding 3 quarts whole milk with

1 quart of gruel and a small quantity of dry miik meal
(cudlets) daily in 2 feeds. Gradually increase the propore
tion of gruel, ending with 1 quart whole milk, 3 quarts
gruel and a little of cudlets, Introduce: g little good haye
The cudletg should be placed in the bottom of the pail after
each feed of gruel until the calfl will feed from g trough,
Sthe6th & 7th wecksis Give 4«5 quarts gruel daily in 2 feeds,
Incresse the cudlets to 1 1b per calf daily by the 7th week
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and continue to offer a little good hay.
8th,0th & 10th yeeksi= Reduce the quantity of gruel
gEradually and inerease the quantity of hay and cudlets
as the gruel is decreased + By this time, 2 t0 2¢ lbs of
cudlets may be given daily. Six quarts of water should be
alloved te drink daily to each calf.

The specifications of the composition of some of

the calf starters have been furnished in table V,VI & VII.

Zable Y,

8pecifications of the composition of national
calf starters (cudlets & gruel) evolved by the
Ministry of Food in England during the war(194sy

YFercentage by weight in the

Ingredients %ccm lot

Dried whey powder 29=31 20«31
Dried skim milk powder 14=16 14=16
Linseed cgke meal 19=21 2951
Linseed 46 4=G
Cane molasses 4=6 -
Figh meal f=f deafy
Wheat feed or flour =i G=11
Oats Q=11 Sel 1
Dried grass megl 23 De3
Caleium earbenate 1=1% =1
Scdium chloride tel el

* Data from P.E.Landery1940,the Feeding of Farm Animals
in India,pe334«336,
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Iable VI,
Calf starter formula as given by Morrison (1950),
Ingredients I Parts by weight
Yellow com see 19.475
. Crughed ocats ea e 20,0
¥heat bran L .1500
Linaeed n.ﬂl oo 10.0
Dried skim milk 9s 9 540
Soybean 0il meal esa 1440
Cano molasses T 540
Alfelfe meal " eve 7.0
Brewer's yeast oo 340
Irradiated Yeast aew 0,025
Ground lime stone v 045
Stesmed bone meal ve e 05
lodized salt Ly 0.5
Zable Vil,
Yellow corn meal ee o 24,7756
Crushed oats so0 20,0
¥heat bran o0e 1640
Lingeed meal see 1040
Soybean oil meal YT 18,2
Cane molasses eve 540
Alfalfa meal voe 540
Irradisted yeast se0 0,025
Ground lime stone Y " Qb
Bone meal soe 140

Salt eo s 065
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Seme of the systems of raising dairy calves as
folloved at different farms are as follovedle

igt wecki~ 6 pints of -whole :éilk increasing to 8 pintsg,

20d weoki= 8 " ) . 1 "

‘3rd wegki= 10 " . X Lk

4th weeki- 8 pints of whole wilk & 4 pints separated skime
3th_wegkl= 4 " e, 8 " s

Sth wegkis 2 P e SN

weeks . 12 pints sebarated skim,

After 10th week, serarated milk, in smaller or
larger quantity as available, is fed. When separated gm
milk is not available, calf starter is to be fed alongwith
normal amounts of whole milke.

Lender (1949) has described the following reticning
schemes followed at the Imperial Agricultural Research
Ingtitute, New Delhi and by the Military Dairy Ferms in
India as shown in table VIII & IX pespectively.it should be
menticned here that the milk,at the Imperisl Agricultural
Research Institute is fed at body temperature £ from its
own mether to the calf three times daily till the calf is
one month old. After ;s monthy it is fed twice daily. Coumen

salt and mineral salt is also provideds Roek salts are kept
for licking at will,
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iable V111,
Details of calf faodingnsystam followed at the Imperial
stitute,New Delhi¥®

i4k i ‘ii:'Eli; milkﬁk:u;'bmilkmain ‘{ gﬁt
1=3 weeks 1/10th of = - -
the bodywt.
48 wecks wdow + § - - -
6«8 wecks «i0= + 1 - 4 1
9«10 weoks «do= *+ 1§ - % 1
RTRTE dont 2 - 3 1
13«16 " wdos + 3 - & 1
1720 edo= + 3¢ 2 1% 1
21«26 " +2¢ 4 2 1
zv-so n wdoe *+ 3 4 2t 1
51-»34 " - 6 2% 1

* Data from Pe.Belgnder (1949), the feeding Of farm animals

India, Pe331e

Igble IX
Rationing scheme followed by the Militery Dairy Farms,

Indiay for cow calves,

Pan s (whole rsegara- Cene- odder!'fimes of
Age olostrumi milk lte :I.lklentr- {feeding
0__1v i ,

1 sia g 3 ¢ a' 6 9

Iste3rd day 140 - - - “ 4

4the7th day - 140 - - - 3

2nd=3rd Wk, = 125 - o - 2

4th week o 0475 0425 1/20 = 2

5th " - 0475 0.25 1/20 1/20 2

Continuedsss
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Table IX, contd,

1 P 2§ 8 Y & ¥ 351 &} 7
6th week - 0475 0425 1/20 1/10
7th-8th wk. = 0450 0.40 1/12 1/8
ch wveek - 050 0440 1/12 1/5

10th=12th wke = 0430 0.50 1/12 1/5
13=16th wke « 0410 0.50 1/12 1/5
*17«19th wks = « 0440 1/12 1/
V-gBrd e, - - 0,25 172 1/3
24%26th wke = = 0410 1/12  1/2

™ 0 W N N 0 0

03

* Data from PeEelander (1940),The Peeding Of Ferm Animals
in IndiayAppendix V,

Notes= 1, The figures above under all heads, except fodder,
denote the quantity to be fed for every 10 lbs.
body weispt (5 1bs, & ovag to be counted as 10 lbsy
under 5 1lbs to be ignored).

2+ The g figures under follder show the actual propors
tion of the standard fodder ration to be feds

Se When separated milk is not available, it is

Eoplaced by 50% whole milk at all the young stoek
armsge. :

Uge of Antibioties in Calf Nutritiont- Our knowledge of the

use of Antibioties in calf nutrition has been of very

recent origin. It is now spid that when the calves are raised
by calf starter method,lgood results are obtained if whole
milk feeding is continued up té 7 to 10 weeks of age, and tiae

the results are more pronocunced if an effective aAntibiotie
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is fed to the calves along with the milk, Although, the
reports zre eontradictoryy but there are experiments to
show that if an effective Antibiotic is added to the milk,
milk feeding may be discontinued as early as 5§ weeks with
satisfactory results.

Maynard (1956) has reported that rations
eontaining antibictices improve the early growth of calves
and the amount of feed consumed per pound gain is often
smaller. The effeet is more pronounced when the antibioties
are fed directly instead of gdding them to the grain
mixtures, probably because the calves do not eat much grain
before they eross 3 to 4 weeks of age. Usuelly, 20 g of
antibiotics per ton of grzin mixtures are used, but feeding
10 mg daily per calf in milk gives results equal to larger
intakes as frund at Cornell University.

Reid and associates (1954) have reported
thet in ceneral feeding 10 to 100 mg of antibiotics daily
to dairy calves during the first 2 to 4 months increased
the gain in body weight by 10 to 30 % cempared with calves
not receiving the antibictics. Chlortetracyecline and
oxytetracyeline have grestest value for calves. kemnk
Fennicilline is the leasst effective. How far the use of
these antibiotics cen be successful in practical colf
rearing,is still a matter of further investigation,
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STUDIRS KEIATED TO GROWTH BATE & FEED ECONCMY
CATTLES = Sayer (1934) conducted an experiment with
Sghiwel breed heifers, in which he placed 2 groups of the

latter on two different feeding regimes. Cne group was
Placed on the ordinary farm diet, whereas the other group
of more or less similar age and body weight was placed on a
speciel dlet made up of an extra amount of milk and some
change in the concentrete mixture. At the end of 26th week
the average daily gain of Sahiwal heifer calves fed on
ordinary farm diet was 1403 1lby, whereas in case of the
group on speclal dietyit was 1.21 1lb. Sazyer has drawn
attention to an interesting fact that there are certgin
definite periods in the culf feeding life which have a
direct bearing on its future development,

Vishwaneth (1941) hes reported that under a good
systen of feedingyheifer calves could be brought to the
age of maturity within the age of 19 months,vhieh is
considerably less than the usuel ege of 2%=3 years as is
coemon in most part of Indla.

Lofgreen, Loogli & Maynard (1951) working with
Holstein heifers have shown that there was a significant
increase in the efficieney of utilization of Nisrogen
available above the maintainance requiremonts when the

calves received & low protein diet tut 20 percent more
TeDsN. An increase in the energy intake with & high

protein level did not bring any increase in nitrogen
retention, In case of calves getting a high protein put Lo
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energy ration, there was also a significant inerease in
nitrogen retention, but the afficienéy of gain wes lowvered.
No significent difference in weight gains on low or high
rrotein levels with low energy inteke was obtained. These
vorkers have concluded that there is no adventage in giving
extra protein to Holstein heifers from 150 to 350 lbs live=
weight than recommended in 1936 Morrison standard, but for
heifers weighing more than 700 1lbs, Morrison's standerd was
found to be in excess.

Hullick & Kehar (1952) studied the seasonal
variations in the pulse rate, respiration rate, body tempe
erature and body weight in normal Indisn cattle. They
obgerved a decreased body weight in summer months and the
correlation coefficient showed that there was a significant
interrelationship between the wtmosfspheriec temperature and
liveweight. They explained it to be possibly due to differene
ces in the food intskes under different environmental
conditionse K« Raju (1953) has also reported & decreagse in
the average weights during summer owing to reduced food
intake. )

Hibbs et al. (1953) worked on 17 Jersey

calves aged 3 days upto 10 weeks of age. 2 groups received
a simple concentrate mixture containing 14.{3 % total protein
| and 2 groups received a complex concentrate mixture containe
ing 25% total protein. Hay was fed to both groups ad 1ib &

adjustments were made to keep the Hayiconcentrate ratlo 211
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all the time. After 10 wecks, the male calves were
slaughtered and the experiment with the female calves
wvas carried on upto 6 months of age. It was observed that
the rate of gain and efflciency of foed utilisation was
higher in simple grain group at 10 weeks than the complex
grain groupde

Alexander (1954) working with the level of
feeding of calves has shown that the group of calves
getting 40,30, 25,20, & 15 gallons of milk and equal amount
of & concentrate (20% crude protein) upto 12 weeks pave an
average weekly gain of 7.6)6+135+5,543 and 4,8 lbsg.respect-
ively. ‘

Brown et al.(1958)have reported that rate of
gain gnd efficiency of feed conversion were higher in
calves getting sixteen percent crude protein than those
given higher or Ymus® lower levels than this. Apparent
digestibility of protein varied inversely with the percent=
age of protein in the diet, Similar results have been
obtained by Kesler & Wilson (1958).

