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CHAPTER I 

ISIKODUCTION 

Milk is the most expensive ingredient of the calves* 

ration, yet it is believed that a certain amount of milk or 

milk solids is essential for normal growth of ealves* Be* 

cause of the expense of whole milk feeding, investigators 

have from time to time undertaken to raise calves on smaller 

amounts 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 early age to supplement the 

limited milk diet. 

Milk replacements have been used quite successfully 

in raising calves 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 grain, thus fairly large quantities of milk re* 

placement and calf starter are needed for normal growth of 

the calves. 

It has been postulated that the establishment of an 

adult-like flora as early as possible would increase the 

efficiency of roughage utilization enabling famera to feed 

low-coat roughages and grains for part of the costly milk 

and calf starters. 



 

�

 

2 

it is belldved that a wall-startad calf should ba able 

to shift to a non-milk diet quicker without loss of weight 

than a poorly-started calf« This study was conducted to de 

termine whether more satisfactory calf raising can be ac 

complished by limited milk feeding for nine weeks or by 

liberal milk feeding until the "normal" nine weeks wei^t is 

reached^ and to further determine whether rumen inoculation 

is beneficial to calves raised under these conditions* 
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CHAPTER 11 

REVIEW OP LITERATURE 

Several Investigators <1, 50, 5l» 56# 5?) have 

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 a good substitute for whole 

milk for feeding dairy calves, but even then whole milk was 

recommended for the first three to four weeks 

For many years the general allk-feeding recommendations 

for rearing dairy calves have remained practically unchanged 

(7* The generally accepted schedule has been to feed 

the new-born calf colostrum for the first two or three days, 

follow with whole milk for two to four weeks, gradually change 

to skim milk at the rate of one pound dally over a period of 

a week or ten days* and then continue feeding skim milk to 

six months of age. Since most dairymen sell whole milk, 

skim milk is not usually available for feeding calves. 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 a grain mixture for feeding 

calves. The calves receiving the reconstituted skim milk 

made the fastest gain. It waa concluded that powdered akiai 
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milk was squlvalent to skim milk when properly used. Rupel 

(i|.6) also reported gains of 1,69 pound per day for calves 

receiving reconstituted skim milk. 

Because of the economic considerations, many Invest!* 

gations (7» 8* 10, 28, have been made with dairy calves 

to determine the minimum amount of milk necessary to raise 

calves successfully. Praser and Brand (10), and Lindsey (28) 

studied the minimum amount of milk essential for desirable 

growth of dairy calves and concluded that calves could not 

be raised on loss than II4.O to 200 pounds of whole milk and 

about 500 pounds of skim milk, Davis and Cunningham (8) 

fed calves whole milk for ten days and gradually substituted 

calf-meal gruel into the diet. They found that calves could 

be raised to five months of age successfully on 1^0 to 3OO 

pounds of whole milk when calf-meal gruel was used. Ragsdale 

and Turner {k$) raised 30 calves to six months of age with 

an average of sixty to eighty-five pounds of milk per calf. 

Growth rates were approximately JO 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 year of age. Converse (7) reported that 

102 male and ^)\ female calves were reared successfully with 

no whole milk whatever. They were fed colostrum for three 

days and then changed Immediately to skim milk, which was 

supplemented with vitamin A, end continued on skim milk to 
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six months of ago* In later experiments Converse reported 

that ealves could he raised on about 300 pounds of skim milk 

and no whole milk at all* 

Ingham, ejb (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 normal calf* 

In several experiments (6, 17* 21* 3^» 53) various 

substitutes* such as gruels and calf starters* were fed in 

attempts tp shorten the period of whole milk feeding and 

to reduce the amount of liquid milk fed to dairy calves* 

Various grain feeds mixed with dry skim milk or some form of 

dried blood were fed as dry calf starters or mixed with milk 

or water and fed as gruels* Maynard and fiorrls (31) compared 

gruel with skim milk feeding and found that the six month 

gain for the calves receiving skim milk was 1*71 pound per 

day as compared to l.l+l|. pound per day for the calves changed 

to gruel after they were four weeks old, Ingham* et al. (21) 

reported a gain of l.li-S pound per day for skim milk fed calves 

as compared to 1*36 pounds per day for the calf-meal fed 

calves, ^e coat per pound gain was eight cents for each 

group* 

Wallace,^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 normal growth was obtained with mixtures 
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oontainlng large amoiants 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 (i;6), indicate that 

the recoimaended amoimt of whole milk fed with gruels or 

starters vary as much as 200 to 500 pounds for thirty to 

sixty days at different experiment stations. As early as 

1902, Hayward (1?) reported that dairy 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 

than whole milk (1, 55» 56, 57)* Williams and Knodt (56) 

fed different milk replacement formulas 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 weight 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 a similar experi 

ment Ingham, et (21) found that the coat 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, 

Milllams and ICnodt ($$) reported that groimd raw soybeans 

were not satisfactory when they constituted 1|.0 per cent or 

more of the milk replacement formula. They also found that 

a formula containing $0 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 end found that when skim milk was reduced to 

35 per cent of the total formula, growth rates were reduced. 

The 50 por cent level of skim milk gave results comparable to 

one with 6$ per cent, but when fish solubles were added et 

the expense of the skim milk the growth rates decreased. 

