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CHAPTER I
INTRODUCTION

Milk is the most expensive ingredient of the calves!
ration, yet 1t is belleved that a certain emount of milk or
milk solids is essential for normal growth of calves., Be~
cause of the expense of whole milk feeding, investigators
have from time to time undertaken to raise calves on smaller
emounts of milk than are generally recommended. In order to
raise calves more economically, the usual recommendation is
to feed calves lightly on milk and encourage them to consume
other less expensive feeds at an esrly sge to supplement the
limited milk diet.

Milk replacements have been used quite successfully
in raising celves for the past few years, but unfortunately
very young calves do not have the proper rumen development
to utilize large amounts of starchy or fibrous feeds, such
as hay and grein, thus feirly large quantities of milk re-~
placement and calf starter are needed for normel growth of
the calves.

It has been postulated thet the esteblishment of an
adult-like floia a8 eerly as possible would increase the
efficiency of roughage utilization enabling farmers to feed
low=cost roughages and grains for part of the costly milk

and calf starters,
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It 1s believed that a well-started calf should be able
to shift to a non-milk diet quicker without loss of weight
then a poorly~started calf., This study was conducted to de-
termine whether more satisfactory celf raising cen be ac-
complished by limited milk feeding for nine weeks or by
liberal milk feeding until the "normel™ nine weeks weight is
reached, and to further determine whether rumen inoculation

is beneficial to celves raised under these conditions.



CHAPTER II
REVIEW OF LITERATURE

Seversl investigetors (1, 50, S1, 55, 56, 57) heve
demonstrated that calves can be raised successfully on milk
replacements. However, these milk replacements have only
been developed in the last few years., Prior to the use of
milk replacements other substitutes were used. Skim milk
was recognized many years ago as & good substitute for whole
milk for feeding delry calves, but even then whole milk was
recommended for the first three to four weeks (L5).

For meny years the genersl milk-~feeding recommendations
for rearing deiry calves have remained practically unchanged
(7, 46)e The generally accepted schedule hes been to feed
the new~born calf colostrum for the first two or three days,
follow with whole milk for two to four weeks, graduaslly change
to skim milk at the rate of one pound deily over & period of
a week or ten days, end then continue feeding skim milk to
six months of sge. Since most dairymen sell whole milk,
skim milk is not usually available for feeding cslves. In
an experiment using Holstein calves, Krauss and Crawford
(25) compared whole milk, skim milk, skim milk powder in
water, and skim milk powder in 2 greln mixture for feeding
calves. The calves receiving the reconstituted skim milk

made the fastest gain., It was concluded thet powdered skim
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milk was equivalent to skim milk when properly used. Rupel
(4L6) elso reported gains of 1,69 pound per dey for calves
receiving reconstituted skim milk,

Because of the economic considerations, meny investi-
getions (7, 8, 10, 28, 45) have been mede with dairy celves
to determine the minimum emount of milk necessary to raise
calves successfully. Fraser and Brend (10), and Lindsey (28)
studied the minimum emount of milk essential for desirable
growth of dairy celves snd concluded that calves could not
be raised on less than 140 to 200 pounds of whole milk end
about 500 pounds of skim milk, Davis and Cunninghem (8)
fed calves whole milk for ten deys and greduelly substituted
calf-meal gruel into the diet. They found that celves could
be raised to five months of age successfully on 150 to 300
pounds of whole milk when calf-meal gruel was used. Ragsdale
end Turner (45) reised 30 calves to six months of age with
an average of sixty to eighty-five pounds of milk per calf.
Growth rates were approximately 70 per cent of normal with
the poorest growth occurring after the change from milk to
grain and hay., Most of the calves had regained normal weight
at nine months to one yesr of age. Converse (7) reported that
102 male end 5l female calves were reared successfully with
no whole milk whatever. They were fed colostrum for three
days snd then changed immediately to skim milk, which was
supplemented with vitamin A, and continued on skim milk to




six months of age. In later experiments Converse reported
that calves could be raised on about 300 pounds of skim milk
and no whole milk at all.

Ingham, et al. (21) reported that approximately one
hundred pounds of whole milk and from sixty to eighty-five
pounds of dry skim milk were required to raise a normel calf.

In several experiments (8, 17, 21, 31, 53) various
substitutes, such as gruels and celf starters, were fed in
attempts to shorten the period of whole milk feeding and
to reduce the amount of liquid milk fed to dairy calves.
Verious grain feeds mixed with dry skim milk or some form of
dried blood were fed es dry calf starters or mixed with milk
or water and fed as gruels., Maynard and Norris (31) compared
gruel with skim milk feeding and found that the six month
gain for the calves receiving skim milk wes 1.71 pound per
day a8 compared to l.Lly pound per day for the calves changed
to gruel after they were four weeks old. Ingham, et al. (21)
reported a gain of 1.45 pound per day for skim milk fed calves
as compared to 1.36 pounds per day for the calf-meal fed
calves. The cost per pound galn was eight cents for each
group.

Wallace, et al. (53) attempted to formulate substitute
mixtures which would satisfactorily replace fluid whole milk
in the ration of dairy calves after ten to fourteen days of

age. Approximately normel growth was obtained with mixtures



containing large amounts of dried milk solids. In general
the calves were rougher from the third to seventh week of

age than those fed whole milk, The rate of growth was some-
what slower on the substitutes during the first month than on
the milk, but the difference was largely overcome by the time
the calves were four to six months old, :

The results of the above type of experimental feeding,
which is summarized by Savage and McCay (48), indicate that
the recommended amount of whole milk fed with gruels or
starters vary as much as 200 to 500 pounds for thirty to
sixty days at different experiment stetions. As early as
1902, Hayward (17) reported that dalry calves could be raised
on calf-meals just as well as skim milk, but that neither was
as good as whole milk for raising calves. Davis, et al. (8)
confirmed this in 1923, but added that calves should not be
changed entirely from milk to calf-meals until they were
sixty days of age.

In recent years milk replacement formulas have been
developed which have been nearly equal to whole milk for
calf growth, and they are usually 50 to 70 per cent cheaper
then whole milk (1, 5%, 56, 57). Williams and Knodt (56)
fed different milk replacement formules to three groups of
calves which were gradually taken off whole milk from the
fifth to the tenth days of age. They found no significant

difference in body welght between these groups and a control
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group which was fed whole milk, However, the cost per pound
gain was higher for the control group., In & similar experi-
ment Ingham, et al. (21) found that the cost of whole milk
feeding was almost twice the cost of reconstituted skim milk
feeding with no significant difference in weight gains between
the two groups.