Everette (Jr.) et al. (1958) in a trial with
60 calves have shown that the rate of gain was higher with
higher levels of protein in the diets So was the case with
nitrogen retention, |
Recently, Talapatra (1962) in a personal communi-
cation to the author has reported the findings of his two



(32)

students on growth studies in Hariena calves. Roy (1961)
has observed that growth rate as high as 1.7 1b per head
per day could be obtained in Harisna caelves under a special
feeding regimes The work of Yamdagni (1962) with calves of
the same breed has shown that speciel feeding and mafnagee
ment was responsible for a daily galn of 1.9 1lb per head
and that the calves were able to ejaculate good quality

semen ags early as at the age of 19«20 months.

E1G83~ Becker, lassiter,Terrill & Norton(1954)
conducted 2 experiments on pigse In the Ist experiment,the
group of pigs received 10,12,14,& 16 § of protein in the
dlets and in the 2nd experiment, the other 4 groups received
12,14,16 & 18 § of protein in their diets. The protein
sources were from corn Soybean oil meal and cornelenhaden
fish meal in both the experiments, At the end of the oxperie
ment the workers found that pigs from 40 te 100 lbs required
a minimum of 14% protein in corn Soybean meal ration and a
minimum of 16% protein in cornelienhaden fish meal ration.
From 100 « 200 1bs liveweight,the requirement wes 125 protein,

Smith & Lucas (1956) using 4 different levels of
protein(24,29,34,& 39%) with baby pigs bave shown that sn
increase in dietary crude protein from 24 to either 20,34
or 39 # in the diet significantly gprmd feed conversion
efficiency, but not growth rate, The differences in feed
conversion efficiency in each case over the 24% protein



(33)

level were 10,12,& 13§ respectively,

Jensen et al. (1957) worked on the effect of
different levels of protein (14,4 £ to 27,6%) with pigs
weaned at 2 weeks of age and reported that rate of gain
and feed efficieney rose with level of protein risir_ng o
In another trial also in which théy compaved 10 to 32¢
levels of protein, similar results were obtained. But
in each case, a protein level of 16.67 was found to be
most economy® as regards growth rate and feed conversion
effieiency, Highest level of protein (28 & 327) were
found to give more or less similar results as 17% protein,

Rutledge,Hanson & Meade (1961) while studying
the protein requirements of suckling age pigs have reported
that the levels of protein ranging from 17 to 27.6% had
no significant effect on the average final weight of the
pigsy but there was a definite trend towards more effiecient
utilisation of food for gain as the level of dietary protein
increased. Significent difference was obtained as regards
nitrogen retention, less nitrogen being retained by pigs
receiving 179 protein than those fed other levels.

Aunan, Henson & Meade (1961) in 4 experiments
with different breeds of pig have reported that 14,16 & 18%
proteins gave better results than 12¢ protein level as
regards acceleration of growth rate. There was no signir:l;
cant difference between 14,16 & 18% levels, Marked varige
tion was noticed in daily gains and careass gquality due to
breed effects. |
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POULTRY s~ As emrly as 1930, Norris and Heuser
conducted two experiments with WeLeHs chlecks using four
groups each time, In the first experiment, each of the
four groups contained 39 and in the second experiment,
each of the four groups contained 70 WelL.H. chicks. The
percentage of protein and the protein - energy ratios
tried in the two experiments are shown in table X belows

Iable X,

Table showing the percentage of protein & the
protein - energy ratios used in the 2 experiments#

JFProtein & T Protein-enersy ratio

!Expori- gExpnri-i lgx'pnri- } Bxperie-

ment I ment I ment I 1§ ment II
A 20,90 20,23 133,01 183,17
B 18,58 17,93 183,80 183,69
c 16,76 15,49 134,0 184,49
D 1520 12,87 188,0 136,5

* Data from L.C.Norris & G.F.Houser,Poultry Sei,,1930,

The workers obtained the best growth in 10% A &
poorctf?iot D of the first experiment. The other lots
ranged between A & D, In experiment 2, similar results
were obtained upto 8 weeks of age, but at 20 veeks ythe
relative differencesin growth between lots A & B, and
B & C were mich less than at 8 weeks,

The most efficient utilisatiqn of protein was

obtained from the low pfotain rations in both the experie
| ments, Each added inereament of protein above these loy



(35)
levels produced smaller and smaller returns in terms of
growth, The possible explanation given for this fact was
that the optimum supplementary relationship between the
proteins of the mixtures was upset due to increased increa-
ments of proteins resulting in reduced efficiency of protein
utilisation, On the other hand, the efficiency of feed
utilisation inereased with each increament of protein,

Day & Hi11 (1956) experimented with different levels
of protein ranging from 24,3 to 32,9 £ in turkeys, The diets
had the same energy content per 1b (842 Cal), It was noted
thet growth and feed efficieney progressively inereased as
the protein content rose to 30.1 £ with energy-protein
ratio 2-8 51, There was no significant aifference in weight
gain and efficiency of feed conversion within the groups
getting tho same level of energy, tut the birds on the high
energy ration were heavier then those on low energy ration
and efficiency was also better,

Carter et 21.(1957) using 44,17,20 & 23¢ protein
and different levels of energy in the rations of turkeys
have shown that efficiency of feed conversion inersased with
each protein level as the energy value of the ration increased.

Reed & Valu (1957) working with 22 & 30 % erude
protein rations in poultry reported that the feed conversion
efficieney was higher in ration containing 30f protein. The

total egg produetion on high ead low protein rations was 2199
and 1636 respectively. The feed utilised per dozen of egg on

high & low protein ration were 8.6 & 11,1 1bs respectively,



(36)

BATSs=  Slonaker (1931) experimented on the effect
of different levels of protein ranging from 10.3 to 26,3%
and equal amounts of energy per g of feeds (3,82 Cal) fed
to rats. The results obtained indicated thﬁt the diets
containing just over 14% protein gave the best result for
growth, When the intake of protein was either sub-optimal
or exceeded the optimum, progressive retardation in growth
took plaece.

Forbes, Swift & assoeiates (1935) placed four
groups of rats on 4 feeds econtaining different levels of
protein (10,15,20 & 25%) and equal amount of energy in each
case. After a 10 week experimental period, it was obszerved
that with constant energy intake, the ineresse in the
percentage of protein led to a greater inerease in body
weight, 10 to 15% levels were more effective than eithey
16 or 20% level in this respects The digestibility of both
the protein and energy producing mitrients ineressed
slightly but consistently with inerease in the plane of
protein intake, but the metabolizable energy of the diets
vas essentially the same at all planes of protein intake.
This was reported to be due to the faet that the urinary
energy increased almost exactly in proportion as the feecal
energy decreased with rise in propdtion of protein in the
diets.

Johgnson,Hogan & Ashworth (1936) compared 0% &
25% proteins in rats and reported that the growth rate was

higher with high protein diets.
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Forbes et al.(1937) comapred 25 to 45¢ proteins
in rats and found that with same food intake,the progresse
ively greater protein contents of the diets above 25%
resulted in diminished gains in body weights, because of
lower metabolizibility of the protein than non-nitrogenous
organic nutrients, These workers have come to conelusion
that any further inerease in the protein beyond the optimum
impairs the nutritive balances of the diets as sourees of
energy resulting in decreased utilisation of energy for
body gain due to more rapid decrease in metabolizable
energy than in heat produectiony the latter being so due to
an increase in the urinary energy which slightly exceeds
the slight decrease in the feeal energy.

Barnes & associates (1946) working on 28 groups
of albino rats with 4 erude protein sources have coneluded
that the increase in the level of protein inereased the
protein utilization and this emhanced the growth rate until
a maximum was reached. Beyond this maximum level, they have
shown that any excess of protein is rapidly deaminized with
a consequent rise in exogenous urinary nitrogen and an
inerease in specifie dynamie heat losss This also accounts
for the lowered Biological value.As for example, the whole
ege protein at 38 g of intake had 100f Biologieal value,but
only 60% at 70 g of intake, the remaining 40f being metabo-
1ized for other purposes.



Considerable amount of work have been done in
connection with the important blood econstituents of
different species of animals in Foreign countries and to
some extent in India, but literatures pertaining to the
studies of these phenomena in growing ealves rather seem
to be very meagre. Thus, the literatures eited here in this
respect relate mostly to the studies on the normal eomposie-
tion and seasonal variations in the important constituents
of blood in case of different catagories of cattle.

Normal Composition of Bloodis Considerable amount of data
on the normal levels of important blood constituents of
Indian cattle are available. These are summergised in the
table XI below.

Jable Xi.

Statement showing the average blood ecomposition of
normal Indian cattle.