The addition of 10 par cent ethyl molasses solubles and 5 poi^ 

cent butyl molasses solubles with soya bean oil meal also 

retarded growth rates. 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. 
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fABLB I 

MILK REPLACEMENT FORMULAS COMPARABLE IX) WHOLE MILK 

Forraulas 
Ingradlants 1« 110 IIIC IV^ 

lbs lbs. lbs. lbs. 

Pried aklia milk 30.5 U9.5 50.0 65.0 
Dried whey 5.0 10.0 10,0 10,0 
DlatllXara' dried com solublea 15.0 10.0 20,0
Blood flour 10.0 10.0 

Oat flour 5.0 5.0 5.0 
Dextrose 7.0 7.0 7.0 
Soybean flour 35.0 
Dried brewers* yeast 5.0 

Dicalclum phosphate 2.5 2.0 2.0 
Aurofac "0"^ 1,0 1,0 
Quadrex 0.5 
Trace minerals 0,5 0.5 0,5 0.5 

* 

Irradiated yeast 0.1 
Vitamin A and D meal2 
Stabllzed vitamin A feed3 

0,5 
0.22 

0.5 

Pish solubles 2.0 

^Plve grarao aureomycin activity per pound* 

^Contains l,8lli.,5l44 I,U. vitamin A and 226,600 I,U, 
vitamin D par pound. 

^Contains 2,220,000 U.S.P* \mlts par pound. 

•stain and Knodt (^0). 

^Knodt (26). 

^Wllllama and Knodt (55). 

"^Brambaugh end Knodt (1). 
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In n recent report Stein end Knodt (51) suiajgested that 

eoybean flotir, whan fed with whey solubles and dried brewers' 

yeestf could replace dried whey, distillers' dried corn 

solubles, blood meal, and up to per cent of the non-fat 

dry milk solids In milk replacement foimiulas for calves. They 

(50) later reported that soybean flour and whey solubles, when 

fed in a 7<I ratio In dried processed form was more effective 

in replacing oat floiu*, dextrose, and dried brewers' yeast 

than 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 (5?) 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. Similar replacement by a combination of 

whey, dried skim milk and fat resulted In a lower incidence 

of diarrhea and In a mean dally gain In weight of 1.1? 

poxmds. Complete replacement of whole milk by this combi 

nation Increased the incidence of diarrhea, but produced 

growth equal to that of calves fed whole milk. 

In discussing the milk replacement method of raising 

dairy calves, two Important 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 povind per ten 

pounds body weight* Hecent ad lib* feeding with nipple palls 
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showed that ntirsing calves consume fifteen to eighteen pounds 

of milk daily per 100 pounds body weight (13)• The milk re 

quired per pound gain, in addition to colostrum, varied from 

eight to eleven pounds. Hevllle et al. (35) fed milk at the 

rate of ten, fourteen and eighteen pounds per 100 pounds body 

weight for four months. The average daily gain for the four 

month period was 1.26, l.l|2, and 1.50 pounds respectively. 

Differences in growth rate for the first six weeks were sig 

nificant at the one per cent level between the 10 and ll+, 

and the 10 and 18 per cent groups, but significant at the 

5 per cent level between the 10 and 10 per cent group only 

for the entire four month period. 

As early as 1919 Swett ($2) reported weaning calves 

from all milk at sixty days of age, and Qullickson (16) in 

I92I4. reported weaning calves from all milk at sixty to 

seventy days of age. In both cases the growth of the calves 

was not retarded. In 1930 Ingham, 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 (?) confirmed this in later studies when he re 

ported weaning calves at ninety, sixty, forty-five and 

thirty days of age. 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 thoy were twelve months old, and 

aome before six months. The oonclusion was that calves could 

be raised successfully without whole milk and 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. 

Jarvls, et al. (22) using Guernseys and Jerseys, fed 

milk for either three, seven, nine or twelve weeks. The 

calves received alfalfa hay ad Mh, and a complete calf 

starter to four months, and calf grower to six months. They 

were limited to four pounds of concentrate dally. The aver 

age dally gains to six months of age wex»e 1.01, 1.00, 1.0$ 

and 1.16 pounds respectively. The feed cost varied from 

#39.90 for the calves fed milk for three weeks to #59.14.6 for 

the calves weaned at twelve weeks of age. 

A good dairy cow generally produces much more colostrtim 

than her ovm calf can consume. The surplus colostrum may be 

stored for considerable periods by freezing it. Hecent 

studies have shown that colostrtim may be successfully sub 

stituted for milk in feeding young dairy calves, thus saving 

saleable milk. Gavmya, e^ el, (1$) divided fifteen calves in 

to three groups and fed one group whole milk, one group co 

lostrum diluted with an equal amoiint of warm water, and the 

remaining group undiluted, colostrum. The colostrum was 

pooled from the first six mllkings of cows which freshened 
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during that period and frozen. The milk or colostrum was 

fed at the rate of seven pounds dally for the second through 

seventh days, and six, five, four, and two pounds for the 

second through the fourth weeks respectively. The average 

gains from birth to thirty-five days were 18.0, 19.U, and 

2U«5 pounds for the three groups respectively. The Incidence 

of scours was higher In the colostrum groups, the average 

scour days being 2.6, U.i)., and 6.6 respectively. Keyes, 

al. {2I4.} divided thlrty-slx Holsteln calves Into three groups 

and fed for eighty 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 

III was fed whole Holsteln 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 TDJf per 

pound gain. 

