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INT:-ODUcTI ON 

The 1930 census shows that there are approximately 

23,000,000 dairy cows of producing age in the United 

States. since the average productive life of the dairy 

cow is five years there must be 4,600,000 cows replaced 

each year. It is estimated that 18,000,000 calves are 

born annually. About one-half of these are bull calves. 

Of the 9,000,000 heifer, 4,600,000 must be raised each 

year to replace an equal number of cows that are discard- 

ed. 

Herd improvement can come only where discarded 

cows are replaced by heifers of better producing ability. 

The safest and best way for a dairyman to obtain good cows 

is to raise them himself. Purchased cows are frequently 

inferior in production and are carriers of disease, es- 

pecially contagious abortion. The only practical way for 

the dairy farmer to build up the quality and productive 

ability of his herd is to use a good pure bred sire and 

to raise the heifer calves from the best cows in the herd. 

The ever increasing demand for milk, milk products 

and especially whole milk, has deprived a large number of 

calves of thetr natural food. On farms where cream is 

sold the problem of raising calves is largely solved by 

feeding skimmilk,and enough calves are generally raised 
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for replacement. The dairy farmer selling whole milk 

is the one most concerned with the problem of economical- 

ly raising his best heifer calves for replacement. 

The question of how to raise calves economically 

and satisfactorily when whole milk and skimmilk is not 

available is a widely investigated subject. The use of 

reconstituted skinmiilk has proven satisfactory. Many 

studies have been made of the minimum amount of whole 

milk required to raise calves satisfactorily, and it has 

been shown that fairly good growth may be obtained by 

feeding milk for two to three months, relying on grain 

and hay thereafter. 

Another method of raising calves which has receiv- 

ed a large amount of study, is the substitution of calf 

meals for milk, after the first few weeks. These calf 

meals have usually been fed as gruels. While this system 

has produced fairly satisfactory growth the meals are 

quite expensive and their use requires considerable care 

and labor. 

This paper reports t1e results of experiments on 

the raising of calves on dry calf meals with a minimum 

amount of milk. 
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REVIEW OF LITERATUE 

In order to more fully understand the problem 

of calf rair.g the literature on the following subjects 

has been reviewed: Skimmilk feeding, grains to supple- 

ment skimmilk, cooked calf meals, calf meal gruels, dried 

buttermilk end the minimum milk plan. 

Skimmilk Feeding 

Ellington and Knott (1) give the following rule for 

feeding milk. "Feed one pound of milk daily to each eight 

or ton pounds of weight. At the end of three months you 

should be feeding 16 to 18 pounds of skimmilk. All milk 

should be weighed." They state that a vigorous calf 

should begin to eat some grain and hay at ten days to two 

weeks of age. Three pounds is a sufficient amount of 

grain until it reaches the age of six months. 

Fraser and Brand (2) state that the important thing 

in the raising of calves is to give them a fairly good 

start on whole milk &iring the first three weeks and after 

this whole mïlk may successfully be replacod with skimmilk 

which should be continued until about seven weeks old. 

In experimental work by Hopkins and Henderson (3) 

of West Virginia, it was found that under a system of 

liberal skirnmilk feeding the following amounts of feed 

was necessary to grow calves to six months of age: 
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Whole milk - 12 - 25 gallons 

Skimmilk -------- 260 - 350 gallons 

Grain --------- 150 pounds 

Hay ---------- 500 pounds 

Lindsey and Archibald (4) in experimental feeding 

of calves on skimmilk powder remixed it as follows: One 

pound of powder and a scant teaspoonful of salt to a a1- 

bn of water. The powder was first stirred with a small 

quantity of cold watcr to prevent lumping, then warm water 

added. They found that neither the drum nor the spray 

process powder promoted as rapid growth as did liquid 

skimmilk. The drum process powder produced sflit1y bet- 

ter growth than did the spray process. Price is the de- 

terrninin factor in choosing which powder to use. The 

authors state that dry skixnmilk powder offers the best 

substitute for liquid skimmïlk In rearing calves. 

Lindsey and Archibald (20) state that calves fed 

on the spray process skinimilk made an average daily gain 

of 1.43 pounds and consumed 275 pounds of dry matter for 

each 100 pounds gain. Those on the drum process powder 

made an average daily gain of 1.41 pounds and consumed 

312 pounds of dry matter per 100 pounds gain. Skimmilk 

powder when fed in large quantities (2 pounds or more 

daily) after the second month is too expensive. 



Crawford and Krauss (5) of Ohio, in experimental 

work to determine how long Holstein calves should receive 

milk, fed eight Holstein heifers as follows: Lot 6 re- 

ceived milk for 60 days, lot 7 for 90 days, lot 8 for 120 

days. One calf in each lot was fed farm separated skim- 

milk, one remixed powdered skimmilk, and another, except 

in lot 6, dry powdered skimmilk. The change from whole 

to skiinmilk was made by the time the calves were three 

weeks old. They were allowed three pounds of grain daily 

while receiving milk. When the milk feeding was discon- 

tinued the grain was increased to four pounds. The grain 

mixture fed was as follows: 

Ground corn -------- 100 pounds 

Ground oats -------- 100 pounds 

Bran ----------- 100 pounds 

Linseed meal ------- 50 pounds 

Salt ----------- pound 

The calves were given all the hay they would consume. 

They make the following statements regarding the results 

obtained. If necessary to deprive calves of milk at the 

early age of 60 days they may be expected to mature into 

heifers that are practically normal in weight and skeletal 

growth provided they are fed and cared for properly after 

they no longer receive milk. Calves fed milk 90 to 120 



days are able to consume more hay than calves fed milk 

for only 60 days, thus they are better able to continue 

their rapid rate of growth and remain normal in weight 

and skeletal growth. Under ordinary herd conditions it 

would probably be poor economy to feed calves milk for 

mor3 than 120 days. The health, size and vigor of the 

calf as well as the weather conditions, and housing have 

an influence on the proper length of the milk feeding 

period. 

Studies at the Montana station (6) revealed that 

heifers receiving milk for 24 months exhibited greater 

growth and uniformity than those fed sicmmi1k for shorter 

periods. 

In experimental work conducted by Rupel and 

Bohstedt ('7) it was found that calves fed dried skinimilk 

at the rate of .8 pounds daily made an average gain in 

weight of 1.4 pounds daily from birth to 6 months of age. 

Calves fed fluid skimmulk made an average daily gain of 

1.61 pounds. Calves fed 16 pounds of fluid skinimulk per 

head daily made gains only a little larger than those fed 

half as much. 

Calves were raised successfully on pasteurized 

milk from tuberculosis and abortion infected cows by 

Roadhouse and Perry, of Calif ornii. (8) 
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Krauss and Crawford (9) found that the feed cost 

of raising calves when milk was fed four months was the 

lowest with calves fed farm separated skimmilk in compar- 

ison to whole milk and reinixed skimmilk. However, it re- 

quired 37 hours' labor to feed a skimmilk calf in contrast 

to 30 hours for calves fed remixed skirmrilk and 12.5 hours 

for calves fed whole milk. The labor charge included the 

cost of separating and cleaning the separator, in the case 

of separated skimmilk, and heating water and mixing the 

powder with water in the case of remade skimmilk. 