Animals ical. Iomogsugugﬂrmizﬂotgli gN.P.R. Reforence
glo protein
mg? Img® !ms%lg? ggfs f mg? {
Serumjserum)bloody blood | serum yblood j

Kumaoni
Bullocks 10,81 6.8+ 88,9+ Te8* 6.79%

Kehar &
0s10 0420 2,06 0,18 0,25 Murthy (1952)

Hariana 104 4,26 75,6 10.8 8s61 = =l0=(1945)
Bullocks :

=(0= 10,8 4,04* 82,6 10,8 e = Mulliek &
Pal (1943)
Hariana 114 4.32% 77,7 10,9 - - w(0= =d0=
Cous
Hﬂ!‘im 13.0 5.98. 99.9 14.6 > - w(l0= wfl0=
Calves

Dhani 111 5;56* 88,3 12,8 = - «(0= =(0=
Bullocks

% The values indicate mge® of DLood.
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Sen & Roy (1933) estimated the total protein
content of the blood of 28 hill bulls and reported a
value ranging from 6,0621 to 9,0470 g per 100 c.cs of
the serum. | |

Kehar (1940) estimated the total protein and
non-protein nitrogen content of blood in € normal Indian
cows and the average value of the two was reported to be
9434 g per 100 escy Of serum and 0,79 g per 100 CoCy Of
blood respectively,

Kehar & Murthy (1951) studied the blood pifeture
of tuffaloes (bulloeks)s The findings of these workers

were as follows i

Calcium o0 1000 T 0,09 mgﬁ of serum
Inorg.Phosphorus 6,95+ 0,05 mg® of serum
Sugar ses T9.4 1+ 341 mgﬁ of blood

Hnmglnb;ln ave 7.7 £+ 0,22 % of blood
Total protein see 7446+ 0,09 g ¥ of blood

Rusoff & Frye (Jr) (1981) studied the blood of
16 Red Sindhi- Jersey daughters and their 16 Jersey dams
all on a high plane of nmutrition and obtained the follow-

ing values for some of the econstituents,

Ingredients Jersey cows Red Sindhi-Jersey
' daughters

Serum caleium(mg®) 9.6 £ 0,06 9,63 + 0,07

Serum Phosphorus(mg?)5,38: 0,04 7,88 + 0,08

Haemoglobin(g? blood)9.6 : 0,08 10.26 = 0,06
These workers also reported a decline in the
Calcium and Phosphorus values with advancement of age.
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Byers ot al.(1952) studied the blood Haemo=
globin value of Holstein, Jersey and Grade cattle at
difrorontlagos. The average value of Haemoglobin for the
three was found to be 11.1 g . There was no signifiéant
difference between various ages and sexes but a signie
flecant difference was obtained between the average value
of Holstein & Jersey breeds, the average being 10,6 & 11,3
gs rnspoetivbly; :

Reda & Salem (1954) estimated the serum calcium
in the blood of Egyptian cattle,Bgyptian buffaloe and
erossbred cattle and obtained the following resultsse

Egyptian cattle « 9,2 mg?

Bgyptian buff, = 10,0 mg?

Crossbred cattle - 8,5 mg?

Rusoff et al.(1954) studied the blood of Jersey,
Cuerensy & Holstein ﬁuils for over one year under the same
managements and feeding and obtained the following Pesultss-
Ingredients Jersey Guerensy Holstein |
Haemoglobin(g®) 1946 = 0s2 12,2 0,2 11,6 1 0,15

Serum caleium .
(llgﬂ) 10:4% 0,24 10,21 +0.,2 10,26 £ 0,22

Serum PhOSQ(BK‘) 4,585: 0,119 4,86 0,94 4,51 0,09
They also reported a decrease in the Haemoglobin and

Phosphorus levels with age.

variation in the composition of blood and sera of normal
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adult Harisna cows. The findings of these workers for
four months (April-July) eorresponding to the present
experimental period are shown in table XII belowsi=
Zable XII, j -
Seasonal variation in the blood & Sera of Hariana Cows,*

Ingredients E:April.g May §_Junm iAJuly

Sarum ealcium(mg’) 10.7 11,5 14,5 113

Serum Phosphorus
(mg#) 4,81 4,37 4,46 4,43

Blood Sugar (mg$) 80,5 80,0 80,6 80,6
Haemoglobin (g%) 10,0 9,9 9,8 10. 1

Total prot?in(gf |
T3 7.4 T4 7.4

NePoNo( mg Cblood) 85,6 36,8 36.5 27,7

¥ Data ITON AeKePal,deheMomin & DeNeFPullick(1945),indian
Jovitgsﬂiop 21‘.15

Note:= The figures above are the averages of 12
animgls,

Sagar (1962) studied the seasonal variation in
the Haemoglobin content of the blood of dairy eattla of
Allahabad Agricultural Ingtitute, It was revealed that’
Haemoglobin condeentration in all the animals was higher
during summer than in winter, as shown in table XIII,

Lable XIII,
Average blood Hb.content in cattle during summer season?

July-Sept, 9«’63 10022 9051 10,22
Magreh-June 9,53 11,36 10,20 12,25

¥ Data Trom ReHeSagaryThe INd,Vote «g508, 168, 1062,
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Raghavan & Mulliek (1962) studied the effects
of air temperature and humgidity on the blood composition
in buffaloe bulls and reported a higher value of ealeium
during summey months and an irregular relation with the
change in stmospheric conditions of Phosphorus,Sugar,
Eaemoglobin, Serum total protein & noneprotein nitrogens
The values for these constituents under the minimum and
maximum height of temperatures are shown in table XIV,

Zable XIV,
Composition of blood at different temperaturesst
Ingredients 520F 940F 106°F 1040F
Serum caleium(mg®) 9.84:% 1,18 149,10 * 10.50+ 40,97 *
101? 1'48 1346

Serum Inor,P,(mg#) 6,90t 619 8,191 ¥ 6,08 =
2,06 6.46 0,90 0,98

] Sug. 52,60+ 43,50+ 42,50 + 40,80 +

L A 8 541 ¢ 5,04 “ 5.72 2,89

Haemoglobin (gf) 15,79t 1118t 91,79 ¢ 11.79 ¢
2.09 1046 112 .12

Serum total 6,79 £ 6,18 £ 631 ¢ 6.44 %
prﬂtﬂiﬂ (85) 0.35 0.34 0e38 0.60

NePaNo (mg#) 49422 41,28 142,69t . 43,22 *
125 2:41 2045 3400

* Data from GeV.Raghavan,& DeNeMulliek,Ind.J,Daivy Sedey
1962’ 15" 6"‘570

Seshiah (1962) studied the blood levels of domese
um tiec animals maintained under different planes of mtri-
tion and reported the following figures for cows and bulloeks,

Serum Calnef)  Serum Inor,P(mef)
Cows upto 6 years 10,39 6439
Cows above 6 years 84,87 6,23

Bullocks | 9,60 5,86

o ol e ol el i




CHAPTER III
MATERIALS AND METHODS,
Experimental Animalsi-The animals used for this

study were 12 Tharparkar calves obtained from the Government
Cattle Farm,Patna, The selection of these ecalves was done
on the basis of similarity of age. Thereafter, the calves
were weighed just on the day of commencement of the
experiment and divided into two groups in such a wvay SO as
to provide similarity in the average age and weight of the
two groups, The details of their agegbody weights and
distributlon in the two groups are furnished in table XV,

Zabla XV

Table showing the details of seleetion o2 and
distrilution of ealves in the two groups .

. Groups: 81.3 gbnlfg Sex gDatc of § Age omn  (QWeight on

No. birth § the day oflthe day of
8 j i i § selection ldistribution
| § ) jin the group
1 110/61 Male 12, 10,614 12 days 75 Kge
2 114/61 Female 20,10.61 464 * 62 v
3 115/61 Male 23,10,61 69 72 "
4 116/61 Male 23,10.61% 161 *» a n
5 118/61 Pemale 26,190,691 158 " 75 "
6 124/61 Male 19,14.61 138 43 "
11 1 111/61 Male 12,10.69 172 ¢ 65 n
: 2 112/61 Female 18, 10,61 166 *» g2 n
3 11%/61 TFemale 20.10.61 164 " 64 "
4 11761 Male 24,10.61 160 = 56
5 119/61 me 26, 10,61 658 n 72 v
6 120/61 Male 204 10,61 168 n 68 n
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It is seen that the average age of calves in
group one is 158,5 days and the average weight is 63 Kg,
In group two, the average age of the calves is 963 days
and the average body weight is 63 Kg.

The group one was designated as "Control group"
because the calves under this group were fed the ration
used at the farm (eslled control ration hereafter) while
group II was designated as "Experimental group" because
the calves under this group received a ration made up of
the same ingredients as the control ration, tut in different
proportions and furnishing en equal amount of energy and
25% less DeCoPs per pound then the control ration.

Zhe Foeds & Their Analyses $= The feeds consti-
tuting the concentrate mixture used at the farm and thus
adopted in this experiment were wvheat bram, groundmt cake,
gram crushed and salt, Therefore, in order to know the
mtritive value of the individual feeds and thereby to
compute the rations for the two groups, all the individual
feeds inecluding spear grass hay and green para grass were
analysed prior to starting the actual experimental feeding,
In order to determine the TeDsN, value of thése feods, the
digestion coefficient of each of the mutrients were presumed
to be that given by Indian workers failing which Morrison's
data were utilised,

For analysis of the feeds, 50 samples of each

feed were collected from 10 different bags, taking about
10 g at a time from 5 different places of each bag in
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order to get a representative sample of the feed, Thus
for each feed, a sample of about 500 g was procured, The
bulk of the each :sueh sample was thoroughly miwed for
different analyses,

The analysis of the feed was done by the following
methods s«
Eroteinss By Kjeldahl method as given in A.0+A«C. methods,
Crude fibres- By Windee method as given in A+0,A.Comothods.
Sther extracti- By Soxehelet extration for 48 hﬁurs.

All analyses were made in duplieate. The results
of the analysis have been furnished in the chapter "RESULTSW,

Computation Of Rationie Heving caloulated the
mtritive valué of the individual feeds, two types of
ration were prepared - one, the control ration to be fed
to the control group and the other, experimental ration
for gxsmp the experimental group,

The composition of the control ration used at the
farm and adopted in this experiment was as followsie

Wheat bran bes D pars.

Groundmit cake 4 9

Gram crushed ..., 8

Salt wes 2 v
This mixture furnished per pound 0,87 1b of dry matter,
0173 1b of DeCoPs and 0,68 1b of ToD.N.

The composition of the experimental ration was
formulated to be as followsi=-

Wheat bran  s.e 13,25 pots

Groundnut cakes . 360 v
Cont ‘Iﬂlﬂdg Y
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Gram crushed es. D26 v
Salt Cmee 2,00 ¢ .
This mixture furnished per pound 0,875 1b of
dry matter, 0,131 1b of D.C.Ps and 0,677 1b of T.D.N,
thereby providing the same amount of DM, and T.D.N. as
the control ration, tut 24,5 ¥ less D.C.P. on per 1b bacis,

Periodi~ The usual practice of feeding the calves at this:
farm is to feed them in groups. The calves aged O=i month
are fed in one group, while those aged 1-6 months are fed
together. The practice in vogue to feed the calves in the
farm is shown in table XVI,

Zahle XV,

System of feeding ealves upto 6 months followed
at the Govermment Cattle Parm,Patna,

Age Cow milk Coneentrate Creen grass
O - 1 Wﬁk 4 lb - -
1wk -« 1 month 8 1b = -

1 monthe4 " 61b gy 20 Kﬁsgg;ga %rggp Ad 1ib,
it cons 0
PR N 41 ! calves of 4-6 months 1
I ages

It 18 apparent that calves aging 1-6 wonths are
fed the concentrate mixture and greens in one lot. The
feeding of milk and grain 13 done 2 times daily half of
the allowanees given at one time, Milk feeding is dise
eontinued when the calves have reached the age of & months

and they are transferred to another pens where their mode of
feeding becomes different henceforward.