In experiments to determine the best ingredients and
the correct proportion to use in milk replacement formulas,
Williems end Knodt (55) reported that gzround raw soybeans
were not satisfactory when they constituted LO per cent or
more of the milk replacement formula. They elso found that
a formula containing 50 per cent dry skim milk gave con=-
sistently better results than those containing 20 per cent
or less. Brumbaugh and Knodt (1) experimented with differ-
ent ingredients snd found that when skim milk was reduced to
35 per cent of the totel formula, growth rates were reduced.
The 50 per cent level of skim milk gave results comparsble to
one with 65 per cent, but when fish solubles were added at
the expense of the skim milk the growth rates decreased.

The addition of 10 per cent ethyl molesses solubles snd § per
cent butyl molasses solubles with soya bean o0il meal also
retarded growth reates., However, the ethyl molasses solubles
did effectively replace dried whey. Some of the milk re-
placement formulas which have given results equal to whole

milk are shown in Table I.




TABLE I

MILK REPLACEMENT FORMULAS COMPARABLE TO WHOLE MILK

o : e Formulas
Ingredients 18 1Ib II1¢  Ivd
lbs 1lbs. 1lbs. 1lbs.
Dried skim milk 38.5 L49.5 50.0 65,0
Dried whey $.0 10,0 10,0 10.0
Distillers' dried corn solubles 15.0 10,0 20,0
Blood flour 10,0 10.0
Oat flour 5.0 5,0 5.0
Dextrose 7.0 70 7.0
Soybean flour 35.0
Dried brewers' yeast 5.0
Dicalecium giosphate 2.5 2.0 2.0
| Aurofac "D 1.0 1.0
Quadrex 0.5
Trace minerals 0.5 0.5 0.5 0.5
Irradlated yeast 0.1
Vitemin A end D meal? 0.5 0.5
Stablized vitamin A feed3 0.22
Fish solubles 2.0

1pive grams sureomycin activity per pound.

2Contains 1,81L4,54Y I.U., vitamin A and 226,800 I,U.
vitemin D per pound.

3Contains 2,220,000 U.S.P, units per pound.
83tein and Knodt (50).

bRnodt (26).

®Williams end Knodt (55),

dBrambaugh and Knodt (1).
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In a recent report Stein end Knodt (51) suggested that
soybean flour, when fed with whey solubles and dried brewers'
yeast, could replace dried whey, distillers' dried corn
solubles, blood meal, and up to 43 per cent of the non-fat
dry milk solids in milk replacement formulas for calves. They
(50) later reported that soybean flour and whey solubles, when
fed in a 7:1 ratio in dried processed form was more effective
in replacing oat flour, dextrose, and dried brewers' yeast
then the individual components.

In studies to determine the response of dairy calves
to whole milk replacements containing dried whey products,
dried skim milk and fat, Young (57) found that isocaloric
replacement of 80 per cent of whole milk with whey product,
or whey product plus fat, slightly reduced growth and in-
creased diarrhea. 8imilar replacement by a combination of
whey, dried skim milk and fat resulted in a lower incidence
of dlarrhea and in a mean delly gein in weight of 1.17
pounds, Complete replacement of whole milk by this combi=-
nation increased the incidence of dlarrhea, but produced
growth equal to that of celves fed whole milk.,

In discussing the milk replacement method of raising
deiry celves, two importent questions that arise are how much
milk to feed, and at what age to wean the calves. The usual
recommended feeding level for milk is one pound per ten

pounds body weight. Recent ad 1ib. feeding with nipple pails
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showed that nursing calves consume fifteen to eighteen pounds
of milk daily per 100 pounds body weight (13). The milk re-
quired per pound gein, in addition to colostrum, veried from
eight to eleven pounds. Neville et #l. (35) fed milk at the
rate of ten, fourteen and eighteen pounds per 100 pounds body
weight for four months, The average daily gein for the four
month period was 1.26, 1.42, and 1,50 pounds respectively.
Differences in growth rate for the first six weeks were sig-
nificent at the one per cent level between the 10 and 14,
and the 10 and 18 per cent groups, but significant at the
5 per cent level between the 10 and 18 per cent group only
for the entire four month period.

As early as 1919 Swett (52) reported weaning calves
from all milk at sixty days of age, and Gullickson (16) in
192 reported weaning calves from all milk et sixty to
seventy days of age. In both cases the growth of the calves
was not retarded. In 1930 Inghem, et al. (21) suggested
that vigorous calves could be dropped from liquid feeding
from thirty to forty-five days of age, while less vigorous
calves should not be weaned until they were sixty days old.
Converse (7) confirmed this in later studies when he re=-
ported weaning calves at ninety, sixty, forty-five and
thirty days of ege. He found that the growth rates were
under normal prior to six months of age, but the tendency

to recover was strong and most of the early weaned calves
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reached normal weight before they were twelve months old, and
some before six months. The conclusion was that calves could
be raised successfully without whole milk ané with less than
300 pounds of skim milk, and that calves could be weaned at
thirty to forty-five days of age provided they were consuming
at least one pound of grain per day and nibbling at some hay.

Jarvis, et al. (22) using Guernseys and Jerseys, fed
milk for either three, seven, nine or twelve weeks. The
calves received alfalfa hay 8d 1ib. and & complete calf
starter to four months, and calf grower to six months. They
were limited to four pounds of concentrate daily, The aver-
age daily gains to six months of age were 1,01, 1.00, 1,05
and 1.16 pounds respectively. The feed cost varied from
$39.90 for the calves fed milk for three weeks to $59.46 for
the calves weaned at twelve weeks of age.

A good dairy cow generally produces much more colostrum
than her own calf cen consume. The surplus colostrum may be
stored for considerable periods by freezing it. Recent
studles have shown that colostrum may be successfully sub-
stituted for milk in feeding young dairy calves, thus saving
saleable milk. Gaunya, ot gl. (15) divideéd fifteen calves in-
to three groups and fed one group whole milk, one group co=-
lostrum diluted with an equel amount of warm water, and the
remaining group undiluted colostrum., The colostrum was

pooled from the first six milkings of cows which freshened
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during thet perlod and frozen. The milk or colostrum was
fed et the rete of seven pounds daily for the second through
seventh days, snd six, five, four, and two pounds for the
second through the fourth weeks respectively. The average
gains from birth to thirty-five deys were 18.0, 19.L, and
2L4.5 pounds for the three groups respectively. The Incidence
of scours was higher in the colostrum groups, the average
scour days being 2.6, L.l, &and 6.8 respectively. Keyes, et
el. (24) divided thirty-six Holstein calves into three groups
and fed for elighty days as follows: Group I was fed co~-
lostrum and whole milk intermittently, group II was fed whole
Holsteln milk from different cows intermittently, and group
IIT was fed whole Holstein milk continuously from one cow.
The colostrum was substituted 100 per cent for milk at each
sixteen days cycle for group I with no significant difference
between the three groups in appearance, scours, or TDN per
pound gein,

It hes been stated (8) that if calves are weaned at
an early age they must be able to consume large amounts of
grein and roughage at an early age.