Grains to Supplement Skimmilk 

Curtis (lo) conducted experiments on the raising 

of calves with skimmilk and supplementary grains and found 

that corn meal is superior to linseed meal for feeding 

calves in combination with skimmilk, and that carbonaceous 

grains are more suitable for feeding with skiinmilk than 

highly nitrogenous products like oil meal. 

Fain and Jarnagin (ii) in experimental work with 

grains to supplement skiinmilk for calves found that it 

was especially important that calves have access to hay 

at as early an age as possible. The calves needed the 

bulk furnished by the hay to develop them properly. The 

best results were obtained from thelled corn as the grain 

fed. It did not require as much shelled corn as corn 

meal per pound of gain. 
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Hooper (12) and Otis (i) obtained similar results 

to those of Curtis and Fain and Jarnagin in their work 

with grains to supplement skiinmilk. 

McCandlish (14) found that the addition of alfalfa 

hay to the ration of a calf receiving milk and a grain 

mixture of corn, oats, bran and oil meal was beneficial 

and produced normal growth. The main advantage derived 

from the alfalfa hay seemed to be due to the bulk added 

to the ration. 

Cooked Calf Meals 

Archibald (1.5) states that cooking reasonably fine 

calf meals, although it changes the±r physical condition 

by increasing the dispersion of the solids, does not ap- 

pear to exert any favorable effect on growth. The diges- 

tion of a calf meal is not significantly affected by cook- 

ing. 

Calf Meal Gruels 

Hayward (16) in working with milk substitutes, used 

as a basis for his formula the following mixture recommend- 

ed by an agricultural college in England: 

Flour ---------- 16 2/3 pounds 
Flax seed meal ----- 33 1/3 pounds 
Linseed oil cake - - - - 50 pounds 



With this meal as a basis he formulated several meals, 

the best results being obtained with the following mix- 

ture fed as a gruel: 

Wheat flour -------- 30 pounds 
Cocoanut meal ------- 25 pounds 
Nutrium ---------- 20 pounds 
Linseed meal ------- 10 pounds 
Dried blood -------- 2 pounds 

The ingredient known as Nutriwn in the above mix- 

ture is skinimilk powder. The calves used in the experi- 

ment were not selected but were taken just as they were 

born in the college herd. Each animal received whole 

milk from 7-10 days and was then gradually changed to 

the meal. The meal was given twice a day from a calf 

feeder. All of the calves fed the meal seemed to grow as 

well as two calves which were raised on skirmìiilk, hay and 

grain. In the opinion of Hayward as good and as thrifty 

calves can be raised on calf meal gruels as on skinimilk. 

The results obtained from feeding trials with six 

different meals fed as gru.els is commented upon by Lindsey 

(17) as follows: tiCaif meals may be purchased or prepared 

that will take the place of considerable amounts of whole 

and skimmilk and not interfere with the normal growth of 

bhe calf. It is doubtful, however, if one will be able 
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to find any article or combination of articles that will 

completely take the place of milk during the first two or 

three months of the calf's life." 

Savage and Tailby (18) in experimental work with 

calves fed skimmilk, Schumacher's calf meal and Lactina 

Suisse, drew the following conclusions: "While skimmilk 

gives the best results as a substitute for whole milk, 

good, strong calves can be raised without mïlk of any 

kind after the third or fourth week. Schumacher's calf 

meal does not appear from this feeding trial to be a 

complete substitute for skimmilk, yet the gains from 

this meal are good and the cost per pound of gain is 

fairly low. Lactina Suisse did not give results nearly 

equal to skinmiilk or Schumacher's calf meal at any cor- 

responding age. Dried skimmilk powder was the most valu- 

able substitute for skimmilk. One pound of milk powder 

was mixed with nine pounds of water, this being practical- 

ly the proportion of solids to water in ordinary skim- 

milk." 

Spitzer and Carr (19) of Purdue, made a comparison 

of whole milk, skimmilk and Purdue calf meal, which is 

composed of 8 parts of corn meal, one part of oil meal 

and 12 parts of beef blood. This meal was reasonably suc- 

cessful as a substitute for feeding young calves. However 

it does not keep well, is hard to obtain and requires a 
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large amount of labor. The development of the calves on 

pasture indicates that the feeding of Purdue calf meal 

seems not to have impaired the growth impetus, as they 

made the same gain in weight as milk fed calves. 

Dried Buttermilk 

In the opinion of Lindsey and Archibald (20) but- 

termilk powder has considerable value as a calf feed, 

but is not as suitable as skimmilk powder where milk 

feeding is limited to two months. 

Eckles and Gullickson (21) in experimental work 

with condensed and powdered buttermilk for dairy calves 

found that calves fed concentrated buttermilk in the place 

of skirnmilk were sleek coated and thrifty. While they 

were slïghtly loose at the bowels, they were free from 

digestive trouble and none wece off feed during the feed- 

ing trial. No difficulty was experienced in getting the 

calves to drink the buttermilk as they took to it readily. 

Minimum Milk Plan 

Eckles and Gullickson (22) state that a study of 

the so-called "milk substitutest' suggests that the dif- 

ficulty experienced in getting a satisfactory milk substi- 

tute also involves the question of vitamines, proteins of 

suitable quality, and an adequate supply of mineral matter, 

especially calcium. In their work two plans were followed, 
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first, raising calves on the minimum amount or whole 

milk or skimmilk, and second, raising calves on some 

form of dried or condensed milk, the minimum quantity of 

each to be used. They state that the calves that received 

some skimmilk made as good gains and were as thrifty as 

those raised on whole milk throughout the milk feeding 

period. The results indicate that good calves can be 

raised on a very small amount of milk, which may with 

safety be dropped from the ration of large, vigorous 

calves at the ear1i age of fifty days. 

Hopkins and Henderson (3) state that under the 

minimiiii milk plan the following feed is necessary to grow 

a calf to six months of age. 

Whole milk -------- 24 - 30 gallons 

Skimmilk --------- 70 - 80 gallons 

Grain ----------- 500 pounds 

Hay ------------ 400 - 500 pounds 

They state that large, vigorous calves can be raised by 

the minimum milk plan, and that the success of the method 

depends upon giving the calves a good start on milk. 

Wing (23) of Cornell University, states that it is 

evident from results of experiments that good, healthy 

calves can be raised without milk of any kind after the 

first 30 days. Skimmilk, hay and grain make the best 



substitute for whole milk in raising calves. If skinmiilk 

is not available reconstituted skimmilk can be used. 

Schumacher's calf meal seems to be the best commercial 

meal. Calves on this meal made a daily gain of 1.25 

pounds. Blackford's calf meal and Lactina Suisse gave 

fair results but were too expensive. A tablespoonful of 

soluble blood meal mixed with each feed served to keep 

the bowels of the calf in better condition. 