It has been stated (6) that If calves are weaned at 

an early age they must be able to consume large amoimts of 

grain and roughage at an early age. 

Ihe growth standards set up by Ragsdale (Ink) are 

usually accepted In determining whether a calf's gain is 

below or above normal. These growth standards are based 

upon weights and measurements taken In the Missouri, Kansas, 

and Iowa Agricultural Experiment Station herds. Ragsdale 

states that the growing dairy animal uses food less 
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efficiently with advancing age and that greater economy may 

be attained by growing calvea more rapidly than is uanally 

customary. Individual animals may deviate from the standards 

approximately ten per cent or even 15 to 20 per cent in live 

weight and still be considered normal. 

The new-born calf does not ruminate, but as it grows 

older and consiimes roughage it acquires the ability to re«> 

gurgltate the softened material for further chewing (23). 

The age at which a calf begins rumination may vary greatly. 

Williams and Knodt (56) found that Holstein male calves began 

ruminating at the average age of thirty-five days, Pounden 

and Hlbbs (39) showed that 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 calves at ninety days of age. Kesler, et (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 and odor like that of the adult 

ruminant. Head and Ooss (32) reported that Holstein heifers 

which were maintained on a no roughage diet, did not have 

regular rumination at eighteen months of age, 

^ere are many factors that may influence the time at 

which rumen organisms become established, Pounden and Hlbbs 

(I4.3) found that characteristic rumen organisms could be 

established before calves are one week old, provided the 
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oalves ware receiving good quality hay and no grain* They 

(it.2} ahowed in further studies that when the ratio of hay to 

grain was such that the major part of the rumen ingesta was 

grain, rumen conditions were unsuitable for either the es 

tablishment or growth and multiplication of characteristic 

organisms. Protosoa were present in calves receiving all 

rations, but more were present in the high hay ration* Hibbs, 

et el. (19) reported that the 2»1 or l|.Jl hay to grain ratios 

gave good gains but the calves fed the i^tl 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 establishaent of a characteristic rumen 

flora, Gardner and Stuff (li^.) showed by feeding dried mix 

tures containing roughage levels of 0, 20, I4.O, and 60 per 

cent to the five dairy breeds that there was no significant 

difference in weight gains from birth to sixteen weeks. The 

TDK required per pound gain was very similar in all groups. 

Pounden and Hibbs (I+l) studied calves which were being 

pa8tiu:>ed and concluded that from several weeks to several 

months are required for all calves to develop characteristic 

znimen organisms. 
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Proper fimction of the rumen will depend upon Its else 

and the size will depend upon the feed consmaed. Hastings 

(16) eoneluded that the size of the rumen increased under the 

stimulus of solid feed. Marshall, et (30) demonstrated 

that while the abomasum is the largest stomach at birth, 

the weight 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 (^ll) showed 

that the diet had a profound Influence on the rumen develop* 

ment. They found that the rtimen displacement, liters per 

100 poxinds of Ingesta-free body weight, of two calves fed 

only milk was 9.5» for one calf receiving only grain 9.3* 

and for two calves receiving only hay 23*8 liters at sixteen 

weeks of ags. 

The number of organisms present in a mllllllter of 

rumen fluid is a debatable question. Bryant and Burkey (2) 

found the number to average about twenty billion per gram of 

fresh x*umen content. In another study Bryant and Burkey (3) 

found that the wmber of bacteria cultured from rumen content 

varied somewhat with the ration of the animal. The highest 

ntimber were observed with an increase in the concentrate 

ration, 

A true rumen organism has been defined by Gall and 

Huhtanen (11) as follows{ 

1. Anoaroblosis. 
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 animals, 
if* Isolation of similar type bacterium In at 

least two geographical 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 ruimen, Pounden and Hlbbs* classification as 

modified by Rusoff, al. (i|.7) and Lengemann (27) has been 

used. The classification Included two hay groups, two grain 

groups, a miscellaneous group, and a spiral group. 

Ihe hay I group consisted of 0♦ Goccl 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) 0 - largo cigar-shaped organisms, and (c) 0•rods In 

groups of fours. The grain I group referred to G ♦ rode, 

while the grain II group consisted of collform like rods. 

The miscellaneous group was composed of 0 e small Cocci In 

pairs, and the spiral group Included G - spiral shaped organ 

isms only. 

Under normal 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 species when the ration was 

from a maintenance level of feeding to a higher level or when 

alfalfa silage was substituted for alfalfa hay. Gall, e_t al. 

(12) reported that both high-grain and hlgh-roughage rations 
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produce characterlatic rumen flora patterns. High-roughage 

rations encovirage a xnmen flora of delicate obligate anaerobic 

bacteria which may act on fiber to produce propionic, butyric 

and acetic acids, and some gases. The rumen bacteria of 

animals fed high-grain rations are of a less strictly anaer 

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 

bacteria and protozoa. It has been shown (29, 33) that most, 

if not all, of the digestive action In the rumen is due to 

the fmctlon 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 i^. (3l|.) 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 

so at the expense of the remainder of the rumen population. 

Pounden and Hibbs (37) reported that certain character 

istic organisms 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 fotmd throughout the digestive tract. 



18 

In later axperlmenta (l^-O) it waa shown that mamen protozoa ara 

not essential to the animal but that calves lacking the charac 

teristic rumen organisms appeared pot-bellied and had rough 

coats. 