(47)

The general practice of feeding the experiments
al animals in this experiment was that the control
group was allowed the average of the maximum and minimum
allowances of D«CoPs & ToDuNs as recommended in the
Morrison's feeding standard for a given body weight of
a groving calf, while the experimental group was allowed
the same amount of DuMs & T,DuN. in the concentrate
mixture as the control group, but received 24,5,% less
DeCoPs The amount of eoncentrate was inereassed by ¥ 1b
per head in both the groups at an interval of every
three weeks to provide for the inereased body weight.
Mineral mixture (I.C.I.) was fed to both the groups in
the ratio of 1 1b of mineral mixture to every 30 1bs of
the confcentrate mixture.

Green para grass (allowed after a month) and
hay were fed to both the groups ad 1ib provided in a
50-80 ratio in weighed quantities and daily consumption
of these recorded. Any concentrate, if left over, was
also weighed to determine the actual consumption on that
day«

The calves were fed in pgroups in closed pens
(two groups fed separately). Four hours wxemwwi@ exercise
(two hours morning and two hours evening) was allowed to
both the groups dally without gecess to any greszing. The
timing of feeding was maintained throughout the experiment-
al period as followss-
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Concentrate mixtures s.se 8 AdMe daily
Para grass and hay  e.e.12 noon daily
Cancentrate mixture eeee4.30 PuM. daily
Water esse 3 times daily

Prior to taking up the actual experimental
feeding, a 5 days preliminary period was allowed during
which the milk was gradually withdrawm and the quantity
of hay and concentrate increased. This also givum gave
an idea regarding the actual dry matter intake by each
calf from the feeds to be used in the experiment.

Heighine of Calvesi=~ The ealves were initially
weighed just on the day of commencement of the experimente
al period and then after every week, The weighing was
done at about 7 AdMe at each occasion before giving any
food or water to the ealves, The details of weighing
data have been presented under the chapter "RESULTON,

In the latter part of June,1962, one¢ calf of
the control group began to show the symptoms of general
debility, welght loss and weskness and therefore, it was
removed from the lot, Consequently, the econtrol group
henceforvard consisted of only § calves = 3 males and
2 females.

The growth rate has been expressed as average

growth rate by the formula Wg=Wq , where Wq 1s the initial
Ta=T9
weight, W2 is the final weight and Tg=T4 1s the time

interval (Pomroy,1955).'The growth rate of the two groups
has been furnished under the chapter "RESULTS",
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follection of Blood Sampless= The blood samples

were collected from the Jugular Vein of each calf in
early morning (7,30 A.Ms) on the day of colleection
(every fortnight), Two samples were collected from each
calf- oneyoxalated for estimation of sugar,haemoglobin &
non-protein nitrogen, and the other samplef was taken for
obtaining serum for estimation of caleium, inorganice
phosphorus and total protein,

The anti=-coagulants used in this experiment
consisted of 17 solution of Ammonium oxalate and 1%
solution of Potassium oxalate. 0,6 c.c, of Ammonium
oxalate and 0.4 ec.c, of Potassium oxalate when taken
together was found to be suffiecient to keep 5 c.c. of
blood in normal condition even up to 7 to 4 days under
referigeration,

. After collection, sugar and heemoglobin were
immediately analysed and the remainder of the samples
kept in referigerator for other estimations arter;wards.

Analysis Of Blood Sagmplesse As stated earlier,
the analysis of blood was confined to (a) serum caleium,
(b) serum inorganiephomphorus,(e) sy sugar, (d)haemoglobin,
(e) total protein and (f) non-protein nitrogen. The methods
adopted for the analysis of these‘eonstitucnts of the
blood have been deseribed belows Here it is essential to
mention that prior to taking up the actual estimation, a
few preliminary estimations for these were made in blood



(80)
samples collected from goats, cowsyhorses and also in
the A«R.P. serum obtained from the local Livestoek Rcsn'rch
Station, The methods for estimation of sugar and phosphorus
were further eritically tested by recovery experiments
vhieh invariably gave over 94% recovery., The methods for
estimation of the various blood constituents were as
follows =

(a) Serum caledumi= Cilark - callip modification
of the Tidsall method &1925):- 2 ‘u.c. of blood serum was
taken in ungraduated test tubes to whiech was added 2 c.ce
of distilled water and 1 c,c, of 47 Avmonium oxalate, This
gave a precipitated of ecaleium -oxalate. Several rotatory
movements were given fmmxfmmxkumm to facllitate precipi-
tation and left for 4 an hour for the purpose.

Now, the contoents were centrifugel for § minutes
at the rate of 1500 revolutions per minute. Then the
supernatant flulds were drained out carefully and 3 c.c.
of dilute ammonia {2 e¢.0, of ammonia in 98 c.c, of distilled
water) was added to the contents and mixed by rotatory
movements as before. The contents were again centrifuged
for 5 minutes as beforo. The supernatant fluids were
drgined out by downward inversion Qf the tubes and the
latter were kept on dry filter paper downward for drying.

Then, 2 c.ce of normal HgS04 was added by
blowing it directly on the preecipitate, The mixture was

boiled for 10 mimutes in a waterbath and titrated against
460 Potassium per manganate, care being taken that the tube
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remained hot during tiration, End point was reached when

a pink colour lasting for about a mimute was obtained.

The mean of the two sueh titrations was taken., Let it be X.
A blank test was also done by titrating 2 ec.c.

of normal HgSO4 with N/100 Potassium pere-manganate with a

view to ascertain the purity of the acid, Let it be ¥,

Caloulationt= :
** 1 ceeo Of /100 KMnog € 0.2 mg of caleium,

0'. (X«Y ) coce " " g (Xeylx 0,2 mg "

o5 100 ceco of " .

(X«-Y)x 0. 2100 IE Che
. 2

(b) Sevém inorpanic phosphoruss= Method of Fiske
and Subba-Row (1926)3~ 6 ce.0s of 13,3% trichloro-acetic
acld was taken in two test tubes to vhiech was added 2 e.c.
of blood serum, Mixed well and allowed to stand for ¢ an
hour to facilitate precipitation. Then, filtered through
a dry sshless filter paper{Phosphorus free) washing the
tubes with 2 e.c. of distilled water twice and filtering
it also,

6 ece¢e Of the filterate was taken in another
test tubes and added one by one {1 c.c, of molybdate II,
36 cece of distilled ﬁator and 0s4 cece Of Amino-naphtho=
sulphonic acid. Mixed well by inversion and allow«to stand
for colour development and read in the cblorémeter,

5 ce.c¢s Of a previously prepared standard
phosphate solution was taken in a hundred ¢,c, volumetrice
flask to vhich added one by one 10 e.c, of molybdate I,
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50 cecs Of distilled water and 4 c.c. of &manounaphzhn;
Sulphonic acld, Mixed well by inversion, allowed to
stand for 10 minutes and then read in the Colorimeter,
Salculations- Percentage of Inorganie Phosphorus in
the serum is equal to, |

Bg.gggﬁ of gggnggn x 0,04 x 100
eading of standard,

(e) Blood Sugari-_ Hagedorn and Jonsen Method
(1923) t- 1 cuce OF W/90 Na OH & 5 .0, of 0,45% Zink
Sulphate solutions were taken in a test tube €15 x 150m.m, Do
4 gelatinous precipitate of Zink Hydroxide was formed,

Then added 0,1 e,c, of oxalated whole blood from a capillary
pipettey, the pipette being washed out twice with the
mixture and blown empty. The tube was put in a boiling
vater~bath for three minutes, Then the mixture was filtered
through a fine filter paper previously moistened with
distilled water in another test tube(30x90m.m,) wahing

the original tube with three c.c, of distilled water

twice and filtering it also,

' To the filterate, added 2 ¢.¢. of amlkaline
potassium ferricyanide soclution and heated in a boiling
vater-bath for 15 mimites. Cobled under.tap, mixed 3 e.Ce
of Iodide~Sulphate solution and 2 ce.c, of 3% Acetic acid
solution and titrated it with N/200 Sodium Thio-sulphate
solution (taken in a miero-burette) using 2 drops.of 12
stareh solution prepared in saturated NaCl solution,

The end point was ascertained by the complete disappearance
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of the woilet colour, The mean of two sueh titration
readings were taken for each sample, Let it be X,

A blank test was also done dy carrying through
the whole determination tut without the addition of blood.
Let this titration reading be ¥,

Calenlationt= From the chart furnished in the practieal
Blochemistry by Hawk,Osser and Summerson, the gluccse values
corresponding to the Thioesulphate readings( X & ¥) were
noted down and the percentage of sugar in the bdlood was
deternined by miltiplying the difference between the
glucose value of X & ¥ by 1000, The result was obtained in
terms of mg of sugar in 100 e.c. of dlood.

(a) Haemoglobini= Wong Method(1993) i= 0,6 c.e. Of
oxelated whole blood was taken in a 50 e.e, volumetric flask
and to it added 2 c.c. of Iron free concentrated Ha804
Mixed by whirling for 10 minutes, added 2 c.c. of saturated
potassium per-sulphate solution, diluted to 25 c.ce with
distilled water, added 2 e.¢, of 10f sodium tungstate
solution and again miwed well, Cooled under tap,diluted to
80 eqsc, with distilled water, stoppered and mixed by inversion,
Filtered through a dry filter paper (Mo.42) and collected
the filtrate in a dry flask, _ ,

For standard, taken 25 c.c. of distilled water in
a 50 eq.ce volumetrie flask end added one by one 2 e.e. OF
Cdnc. HgS04y 2 cees of saturated potassium per-sulphate &

245 cee, Of previously prepared standard Iron solution eonw
taining 01 mg of Ferric Iron per c.c. Gakkw Cooled to To0m
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temperature, made the wolum 50 e.c. with dis$illed water
and mixed well,

Taken 10 cece of the unknown filtrate and the
standard in separate test tubes and to each added 0.5 ¢.c.
of saturated potassium per-sulphate followed by 2 cece 0f
3 NePotassium Thiocyanate, Mixed by inversion and allowed
to stand for half an hour and then read in the colorimeter
within the same 20 mimutes,

Caleovlationi~  Haemoglobin (g) per 100 e.c. of blood =

Reading of siegﬂagd 0, 25
eading of unknewn b *%?%- x%:_.