Ingham, Devoe and Berry of Maryland (24), raised 

dairy calves on a nurse cow, by hand feeding whole milk, 

remade skimmilk and calf meal. The Maryland calf meal 

consisted of equal parts by weight of corn meal, ground 

oats, wheat bran, sld.nimilk powder, one-half part of linseed 

meal and one per cent salt. After the first three months 

the one part of skimmilk powder was removed from the meal. 

Mixed clover and timothy hay was fed to all groups. At 

the end of the first three months each calf was fed one 

pound of silage daily to the end of the experiment. The 

nurse cow gave approximately 31.5 pounds of 4 per cent 

milk. Four calves were allowed to nurse twice each day 

they were weaned after nursing for 63 days. 

They draw the following conclusions: First, with 

large, vigorous calves, liquid milk feeding may be dropped 

from the raticn at O to 45 days of age; second, the nurse 

cow method of raising rather delicate and valuable calves 
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will prove very satisfactory, especially where a smooth 

and attractive calf is desired; third, raising calves by 

the hand feeding of whole milk is too costly; and fourth, 

a normal, healthy calf can be raised on approximately 100 

pounds of whole milk and 60 to 85 pounds of skimmilk pow- 

der. 

Williams and Bechdel (25) in experimental work with 

23 dairy calves found that calves can be raised very suc- 

cessfully on a dry ration containing skimmilk powder be- 

ginning at four to six weeks of age. At this time the 

ration consisted of 35 per cent skimmilk powder, 20 per 

cent ground oats, 10 per cent wheat bran, 5 per cent sol- 

uble blood flour, and 30 per cent ground yellow corn. The 

skimmilk powder was discontinued at four months of age. 

Bechdel (26) of Pennsylvania, in experiments to 

determine the advisability of feeding milk powder in the 

dry rather than in the liquid form, fed 35 grade Holstein 

calves in three groups. They were weaned to a dry ration 

when 34 days old. The oldest group of 12 calves made an 

average daily gain of 1.36 pounds up to six months and 

were 95.'7 per cent normal in size. The milk powder feed- 

ing was discontinued when 115 days old. They consumed a 

total of 105 pounds of milk powder in addition to 120 

pounds of whole milk. The results to date prompt the 

advice that calves should be changed to a dry ration at 
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six weeks of age, after feeding powdered milk in the re- 

constituted form up to that time. The dry mixture should 

not contain over 45 per cent milk powder and preferably 

not over 40 per cent. The milk powder is reduced as the 

calves grow older. 

Mead, Regan and Bartlett (27) in experimental work, 

the purpose of which was to study the feeds that may be 

utilized by the calf at the earliest age and to the best 

advantage, found that calves could be successfully raised 

on a dry grain mixture when weaned from a milk diet at 

from 30 to 50 days of age. 

Bender and Bartlett (28) carried on experiments 

with calves with the fo1lowin purposes in mind: To de- 

termine the best possible calf meal to be fod dry, which 

would produce 100 per cent normality in calves at 180 

days of age; to find the earliest age at which calves 

could be weaned from a milk diet; to reduce the cost of 

raising calves to six months of age. The best results 

were obtained with the following ration: 

Yellow corn meal ------ 25 pounds 

Ground oats -------- 37.5 pounds 

Wheat bran --------- 12.5 pounds 

Linseed oil meal ------ 12.5 pounds 

Soluble blood flour - - - - 12.5 pounds 
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Minerals - 3 per cent 

(One pound each of bonemeal, limestone 

and salt.) Good quality alfalfa hay im- 

proved the ration and rate of growth. 

The following feeding method was recommended by 

Bender and Perry (29) of New Jersey, after conducting 

experimental work with the above calf meal: "Leave the 

calf with its dam for 48 hours. Feed milk three times a 

day for the first ten days. When the calves are a week 

old the above dry calf meal is put before them. When 

three weeks old the milk is reduced, and at 30 days of 

age the milk feeding is discontinued. Six pounds of meal 

is the maximum fed." In their discussion and conclusions 

they state that, "Practically all the calves on the dry 

grain mixture slowed up in weight growth the first ten 

days and sometimes it lasted for 30 days. Calves cari be 

successfully raised on a dry grain mixture and alfalfa 

hay fed ad libitum and be 100 per cent normal. It cuts 

the feed costs on raising calves to six months of age 

from 25.00 to 5O.00. This method also saves labor costs 

and does not harm the breeding or productive ability of 

the individuals " 

In experimental work with dairy calves, Jones and 

co-workers (30) used the following dry calf meal. 
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Ground yellow corn 100 pounds 

Ground oats -------- 150 pounds 

Wheat bran --------- 50 pounds 

Linseed meal -------- 50 pounds 

Soluble blood flour - - - 50 pounds 

Boneìneal ---------- 5 pounds 

Salt ----------- 5 pounds 

Idik feeding was discontinued at 30 days of age, the 

calves subsisting upon the dry calf meal, and oats and 

vetch hay of average quality. With the exception of a 

period of seven to 30 days following the weaning from 

milk the calves grew rapidly end were thrifty at all 

times. 

Caine (31) of Utah, decreased the cost of raising 

calves from 25.00 to 50.00 by weaning from milk at 30 

days of age and feeding the above dry calf meal. 

Vitamines and Minerals 

Orr and co-workers (32) reported that the addition 

of a protein, mineral and vitamine mixture of blood meal, 

chalk, potassium chloride, steamed bone flour, sodium 

chloride, ferric oxide, potassium iodide, and cod liver 

oil, improved an oatmeal and linseed cake ration for 

young calves. 



Hayden (33) stated that in addition to making 

slightly better gains, calves receiving iodized milk 

had a better finish as evidenced by the condition of 

skin and hair. 

Eckles and co-workers (34) found that the addi- 

tion of vitamine B in the form of dried yeast to the 

ration ordinarily fed on dairy farms did not increase 

the rate of growth of calves from the age of 20 to 180 

days. No definite effect was observed on the health of 

the calves as a result of supplementing their ration with 

dried yeast. 

In their study of the vitamine B requirements of 

the calf, Bechdel, Eckles and Palmer (35) state that the 

results of their experiment warrant the statement that 

the live stock men need have little concern about vita- 

mine B deficiency being an important consideration in 

the raising of strong, healthy calves. A calf will grow 

normally to maturity and produce normal offspring on a 

ration that carries an insufficient amount of vitamine B 

to support growth and general well-being in rats. 

Bechdel and co-workers (36) in a later study ob- 

tamed results that warrant the conclusion that the vita- 

mine B complex was produced in the ruinen of a cow by 

bacterial fermentation. Bacterium of the genus Flavo- 

bacterium was found in predominance in the ruinen micro- 
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flora. This result offers a satisfactory explanation 

as to why cattle have the ability to grow to maturity, 

to produce normal offspring, and to produce milk of 

normal dietary composition, on a ration thab carries an 

insufficient amount of vitamine B complex to support 

growth and well-being in rats. 

Dvorachek (37) of Arkansas, stated that the ad- 

dition of codliver oil caused no improvement in growth 

with heifers exposed to the sunlight. 

Jones (38), in experimeni;al work with nine calves, 

obtained results icwing that vitamine A is an inds- 

pensable factor in the diet of calves. Cod liver oil 

feeding caused a resumption of growth in calves declin- 

ing on a vitamine A deficient ration. 