The growth standerds set up by Ragsdale (L) are
usually accepted in determining whether a calf's gain is
below or ebove normel., These growth standards are based
upon weights and measurements teken in the Missouri, Kansas,
end Jowa Agriculturel Experiment Station herds. Ragsdale
states that the growing deiry enimal uses food less
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efficiently with advaencing age and that greater economy may
be attained by growing calves more rapidly than is usually
customery. Individuel animals may deviate from the standards
approximately ten per cent or even 15 to 20 per cent in live
welght and still be considered normal.

The new-born calf does not ruminate, but as it grows
older end consumes roughage it scquires the ability to re-
gurglitate the softened materiasl for further chewing (23).
The age at which a calf begins rumination may very greatly.
Williems and Knodt (56) found that Holstein male calves begean
ruminating at the average age of thirty-five days. Pounden
and Hibbs (39) showed thet characteristic rumen microorgan=-
isms were present in only five out of fifteen calves at
thirty days of age and were not present in two out of seven-
teen celves et ninety days of age. Kesler, et al. (23) con-
cluded that rumination occurs at about six weeks of age in
calves and noticed that by six weeks that the contents had
the color, consistency end odor like that of the adult
ruminent. Mead and Goss (32) reported that Holstein heifers
which were maintained on a no roughage diet, did not have
regular rumination at eighteen months of age.

There are many factors that mey influence the time at
which rumen orgenisms become established. Pounden end Hibbs
(43) found that characteristic rumen organisms could be

established before calves are one week old, provided the
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calves were receiving good quality hay and no grain, They
(42) showed in further studies that when the ratio of hay to
grain wes such that the major part of the rumen ingesta was
grain, rumen conditions were unsultable for either the es~
tablishment or growth and multiplication of characteristic
organisms, Protozoa were present in calves receiving all
rations, but more were present in the high hay retion. Hibbs,
et al. (19) reported that the 2:1 or l:1 hay to grain ratios
gave good gains but the calves fed the L:1 ratio consumed more
milk. The rumen function was sufficiently developed in most
calves by seven weeks of age to permit all milk and other
sources of animal protein to be taken from the diet without
decreasing the growth rate. High proportions of legumes in
the hay seemed most desirable.

Even though the percentage of hay in the ration has
an effect on the establishment of a characteristic rumen
flora, Gardner and Stuff (1) showed by feeding dried mix-
tures containing roughage levels of 0, 20, 40, and 60 per
cent to the five dairy breeds that there was no significant
difference in weight gains from birth to sixteen weeks. The
TDN required per pound gein was very similar in all groups.
Pounden and Hibbs (41) studied calves which were being
pastured and concluded that from several weeks to several
months are required for all caelves to develop characteristic

rumen orgeanisms,
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Proper function of the rumen will depend upon its size
and the size will depend upon the feed consumed., Hastings
(18) eoneluded that the size of the rumen increased under the
stimulus of solld feed. Marshall, et al. (30) demonstrated
that while the sbomasum is the largest stomach at birth,
the welght and volume of rumen tissue and weight of fresh
rumen contents exceeded that of the abomasum as early as
seven to thirty days of age. Warner, et gl. (54) showed
that the diet had a profound influence on the rumen develop=~
ment. They found that the rumen displecement, liters per
100 pounds of ingesta-free body weight, of two calves fed
only milk wss 9.5, for one celf receiving only grain 9.3,
end for two calves recelving only hay 23.8 liters at sixteen
weeks of age.

The number of organisms present in a milliliter of
rumen fluid is e debatable question. Bryent and Burkey (2)
found the number to average about twenty billion per gram of
fresh rumen content. In another study Bryant and Burkey (3)
found that the number of bacteria cultured from rumen content
varied somewhat with the ration of the animal, The highest
number were observed with an increase in the concentrate
ration.

A true rumen organism has been defined by Gall and
Huhtenen (11) as follows!

l. Anocerobilosis.
2. Present in number of at least one million per
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gram fresh rumen content.
3« At least ten isolations of a similar type
bacterium from two or more animasls.
4. Isolation of similar type bacterium in at
least two geographiceal places.
5. Production by an organism of end-products
found in the rumen from substrates found in
the rumen.

For the identification of the characteristic types of
bacteria in the rumen, Pounden and Hibbs' clessification as
modified by Rusoff, et al. (47) and Lengemann (27) has been
used. The classification included two hey groups, two grain
groups, & miscellaneous group, and a spiral group.

The hay I group consisted of G + Cocel in closely
knit pairs or fours or more. Hay II group was divided into
three subgroups as follows: (a) large G + square ended rods,
(b) G - large cigar-shaped orgenisms, end (c) G = rods in
groups of fours. The grain I group referred to G + rods,
while the grain II group consisted of coliform like rods.

The miscellaneous group was composed of G + small Cocci in
pairs, and the spiral group included G - spiral shaped organ-
isms only.

Under normel farm conditions, the usual changes in
rations do not materially affect the rumen bacteria. Bryant
and Burkey (3) found no marked differences in the relative
proportions of fourteen different specles when the ration was
from a maintenance level of feeding to a higher level or when
alfalfa silage was substituted for alfalfa hay. Gall, et al.

(12) reported that both high-grain and high-roughage rations



17
produce characteristic rumen flora patterns. High-roughage
rations encourage a rumen flora of delicete obligate anaerobiec
bacteria which may act on fiber to produce propioniec, butyriec
and acetic acids, and some gases., The rumen bacteria of
animals fed high-grain rations are of a less strictly anaser=-
obic type, most of which act on readily available carbohy-
drates to produce lactic acid.