Inoculation of young calves with cud from a cow has 

been proposed (38# i^3) a method of early establishment 

of favorable rumen flora, Conrad, et al. ($, 6) have shown 

that calves inoculated at eleven, sixteen and twenty-one days 

of age digested a higher percentage of cellulose and dry 

Blatter than the uninoculated calves, with a haysgrain ratio 

of 312 giving the highest digestion (4). Calves freed of all 

characteristic rumen Indicator organisms 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), 

Though not as Important quantitatively as cellulose 

digestion, the digestion of protein occurs in the rumen. 

Conrad and Hibbs (4) showed that cud inoculations gave a 

significantly greater digestion of protein in calves fed a 

haytgrain ratio of 3'^^* Pounden and Hibbs (43) reported that 

no significant 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 

eharaoterlstic microorganisms failed to become established 



19 

in yo\mg calves regardless of the number of cud Inociilations# 

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 vitamin A or blood carotenoid levels. 

Ihe effect of cud Inoculation upon the sise of the 

paunch is not definitely known. Poxmden and Hibbs (UO) found 

that calves that were not inoculated had rougher hair coats 

end were more pot-bellied than inoculated calves. No other 

reports were found concerning paunch development. 



CHAPTER III 

EDCPERIMSRTAL PROCEDURE 

This study to determine whether calves could be 

raised 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 taken from adult cows was con 

ducted at the University of Tennessee Agricultural Experi 

ment Station at Knoxville. The experiment was started 

August I4., 1953 and continued through April 18, 19514-* 

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 dams for 

one or two days after birth, Ihey were then separated from 

their dams and placed In individual pens and taught to drink 

from open palls. The pens were bedded with wood shavings 

once each day. These pens were cleaned as often as it was 

necessary. 

The calves raceived 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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TABLE II 

OUTLIHE FOR THE COMPARISON OP DIFFERENT TREATMENTS 
PGR JERSEY AND HOLSTSIN CALVES 

Groups I II XII IV 

Number of calves 10 9 12 8 

Milk • per cent of 
body weight 10 15 10 15 

Milk feeding period 
Holsteins 9 wk, 150 lb. 9 wk, 150 lb. 
Jerseys 9 wk. 90 lb. 9 wk. 90 lb. 

Starter fed/day {max,) lb* I4. lb. k lb. lb. 

Hay fed ad lib* ad lib. ad lib. ad lib. 

Rumen inoculated No No Yes Yes 
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TABLE III 

HILK REPLACEMENT PORMITLA 

ses 

Skim milk 

Dried whey 

Soya flour 

Dextrose 

Salt 

Minerals^ 

A & D meal** 

^Mineral Mixture 
Dicalclm phosphate 1|pounds 
Magnesium carbonate 
Ferric citrate 1.18 
Cupric sulfate .38 
Manganese sulfate .Co 
Cobalt chloride .Ok 

7^ 

Pounds 

600 

200 

150 

$ 

5 

2^ 

1002.$ 

Contains 10,000 USP units of vitamin A end 12$0 DSP 
imits of vitamin D2 per gram. 
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eleventh day. ®ie milk was fed twice dally 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 and 80 per cent warm water, which made It nearly 

equivalent In energy value to whole milk. Milk allowances 

were adjusted each week on the basis of the weekly body weight 

of each calf. Milk feeding was stopped abruptly In Oroupa I 

and III when the calves were nine weeks of age and In Groups 

II and IV when the first weekly body weight was ninety pounds 

for Jerseys and 150 pounds for Holstelns. 

All of the extra colostrum that was produced was fed 

in place of whole milk or mixed with the reconstituted milk 

and fed to the calves. If any of the calves were still re 

ceiving whole milk, colostxnim was substituted pound for 

poiand 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 protein, pelleted calf starter mixture containing 380 

pounds yellow corn, 200 pounds oats, 100 pounds wheat bran, 

100 pounds linseed meal, 100 pounds soybean oil 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 lib, \intll they were consvpiing four 

pounds dally. Grain was fed at this level imtll the calves 
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TABLE IV 

SCHEDULE FOR CHAHGHa FROM WHOLE MILK TO RECONSTITUTED MILK 

Jeygey"10^ Jera»Y - 1^^ HolsteIn ■> 10^ Holsteln- 1^^ 
Milk Rec. H, Milk Reo. M. Milk R«c, M. Milk Rec.M, 

7 2.5 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 If.o 3.0 

9 1.0 2.0 2.0 2.5 2.0 2.6 3.0 If.o 

10 0.5 2.5 1.0 3.5 1.0 3.8 1.5 5.5 

11 3 If* 6 5.0 7.5 

y , \ ,v 
ir i- ' 

' > tv, , ./:.V 
■ vi. ,'f ' 

«■ , f ■ ■ 

' «rj. ^ 'I 

'/d 
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viers 120 days of age* One or two handfule of pellete were 

placed in each calf'a mouth following milk feeding In order 

to 8tart consumption at an early age. 

Mixed grass-legume hay was fed ad lib* to all calveSf 

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 

sumption data. Snough of the hay was chopped at the beginning 

of the experiment to last the duration of the investigation* 

Each calf in Groups III and IV was forced to swallow 

pieces of fresh cud material from a normal ruminating cow. 