Insko and Rupel (39) state that no scientific 

evidence has indicated insufficient supplies of vita- 

mines A and D, of which cod liver oil is a good carrier, 

in a calf ration made up of not to exceed 14 pounds of 

skimmilk daily, alfalfa or clover hay, and a grain mix- 

ture as follows: 

Ground yellow corn ------- 40 per cent 

Ground oats ---------- 30 per cent 

Bran -------------- 20 per cent 

Linseed meal ---------- 10 per cent 
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Two lots were used in the experimental feeding. Lot 

one received the basal ration plus cod liver oil at 

the rate of two per cent by weight of the total dry 

matter fed. Lot two received the same ration without 

the cod liver oil. Blood samples taken showed no con- 

sistent difference in the amount of blood calcium and 

inorganic phosphorus of the blood serum. All the calves 

were slaughtered at six months of age, and ash determin- 

ations made of their bones. The check lot showed slight- 

ly higher calcium content. Measurements of growth by 

height at the withers and weight also failed to show any 

marked difference between the two lots. They definitely 

state that "cod liver oil has no value in a standard 

ration for dairy calves." 

Bechdel and Hill (40), in experimental work, ob- 

tamed results justifying the conciasion thab calves 

are susceptible to a deficiency of vitamine D, the anti- 

rachitic factor. One outs banding case of rickets re- 

sulted after the calf had been fed the rachitic ration 

for about three months. 

Other Factors Influencing Growth 

Eckles and Swett (41) stabe that an animal never 

doubles its height, but more than doubles its circum- 

ference and more than triples its width. Size at birth 
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does not necessarily, in individual cases, bear any 

relation to the rate of growth or size ut maturity. 

A difference in rations fed that resulted in a varia- 

tion of 46 per cent in gain in weight, resulted in a 

difference of only seven per cent in growth of skeleton. 

The amount of digestible nutrients consumed during the 

growing period has some effect upon the rate of growth 

of the skeleton, but the relation to weight is much 

more pronounced. A ration supplying a large amount of 

readily digestible nitrients increases the rate of 

growth, especially in weight, hastens the time of 

maturity, and allows the animal to develop to the full 

limit of its inheritance. 

Eckles (42) states that the normal birth weight 

for Holstein heifers is 90 pounds, Jersey 55 pounds, 

Ayrshie 69 pounds; and at 180 days Holsteins should 

weigh 349 pounds, Jerseys 260 pounds, and Ayrsblres 

286 pounds, to be normal for their respective breeds. 

Brody (43) found that up to four months of age 

animals grow at approximately 30 per cent per month 

(the weight is doubled once in about 2.3 months). 

This increase is figured from the weight at the be- 

girning of the month. After this, the time-rate of 

growth declines at about 5 per cent per month. During 
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the fifth month the growth would be approximately 

28.5%, condering the 5% decline for that month. 

In a later study Brody (44) stated that since 

height at the withers in cattle is but slightly in- 

fluenced br environmental conditions, at a given age 

the numerical value of this measurement is practically 

a genetic index to the size of the animal. 

Brody and Ragsdale (45) found that the increase 

in height at withers practically ceases at the age of 

30 months. Increase in weight continues for a much 

longer period. Growth is the most rapid at about the 

fifth and twentieth months of age. 

Osborne and Mendel (46) state that the impulse 

or the capacity to grow, can be retained and exercised 

at periods far beyond the age at which growth ordinarily 

ceases. The size or age at which the inhibition of 

growth is effected does not altar the capacity to resume 

growth. 

Ragsdale (47) and co-workers state that, when 

growth is retarded in young animals, much time is lost 

before the animals have matured sufficiently for breed- 

ing. This cornes at a time .when the animal makes gains 

at its greatest rate, which means the most economical 

growth. It is believed that the greatest economy in 

growth wtll ordinarily be secured when animals are 
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grown at maximum rapidity from birth. Dairy animals 

grown wfth maximum rapidity have a longer and more 

economical productive life. 

Flint (48) in experimental work found that he 

capacity for growth depends primarily upon the indivi- 

dual, and as long as the protein supply is adequate to 

supply material for growth a larger quantity does riot 

cause a greater rate of growth except only to a minor 

degree. On the other hand, a deficient protein supply 

limits growth. Individuals vary in their requirement 

for protein. 

Nevens, Woodward and Hendrickson (49) found that 

liberal feeding of either corn or a mixed grain ration 

wfth alfalfa produced greater height at the withers in 

growing Holstein and Jersey heifers than did light 

feeding. The greatest gain in height at the withers 

took place in Jerseys between the second and sixth 

month, and in Holsteins between the fourth and eighth 

month. The liberal feeding of grain, either corn or 

mixed, Juihing the first six months, or while milk was 

fed, appears to have been of no value in producing ad- 

ditional gain in weight as compared with light feeding. 

Osborne and Mendel (50) in experimental work 

found that from 12 to 15 per cent of protein was es- 

sential for normal growth. The addition of different 
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proteins increases the rate of growth. The rate of 

growth depends upon the kind of protein present. 

Nevens, Hendrickson and Frandsen (51), in 

studying the protein requirements for growing heifers, 

draw the following conclusion: Skeletal development of 

growing dairy cattle does not seem to be influenced by 

an increase in the protein content of a ration carrying 

slightly more protein than the minimum feeding stand- 

ard. An excess of protein apparently tends to diminish 

the average daily gain of body weight per 1,000 pounds 

of live weight of growing heifers. A high protein ra- 

tion is not economical for growing dairy heifers, be- 

cause there is more crude proteIn consumed per pound 

of gain in weight than is the case of a ration computed 

according to current feeding standards, and there ap- 

pears to be no compensatory benefit. 

Winter (52) in a study of the nutritive value of 

blood meal protein for growth, states that the first 

limiting factor of the nutritive value of blood meal is 

palatability. In general, it is low, but varies depend- 

ing on the source of the blood and the method of prepar- 

ation. The digestibility of blood meal nitrogen is de- 

creased b:r increasing the temperature in the process of 

preparation. The biological value of blood meal pro- 

tein for growth is poor. The basic amino acids in blood 
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meal occur in approximately the same quantiby as in 

casein. Casein and corn gluten are efficient protein 

supplements for blood meal. Blood meal properly pre- 

pared for animal feeding purposes is not toxic. Blood 

serum has a higher nutritive value than the clot. 

Otis (53) cautioned against the feeding of large 

quantities of dried blood in rations, if they are to 

remain palatable to live stock, and was of the opinion 

that blood meal serves as a tonic when fed to growing 

calves. 

Lindsey (54), from digestion experïments with 

sheep, found the digestibility of dry matter of blood 

meal to be 95 per cent. The protein of' the blood meal 

was 84 per cent digestible. He concluded that blood 

meal that is not over-heated is easily digestible. 