(e) Serum Total Proteini= Modified Micro-Kjeldahl

Methods- Taken 1 e.c, of the blood serum in a 50 c.c, of
volumetric flask and made up the volum with 0,9 ¥ NaCl
solution,

1 esce Of this diluted mixture wes taken in a
large pyrex test tube (25 x 200m,m,) previously marked at
36 and 50 cecs and to it, added 1 c.c, of 1:1 Sulphurie acid
and 2 glass bead. Digosted over a micro~burner till excess
of water was m evaporatedy,solution darkened and white fumes
began to fill in the tube(in about 5 mimites time)s The
digestion was contimued for another three minutes premoved
the tubes to g cool for ome minute, added 0,5 c.ce of
saturated potassium per-sulphate solution drop by drop direct-

ly into the mixture and boiled again till the contents became
clear, Cooled the tubes, diluted to 35 ec.e. with distilled
water and placed them in a beaker of eold water,
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Now the standard was prepared, For this 3 c.c.
of standard ammonium sulphate solution containing 0¢85 mg
of nitrogen per c.e, was taken in a 50 ce.ce volumetrie flask
and to it added 1 ceCe Of 181 sulphuriec acid and 0,5 c.c, of
saturated pere-sulphate solution, diluted to 35 ee.ce with
distilled water and ecooled ¥ under tap.

Nesslerized the standard and the uneknown by
adding 18. cec, of Nessler's reagent from a gruaduated
@ylinder, the contents being shaked during the process,
and {mmedistely added distilled water to make up the wmx
volumeS0 c.ce Inserted a rubber stopper, miwed by inversion,
allowed to stand for 10 minutes and then read in the
colorimeter taking 10 c.c. at a time from each sample.

Caloulations= Percentage of protein (g) in serum =

§ ¢ Readineof-Sipndant. x 0.5 x sg0)- mrTiezy,

Wherey, V is the actual volume of serum used,

(f) Non-protein Nitrogens= Method of Kcch &
MeMeekin (1924) modification of Folin and Wu method(1919):-

First, a protein free blood filtrate was'prepéred.
For this 2 ¢.c. of oxalated whole blood was taken in a 50 ecc.
volumetriec flask and was laked with 7 volumes (14 eecs) of
distilled water, Added 2 cece of 107 sodium tungstate
solution and mixed well. Then,added slowly 2 ce.ce of 2/2N

sulphuric acid, inserted a rubber stopper and shaked the
flask for feeilitating complete precipitation, wvhich was

judged by the appearance of only a few bubbles a® & result
of shaking.
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In cases, where colour of the coagulum did not
change from red to dark brown, added dropms by drop 107
sulphuric acid with shaking until there were practically
no foaming and dark brown colour set in ., Now the contents
of the tube were filtered in a dry conical flask and a
clear filtrate obtained,

For digestion, 5 ce.ce Of the filtrate were taken
in a large dry pgrex test tube (25x200 m.m.) and‘digestod
as in case of total protein, Here, 1 to 2 drops of 307 Holg
were added (not potassium persulphate as in ease of total
protein) to the solution for perfect deecolourigzation of the
same. Finally the solution was heated gently for 5 minutes
more to remove excess of HpU2 , and then the tubes were
cooled at room temperature, Added 35 e,0, of distilled water
to the solution and placed them in a beaker of cold water,

The standafd was also prepared as in case of total
protein but without the addition of potassium per-sulphate.
For Nesslerization and taking readings in the colorimeter,
followed the same procedure as for total protein.
Calculationi~ Percentage of N.P.N. {mg) in blood »

Beading of standard x 0,15 0. wh
Reading of un-known o1 Jt__‘l{_;_, wnere,

V is the actual velume of blood taken for determination.

At the end of the experiment,blood of 4 Tharparkar
calves upto one week age was also analysed for sugar,haemo-
globin, total protein and N.P.V. in order to have an idea
about the variation in these constituents with ape,
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A 1/500th portion of the total excreta for a
particular day was weighed separately and kept in hot
alr oven for other analyses, The estimation of protein
was also made in fhe pooled samples of dried feces for
the purpose of comparison.

Like other estimations, all analyses.wers made
in duplicate and average of the two readings utilised for
caleulation. The results of these analyses have been

shown in chapter IV on "RESULTS",

L L]
"ol
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The chemical composition of the feed: used in
this expeiment has been listed in table XVII,

Iable XVII,

Table showing the chemical composition of feeds
(in pereentage)

Mois-iCrude JCrudelither | lotal §
Feeds : ture lproteiélfibra extra—gash % Ns Fs Be

Wheat * 5.60 13.80 10,10 3,90 4,40 624,20
bran,

FeNuCoke 7.°70 36,00 12,60 8,40 5.20 3770
Gram 5450 17.60 8,50 4,20 3,40 60,80

Grass ?w 8,00 5,60 35,80 1,30 12,30 37.,00
{(Spear

Para grass 7240 2;20 11.06 04,40 2.12 12.23
{green)

Cow mllk‘ 87-2 3.8(} oo 34170 0. 70 4.90
* Data from F.B, Vorrison,rfecds & Feeding,1950,

In order to determine the T«D,HN. value of the feeds,
the digestion coefficients for the different nutrients of the
feeds given by Indian workers were utilised, failing whieh
Morrison's data weres taken into consideration.The digestion
coefficients as given by the various workers and used in this
experiments for computation of the rations have been detailed
in table XVIII overleaf. |
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Table XVIII,

Table show%ng the a1 ust%on coefificeints of different
nutrients (in porecngag .

I .!,‘ walder LOe b,
L]

¥ References

Feeds iCrude ECrudelEther OJN.F.E.
Iproteinifibrelextractl

Weat bran 770 66,0 85,0 71,0 Bengalore

GeNaCakeo 90,0 10,0 97,0 61,0 Bengalore

Gram 69,0 66,00 84,0 90,0 Lyallpur

Spear grass hay® 50,0 60,0 50,0 60,0 Morrison
Green Para grass 56,0 56,0 60,0 60,0 Morrison
Cow milk 94,0 - 97,0 98,0 Morrison
¥ Coefficients for a poor quality hay utilised.
From table XVII & XVIII, the amount of digestible

natrients present in each feed and also the T.D.N. value

of the feeds were calculated, In computing the T.D.NV. value

of the feeds, the digestible ether extraet was multipliead

by 2.25 in each case., The digestible mutrient contents and

the T.D.N. value of the feeds have been shown in table XIX.
Table XIX.

Table showing the digestible nutrient econtents and the
TeDeNe value of different feeds ( in percentage ).

: [] YDigesti- JDigest.)Digest.ilotal
Feeds §D.C.P.Ible PibrelBther {V.F.B, Edigestible
§ ¥ i Extract} nutr ients,
Wheat bran 10,863 6,66 Deot 44,186 68,30
GeN«Cake 32.45 1.26 8495 19.25 7430
Gram 12414 5,61 3,53 54,72 80,40

Spear grasshay 2,80 21.48 0,68 22,20 47,90
Green paragrass 1,20 6.15 0.24 Te34 15.28
CW Milk 3.39 had 3.59 4.8“ 16.17
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From table XIX, the dry matter, digestible erude
protein (D.C.P.) and the total digestible nutrients content
of the two concentrate mixtures - control and experimental,
and also those. in Hay and Para grass per pound were
calculated for asgertaining the intakes of these nutrients
by the calves during the experimental period. These are
listed in table XX.

Table XX.

Table showing the DeM.,D.C.P. & T.D.Ne. Contents of
the rations ( per 1bl

, Y DeM. | DiC.Ps | T.D.N.
Rations i | i
Control conc. mixture 0.87 0.173 0,68
Exptl, cone. mixture 0.87 0.131 0.68
Spear grass hay 0,92 0.028 0.48
Green para grass 0.28 0.012 0.15

On dry matter basis, the D.C.P. & T.D.N. content

of the feeds per 1b comes to ¢

D.C,P. T.D.N,
Control concentrate mixture 0,20 0,78
Exptl. concentrate mixture 0.15 0.78
Spear grass hay 0.03 0453

Para grass (green) 0.04 0.55
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COBSERVATIONS ON LIVEWRIGHT GAINS OF CALVES.

Mention has prreviocusly been made that the calves
were weighed at intervals of every week. The consolidated
secount of the monthly increases in their liveweights are
summerized in table XXI below.

Table XXI,

Table showing the monthly (4 weeks period) increase
in the liveweight of the calves of the two groups(in 1b).

jCalf § iner i t
Groups{NOI. % Initialg April 2 ay : une July

Control 110/61 165.0 183.6 220.0 242.0 26640

114761 138.6 167.8 193.6 217.8 237 46

145/61 156.4 187.0 209,0 228,86  253.0
; 116/61 114,84 138,6 158.,4 1804 2024
118/61 165,0 187,0 209.0 23140 250,86
i 124/61 9042 1100 132.0 " ®

Avefor group 138.6L 163.92 187.0f 220.0% 241 .81
12.564 12.26 14.07 10.80  10.88

Bxptls 119/61 143,0 165,0 18942 20648 22444
112/61 114.4 134,2 154,0 171.6 1870
113/61 143.0 16540 18448 200.2 21546
117/61 123.,2 145,2 162.8 180.4 1958
119/61 158.4 178.2 19346 211.2 228,8
120/61 149.6 189.4 184.,8 108.0 2200

Av.for group 138.6: 169 o5 176,22 194 7+ 211.9%
' 3,55 6457 6450 631 6.83

* Calf no. 124/61 removed from the lot in the month of June
owing to its unfavourasble reacticn to the treastments.
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From table 2&1 it would be seen that the calves
in the experimental group gave lower wolght gains in each
month &s compared to the calves in the eontrol group,
although the initial averages of the two groups were
almost the same. Bosides this, it is alse noted that the
calves within the same group differed considerably in the
rate of increase in their body weights in different months,
the lowest avérage.increaaa in weight being in the month
of June (0478 1b per head in control group and 0.60 1b in
the experimental group)., The rete of gain of the two
groups was also decreased in the month of May as compared
to the geins in the month of April and July.