These inoculations were made once each week during the third, 

fourth, fifth, and sixth weeks. In order to study the de 

velopmental picture of the microorganisms in the inociilated 

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 

means of a three-eighths inch plastic tube which was passed 

into the rumen. This was connected to a $00 ml. suction 

flask which was in turn attached to a vacuwa 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 sample8 were strained through a single layer of 
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cheesd clotli* Th® solid ntatsrlal retained by the cheese 

cloth was discarded* The llQuld portion was used to make 

slides for Gram stains for the Identification of the charac 

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 

bacteria, the Povmden and Hlbbs classification as modified 

by Rusoff et al* (It.7) was used* The group was further modi-

fled by Lengemann {2?) by adding another group of spiral like 

organisms. The classification Is as followss 

Hay I - G + Cocci In closely knit pairs, 
fours or more but not In chains* 
Pairs 2,8 x 2*3 microns, groups 
U*l4. X ii.O microns* 

Hay II a. - Large, 0 thick square ended rods 
3*2 - 5*5 microns long and about 
2*5 microns wide. Frequently In 
pairs* 

b* - G — extremely largo cigar-shaped 
organisms often as much as twenty-
one microns long and about l+*0 microns 
wide* 

c» » Q mm rods about 1,0 x 0*8 microns and 
tend to group In fours and multiples 
of fo\ir* 

Grain I - G ♦ rods 1*7 - 3*4 microns long by 
0*8 microns wide resemble lacto-
bacilll* 

Grain II - G — rods collform like* 

Mlsc* I - 0♦ Cocci In pairs similar to Hay I 
but smaller, 0*5 - 1.0 microns* 
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Spiral - Q — apiral ahaped organiama U. to 
16 microna in length and 0,'$ microna 
or less in vidth. 

The calves were fed milk and grain twice daily* Bay 

was kept before the calvea 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 calf* 

The calves were weighed individually the day after 

birth and at seven-day intervals thereafter. At each weigh 

ing body measurements were taken. These measurements in 

cluded height at withers, heart girth, and maximum paunch 

circumference, the final weight and measurements were taken 

when the calf was 120 days of age. 

Diarrhea and other physiological disorders were noted 

for each calf daily. If the diarrhea was not severe, the 

calvea were treated with Kaolin Bismuth Pectinieed with Sul-

fathiazole by the person caring for the calves. In severe 

cases the University veterinarian treated the calves. 

The analysis of variance was the method used in 

determining whether a statistically significant difference 

in growth existed between the various groups. 
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CHAPTER IV , . , 

. RESULTS • « • 

^ if. ♦ » * 

Growth 

Weight 

The weekly gains in weight for both Jersey and Hol> 

stein calves are shown in Figure 1» The 1$ per cent Jersey 

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

per cent cud inoculated group did not show any advantage 

over the 10 per cent groups. Both 1$ per cent groups of the 

Holstein 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 summary 

was made in Table V without considering the cud Inoculated 

groups as such, but the calves were included in the 10 or 

per cent groups. As shown in Table V the average nine week 

weight gains for all calves In the 1$ per cent group was 72.1 

pounds as compared to 59,0 pounds for all calves in the 10 

per cent group. This was a highly significant difference. 

Prom 6I4. to 120 days of age, the 1$ per cent group's 

average gain was eighty<»five po\inds, and the 10 per cent 

group's average gain was 7^*2 pounds. The average total 

gain was 157,1 and 137*3 pounds for the I5 and 10 per cent 



 

-■ t: 
i 

29 

1$% Control 

280 liS% Cud Inoc. 
10^ Control 
10^ Cud Inoc. 

2U0 

200 

lS% voaned / 

l6o 

•9 

(i. 
120 10^ weaned 

it ^ . 
/ . 

§ 80 HOLSTEIHS 

180 

1$% weaned 
lliO 

>« 

100 

T 
60 10^ VQffiied 

JERSSTS 

I h 6 8 10 12 Ui 16 18 
Age in Weeks 

figure 1. Average Gain in Weigjit of Calves by Grox^js 
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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 61}. to 120 days and 1 to 120 days 

was only significant at the 5 per cent level. 

The Jersey Calves in the 10 per cent group gained an 

average of 0,93 potinds per day, while the calves in the 15 

per cent group gained an average of 0,96 pounds per day. The 

Holstein calves in the 10 per cent group made en average 

daily gain of I.3I pounds per day as compared to l.lj.9 pounds 

per day for the calves in the 15 par cent group. The 15 per 

cent group average gain in weight was above those reported 

by Ragsdale (Ull) for calves of the same age, but the 10 per 

cent group average gain was slightly below his standard. 

When analyzed by sexes and breeds, it was found that 

there was a highly significant difference between sexes end 

breeds for the 120 days, but from 61}. to 120 days the differ 

ence in sexes was only significant at the 5 P«p cent level. 

As shown in Table V,male calves made faster gains in every 

instance* THim 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 ll}.5*l pounds per calf 

for the female calves. For Jerseys the gain was 113,2 and 

110.5 pounds per calf for males and females respectively. 

For the 15 per cent group the Jersey males gained I3O.O 

pounds and the females gained 110.0 pounds per calf. The 
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Holateln males gained iSl.S poionds as compared to 

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 1$ per cent cud in 

oculated group having a slight advantage in both Jersey and 

Holsteln breeds. The 10 per cent cud inoculated group did 

not gain any faster than the control group. 