EXPERIMENTAL 

Preliminary Experiment 

ecause of the many demands for information on 

the subject of calf raising when skimmilk is not avail- 

able, it was decided to check at the Oregon Experiment 

Station the results of the New Jersey Experiment Station 

as reported (29) in 1929. 0.S.C. calf meal No. i given 

below is the New Jersey calf meal with the following 

changes, 20 pounds of limestone has been dropped out and 

the bone flour and the salt increased to 25 pounds each 

per ton. The change in minerals was occasioned by the 

fact that hays in this state are more apt to be defi- 

cient in phosphorus than in calcium. Ten calves have 

been fed on much the same plan as recommended by the New 

Jersey Experiment station. 

0.S.C. calf meal No. i consists of: 

Ground oats ---------- 150 pounds 

Ground yellow corn ------ 100 pounds 

Wheat bran ---------- 50 pounds 

Linseed oil meal ------- 50 pounds 

Soluble blood flour ------ 50 pounds 

Salt ------------- 5 pounds 

Steamed bone flour ------ 5 pounds 

Whole milk was fed on the average for 30 1/2 days. Oats 
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and vetch hay of average quality furnished the roughage. 

The re3ults are given in Tables I and II. 

Table I 

Age and Growth in weight 

: : : %N orni- : 'Nt : N orn- : Wt : N orm- 
Calf : :Bjrth : al : 30 : al :180 : al 
No. :Ereed : Wt. :Birth : Days:30 Da7s:Days :180 Days 

283 H 102 114.44 147 121.55 345 98.85 

284 H 80 38.88 123 102.10 315 90.25 

285 H 85 94.44 146 121.48 320 91.60 

286 H 90 100.00 130 106.33 317 90.83 

255B H 107 118.77 157 129.75 400 114.60 

262B H 98 108.88 128 105.24 335 98.65 

236B H 105 110.00 145 119.15 416 119.19 

267B H 95 100.00 139 114.20 345 99.30 

649B G 51 87.69 75 87.56 300 113.20 

545 A 63 91.30 85 97.70 289 101.04 

Average 101.49 110.52 101.75 

H - Holstein 

G - Guernsey 

A - Ayrshire 



Table II 

Feed Consumed and Cost 

: :Rec'd: Whole: Calf : Oats, : Feed :Feed 
Calf : Whole: Milk : Meal : Vetch, : Cose :Cosb 
No. :Breed:Milk : Lbs. : Lbs. : Hay : to 30 :to 180 

: :Days : : : Lbs. : Days :Days 

283 H 32 398 440 720 8.78 26.2O 

284 H 29 354 450 '722 7.82 25.63 

285 H 30 358 425 717 7.27 24.56 

286 H 31 338 406 676 7.27 23.67 

255B H 30 364 540 729 7e39 28.58 

262E H 30 370 416 630 7.65 24.29 

26713 H 31 250 415 696 5.58 22.32 

23GB H 30 374 360 732 7.74 23.40 

649E G 31 200 380 510 5.26 18.98 

545 A 30 314 400 635 4.81 20.72 

Total 3300 

Average 3O.4 330.0 

Feed was charged 

$2.00 per 

60.00 per 

14.00 per 

4232 6767 69.57 238.31 

423.2 676.7 6.96 23.83 

as follows: 

hundred for whole milk 

ton for calf meaj. 

ton for oats and vetch hay. 
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A study of Tables I and II shows that the group 

of ten calves continued to grow when milk feeding was 

discontinued at 30 days and were, on the average, normal 

in weight and thrifty in appearance at six months of age. 

However, three individual calves were about 10% below 

normal In weight at 180 days of age. 

The average feed cost of raising a calf to six 

months of age was 23.33, using current prices for feed- 

stuffs in 1930 when this work was conducted. This repre- 

sents a saving of about î0.00 in feeding a calf to six 

months when compared to the cost of raising a calf on 

whole milk, skinmilik, grain and hay. 

Approximately 90 head of pure bred calves of the 

Jersey, Guernsey, Ayrsbire and Holstein breeds have been 

raised successfully on this meal with somewhat longer 

milk feeding periods. 

As there seems to be some difficulty in obtaining 

soluble blood flour of the quality demanded at all times, 

and because there is a demand for information on the 

value of skimmilk powder in a calf meal mixture, it was 

decided to formulate other calf meals, replacing the 

soluble blood flour with skimmilk powder. Two such 

meals have been formulated. 0.S.C. calf meal No. 2 is 

the same as calf meal No. i except that the 50 pounds, 

or 12 1/2 per cent of soluble blood flour, was replaced 
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by skimmilk powder. 0.S.C. calf meal No. 3 contains 25 

per cent or 100 pounds of skirrnnilk powder, with the corn 

and oats decreased to 80 and 120 pounds respectively. 

Approximately 20 pure bred calves have been raised 

on calf meals No. 2 and No. 3. The length of the milk 

feeding period varied from 30 to 70 days. Complete data 

is not available on these animals as many were sold be- 

fore completing the 180 day experimental period. All 

individuals were in a healthy and vïcrous condition 

when sold or upon completing the six months period. 
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MAIN EXPERIMENT 

Objects of Experiment 

The results obtained froni the preliminary experi- 

ment prompted the purchase of thirty grade calves to be 

used in an experimental trial, the objects of whih were: 

1. To determine the earliest age at which calves may be 

weaned from milk, and the minimum amount of whole and 

skimmilk necessary to obtain normal growth. 2. To deter- 

mine whether it Is possible to raise thrifty calves on a 

dry calf meal, hay and water ration when milk feeding is 

discontinued at about six weeks of age. 3. To compare 

three dry calf meals, varying in the amount and quality 

of proteins, minerals and vitamines. 4. To determine 

the cost of raising calves to six months of age under 

this system of feeding compared to the system of rais- 

Ing calves on whole milk, skimmilk, grain and hay. 

Plan of Experiment 

Animals Used: The calves used in the experiment 

were largely grade Jerseys although Guernsey character- 

istics showed up in two and Red Polled characteristics 

in one of the calves. The exact age, breeding and birth 

weight of the calves was not available as they were pur- 

chased from farmers in the community. However, all 

calves were probably betvieen nine and twenty days of age 
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when started on the experiment. Thirty-three calves 

were purchased and divided into three groups, Groups A, 

B, and C, containing eleven animais each. Within a 

week after the start of the experiment one calf in each 

group dïed. These calves are omitted from the final 

results. When the per cent normal of each group was 

figured it showed Group A to average largest in weight 

and height, but it was not deemed advisable to change 

any of the calves as they had begun to eat sorne of the 

calf meal. Each calf was tagged and photographed for 

identification at the start of the experiment. 

Records Kept: Individual records were kept of 

the amounts of milk and calf mesi consumed. Hay was 

fed to each group and the average consumption deter- 

mined. 

The weight, height at withers, heart girth and 

belly girth were taken each month. Observations were 

made daily and any abnormal conditions noted. 

Photographs were taken to show the growth, devel- 

opinent and changes at different stages in the experiment. 

A ruled background set at a definite distance from the 

camera portrayed the growth in height of the individual 

animais. 