Conditions in the rumen of cattle fed normal rations
are favorable for the growth and multiplication of rumen
bacteris end protozoa. It has been shown (29, 33) that most,
if not all, of the digestive sction in the rumen is due to
the function of these microorganisms. Not only cellulose but
also other complex starches are largely digested by the aid
of organisms., These organisms utilize the more complex com=-
pounds in building their bodies. McNeill, et al. (34) re-
ported that no material has been found which possesses the
same stimulatory effect for over-all rumen population as does
rumen fluid., Certain complex nitrogenous sources stimulate
the growth of a few types of rumen bacteria, but seem to do
s0o at the expense of the remainder of the rumen population,

Pounden and Hibbs (37) reported that certain character~
istic orgenisms are destroyed in various parts of the di~-
gestive tract. Some disappear rapidly in the abomasum,
others are not digested until they reach the small intestines,
and still others are found throughout the digestive tract.
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In later experiments (40) 1t wes shown that rumen protozoa are
not essential to the animal but that caelves lacking the charac~
teristic rumen organisms appeared pot-bsllied and had rough
coats,

Inoculation of young calves with cud from a cow has
been proposed (38, 43) as & method of early establishment
of favorable rumen flora., Conred, et al. (5, 6) have shown
that calves inoculated at eleven, sixteen and twenty-one days
of age digested a higher percentage of cellulose and dry
matter than the uninoculated calves, with a hay:grain ratio
of 3:2 giving the highest digestion (4). Calves freed of all
characteristic rumen indicator orgenisms by heavy grain feeding
showed decreased ability to digest cellulose. It was thought
that calves were more thrifty and consumed hay at an earlier
age when they were cud inoculated (38).

Thpugh not as Importent quantitatively as cellulose
digestion, the digestion of protein occurs in the rumen.
Conrad and Hibbs (l) showed that cud inoculations gave a
significantly greater digestion of protein in calves fed =
haytgrain ratio of 3:1. Pounden and Hibbs (43) reported that
no significent difference was noted between the weight of
calves inoculated at five, ten, fifteen, and twenty-one days
of age and non~inoculated calves.

Pounden and Hibbs (41, 43) have shown that certain

characteristic microorganisms failed to become established
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in young calves regardless of the number of cud inoculations,
when most of the dry feed given them was grain. Hibbs and
Pounden (20) found that rumen inoculations would increase the
ascorbic acid levels but did not affect the plasma carote-
noids, plasma vitemin A or blood carotenoid levels.

The effect of cud inoculation upon the size of the
paunch is not definitely known. Pounden and Hibbs (40) found
that calves that were not inoculated had rougher hair coats
and were more pot-bellied than inoculated calves. No other

reports were found concerning paunch development.



CHAPTER IIIX
EXPERIMENTAL PROCEDURE

This study to determine whether calves could be
ralsed more successfully by limited milk feeding for nine
weeks or by liberal milk feeding until the normal nine weeks
weight was reached, and to determine the value of inoculating
calves with fresh cud material teken from adult cows was con-
ducted at the University of Tennessee Agricultural Experi-
ment Station at Knoxville. The experiment was started
August lj, 1953 end continued through April 18, 195l.,

All normal pure-bred Jersey and Holstein calves born
in the University herd were divided into four groups and
compared according to Table II,

All calves were allowed to remain with their dems for
one or two days after birth. They were then separated from
their dams and placed in individual pens and taught to drink
from open pails. The pens were bedded with wood shavings
once each day. These pens were cleaned as often as 1t was
necessary.

The calves received colostrum for the first three
days after birth. Reconstituted milk from a milk replace=-
ment formula (Table III) was gradually added to the whole
milk during the seventh through the tenth day so that the
calves were getting all reconstituted milk beginning the
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OUTLINE FOR THE COMPARISON OF DIFFERENT TREATMENTS
FOR JERSEY AND HOLSTEIN CALVES

—— — —— ——— —— e — —
Groups F II I11 IV
Number of calves 10 9 12 8
Milk -~ per cent of

body welght 10 15 10 15
Milk feeding period

Holsteins 9 wk., 150 1b. 9 wk. 150 1b.

Jerseys 9 wk. 90 1b. 9 wk. 90 1lb.
Starter fed/day (max.) L 1b. I 1b. L 1b. L 1b,
H‘y t‘d ad lib‘ ad 1ib. ad 11b. ﬂ.d 11b0

No Yes Yes

Rumen inoculated No
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TABLE III

MILK REPLACEMENT PORMULA

ﬂ
|

Pounds
Skim milk 600
Dried whey 200
Soya flour 150
Dextrose Lo
Selt
Minerals®
A & D meal®¥ - 1

1002,.5

i oot

#Mineral Mixture
Diceleium phosphate lg pounds
Magnesium carbonsate

Ferric citrate 1.18

Cupric sulfate .38

Mangenese sulfate .OO
°

Cobalt chloride %

M oontains 10,000 USP units of vitamin A and 1250 USP
units of vitamin Dp per grem.
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eleventh day. The milk was fed twice daily and the change
over to reconstituted milk was made according to Table IV,

The reconstituted milk was mixed to contain 20 per
cent dry mix end 80 per cent warm water, which made it nearly
equivalent in energy velue to whole milk, Milk allowances
were adjusted each week on the basis of the weekly body weight
of each calf. Milk feeding wes stopped abruptly in Groups I
and III when the cealves were nine weeks of age and in Groups
IT and IV when the first weekly body weight was ninety pounds
for Jerseys and 150 pounds for Holsteins.

All of the extra colostrum that was produced was fed
in plece of whole milk or mixed with the reconstituted milk
and fed to the calves. If any of the calves were still re-
celving whole milk, colostrum was substituted pound for
pound for the whole milk. The remainder of the colostrum
was mixed with the reconstituted milk and fed to the calves
at the usual rate.

When the calves were seven days of age, an 18 per
cent protcin; pelleted calf starter mixture containing 380
pounds yellow corn, 200 pounds oats, 100 pounds wheat bran,
100 pounds linseed meal, 100 pounds soybean o0il meal, 30
pounds fish meal, 20 pounds fish solubles, 50 pounds mo-
lasses, 10 pounds salt, and 10 pounds trace minerals and
limestone was fed ad 1ib. until they were consuming four

pounds dally. Crain was fed at this level until the calves
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TABLE IV

SCHEDULE FOR CHANGING FROM WHOLE MILK TO RECONSTITUTED MILK

Jersey - 104 Jersey - 154 |Holstein =~ 10% Holstein - 15%
Milk Rec. M, Milk Rec. M, Milk Rec. M, Milk Rec.M.