Height at Withers 

The average hel^t gains are shown in Table VI for 

1 to 6k. days* 61| to 120 days* and 1 to 120 days of age. The 

weekly height gains are shown in Figure 3* There was a 

difference of 1.0 inch per calf between the two groups in 

favor of the 15 per cent group for all calves, with an 

8.6 inch average gain for the 15 per cent group and a 7*6 inch 

average gain for the 10 per cent group at 120 days of age 

(Table VI). The difference between the 10 and 15 per cent 

groups for all calves was greater from 61^ to 120 days than 

for the first 6ii). days. This can 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 was 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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Figure 2. Average Growth in Heart Girth of Calves by Groups 
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all groups with th® excoption of the 15 P®i* cent Jersey group 

In which the males gained 7»1| inches and the females gained 

7*9 inches. 

Paunch Growth 

Mo difference In paunch measurement could be detected 

between any of the groups as shown by Figure 1|.. There was a 

large fluctuation in all groups from week to week. Therefore, 

any difference that might appear in Figure ii. may not be a 

real difference. ®ie cud inoculations did not have any ad-

vantage In increasing the paunch sise, or growth of the 

calves. 

The rumen flora was not changed by inoculating the 

calves with fresh cud, A comparison of the rumen flora of 

the Inoculated and unlnoculated calves is shown in Table VII. 

At four weeks of age a sample was taken from three calves in 

each group for examination. All three calves in each group 

had the grain typo organisms and the hay I type, while only 

two of the three Inoculated calves showed the hay Ila type 

organisms. None of the calves had the hay lib and c type 

organisms* A similar picture is shown at six weeks of age, 

except that the hay lie type organism was found in two of 

the four inoculated calves sampled as compared to one for 

the unlnoculated calves. This general picture is 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 unlnooulated 

calyee than in the inoculated, but the reason for this was 

not accoxmted for. 

Peed Conaiimptlon 

The average amoxmt of feed consumed per calf in each 

group is shown in Table VIII, The feed consumption is shown 

by breeds because there was such a small difference in feed 

constimption between groups of the Jersey breed. The amoxmt 

of milk, grain, and hay per pound gain in body weight is 

shown in Table XX, which is also divided into breeds. 

Milk 

!0ie average consumption per calf in the 15 per cent 

Hoistein group was 583-6 pounds and in the 10 per cent group 

it was 7X3-3 pounds per calf. For Jerseys the average milk 

consumption was 144-3-2 pounds per calf in the 10 per cent group 

and l|.5^*0 pounds per calf in the 15 per cent group, A clear 

er picture can be seen in Table IX, Here we see that for 

Jerseys the milk consumed per pound gain for 120 days was 

3-99 pounds and 3-89 pounds for the 10 and 15 per cent groups 

respectively. For Holstelns the 10 per cent calves consumed 

4,li.9 potmds and the 15 per cent calves consumed 3-25 pounds 

psr pound gain in weight. The 15 per cent cud inoculated 

calves consumed only 3-0 poxmds per pound gain. 
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TABLE Vni 

AVERAGE TOTAL PEED CONSUMED PER CALF BY GROUPS 

• TS-

Average Feed Conaxmad 
No. of Age at Milk» Grain Hay 

Group Breed Calves Veanins (lbs.) (lbs.) (lbs.) 

10% k 63 1+1+2.1+ 250.2 11+5.7 

10%"! J 6 63 1+1+3.7 21+5.2 11+6.1+ 

1+1+3.2 21+7.2 1I+6.IAverage 63 

155^ jr 3 1^7.3 1+19.1+ 261.5 II+6.6 

J 51.6 1+88.7 253.3 11+9.1+3 

Average 1+9.Ij. 1+51+.0 257.1+ li+6.0 

202.310% H 6 63 713.8 257.0 

lOjg-I H 6 63 712.7 23I+.8 203.8 

203.0Average 63 713.3 21+5.9 

H 6 1+5.6 622.0 266.8 223.2l$% 

H 1+3.0 537.6 299.2 21+1.115^-1 5 

583.6 292.1+ 231.3Average l+i+.5 

^Includes all liquid milk fed during milk feeding 
period. 
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TABtS IX 

'it AVERAGE FEED CONSUMED PER POGND OAIR 
(120-DAY) IN BODY WEIGHT BY GROUPS 

Group Breed 

10% J 

10?5-I J 

10$^ Average 

1%% 

No, of 
Calves 

k 

6 

3 

Av.G&in 
In Wt, 

(lbs.} 

123.75 

103.70 

111.72 

116.66 

Milk/ 
Lb. Gain 

(lbs.) 

3.57 

1^.28 

3.99 

3.53 

Grain/ 
Lb. Gain 

(Iba.) 

2.02 

2.36 

2.21 

2.20 

Hay 
Lb. Gain 

(lbs.} 

1.20 

1.i|.l 

1.36 

1.23 

15^-1 

1$% AveraigB 

3 111^.66 

116.66 

i^.26 

3.89 

2.20 

2.20 

1.30 

1.26 

10^ H 6 160.16 1.60 1.26 

lOS^-I H 6 157.X7 l!.»53 1.1^9 1.30 

10^ Average 

155^ H 6 

156.66 

179.16 

h^k9 

3'k7 

1.56 

1.60 

1.28 

1.2lf 

l$?g-I 

1$% Average 

R 5 179.20 

179.18 

3.00 

3.25 

1,67 

1.63 

1.31+ 

1.29 
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Th« large difference in milk consumption of 1.2l(. 

pounds per pound gain between the 10 and 15 per cent calves 

of the Holstein breed is indicative of the fact that the 

latter were weaned at en earlier age and also had a faster 

daily gain In body weight. 