Stabling Feeding: The calves were stabled. in 

three pens by groups. The pens were provided with in- 
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dividual stanchions and a rack for feeding hay. The 

calves were allcwed all of the oats and vetch hay they 

would consume throughout the experiment. Whole milk and 

skimrnilk were fed until the calves were six to seven 

weeks of age. All milk was weighed and each calf fed 

according to size, receiving approximately 5 per cent of 

the body weight. The calves were allowed all the calf 

meal they would eat until a maximum of four pounds daily 

was being consumed. Care was taken to keep the feed 

fresh and clean, refused feeds being weighed back and re- 

corded. Each pen was provided with a water trough, which 

was kept full of clean, fresh water at all times. This 

water was heated during the freezing weather when the 

calves were from six weeks to three months old. 

Group A received O.S.C. calf meal No. 1 which consisted of: 

Ground oats ---------- 150 pounds 

Ground -ellow corn ------ 100 pounds 

Wheat bran ---------- 50 pounds 

Linseed oil meal ------- 50 pounds 

Soluble blood flour ------ 50 pounds 

Steamed bone f lcur ------ 5 pounds 

Salt ------------- 5 pounds 
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Group B received 0.S.C. calf meal No. 2 which consisted of: 

Ground oats -------- 150 pounds 

Ground yellow corn - - - 100 pounds 

Wheat bran -------- 50 PoundS 

Linseed oil meal ----- 50 pounds 

Skimmilk powder ------ 50 pounds 

Steamed bone meal ----- 5 pounds 

Salt ----------- 5 pounds 

Group C received 0.S.C. calf meal No. 3 which consisted of: 

Ground oats -------- 120 pounds 

Ground yellow corn - - 80 pounds 

Wheat bran -------- 50 pounds 

Linseed oil meal ----- 50 pounds 

Skïnmilk powder ------ 100 pounds 

Steamed bone flour - 5 pounds 

Salt ----------- 5 pounds 

In addition to the above feeds, five calves in 

Group A, four in Group B, and five in Group C, received 

25 c.c. of cod liver oil daily. 

Feed. Ana1ysis: Composite samples of the calf 

meals and hay were taken during the experiment. An- 

alysis of the feeds for crude protein by the Department 

of Agricultural Chemistry gave the following results: 
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Calf Meal : Crude Protein : Calculated Dig. C.P. 

per cent per cent 

0.S.C. No. 1 22.96 18.05 

O.SC. No. 2 16.47 13.20 

O.S.C. No. 3 19.46 16.26 

Oats and Vetch Hay 7.34 5.50 

The digestible crude protein content of the calf 

meals calculated from the actual analysis was fran 1.21 

to 1.98 per cent lower than when calculated from Henry 

and Morrison's (54) tables of analysis. 

Using the feed analysis data as given above, a 

200 pound calf from Group A receiving 3 pounds of calf 

meal and 4 pounds of hay per day would receive .76 pounds 

of digestible crude protein per day; a calf froni Group B 

receiving the same amounts of Leed. would receive .62 

pounds of digestible crude protein per day, and one from 

Group C would receive .71 pounds of digestible crude 

protein per day. 

The digestible crude protein requirement of a calf 

weighing 200 pounds, according to the Morrison (54) 

standard, is .62 pounds per day. With the changes as 

suggested by Fitch and Lush (55) for this standard, the 



requirement would be .58 pounds of digestible crude 

protein per day. Therefore, according to these stand- 

ards the calves in each group had sufficient amounts 

of protein for normal growth. 

Experimental Data and Discuss ion of Results 

Health of Calves: The calves as a whole were 

fairly thrifty at the start of the experimental period. 

There was considerable variation in the size and thrifti- 

ness of the individual animals. The appearance of the 

calves shortly after the start of the experiment can be 

observed from plates shown later. After one week on the 

experimental feed all calves in Groups B and C were scour- 

ing badly. Only four calves in Group A develcped scours. 

Since this occurred during the milk feedIng period, and 

only îiall amounts of the calf meals were being consumed., 

the disturbance is probably due to the thange in condi- 

tions and handling rather than in the calf meals. The 

fact that the calves in Group A were slightly larger is 

probably the reason more of the calves in that group did 

not develop scours. 

A half pint of lime water added to the milk for 

one day was sufficient to correct the scours in nearly 

every case. 
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Several calves became infected with ring worm 

after being on the experiment for about one month. 

They responded promptly to treatment. 

All af' the animals on the experiment were tested 

once for tuberculosis and three times for infectious 

abortion, and were found to be non-reactors. 

At the close of the 182 days experimental period, 

all of the calves were healthy, vigorous and free froni 

any Imown disorder. 

Growth Data: Table III shows the age, weight 

and height of the calves in Group A. Calf No. 2O was 

the smallest at the beginning of the experiment, weigh- 

ing 59 pounds and being 66.9 centimeters high. However, 

calf No. 211 was the smallest animal at the close of 

the experiment, weighing 285 pounds and being only 94.5 

centimeters in height. The ages in this group at the 

sta't of the experiment ranged from 10 to 20 days. This 

group was quite uniform in age and weight, with the ex- 

ception of calves No. 210 and No. 213, which were older 

and larger than any of the calves in the group. 
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Table III 

Age, Weight and Height Data 

Group A - 12 1/2% Blood Meal 

No. :Initial: Final : Initial: Final :Initial :Final 
Calf Age Age : Weight : Weight:Height :Height 

Days : Days : Lbs. : Lbs. : Cm. : Cm. 

203 * 10 192 59 296 66.9 98.4 

204 10 192 68 294 69.2 97.4 

205 14 196 76 334 70.3 99.9 

206 * 13 1G5 73 335 70.4 96.6 

207 14 196 86 347 73,4 99.5 

208 14 196 71 329 70.6 99.5 

209 * 14 196 71 352 71.4 100.8 

210 20 203 103 384 77.2 106.4 

211 * 14 196 59 285 68.0 94.5 

213 19 202 74 354 71.4 99.2 

Average 14.2 196.2 74 531 70.88 99.22 

* Received 25 c.c. cod liver oil per day. 
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Table IV shows that with the exception of calves 

No. 215 and No. 222, Group B was fairly unifonu in 

weight at the start of the experiment. The sal1est 

calf a the start of tie experiment was No. 219, weigh- 

Ing only 49 pounds. However, at the close of the experi- 

ment calf No. 221 was the snEllest of the group. 

Table IV 

Age, Weight and Height Data 

Group B - 12 1/2% Skimmilk Powder 

No. :Initjal: Final : Initial: .inal : Initial:Final 
Calf : Age : Age : Weight : Weight: Height :Height 

: Days : Days : Lbs. : Lbs.. : Cm. : Cm. 

214 15 197 85 279 68.1 92.8 

215 20 202 117 388 71.8 99.8 

219 * 13 195 49 246 65.9 93.2 

221 * 9 191 58 235 67.8 94.0 

222 14 196 110 341 70.7 96.9 

224 14 196 61 274 64.7 93.5 

225 * 14 196 68 277 64.3 95.7 

226 13 195 55 244 65.7 91.8 

230 * 14 196 62 261 62.2 90.8 

235 14 196 57 240 64.0 90.9 

Average 14 196 72.2 278.5 66.72 93.94 

* Received 25 c.c. cod liver oil per day. 
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Table V shows that calf No. 265 was a very small 

calf, weighing 35 pounds and measuring 58.3 centimeters 

in height at the withers at the start of the experiment. 