Day

7 25 0.5 3.5 1.0 3.8 1.0 5.5 1.5
8 2.0 1.0 2.5 2.0 2.8 2.0 4.0 3.0

9 10 2.0 2.0 2.5 2.0 2.8 3.0 k.0
10 0.8 2.5 1.0 3.5 1.0 3.8 1.5 5.5
11 3 4.8 5.0 7.8

P e e e e e e
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were 120 days of age. One or two hendfuls of pellets were
placed in each calf's mouth following milk feeding in order
to start consumption at an early age.

Mixed gress-legume hay was fed ad lib., to all calves,
beginning when they were seven days of age, and continued for
the entire experimental period. It was chopped coarsely to
reduce waste and also to increase the accuracy of the con=-
sunption data. Enough of the hay was chopped et the beginning
of the experiment to last the duration of the investigation.

Bach calf in Groups III and IV was forced to swallow
pleces of fresh cud meterisl from a normeal ruminating cow..
These inoculations were made once each week during the third,
fourth, fifth, end sixth weeks. In order to study the de~
velopmental picture of the microorgenisms in the inoculated
and uninoculated calves, samples were taken from some of the
calves in each group weekly, beginning the fourth and con=-

tinuing through the tenth week. This was accomplished by
‘mennu of a three-eighths inch plastic tube which was passed
into the rumen. This was connected to a 500 ml, suction
flask which wes in turn attached to a vacuum pump. The hose
was passed into the rumen several times in order to get a
representative sample for examination. The samples were then
taken to the laboratory and processed as soon as possible.

The rumen samples were handled as follows:

The samples were strained through a single laysr of
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cheese cloth. The solid materiel retained by the cheese
cloth was discarded, The liquid portion was used to make
slides for Gram stains for the identification of the charece
teristic types of bacteria. The slides were prepared for
staining by mixing one loop full of rumen fluid with two or
three drops of water on the slide.

For identification of the characteristic types of
bacteris, the Pounden and Hibbs classification as modified
by Rusoff et al. (47) was used. The group was further modi-
fied by Lengemann (27) by adding another group of spiral like
orgenisms, The classification is as follows:

Hay I - G + Cocel in closely knit pairs,
fours or more but not in chains.
Pairs 2.8 x 2.3 microns, groups
hoh X h.O microns.

Hay II a. =~ Large, G +, thick square ended rods
3.2 - 5.5 microns long and about
2.5 mierons wide. Frequently in
pairs.

be = G = extremely large cigar-shaped
organisms often as much as twenty-
one microns long and about 4.0 microns
wid.o

¢+ = G < rods about 1.0 x 0,8 mierons and
tend to group in fours and multiples
of four.

Grain I « G % rods 1.7 - 3t} microns long by
0.8 microns wide resemble lacto-
bacilli,

Grain II ~ G = rods coliform like.

Misc. I - G + Cocel in pairs similar to Hay I
but smaller, 0.5 - 1.0 microns.
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Spirel - G = gpiral sheped organisms L to
18 microns in length and 0,5 microns
or less in width.

The calves were fed milk and grain twice daily. Hay
was kept before the cslves at all times and the hay boxes
were refilled whenever necessary. Water was provided in two
and one~half gallon pails which were cleaned and refilled at
each feeding., Complete feed consumption records were kept
for each celf.

The calves were weighed individually the day efter
birth and at seven~day Intervals thereafter. At each weigh=~
ing body measurements were teken, These measurements in-
cluded height at withers, heart girth, eand maximum paunch
circumference. The finasl weight and measurements were taken
when the calf was 120 days of age.

Diarrhes and other physiological disorders were noted
for eech calf delly. If the diarrhes was not severe, the
calves were treated with Kaolin Bismuth Pectinized with Sul-
fathiazole by the person caring for the calves. In severe
ceses the University veterinarian treated the calves.

The analysis of variance was the method used in
determining whether e statistically significant difference
in growth existed between the various groups.




CHAPTER IV

RESULTS

Growth

Weight
The weekly gains in weight for both Jersey and Hol-

stein calves are shown in Figure 1. The 15 per cent Jersey

group gains were above the 10 per cent group gains, but the

15 per cent cud inoculated group did not show any advantage

over the 10 per cent groups. Both 15 per cent groups of the
Holsteln breed made faster gains throughout the experimental
period then the 10 per cent groups.

There was no significant difference between the cud
inoculated and the uninoculated groups. Therefore, a summery
was made in Table V without considering the cud inoculated
groups as such, but the calves were included in the 10 or 15
per cent groups. As shown in Table V the average nine week
weight gains for all celves in the 15 per cent group wes 72.1
pounds as compared to 59.0 pounds for all calves in the 10
per cent group. This wes & highly significant difference.

From 6l to 120 days of age, the 15 per cent group's
average gain was eighty~five pounds, and the 10 per cent
group's average gein was 7.2 pounds. The average total

gain was 157.1 end 137.3 pounds for the 15 and 10 per cent
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groups respectively. Even though the difference in gain of
the two groups was highly significant for the first nine
weeks, the difference from 64 to 120 days and 1 to 120 days
was only significent at the 5 per cent level.

The Jersey Calves in the 10 per cent group gained an
average of 0.93 pounds per day, while the calves in the 1§
per cent group galned an average of 0,96 pounds per day., The
Holstein celves in the 10 per cent group made an average
daily gain of 1.3l pounds per day as compared to 1.49 pounds
per day for the calves in the 15 per cent group. The 15 per
cent group average gain in weight was above those reported
by Ragsdale (L) for calves of the same age, but the 10 per
cent group average gain was slightly below his standerd.

When enalyzed by sexes and breeds, 1t was found that
there was a highly significant difference between sexes and
breeds for the 120 days, but from 6L to 120 days the differ~
ence in sexes was only significant at the 5§ per cent level.
As shown in Table V,male calves made faster geins in every
instance. The greatest difference was in the 10 per cent
group of the Holstein breed with a total gain of 172.2 pounds
per calf for the male calves and a 145.1 pounds per calf
for the female celves. For Jerseys the gain was 113.2 and
110.5 pounds per calf for males snd females regpectively.
For the 15 per cent group the Jersey males gained 130.0

pounds and the females gained 110,0 pounds per calf. The
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Holstein males gained 181.8 pounds as compared to 17L.5

pounds per calf for the female calves.

Heart Girth

The average growth in heart girth is shown in Figure
2. All groups were very close with the 15 per cent cud in-
oculated group heving a slight adventage in both Jersey and
Holstein breeds. The 10 per cent cud inoculated group did

not gain any faster than the control group.