In order to examine whether these differences
in the average liveweight incresses of the twe groups were
significant or not,the data rresented in table XXI were
subjected to statistical analysis, in which the effect of
the tuo treatzents (levels of feeding) and the months on
these differences were considered. The details of this

analysis are presented in table XXII,

dable XX1L.
inalysis of variance of the liveweights.

Sources of variation Y Be¥s § HeBs
Treatﬂﬂntﬂ ese 1 1 679,75
Hmtha TR 4 15496.89'*
Interaction(Treatments x months) 4 650,62
Eprror see 48
1 otll oo 87

** Highly significent et 1% lovele
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From the table abova, it is found that
neither the two levels of feeding nor the interaetion,
(treatment X months) had any significant effect on
the inerease in the body weights of the calves of the
two groups. Also, it is noticed that the months had a
very significant effect on the variations in the live=
weight gains of the two groups in different months,

0D CONsSUM R

The system of feeding the experimental animals
and the method of recording their liveweight gains
during the experimental pericd have already been deseribed
in chapter III on "Materials and Mbthodg". The average
amount of food and mutrient consumed and also the weight
gained by each calf of the two groups during the
experimental period are summarized in table XXITI,



epotaed 79T} woTISASTp s5L®p O Jurpnyouy S4%p ¢Z Jo SodvxsAv aYyy sav 3Eniny Jo
8013 OITUASsLep g JoJ Soimaoa® oyj jusseadea Lynp pur sunpllefrrady jo ssauly) eyj ~iéjoy
sgdnna?d ygoq Uy STATEO ¢ Jo S00910A% 8G) SOJVOTDUT +»
sdnoa2 ToI3UO0O UT SIATI0 ¢ Jo S3ITI0AR OY) SOIVOTDUT o

08°9 £S°¢ 04°9 9F¥*¢ P$9°9 00°c OV°S o'y 0s*v 69°¢ qt aed Mmuw
<uT PAsJ*Av

03°0 86°0 £9°0 08°0 09°0 08°0 49°0 €8°0  €L"0 06*0 uTed ATTEp°Ay
08°6L O¥V*¥2 09°4L 00°33 06*91 00°33 0u*8t Ol°Se  08°08 08°63 uyes
. Jy3ten *Av

£6°26 08°16 08°9P2 00°G8 OL*LL SP*BL 0S°3L 08*34  O0L*L9 22°L9 *N*q*l
09°St 0S°6L 91*¥L Ll1*Sl 06°231 OL*9% 91°3tL 99°St  Py°LL 08" %1 *$*3%°q
O¥* 621 SL*0SL OV°Sil 08°03L 04°60L OL*Ltl 0101 0*30L 0g*¥6 0v°¢Ls *Wa
0°8e 0°0ry 0°0c O°Sg 002 0°Gs O"82  0°02 - - Byuy
. 0"93  0*08 O0°GE 0°82 O°SZ 0°SZ 0°08 Q0"28  0°6Z 0°p Aoy
- - - s - - - - o*g 0*g HI'H
0°0LL 0°cOl 0°00L ©0"38 0°06 O0°06 0"98 0°Ca3 0°08 0°08 e32Ijueduwon
TJO SoeTUT

k]
TOI3WI{SIBTNOTIINY

ejusy sTod 102 i ] —
..mnﬁumm.noﬁao ﬂuundumwo : Tadxy nmqommﬁunm*mmuug *Tadxy
AR

" 3 e

* (spunad mﬂu potaed teiuswraedrs ayjy Suranp JT90 Yowe
Jo ur®?d jo 932X puUT UoTIIANSUOD pooJ 9Fvraar oyy JupAacys oTqmy

Iy vl
(€9)



(66)

From the above table, it would be seen that the
increase in the body weight and thus the rate of groyth
in both the groups was lower in the month of May ,dune,
and July, Alsoy it is seen that the growth rate was
superior in case of the calves of control group to that
of the experimental group. The feed intaske per 1b gain
was also comparatively less for the ecalf of the control
group, For example, the ealf of the control group gained
25430 1b in April, 23,10 1b in May and 22.0 1b in both
June and July, the corresponding figures for the calf
of the experimental group being, 2090, 18,70,16,50 and
17,60 1b for the above noted four months, Similarly, the
feed intake per 3b gain in control group was asbout 5.69 1b
in dpril, 4,40 1b in May, %.89 1b in June and 5,46 1b in
July. The corresponding figures of feed intake per 1b gain
in experimental group were found to be 4,50 1b in April,
5440 1b in Mgy, 6.64 1b in June and 6410 1b in July.

It is thus apparent that both the feed intake
per 1b gain and increase in liveweipht in the two groups
tended to improve in the month of July. This improved
trend seen in July persisted for over three weeks of
Augusty being the end of the experimental period. It is
interesting to note that in 25 days of August ,the calves
of the control group gained on an average 24,40 1b and
consumed a total of about 130,15 1b of dry matter(5.33 1b
per pound liveweight gain), while the calves of the experi-
mental group gained 19,80 1b and consumed 129,42 1b of dry
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matter (6,50 1b per pound liveweight gain). The average
rate of gain in the two groups in August was found to be
0.98 1b per head per day in control group and 0,80 1b per
head per day 1ﬁ'¢xpor1mantn1 group.

DIGESTIBILITY COEFFICIENTS OF FEEDS

In order to ascertain the difference between the

digestibilities, if any, of the two rations - control and
experimental, the digestion trial was condueted, the details
of which have been furnished in chapter IXI, The avérage
daily food and nutrient intskes and the average daily
excretion in feces during the 10 days' digestion trial period
have been presented in table XXIV,
Iable XXV,

Table showing the details of average dally food

intake and exefretion in feces during the digestion trial

period in the two groups.

¥ : _ : fAverage daily exeretion
Groups B ; , { TR
Cone, § ! ] Dry Mat-lTresh Teces matter
I i i ____ter.l

Control 1953.30 930.20 929,0 2815.28 4652,20 037,80
Exptl, 1975.,00 885,20 926,0 271.45 3665,00 927,70

In order to determine the digestibility of the
different food econstituents in the two rations, the feces
of both the groups were analysed to ascertain the amount

of the food constituents excreted in the feces of each group,

The details of the analysis of feces are furnished in table
XXV overleaf,
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Zable XXV,

Table showing the details of analysis of eompositg
sample of feces on dry matter basis(in percentage

Control 20,20 14.00 27.00 2,40 14,20 42,40
E:‘ptl. 28, 30 12,40 29450 2.60 16.0C 39,70

s

After the feces were analysed, ealoulations were
made to determine the average daily exeretion and percente
age retention of the various nutrients in the two croups.
It may be mentioned here that protein was analysed in both

the composite, wxBgikk wet feces stored in referigepator with
H,80, added to it and feces dried every day (for determine

ation of DiMs), It was found that the two methods 4id not
show any appreciable difference in the estimetion of protein
content of the feeces « the wet samples showing only 1.12%
higher result which is distinetly within the range of
experimental error, The details of the observations on
digestibility trial are summarized in table XXVI,
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Iable XXVI.

Table showin%ithe details of data for estimation

of digestibility coefficients.

Group g Details™ | DuMs JCrude UCrude JEther  UN.F.fs
TV, daily L foroteinitibre Joxt. . 1
v H
Control co;isvzugtien 285,28 573,85 632,30 133,40 1256.50
E:cr?tion 937,80 131,25 254,06 22,70 398,00
Retention(g) 1877,78 442,60 368,33 4110.70 658,50
Diges%igikgty 66,30 77.92 58,20 83,00 68,30
Exptl. Av, dailys
Consu?ption 2791.48 405,57 598,17 98,16 1503.52
(g
Exeretion(g) 927.70 115.03 271,80 24,30 368,14
Retention(g) 1863,75 290,54 326.37 73.86 1425.41
75,20 75,50

Digostib%lity 66,70 1.60 54,50
(in %)

From the table above,it would be seen that the
digestibility of erude protein, crude fibre and ether

extract were better in the control group than in the experi-
mental one, the figures being respectively 77,12%, 58,20%
and 83,0% in the former and 71,60%,54,50% and 75,20f in the
latter group. The higher digestibilities of these nutrients
in the control group fmw fits in well with the generally

observud beneficial effect of higher levels of protein on
the digestion coefficient of these nutrients,

Since only a small number of animals were ineluded
in this trial, no attempt has been made to interprette the

results statistically,



It has been mentioned in chapter IIT that the
blood samples from each calf were snalysed at fortnight

intervals for serum calelumA, inorganic phosphorus,sugar,
hlalogiobin, serum protein and NeP.N. The results of analysis
of these constituents in the blood of indiviiual animals
have been presented in tables XXVII,XXVIII,XXIX,XXX,XXXI
and XXXII and the average values of these for the groups
in g consolidated form are given in table XXXIII,

In order to find out the effect of feeds and of
the months on the variastions in these constituents, the
data for these blood constituents for each month were
subjected to statistical analysis. In this conneetion,it is
essential to mention here that since these data were obtained
in terms of percentages,their seale of measurement was first
changed to angles corresponding to their percentages by way
of a "Transformation™ before analysis,Angle being equal to
Aresin \V/percentage, as given by C.I.Bliss(4937) and
presented in table 11.12.1 of "Statistical Methods™ by G.We
Snedecor (1956), and these echanged values were utilised for
statistical analysis, Back transformations were made to
ostimate the standard errors in each case.

The results of statistical analysis of the variance

of these blood constituents are presented in table XXXIV,
For a comparative study,the blood samples from

four Tharparkar calves upto one week age were alsoc analysed
for sugar,Hp,total protein and N.P.N.The results of this
analysis have been presented in table XXXV,
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Table XXXIV,

Table showing the results of analysis of variance
of the different blood constituents.