This calf made a good gain considering its initial weight. 

No. 256 was the largest calf at the start of the experi- 

ment, weighing 84 pounds, and also was the large3t at 

the close of the experiment, weighing 335 pounds. 

Table V 

Age, Weight and Height Data 

Grcip C - 25% Skixnrnilk Powder 

Final No. :Initial: Final : Initial: Final :Initiail: 

Calf : Age : Age : Weight : Weight:Ileight : Height 
Days : Days : Lbs. : Lbs. : Cm. : Cm. 

238 18 200 80 275 73.6 97.2 

239 * 13 195 58 283 67.7 95.2 

247 * 13 195 54 239 63.2 91.6 

256 16 198 84 335 70.7 99.3 

257 12 194 54 266 67.3 98.8 

260 12 194 53 274 63,9 94,5 

263 16 198 72 308 70.9 100.5 

265 * 10 192 35 190 58.3 83.7 

270 * 14 196 61 316 64.9 96.4 

277 * 15 197 64 311 67.6 97.5 

Average 13.9 196 61.5 279.7 66.81 95.47 

* Received 25 c.c. cod liver oil per day. 
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A comparisi of Tables III, IV, and V show that 

the calves ol' the three croups averaged practically the 

same age. Group A averaged largest in weight at the 

start of the experiment, with Group B second, and Group 

C third. At the close ol' the experiment, Group C was 

second in weigit. The average of the groups in initial 

height show that Group A was largest, Group C second, and 

Group B last. They remain in this order throughout the 

experiment. 

Tables VI, VII, and VIII show the per cent normal 

in weight and height of the calves at the start and 

finish of the experiment. 
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Table VI 

Per Cent Normal in Weight and Height 

Group A - 12 1/2% Blood Meal 

No. % Normai : % Normal : % Normal : Normal 
Calf : Initial : Final : Initial : Final 

: Weight : Weight : Height : Height 

203 * 95.16 1O6.93 99.11 103.64 

204 109.67 lOb.21 102.51 102.59 

205 117.28 118.27 103.29 104.77 

206 * 113.88 119.21 103.65 101.40 

207 132.71 122.87 107.83 104.46 

208 109.56 116.50 103.73 104.35 

209 * 109.56 124.64 104.90 105.71 

210 149.27 131.41 112.04 110.75 

211 * 91.04 100.92 99.91 99.12 

213 108.34 122.91 103.83 103.58 

Average 114.19 117.21 104.02 104.06 

* Received 25 c.c. cod liver oil per day. 



Table VII 

Por Cent Normal in Weight and Height 

Group B - 12 l/2i' Skimmilk Powder 

No. : % Normal : % Noimal Normal : % NormT 
Calf : Initial : Final : Initial : Final 

Weight Weight : Height Height 

214 129.77 98.30 99.85 97.22 

215 169.56 133.42 104.20 103.99 

219 * 76.44 87.54 97.02 97.84 

221 * 94.61 65.33 100.65 99.11 

222 169.75 120.73 103.87 101.62 

224 94.13 97.02 95.06 98.05 

225 * 104.93 98.08 94.47 100.36 

226 85.80 86.83 96.73 96.37 

230 * 95.67 92.42 94.32 95.22 

235 87.96 84.98 94.03 95.33 

Average 111.41 96.46 98.03 98.09 

* Received 25 c.c. cod liver oil per day. 



Table VIII 

Per Cent Normal in Weight and Height 

Group C - 25 Skinimilk Powder 

No. : Normal : % Normal : % Normal : % Noral 
Calf' : Initial : Final : Initial : Final 

Weight : Neight : Height : Height 

238 118.34 95.48 107.25 101.49 

239 -- 90.48 100.71 99.67 99.94 

247 * 84.24 85.05 93.05 96.16 

256 126.88 116.88 103.45 103.80 

257 85.17 95.13 99.29 103.83 

260 83.59 97.99 94.27 99.31 

263 108.76 107.99 103.74 105.16 

265 - 56.45 68.64 86.37 88.16 

270 * 94.13 111.89 95.35 101.10 

277 * 97.70 109.58 99.12 102.14 

Average 94.90 99.04 98.16 100.09 

* Received 25 c.c. cod liver oil per day. 
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In Table VI it will be noted that all of the 

calves in Group A were above normal in weight and 

height throughout the experiment, except calves No. 203 

and No. 211. A study of Tables VII and VIII show that 

the majority of the calves in Groups B and C were below 

normal in weight and height throughout the experiment. 

Calf No. 265 in Group C was very small, being only 56.45 

per cent normal in weight and 68.64 per cent normal in 

height at the start of the experiment. 

The average per cent normal ix weighb of the 

groups show Group A to be the largest both at the start 

and close of the experïment. Group B is the next largest 

at the start of the experiment, but Group C is second 

largest at the close of the experiment. In per cent 

normal in final height they rank, Group A, C, sand ß 

It should be noted, however, that Group C made a greater 

per cent increase in normal cf both weight and height 

than did any of the groups. 

A comparison of the calves in this experiment with 

the normal growth in weight and height for Jersey females 

as given by Eckles (42) cannot be stressed too much, as 

the calves used were grades of unimown breeding, and the 

exact ages were not available. However, these normals 

were used as a standard of comparison, and shows the 
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relative differences between the groups and the growth 

from the beginning to the end of the experiment. This 

data is shown graphically in Charts I to XII. 



Chart I 

Growth in Weight - Five Calves 
Group A - 12 1/2% Blood Flour 
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The above chart shows that calf No. 2O was below 

normal at the beginning and that another calf, No. 204, 

dropped below normal at 39 days of age. All calves were 

above normal at the end of the experimental period. 
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Chart II 
Growth in Jeiht - Five Calves 
Group A - 12 1/2% Blood Flour 
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This chart shows that only one calf, No. 211, 

was below normal and remained below normal until near 

the end of the experiment, when all calves were above 

normal. Calf No. 208 has a very irregular growth curve. 



Chart III 
Growth in Weight - Five Calves 

Group B - 12 1/2 Skimmïlk Powder 
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Calves No. 219 and 221 have growth curves which 

are very similar. Both calves were below normal through- 

out the experiment. Calf No. 214 while above normal at 

the beginning of the experiment dropped below normal when 

107 days old and remained below normal the rest of the 

experiiient. 



Chart IV 
Growth in Weight - Five Calves 

Group B - 12 1/2% Skimmilk Powder 

aio 

%ÀLa1 
oNo. 

+Noi6 
TNO 
No 

c s.-: bO 100 (20 IO i o - 95 'Z! LL 

50 

The above chart shows that calf No. 225 was the 

only calf above normal at the start of the experiment. 

However, it dropped below normal at 73 days of age and 

remained below normal, as did the other calves for the 

remainder of the experiment. 