Height at Withers

The average height gains are shown in Table VI for
1 to 64 days, 64 to 120 days, and 1 to 120 days of age. The
weekly height gains are shown in Figure 3. There was &
difference of 1.0 inch per celf between the two groups in
favor of the 15 per cent group for all calves, with an
8.6 inch average gzain for the 15 per cent group and & 7.6 inch
averace gain for the 10 per cent group at 120 days of age
(Table VI). The difference between the 10 eand 15 per cent
groups for all calves was greater from 6L to 120 days than
for the first 64 days. This cen be seen clearly in Figure
3 for the Holstein calves, but for Jerseys this did not hold
true because the 15 per cent cud inoculated group wes below
the 10 per cent groups.

There was no appreciable difference in height gains

between sexes. The males' gains, however, were higher in
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all groups with the exception of the 15 per cent Jersey group
in which the meles gained 7.l iInches and the females gained
7«9 inches.

Paunch Growth

No difference in paunch measurement could be detected
between any of the groups as shown by Pigure L. There was &
large fluctuation in all groups from week to week. Therefore,
any difference that might appeear in Figure L may not be a
real difference. The cud inoculations did not have any ad~-
vantage in increasing the paunch size, or growth of the
calves.

The rumen flora wes not changed by inoculating the
calves with fresh cud. A comparison of the rumen flora of
the inoculated and uninoculated calves is shown in Table VII,
At four weeks of age a sample wes taken from three calves in
each group for examination., All three calves in each group
had the grain type organisms and the hay I type, while only
two of the three inoculated calves showed the hay IIa type
organisms, None of the calves had the hay IIb and ¢ type
orgenisms, A similar picture is shown st six weeks of age,
except that the hay Ilec type organism was found in two of
the four inoculated calves sampled as compared to one for
the uninoculated calves. This general pilcture 1s shown in

Table VII through the tenth week of age. The spiral type
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organisms were found at an earlier age in the uninoculated
calves than in the inoculated, but the reason for this was

not accounted for.

Feed Consumption

The average amount of feed consumed per calf in each
group 1s shown in Table VIII. The feed consumption is shown
by breeds because there was such a small difference in feed
consumption between groups of the Jersey breed. The amount
of milk, grain, and hay per pound gain in body weight is
shown in Table Ix; which is also divided into breeds,

Milk

The average consumption per calf in the 15 per cent
Holstein group was 583.6 pounds and in the 10 per cent group
it was 713.3 pounds per calf. For Jerseys the average milk
consumption was Ll13.2 pounds per calf in the 10 per cent group
end L54.0 pounds per calf in the 15 per cent group. A cleer-
er picture cen be seen in Table IX., Here we see that for
Jerseys the milk consumed per pound gain for 120 days wes
3.99 pounds end 3,89 pounds for the 10 and 15 per cent groups
respectively. For Holsteins the 10 per cent calves consumed
L.49 pounds and the 15 per cent calves consumed 3.25 pounds
per pound gain in weight. The 15 per cent cud inoculated

calves consumed only 3.0 pounds per pound gain.
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TABLE VIII

AVERAGE TOTAL FEED CONSUMED PER CALF BY GROUPS

e e S ss

Average Average Feed Consumed

No. of Age at “Miilk¥® Grain Hay
Group Breed Calves Weaning (1bs.) (1bs,) (1bs.)
10% J b 63 Lh2.h 250.2 145.7
10%-I J 6 63 Lh3.7 245.2 1h6.4
Average 63 4h3.2 247.2 146.1
15% J 3 47.3 419.4 261.5 146.6
15%-1 J 3 51.6 488.7 253.3 1L49.4
Averege Lo.h 4sh.0  257.4 1L48.0
10% H 6 63 713.8 257.0 202.3
10%-1 H 6 63 712,7 234.8 203.8
Average 63 713.3 245.9 203.0
15% H 6 45.6 622,0 286.8 223.2
15%=~1 H 5 43.0 537.6 299.2 241.1
Average .5 683.6 292.4 231.3

*rneludes all liquid milk fed during milk feeding
period.




TABLE IX

AVERAGE PEED CONSUMED PER POUND GAIN
(120-DAY) IN BODY WEIGHT BY GROUPS

" No. of Av.Gain Milk/ Muwarain/mhAWK;d ot

Group Breed Cslves in Wt, Lb, Gein Lb, Gain Lb, Gain

(1bs.) (lbs.) (1bs.) (1bs.)
10% J i 123.75 3.57 2,02 1.20
108-1 7 6  103.70  L.28 2.3 1.1
10% Average 111,72 3.99 2,21 1,30
15% J 3 118,66  3.53 2,20 1.23
15%-1 J 3 114,66  L.26 2,20 1.30
15% Average 116,66  3.89 2,20  1.26
10% K 6  160.16  L.LS 1.60  1.26
10%-1 = 6  157.17  L.53 .49  1.30
10% Average 158,66 L. 19 1.58 1.28
15% H 6 179.16 3.47 1.60 1.24
15%-1 H = 179.20 3.00 1.67 1.34

18% Average 179.18 3.25 1.63 1.29
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The large difference in milk consumption of 1.24

pounds per pound gain between the 10 and 15 per cent calves
of the Holstein breed 1s indicative of the fact that the
latter were weaned at an earlier age and also had a faster
daily gain in body weight.

Teble X shows that for all calves the 10 per cent
group consumed 3,69 pounds of milk and 0,60 pounds of co~-
lostrum per pound gein as compared to 2,61 pounds of milk and
0,81 pounds of colostrum for the calves in the 15 per cent

group.