Table X shows that for all calves the 10 per cent 

group consumed 3.69 pounds of milk and 0.60 pounds of co* 

lostxnna per pound gain as compared to 2,61 pounds of milk and 

0,81 pounds of colostznira for the calves In the 15 per cent 

group. 

Grain and Hay 

The difference between the inoculated and uninoculated 

calves In grain and hay consumption was very small. The 

15 per cent cud inoculated Holstein calves« however* did con* 

siuBe more grain and hay than any other group* and the amount 

per pound gain in weight was smaller than some of the other 

groups (Tables VIII and IX}, 

There was a difference in grain and hay consumption 

between the 10 and 15 per cent groups. The 15 per cent 

calves consumed 260,0 pounds of grain per calf and the 10 per 

cent calves consumed 21^6,5 pounds per calf* a difference of 

33*5 pounds per calf. The difference in hay consumption was 

2lj.,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. Sven though a difference ej^lsted between 
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TABLE X 

COMPARISON OP FEED COST BETWEEN 10 AND 15 PER CENT GROUPS 

Group 1 Group II Difference 
105^ 1^% II over I 

Colostrum Consumed, lbs* 1821.2 2163*8 

Colostrum Consumed/Calf, lbs. 82,8 127.3 ♦ 44.5

Whole Milk Consumed, lbs* 233a 276.9 

Whole Milk Consumed/Calf, lbs. 10*6 16.3 ♦ 5.7

Reconstituted Milk Cons*, lbs. 10927. 6703.7 

Reconstituted Milk Cons./Calf,lbs. U96,7 394*3 -102.4 

Concentrate Consumed, lbs 4760.9 

Concentrate Consumed/Calf, lbs* 211.6.5 280.0 ♦ 33.5

Hay Consumed, lbs* 3909.9 3432.3 

Hay Consumed/Calf, lbs. 177.7 201.9 ♦ 24.2

At. Total Gain in Weight, lbs* 137.3 157.1 ♦ 19.8

Milk Cons./lb. Gain in Wt.* 3.89 2.61 - 1.08 

Concentrate Cons./lb* Gain 1.8 1.8 

Hay Consiimed/lb. Gain in Wt, 1.3 1.3 

Cost of Milk/lb, Gain @l3.05/cwt 11.25/ 7.69/ - 3.56/ 

Cost of Cone./lb. Gain @|i^.60/cwt 6*28/ 8.26/ 

Cost of Hay/lb. Gain 0|l*5O/cwt 1.95/ 1.95/ 

Total Cost of Peed per Calf $29.49 $28.15 - 11.34 

Total Cost of Feed/lb Gain 21.48/ 17.92/ - 3.56/ 

^Includes whole milk and reeonatituted milk only* 
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groups for total fsad consumed, the pounds of grain and hay 

consumed per pound gain was 1#6 and 1,3 pounds respectiirely 

for the 10 and 1$ per cent groups (Table X), Although the 

cud inoculated calves consumed slightly more hay, ̂ e 

difference was not significant. 

The trend in feed consumption can be seen in Figures 

$0 6, 7> end 8, Figures $ azxd 6 show that when the calves 

were weaned at an early age they began consuming grain and 

hay 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 6, 

Economy of Gain 

A suzmnary of the feed consumed and the cost per pound 

gain is given in Table X, Since the amo\mt 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 coat was 7*89 cents per pound gain, 

When the grain and hay cost was added, the total cost was 

21,1|.6 cents and 17*92 cents per pound gain for the 10 and 15 

per cent groups respectively. The difference in cost being 

3.58 cents per pound gain in body weight. The total cost of 

feed per calf was |29.U9 for the 10 per cent group and 

128,15 for the 15 per cent group* 
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Plaeasa 

The Incidence ot diarrhea was greatest in the 15 

cant group. The Jersey calves had a lower incidence of 

diarrhea than the Holsteins as shown in Table XI. When both 

breeds were analysed together, the average time of scouring 

was Asljb per calf for the 10 per cent group and 11. daye 

per calf for the 15 per cent group. 

The Intensity (per cent of weaning age) of diarrhea 

was 8.73 PBr cent for the 10 per cent group and 2i|..62 per 

cent for the 15 per cent group. This was a difference of 

15.89 per cent. 

' i .. : 1 1 
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TABLE XI 

INCIDENCE AND SEVERITY OP DIARRHEA 

Days of 
No« of Average Ago Scouring Intensity 

Group Calves Weanlng(Day) Per Calf % of Weaning Age 

Jerseys 
10 63.0 3.5 5.55 

155^ 6 49.lt 4.8 9.71 

Holsteins 
m 12 63.0 7.1 11.26 

11 Wt.S 13.0 29.21 

Jerseys 

and 

Holsteins 
10% 22 63.0 5.5 8.73 

17 U6.3 II.I4. 2i|.62 



CHAPTER V 

DISCTTSSION 

This experiment demonstrated conclualvely that cud 

inoculation under the conditions of this test was not notice* 

ably beneficial to the growing calves. The failure of the 

cud Inoculated calves to gain faster than the uninoculated 

calves agrees with Pounden and Hibbs (It-P) who reported that 

cud inoculated calves did not make faster gains than unin 

oculated calves. The failure of the cud Inoculations to de 

velop a different type of rumen flora was not expected. How-

evert this may have been due to the diet of the cow from 

which the cud material was taken to inoculate the calves. 