Treatments 0,5647  0,0866 37,6028 0,5323 0,3526 2.8636
Months 047763  0,8106#%459,9848% 0,6604 0,1425 1.2155

Interaction

(Months x

treatments) 0,0552 0,3238 11.3589 0,1965 0.1475 00,3767
Ervor 0,4573 0,2696 16,9546 ¢.1811 0,167 0.8611
Total:

* Significant at 1% level
*%* Signifiecant at BY level.

From the above analysis of variahice,it is revealed
that n neither the tuo levels of feeding (treatments) nor the
interaction (treatments % months) had any significant effect
on the variation of any of the blood constituents, but there
was a significant effect of months on the values of blood
Sugar and phosphorus in the two groups,

Referring back to table XXXITI, it will be seen that
the values of calcium and smw phosphorus tended to inerease,
that of haemoglobin tended to deerease while those of total
protein and N.P.N., tended to remain more or less constant during
the periocd of the fifth fortnight of blood analysis, The values
of sugar, on the other hand, showed a continuous decreasing trend
throughout the experimental period.

The trends of the changes in the various blood econsti-
tuents have been graphieally represented in figures from 2 to 7,
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i I tal Tﬁin, PN,
Table showing the levels of ’
Sugar and haemoglobin in the blood of calves upto
one week age* ,

;A ¥ ] ¥
No. of i Sugar JHaemoglobiniTotal 1§ N.pP.N.
observations < { fprotein

2.8 l_ziimﬂ

9 101.5 14,50 6,58 36,0
2 9.8 13,45 6.82 35,80
3 101.5 12,25 6,72 36415
4 97,5 12,92 6436 36,53
Avaragl soen 99.25 13.28 6,62 36e 12

* The levels of caleium and inorganie phosphorus not
determined because of rather larger volume of blood
required for analysis of these two constituents,

From the above table, it is evident that the blood
of one week old ealves of this breed contained higher levels
Sugaryhaemoglobin and total protein as compared to the blood
of the older calves of our experiment, the values for the
former being on an average, 99,25 mg of sugar,s 12,28 g of
haemoglobin per 100 ec,e. of blood and 6.62 g of total protein
per 100 e,c. of serum, The level of N.P;N. was found to be
more or less similar to those in case of the older calves of
this breed.
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CHAFPTER Vo
RI1SCUSSION

GROWTH RATE AND FOOD UTILISATION

It would be seen from table XXI and YXIII that
the calves of both the groups exhibited improved rates
of growth in the months of April end August. The ealves
of the control group gained on an average 0,90 1b per
day in April and 0,98 1b per day in August. The aversge
daily gain of the calves of experimental group was 0,75 1b
in April and 0,80 1b in August. The lowast average increase
in liveweights of ealves of control group was recorded
in the months of June and July, So was the ease with the
calves of the experimental group, but they showed slight
improvement in the month of July over that of June. The
highest rate of srowth in both the groups was obtained
during the month of #ugust, 'S

From table XXIII, it is also evident that the
calves consumed relatively lesser amount of food during
the months of May,June and July in view of their increased
liveweights in these months, Although, the calves of the
control group each consumed about 4,40 1b of food in May,
$+00 1b in June and 5,46 1b in July,the corresponding
fipures for the calves of the experimental group being
5,40, 6,64, and 6,7 1b respectively, it is to be remembered



(81)

that a portion of the gradusl incresse in these food
intakes (per 1b pain) with the age of the calves in
these months was due to the proportionately higher
requirements for their maintensnce.

It is thus brought up elearly that the calves
of both the groups, in these three months, did not .
consumed the food in quantities usually required for the
calves of this age and body weight. Here it is essentisl
to mention that during the experimental feeding of the
calves, it was found that they did not consumed all the
eonecentrate mixtures nor all the roughages. Consequently,
there were considerable "food refusals" particularly of
hay and to some extent of grains also, Now, on learning
that both the concentrates and roughages were supplied
in accordance with their increased body weights through-
out the experimental period, it is concﬂ;able to think
that the animals were consuming their maximum amount of
coneentrates and roughages all along the duration of the
experiment,and thus it is safer to infer that the rate
of growth obtained in this experiment was the maximum
expected of ealves between the age of 5 to 8 months at
17.56 £ protein in the conecentrate mixture during the
particular period of the year. Whether higher growth rates
could have been obtained on still higher levels of protein
intake, was not in the per view of the present experiment,

The main reason of the calves refusing the food
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during the above mentioned three months appeared to be
the increased atmospheric temperatures of May and June
end inereased humadity with high temperature of July.
Mullick and Kehar (1952) have also reported aifferences
in the feed intakes of normel Indian eattle under
different environmental conditions leading to a signifi-
cant variation in the body weights of the animals both
between the months and between the animals. Eariier,
Ragsdale,Brody,Thompson and Worstell (1948) have also
reported, "Physiological wisdom dictates the reduction
of feed consumption with inereasing temperature so as to
reduce the heat production assceiated with feeding,which
the animal can not dissipate, and this is what happens",
Brobeck (1948) glso stated, "food intake appears to be
eontrolled as if it were a mechanism for tempersture
regulation®,

In view of all these faects, the average vate of
growth of the ecalves in the control group of our experi-
ment for the experimental period was found to be 0.86 1b
per head per day and that of the calves in the experimental
group, it was 0,69 1b pir head per day, Morrison (1936)
has recorded the rate of gain of calves of various breeds
from birth to two years of age based on data from several
experiment stations in the U.34A. These data clearly show
thet the average rate of gain of heifers of 4 to 10 months
age was 1,82 1b per head daily for the Holsteinsy1.42 1b for



(83)

the Jerseys, 1.38 1b for Guernseys and 1.45 1b for

the Ayrshire heifers. Raju (1953) has reported that
| the average rate of gain of Kangyam calves between
4 %o 6 months of age was 0.85 1b per head per day.
As early as 1934, Sayer obtained an average rate of
gain in Sahiwal heifers placed on special and ordinary
Farm diet to be 1.21 and 1.03 1b respectively. On
special feeding regime, Roy (1961) obtained a growth
rate of 1,7 1b per head daily in Hariana calves,while
Yamdagni (1962) obtained a rate as high as 1,9 1b per
head daily. in the same breed.

| Although, the systems and levels of feeding

the calves in the experiments of Roy and Yamdagni are m
not known, data collected by Morrison on cost of raising
dairy heifers reveal that the heifers upto 2 years or to
the age of first calving at most of the experiment
stations in the U.S.A. are usually raised on whole milk,
skim milk, good quality concentrate and pasture. At some
stations nurse cows are also used.. In the experiment of
Sayer (1934), the special diet for Sahiwal heifers cont-
ained an extra amount of milk and some change in the
usual Farm concentrate mixture.

In the present study, the milk was completely
withdrawn at the age of 5 months of the calves and the
hay supplied was of poor quality., The concentrate mix-
ture fed to the control group contained about 17,3 %
and that fed to the experimental group contained 13.1%



(84)
protein (D.C.P.). Moreover, the T.D.N. contained m®
in the two mixtures was only 68%., The example rations
for dairy cows and heifers given by Morrison (1957)
suggest that when no legume roughage is fed to the
heifers, the concentrate mixture should contain 17 to
17.6% of DeP. and 72 to 74% of T.DeN. It must be
remembered that the computationsof these rations
suggested by Morrison have been based on supplements
containing 34 to 44% protein guarantee such as,linseed
meal (34% protein grade), cotton seed meal (41% protein
grade) and soybean oil meal (44% protein grade), all of
which contain a protein of high biological value.

The efficiency of food utilisation and that of
gain in terms of 1b of T.D.N. required per 1b gain yere
found to be better in the control group than the experi-
mental one throughout the experimental period. Reffering
back to table XXIII, it will be seen that the average
amount of T.DeN. utilised per 1b gain for the experiment-
al period in control group was 3.3%1b and that for the
experimental group, it was 4.22 1b. The determinationlof
digestion coefficients of the two rations (table XXVI)
has shown that the digestibilities of protein,fibre and
also that of the ether extract were mch improved in the
control group over those in experimental group, Now,the
control ration having 25% extra D.C.P. per 1b than the
experimental ration, the differences in the digestibili-~

ties of these mutrients in the two groups must have been
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due to the higher protein content of the control
ration. No apparent explanation seems to be available
for the present as regards better utilisation of N.F.E.
in the experimental group. The generally observed
beneficial effects of levels of protein on the digesti-
bilities of all these food constituents of a ration are
supported by the recent observations on this phenomenon
by Brown et al. (1958), Bverette (Jr.) et al.(1958) and
Kesler and Wilson (1959) in case of calves. Jemsen etal
(1957) and Rutledge et al.(1961) have reported similar ob-

servations in case of pigs,

VARIATIONS IN DIFFERENT BLOOD CONSTITUENTS
Serum Calcium:~ The value of calecium in the control

group varried between 11,25 and 12.24 mg with an average

of 11.80 + 0,34 mg per 100 c.c, of the serum. In the
experimental group, it ranged batween 11.25 and 12,10 mg
and the mean value was 11,58+ 0.28 mg per 106 CsCe OFf
serum, The lowest values in both the groups were obtained
in the month of April and the highest value in the month
of June.

Statistical analysis revealed that these
variations in the values of caleium in the two.groups
were not significant so far as the effects of feeds and
those of the months were concerned. This nearly constant
serum caleium level in both the groups is understandable,

because the rate of growth of the two groups was more or
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less uniform during the experimental period,

Mullick and Pal (1943) reported a value of
13.4 to 13.5 mg of calcium per 100 c.e. of serum in
Hariana calves between 6 to 12 months age. The average
value of calcium in adult Hariana cattle was reported
to be 11.4 mg per 100 c.c, of serum for cows and 11.2 mg
per 100 c.c, of serum for bulloeks., They also reported
a value of 11.1 mg in case of Dhani bulloeks,.. All these
findings'show that growing calves usually contained a
higher level of caleium as compared to the adults in
their blood serum., Thus, the caleium content of blood of
calves in the present study was within the limits of
those reported by Mullick and Pal, Information regarding
the calcium level of either growing or adult Tharparkar
cattle does not seem to be available. Anderson et al.
(1930), and Rusoff and Frye (Jr.) (1951) have also
reported a higher value of calecium in growing calves as
compared to the adults.