Grain end Hay

The difference between the inoculated and uninoculated
calves in grein and hay consumption wes very smell, The
15 per cent cud inoculated Holstein calves, however, did con-
sume more greain and hay than any other group, and the amount
per pound gain in weight was smaller than some of the other
groups (Tebles VIII and IX),

There was & difference in grain end hay consumption
between the 10 and 15 per cent groups. The 15 per cent
calves consumed 280.,0 pounds of grain per calf and the 10 per
cent calves consumed 246,5 pounds per celf, a difference of
33.5 pounds per calf. The difference in hay consumption was
2.2 pounds per calf with the 10 per cent group consuming
177.7 pounds as compared to 201.9 pounds per calf for the

15 per cent group. Even though a difference existed between




TABLE X
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COMPARISON OF FEED COST BETWEEN 10 ARD 15 PER CENT GROUPS

e e A St A7 o 4 1 M O P et Pt 90 5 B o ot e A0 et A PRSPt

Group I Group

IT Difference

10% 15% II over I
Colostrum Consumed, lbs, 1821.2 2163.8
Colostrum Consumed/Calf, 1lbs. 82.8 127.3 + Lh.5
Whole Milk Consumed, lbs, 233.1  276.9
Whole Milk Consumed/Calf, lbs. 10.6 16.3 + 5.7
Reconstituted Milk Cons., lbs. 10927.4  6703.7
Reconstituted Milk Cons./Celf,lbs. L96.7 394.3 -102.4
Concentrate Consumed, lbs sh23.L  L760.9
Concentrate Consumed/Calf, lbs, 2L6.5 260.0 + 33.5
Hey Consumed, lbs, 3909.9  3432.3
Hey Consumed/Calf, lbs. 1777 201.9 + 2h.2
Av. Total Gain in Weight, lbs. 137.3 157.1 + 19,8
Milk Cons./lb. Gein in Wt.* 3.69 2,61 - 1,08
Concentrate Cone./lb. Gain 1.8 1.8
Hay COnaumod/lb, Geain in Wt. 1.3 1.3
Cost of Milk/lb, Gain @$3.05/cwt 11,25  7.694 - 3.56f
Cost of Conc./lb. Gain @$L.60/cut 8.28f  8,28¢
Cost of Hey/lb. Gain @§1.50/cwt 1.95¢ 1.95¢
Totel Cost of Feed per Calf $29.49 §$28.15 - $1.34
Total Cost of Feed/lb Gain 21.48¢ 17.92¢ - 3.56€

#Ineludes whole milk and reconstituted milk only,
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groups for total feed consumed, the pounds of grain and hay
consumed per pound gain was 1.8 and 1,3 pounds respectively
for the 10 and 15 per cent groups (Table X). Although the
cud inoculated calves consumed slightly more hay, the
difference was not significant.

The trend in feed consumption can be seen in Figures
Sy 6, 7, and 8, Figures 5 and 6 show that when the calves
were weaned at an early age they begen consuming grain and
hey earlier than the ones which were fed milk until they were
nine weeks of age.

The difference in average milk consumption per calf

between groups can be seen in Figures 7 and 8,

Economy of Gain

A summery of the feed consumed and the cost per pound
gain is given in Table X, Since the amount of grain and hay
per pound gain was the same for both groups, the only differ-
ence in feed cost was in the milk fed. The milk consumed by
the 10 per cent group cost 11.25 cents per pound gain, and for
the 15 per cent group the cost was 7.69 cents per pound gain,
When the grain and hay cost was added, the total cost was
21.48 cents and 17.92 cents per pound gain for the 10 and 15
per cent groups respectively. The difference in cost being
3.56 cents per pound gain in body weight. The total cost of
feed per calf was $29.49 for the 10 per cent group and
$28.15 for the 15 per cent group.
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Figure 5. Average Concentrate Consumption of Calves by Groups
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Disesase

The incidence of diarrhea was greatest in the 15 per
cent group. The Jersey calves had & lower incidence of
diarrhea thean the Holsteins as shown in Table XI, When both
breeds were analyzed together, the average time of scouring
was 5,5 days per calf for the 10 per cent group and 1l.L days
per calf for the 15 per cent group,

The intensity (per cent of weaning age) of diarrhea
wes 8.73 per cent for the 10 per cent group and 24.62 per
cent for the 15 per cent group, This was a difference of

15.89 per cent.
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TABLE XI

INCIDENCE AND SEVERITY OF DIARRHEA

—
——

Days of
No. of Average Age Scouring Intensity
Group Calves Weaning(Dey) Per Calf % of Weaning Age

Jerseys
“‘IG%Z“ 10 63.0 3.5 5.55

15% 6 L49.4 L.8 9.71
Holsteins
PSP . FRABERETR | 63.0 % | 11.26
15% 131 LS 13.0 29.21
Jorsaza
and
Holsteins
B | Sl 63.0 5.5 8.73
15% 17 6.3 11.h4 2l .62

B e e e e e e e e e e el



CHAPTER V
DISCUSSION

This experiment demonstrated conclusively that cud
inoculation under the conditions of this test wes not notice-
ably beneficial to the growing celves. The feilure of the
eud inoculated celves to gein fester then the uninoculated
calves agrees with Pounden end Hibbe {(42) who reported that
cud inoculated celves did not make faster geins then unin-
oculated celves. The failure of the cud inoculations to de-
velop & éifferent type of rumen flors wes not expected. How-
ever, this may have heen due to the diet of the cow from
which the cud meteriesl wes taken to inoculete the calves.
These cows were being fed liberally on corn silege. Pounden
end Hibbs believe thet cows receiving e large amount of
silage do not have the cheracteristic hay-type rumen flora.
As pointed out by Pounden and Hibbs (L2, 43), the ratio of
grain to hey hes a considerable influence on the type of
orgenisms present. The fact thet the calves in this experi-
ment were receiving e ration with a high grain to hay retio
(almost 1.5!1)_may account for the lack of difference between
the two groups. Although there was no apparent difference
between the inoculeted and uninoculated calves, it seems
reesonable to assume that if the hay-type rumen flora could

be established 1n celves 2t a very early age there would be
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a higher rate of cellulose digestion, especially if roughage
constituted the me jority of the diet. In view of other work
done on this subject, it is believed that cud inoculations
may have possibilities in the future. The results obtained
from this study may have been completely different had & low
protein diet, consisting meinly of roughage, been fed. This
belief agrees with other work done previously (l).

The fact that the 15 per cent calves consumed more
grein and hay, and less milk than the 10 per cent calves is
believed to be due to the early weaning of the 15 per cent
calves. As shown by Figures 5 and 6, the calves began con=-
suming grain and hay when milk was taken entirely from the
diet. As long as the calves were getting milk, they consumed
very little grain or hay. The 15 per cent level of milk
feeding resulted in faster geains and an earlier weaning age
for that group. The higher level of feeding not only made
the calves gain faster, but the geiln per pound of milk was
also higher.

When the milk was withdrawn from the diet abruptly
the calves did not gain as fast, and some lost weight the
following week, after which normal gains were resumed (Figure
1). One of the edvantages of an abrupt withdrawal of milk
is the faster adjustment to dry feed since that is all that
was fed after milk feeding wes discontinued. This resulted

in a higher consumption of hay and grain at an earlier age.
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This caused the 15 per cent group celves to consume more hay
end starter per celf, but the amount consumed per pound gain
was the same as the 10 per cent group. This was due to the
higher daily gain of the 15 per cent calves.