These cows were be^ng fed liberally on com silage. Poundea 

and Hibbs believe that cows receiving a large amount of 

silage do not have the cheracterlatic hay-type rumen flora. 

As pointed out by Pounden and Hibbs (i|.2, U3)» ratio of 

grain to hay has a considerable influence on the type of 

organisms present. The fact that the calves In this experi 

ment were receiving a ration with a high grain to hay ratio 

(almost 1.5«1) may account for the lack of difference between 

the two groups. Although there was no apparent difference 

between the inoculated and uninoculated calves, it seems 

reasonable to assume that if the hay-type rumen flora could 

be established In calves at a very early age there would be 
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a higher rate of cellulose digestion, especially If roughage 

constituted the majority 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 a low 

protein diet, consisting mainly of roughage, been fed. This 

belief agrees with other work done previously (Ij.). 

The fact that the 1$ per cent calvea consumed more 

grain 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 gains and an earlier weaning age 

for that group. The higher level of feeding not only made 

the calves gain faster, but the gain 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 (Flgiire 

1). One of the advantages of an abrupt withdrawal of milk 

is the faster adjustment to dry feed since that is all that 

was fed after milk feeding was discontinued. This resulted 

in a higher consumption of hay and grain at an earlier age. 
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This caused the 1$ per cent group calves to consume more hay 

and starter per calf, but the amount consmed per pound gain 

was the same as the 10 per cent group. This was due to the 

higher daily gain of the 1^ per cent calves. 

Milk replecer seemed to be very satisfactory and 

desirable under the conditions of this experiment. This 

method of raising calves would be very desirable on farms 

where whole milk Is sold since It is about two cents per 

pound cheaper than whole milk. The extra colostrum produced 

on a farm could be mixed with the milk replacer, or it could 

be substituted for whole milk In a limited whole milk feeding 

program. The colostrum which once was wasted can now be pre 

served by freezing and fed when needed (1$). 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 be Just as palatable and nutritious as whole milk. 

The amount of scotirlng was greater In all calves than 

It should have been and especially In the 1$ per cent group. 

The high level of milk feeding may have caused the 1$ per cent 

calves to scour more, but It Is believed that most of the 

diarrhea was caused by environmental conditions Instead of 

the diet. The basis for this assumption Is that the Incidence 

of diarrhea became worse when cold weather began In the fall 

and cleared up almost comcletely In the early spring. The 
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rate of gain was considerably reduced during the winter 

months when the incidence of diarrhea was the greatest* If 

the calves had gained at a normal rate during that 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. 

Sven though the 15 per cent calves were weaned earlier 

on the average (Jerseys I3.6 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 weened tintil 

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 had 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 Table 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*3U less per calf. 

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



 

 

group ovor tho 10 por cont group, the cost per pound gain 

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 

grain and hay. 

There was no value given to the colostrum since It 

could not be sold for milk. However, If a wlue had been 

charged to the colostrum, the total feed cost would still 

have been greater for the 10 per cent calves then the 15 per 

cent calves. When colostrum was available It was 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. 

^ --h 

i V 1 , 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

All noz*ni&l pure-bred Jersey and Holstein calves born 

In the University of Tennessee Agricultural Sxperliaent 

Station herd at Knoxvllle 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 

calvesj the 15 per cent group contained nine calves; the 

10 per cent cud inoculated group consisted of twelve calves} 

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 piece of 

cud material, taken from a normal ruminating cow, on the 

third, fourth, fifth, and sixth week of age. No advantage 

was obtained from the cud Inoculations In respect to dally 

gains In body weight or growth, efficiency of feed utili 

zation, or the development of an adult-like rumen flora. 

The calves 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 days. 
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and for the Holstelns tha average weaning age waa days* 

The earlier weaning of the 1$ per cent calves resulted In a 

lower consumption of milk, but they consumed 280.0 pounds of 

grain and 201.9 pounds of hay per calf, which was 3i+*5 pounds 

of grain and 2i|..2 pounds of hay per calf above the 10 per 

cent group. However, the 15 per cent calves had a higher 

dally 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 poimds per pound 

gain In body wel^t respectively. 

There was an average difference In weight gains 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 

statistically, 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 gained 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 11. 

for the 15 per cent group as compared to 5*5 days for the 

10 per cent group. The Intensity was 2l4.,62 per cent for the 

1$ per cent group and 8»73 per cent for the 10 per cent 

group. 

The cost per pound gain in weight was 21.1^8/^ and 

17,92/ for the 10 and 1$ 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 

same for both groups* 

Prom the results obtained from this experiment, one 

may conclude that calves fed heavy on milk from the begin 

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. Sven though the 1$ per cent calves scoured more, 

it did not appear to be a major problem. 

It would probably be xmwise to conclude from this 

data that it would always be profitable to feed calves at 

the 15 per cent level, but the data obtained do Indicate that 

the recommendations for the future could be higher thah 10 

per cent, and a more economical gain as well as a faster gain 

for the calves could be obtained. 
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