Serum Inorganie Phosphorus:- The mean value of
inorganic phosphorus in the_control group was found to
be 6.04;t0.23 mg per 100 c.c. of serum with a range of
5264 to 6,25 mg, In the experimental group,the mean
value was 6.27:&0.257it mg per 100 c.c, of serum with
a range of 5.90 to 6444 mg, In this case as well ,the
differences in the two groups were not statistically

significant, nor the effects of feeds and of the months
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on the variation in their values were significant,

Mulliek and Pal (1943) reported an average
value of serum inorganic phosphours in case of 0-6
months old Hariana calves to be 6.70 mg and that for
6 to 12 months 0ld calves, 5.55 mg per 100 c.¢. of
blood, Rusoff and Frye (Jr.) (1951) reported a value of
7.58 +0,08 mg per 100 c.c. of serum in case of 5 months
0ld Red Sindhi- Jersey female calves., Thus, the present
finding for the Tharparkar calves(5 to 9 months old)
falls well within the limits of the values reported by
the above mentioned workers.,

It 1s interesting to note from table XXXIII
that the value of Phosphorus in both the groups rose
as the level of calcium rose, and decreased as the
level of calcium decreased. These fluctuations in the
two constituents were more sharply defined during the
months of May,June and first half of July,in which the
levels of both of these increased simultaneously and
then gradually fell in the same order. Marsh and
Swingle (1955) have also reported an increase in the
level of these two constituents in the month of July
in case of sheep. Pal et al.(1945) in normal aguit
Hariana cows and Raghavan and Mullick (1962) in buff-
aloe bulls have also reported an increase in the level
of calcium in summer months. As regards phosphorus,

however,the w two workers have reported an irregular
relationship of phosphorus with air temperature,
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Blood Sugars-_ The mean value of bloed Sugar
in the control group was 74,41+ 8,46 mg per 100 c.c.
of blood with a range of 85,75 mg in April (beginning
of the experimental period) and 61,80 mg in the month
of August ( end of the experimental period). In case of-
experimental group the mean value was 74,42+ 7,90 mg
per 100 c.c, of blood with a range of 85.0 mg in April
and 63,25 mg in August. The average blood sugar level
in the calves upto one week age was found to be 99,25 mg
per 100 c.c, of blood. Mullick and Pal (1943) reported
a value of 105,90 mg for O - 6 months old Hariana calves
and 97,65 mg per 100 c.c. of blood of 6 to 12 months
0ld calves., McCandless and Dye (1950) have reported that
in calves, the blood sugar level was 97,0 mg per 100 c.c,
at 10 days' of life, which gradually decreased to 61 mg
per 100 ce.c, at the age of 6 months (175 days), Thus,
the values mf obtained in the present study were within
the range of those obtained by these workers in different
breeds of cealves.,

The data presented in table XXIX and XXXIII on
comparison with those presented in table XXXV indicate
that the level of blood sugar .fell, though gradually,
with the advancement of age., Mullick and Pal (1943) m
in Hariana cattle and McCandless and Dye (1950) in
different species of domestie as.wgll as wild ruminants

have reported similar observations, The latter workers
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as a result of their extensive series of experiments
have come to the conclusion that blood sugar level ig
inversely related to size and functional development
of the rumen, This relationship seems to hold good also
in case of blood sugar level of calves used in the
Present study.

Haemoglobins= The mean haemoglobin value for the
control group was found to be 1225+ 0.35 g per 100 c.c.
of blood with a range of 11.76 g to 12,91 g « In case of
experimental group, the mean Hb value was 12,04 +0,24 g
per 100 c.c, of blood with a range of 11.65 g to 12.43 -
In the calves upto one week age, the average value of Hb
was found to be 13,28 g per 100 c.c, Oof blood.

Mullick and Pal (1943) reported a value of 15,5 g
to 16.0 g for calves between O -~ 6 months age, the
average being 15.75 g per 100 c,c. of blood. For calves
between 6 to 12 months age s they reported a value of
13.1 to 14.0 g with an average of 13.55 g per 100 c.cCe
of blood. Rusoff and Frye (Jr.) (1951) reported an
average value of 10,26 +0,06 g per 100 c¢.c. of blood
in case of 5 months 0ld Red Sindhi-Jersey female calves.
Thus, the values obtained in the present study were lower
than those reported by Mulliek and Pal in either case and
higher than those reported by Rusoff and Frye(Jr.)(1951),
These little differences in value of Hb in different

breeds of cattle may be attributed to the breed
charesteristics.
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The data presented in table XXX and XXXIII
suggest that the values of Hb in the experimental
animals decreased during hotter months (May - July).
Manresa et al.(1940) in case of Phillipine cattle,

Pal et al.(194$) in Indian dairy cows, Mukherjee and
Bhattacharya (1952) in bulls and Raghavan and Mullick
(1962) in buffaloe bulls have reported similar results.
It is interesting to observe that the value of Hb tended
to rise again in the month of August, dquring which time
rains had started and consequently the local environment
had become comparatively cooler.

Total Protein:- The average total protein
content in case of control group was found to be 6,38+
0.12 g per 100 c.c, of serum with a range of 6.16 g to
6.52 g, In case of experimental group, the average value
of total protein was found to be 6,42+ 0.24 g per 100 cc.
of serum with m range of 6,25 to 6.65 g . The average
Value for this constituent in the calves upto one week
age was obtained at 6,62 g per 100 c.c. of serum,

Sufficient data are not available regarding the
normal levels and causes of variation, if any, in the
value of this constituent in case of growing calves,
although, plenty of data exist for adult animal, Thus,
Kehar and Murthy (1945,1951 & 1952) have reported a value
of 8461,7,461 0,09 and 6,79+ 0,25 g per 100 c.c. of

serum for bulloecks of Ha;iana,buffaloe and kumaoni
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breeds respectively, Sen and Roy (1933) reported a value
of 6.0621 to 9,0470 g for Hill bulls, Kehar (4940)
reported 9.34 g in normal Indian cows, and Pal et al.
(1945) reported a value of 7.3 to 7.4 g per 100 c.c. of
Serum in normal adult Hariana cows.

In the light of thesé available information,the
comparatively lower values obtained by us for Tharparkar
calves may be due to the younger age of the experimental
animals and may perhaps be a normal physiological phenomenon,

Non-Prot&in Nitrogen:- The mean N.P.N. content
in the smxm blood of control group was found to be
37,4374 0,36 mg per 100 c.c, with a range of 36,10 to
37,96 mg., In the experimental group the value was found
to be 37.91£0.94 mg per 100 c.c., with a range 36,08 to
39,13 mg. The value obtained in case of calves upto one
week age was 36.12 mg per 100 c.c. 6f blood.

Literatures, in this case also, are very limited
to show the concentration of N.P.N. in the blood of
growing calves, although, Pal et al,(1945) have reported
a value of 35,6 mg per 100 c.c. of blood in April and
56,5 mg in May and June and 37.7 mg in July in adult
Hariana cows,. Raghavan and Mullick (41962) have reported
a value ranging from 41,22 +1,25 mg at low tempT+ mmst to
43,22 + 3,0 mg per 100 c.c, at higher temperatures in
case of buffaloe bulls, The trend of variation in its

value in the present study seems to be in agreement with
that observed by the above noted workers,

oo desle o



CHAPTER VI

SUMMARY AND CONCLUSION

Studies on 12 Tharparkaf calves of 5 months
age divided into two groups = Control and Experimental,
were made to study their growth rate and changes in
some of the important blood constituents on two rations
containing an eéual amount of energy and two different
levels of protein (17.3% for the control and 13,1% for
the experimental group). The experiment was continued
over a period of about 5 months during which the increase
in the body weights of the calves and fortnightly
variation in the levels of different blood constituents
were ascertained. The daily intake of food was accurately
measured and effieciency of food utilisation and gain
worked out, :

The blood constituents under study were serum
calcium, inorganic phosphorus, sugar, haemoglobin,serum
protein and non-protein nitrogen. For the purpose of
comparison, the blood samples from four Tharparkar calves
upto one week age were also analysed for sugary haemoglo=
bin, serum protein and N.P.N.

At the end of the experimental pericd, a
digestion trial was conducted on six animals (three from

each group) over a ten days'! collection period.
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An analysis of the data on growth rate showed
that the differences in growth rates of the two
groups on two levels of protein feeding were not
statistically significant. Each calf of the control
group, on an average, gained at the rate of 0,90 1b
per day in the first month (28 days in April), 0,83 1b
per day in the second month (28 days in May) and 0,80
1b in the third and fourth months (28 days in both June
and July). The corresponding figures for the calf of
the experimental group were 0,75 1b in April, 0,67 1b
in May, 0,60 1b in June and 0.63 1b in July. The highest
growth rate in both the groups was obtained in the month
of August (for 25 days only), whore'the,calf of the
control group gained at the rate of 0.98 1b per day and
that of the experimental group at the rate of 0.80 1b
per daye.

The feed intakes (DeM.) per pound gain by the
calf of.control group were 3,69 1b in the first month,
#x& 4.40 1b in the second, 5,08 1b in the third, 5.46 1b
in the fourth and 5,33 1b in the last month i.e.dugust.
The corresponding figures for the calf of the experiment-
al group were 4,50, 5,40, 6+64, 6.70, and 6,50 1b.

The digestion trial revealed that there was better
utilisation of protein,fibre and ether extract of the
ration in the control group than the experimental one.,

It was ascribed to higher level of protein in the control
ration.



The studies on the important constituents of
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blood revealed that there was no significant difference

in the average value of any of them in the two groups

during the experimental period. The average values of

these constituents for the experimental period in the

two groups and those of calves upto one week age were

found to be as follows:-

Group Ca.
mg%
Control 11.80 +
0,34
Exptl, 11,58+
0.28
1 week

old calf o

Inorganic ©Sugar

phosphorus
mg® mg®
6,04y 4,41+
0.23 8,46
6,27+ 74,42+
0. 16 '?. 90
& 99,25

Hb., Total
prot-
gl
gt gf
12,25+ 6.324
0.35 0,12

12,04+ 6.42+¢
0.24 0,13

13.28 6,62

NCP.NO

mg%

37,43+
0,36

37.91+
0,94

36012

The levels of caleium and phosphorus in the two

groups tended to increase in summer months., The levels

of sugar and haemoglobin decreased with age and those

of total protein and N.P.N. did not appear to show any

appreciable variation with these factors.
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