Milk replacer seemed to be very satisfactory and
desireble under the conditions of this experiment. This
method of railsing calves would be very desirable on farms
where whole milk is sold since it 1s sbout two cents per
pound cheaper than whole milk, The extra colostrum produced
on & farm could be mixed with the milk replacer, or it could
be substituted for whole milk in & limited whole milk feeding
program, The colostrum which once wes wasted cen now be pre=-
served by freezing and fed when needed (15), It might have
been possible to obtain even better results in favor of the
high level milk replacer feeding if fat had been added to the
milk replacer. However, the milk replacement formula used
seemed to he Just as palatable and nutritious as whole milk,

The amount of scouring was greater in all calves than
it should have been and especially in the 15 per cent group.
The high level of milk feeding may have caused the 15 per cent
calves to scour more, but it 1s believed that most of the
diarrhea wes caused by environmental conditions Instead of
the diet. The basls for this assumption is that the incildence
of dierrhea became worse when cold weather began in the fall

and cleared up almost completely in the early spring. The
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rate of gain wes considerably reduced during the winter

months when the incidence of diarrhea was the greatest., If
the calves had gained at & normel rate during thet period

a somewhat higher daily gain for the experimental period
would have been expected., Some of the calves would refuse
their milk without any apparent cause, thus decreasing the
rate of gain,

Even though the 15 per cent calves were weaned eerlier
on the average (Jerseys 13.6 days and Holsteins 18.5 days),
there were two Jerseys in that group that were not weaned
until nine weeks of age. One Holstein was not weaned until
the seventh week and one was fed milk for eight weeks in the
15 per cent group. Three calves were eliminated because of
disease. They were not eliminated because of scours only,
but they also hed other complications resulting in anarexia
and a decreased rate of growth. The data from these calves
were not used since their sickness was not attributed to the
feeding methods and procedures. Three calves died of
infections during the experimental period, The cause of
their deaths could not be definitely determined. These data
were also excluded from the final summary.

In Teble X a picture of the economic aspect was shown.
The total cost of feed was higher for the 10 per cent group
with the 15 per cent group averaging $1.34 less per calf.

Due to the 19.8 pounds gain per calf more for the 15 per cent




55
group over the 10 per cent group, the cost per pound gein
was 3.56¢ less for the 15 per cent group. The higher rate of
growth may be attributed to the extra growth stimulated by
the high level of milk fed and the earlier consumption of
grein and hay.

There was no value given to the colostrum since it
could not be sold for milk., However, if a value had been
charged to the colostrum, the total feed cost would still
have been greater for the 10 per cent calves than the 15 per
cent calves. When colostrum wes aveilable it wes substituted
for whole milk during the change over period from seven to
eleven days of age. The colostrum not used for this purpose

was fed in the reconstituted mixture.




CHAPTER VI
SUMMARY AND CONCLUSIONS

All normel pure-~bred Jersey and Holstein calves born
in the University of Tennessee Agricultural Experiment
Station herd at Knoxville were used in this experiment. The
calves were placed into one of the following four groups at
three days of age. The 10 per cent group consisted of ten
calves; the 15 per cent group contained nine calves; the
10 per cent cud inoculated group consisted of twelve calvess
end the 15 per cent cud inoculated group had eight calves in
it.

The 10 per cent calves were fed reconstituted milk for
nine weeks, and the 15 per cent calves were weaned when the
first weekly body weight for Jerseys of 90 pounds and for
Holsteins of 150 pounds was reached. The calves in the cud
Inoculated groups were forced to swallow a fresh plece of
cud materisl, taken from a normal ruminating cow, on the
third, fourth, fifth, and sixth week of age. No advantage
was obtained from the cud inoculetions in respect to daily
gains in body weight or growth, efficiency of feed utili-
zatlion, or the development of an adult-like rumen flora.

The celves in the 15 per cent groups were weaned at
an earlier age than the 10 per cent calves, For Jerseys the

average weaning age for the 15 per cent group was L49.L deys,
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end for the Holsteins the average weaning age was LlL.5 days.
The eerlier weaning of the 15 per cent calves resulted in a
lower consumption of milk, but they consumed 280.0 pounds of
grain end 201.9 pounds of hay per calf, which was 34.5 pounds
of grain and 2.2 pounds of hay per celf above the 10 per
cent group. However, the 15 per cent calves had a higher
daily gain in weight, resulting in an equal consumption of
1.8 pounds of grain and 1.3 pounds of hay per pound gain in
body weight for each group. The milk consumption for the

10 and 15 per cent groups was 3.69 and 2,61 pounds per pound
gain in body weight respectively.

There was an average differeﬁce in weight geins of
19.8 pounds per calf with the 10 per cent calves gaining
137.3 pounds and the 15 per cent gaining 157.1 pounds per
calf for the 120 day experimental period. When analyzed
statisticelly, this difference was significant only at the
5 per cent level of probability. However, for the first
nine weeks the difference between groups was highly signifi-
cant.

During the 120-day experimental period, the 10 per
cent group geined 7.6 inches in height and the 15 per cent
group gained 8.6 inches. The difference in paunch and heart
girth measurements was very small with all groups being
nearly equal.

The incidence of diarrhea was greater in the 15 per
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cent group. The average days of scouring per calf were 1ll,L4
for the 15 per cent group es compared to 5.5 days for the
10 per cent group. The intensity was 2,.62 per cent for the
15 per cent group and 8,73 per cent for the 10 per cent
group.

The cost per pound gein in weight was 21.48¢ and
17.92¢ for the 10 and 15 per cent groups respectively. The
3.56€ per pound gain difference resulted from a lower con=-
sumption of milk since the grain and hay consumption were the
same for both groups.

From the results obtained from this experiment, one
may conclude that calves fed heavy on milk from the begine
ning can be weaned as early as six weeks of age without any
harmful effects. By weaning the calves early, it was
possible to start them to consuming hay and grain earlier,
thereby reducing the cost of raising the calves to 120 days
of age. Even though the 15 per cent celves scoured more,
it did not eppear to be a major problem,

It would probably be unwise to conclude from this
data that it would elways be profiteble to feed calves at
the 15 per cent level, but the data obtalned do indicate that
the recommendations for the future could be higher than 10
per cent, and a more economical gain as well as a faster gain

for the calves could be obtained.
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