Chart V 
Gpowth in Weicht - Five Calves 
Group C - 25 Skirímilk Powder 
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Calf No. 23e, while above normal at the beginning 

of the experiment, showed a retarded growth, especially 

between 47 and 77 days of &ge. This was the period Loi- 

lowing the weaning from milk. After 77 days of age the 

growth was more rapid but the calf remained below normal 

the remainder of the experiment. Calves No. 247 and No. 

256 showed the same slowing up in growth but to a small- 

er degree. 



Chart VI 
Growth in Weight - Five Calves 
Group C - 25% Skinmiilk Powder 
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With the exception of calf No. 265 the calves 

shown in the above chart are veiy much alike. No. 265 

was a very small calf, weighing only 35 pounds at the 

start of the experiment. The rate of owth has been 

quite uniform in this calf as is shown by the chart. 
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Chart VII 
Growth in Height - Five Calves 
Group A - 12 1/2% Blood Flour 

Calf No. 203 wa the only calf below normal in 

height at the start of the experiment. It was well 

above normal at the end of the experiment. Calf No. 

204 showed a slow rate of growth after weaning from 

milk, dropping below no.'ma1 when 102 days old. 
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Chart VIII 

Growth in Height - Five Calves 
Group A - 12 1/2% Blood Flour 

Calf No. 211 was normal when started on the exper- 

iment but dropped below normal at 43 days of age and was 

99.12% normal at the close of the experiment. Calf No. 

206 followed very closely the line of normal growth but 

was approximately one per cent above normal at the 

close of the experiment. 



Chart IX 
Growth in Height - Six Calves 

Group B - 12 1/2% Skimmilk Powder 

Four calves were below normal at the close of 

the experinient. Two of these, No. 221 and No. 214, were 

above normal at the start but were below normal the re- 

mainder of the experiment. Calf No. 222 Ehowed a retard- 

ed growth between 43 and 73 days of age. Calf No. 221 

showed a slow rate of rowth Ufltji 101 days old, when 

the increase in height was quite rapid. 
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Chart X 

Growth in Height - Four Calves 
Grcup B - 12% Skiminilk Powder 

All of the calves were below ncrrnal at the start 

of the experiment and only one calf, No. 225, reached 

normal or above during the 182 days on the experiment. 

Calves No. 226 and No. 230 showed a retarded growth for 

Luut a month following weaning froni milk at 42 days of 

age. 
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Chart XI 

Growth in Height - Five Calves 
Group C - 25% Skinmdlk Powder 

Calf No. 238 had a very slow rate of growth from 

the start of the experiment until 77 days old. This was 

especially true of the period following weoning from 

milk. However, at the close of the experinient the calf 

was 101.4% normal. While three of the calves were be- 

low normal at 42 days of age, only one of these, No. 247, 

was below normal at the close of the experiment. 



Chart XII 
Growth in Height - Five Calves 
Group C - 25% Skiríiilk Powder 
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Only one calf, No. 263, was above normal at the 

beginning of the experiment, whereas three of the five 

were above normal at the close of the expsiment. One 

of the calves below normal, No. 265, was very small at 

the start, but showed a very uniform rate of growth. 
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Plates I o VI show the height in inches, and 

the general appearance of the calves at 42, 3, and 

182 days after the start of the experinient. 
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Feed Consumed and Cost: Table IX gives the num- 

ber of days milk was fed and the amounts of the differ- 

ent feeds that each calf in Group A received during the 

experiment. The total cost of the feed consumed by each 

calf is shown and varies from $16.55 to l8.32, averaging 

l7.29. The range in days receiving milk is from 41 to 

59 days. This iacludes the days receiving milk before 

being started on the experiment. 

Table IX 

Feed Consumed - Group A - 12 1/2% Blood ?eal 

Total No. : Days : Pounds i Pounds : Pounds Pounds: 
Calf : Rec'd : of : of : of : of : Cost 

Milk : Thole .: Skim- : Calf : Hay 
: : Milk : milk : Meal : 

2O * 42 126.91 80.08 514.8 565.6 l6.67 

204 42 129.41 53.58 511.5 571.1 16.55 

205 * 46 149.41 101.58 519.4 566.1 17.33 

206 * 44 149.91 93.08 532.3 567.0 17.58 

207 41 130.50 67.50 532.9 567.9 17.07 

206 45 149.91 98.08 523.3 567.6 17.41 

209 * 46 152.91 66.08 521.4 567.5 17.25 

210 48 156.50 90.50 527.7 569.4 1'7.60 

211 * 59 154.91 125.08 502.2 567.9 17.20 

213 50 192.91 97.08 522.2 567.9 18.32 

Average 46 149.28 87.28 520.77 567.8 17.29 

* The cod liver oil is not included in the cost. 
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Table X shows the feed consumption and cost of 

the feeds consumed for Group B. The 

in this group varied from 41 to 59. 

is higher, due to the higher cost in 

sumed rather than in any increase in 

consumed. The cost ranges from Çl6. 

Ing l7.9l. 

Table X 

days milk was fed 

The cost of feed 

the calf meal con- 

the amount of feed 

L6 to 19.35, averag- 

Feed Consumed - Group B - 12 1/2 Skirmìi1k Powder 

No. : Days : Pounds : Pounds : Pounds : Pounds: Total 
Calf : Rec'd : of : of : of : of : Cost 

: Milk : Thole : Skim- : Calf : Hay 
: : Milk : milk : Meal : 

214 46 174.91 88.58 576.6 567.6 pl9.35 

215 47 20ó.50 68.50 50l. 567.9 18.18 

219 45 156.91 90.08 526.8 567.6 17.91 

221 * 54 111.91 116.48 504.6 567.3 16.16 

222 41 143.50 58.50 541.2 568.4 17.80 

224 46 164.91 90.08 540.1 572.6 18.38 

225 * 46 160.91 90.08 490.9 566.3 17.27 

226 57 156.91 116.08 510.6 567.6 17.69 

230 * 46 164.91 90.08 522.2 564.1 17.95 

235 59 176.41 102.58 529.6 566.4 18.42 

Average 48.8 161.48 91.10 523.79 567.6 17.91 

* The cod liver oil is not included in the cost. 
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Table XI shows the feed consumed and cost of the 

feed for the calves in Group C. The days milk was fed 

varied from 43 to 55 days. The feed cost is the highest 

in this group due to the increased cost of the calf meal 

fed to the group. The range in cost is from $19.54 to 

$20.19, averaging $19.84. 

Table XI 

Feed Consumed - Group C - 25% Skimm!lk Powder 

No. : Days : Pounds : Pounds : Pounds : Pounds: Total 
Calf : Rec'd : of : of : of : of : Cost 

Milk : Whole : Skim- : Calf : Hay 
: Milk : milk : Meal : 

238 45 159.50 76.50 518.6 567.4 $19.83 

239 * 45 150.91 88.08 526.9 567.0 19.93 

247 * 45 150.91 90.08 511.5 567.4 19.54 

256 43 139.50 64.50 531.4 567.' 19.70 

257 43 142.91 86.08 527.4 566.9 19.77 

260 43 136.91 84.33 534.0 567.1 19.81 

263 47 160.91 97.08 527.4 5o7.0 20.19 

265 ' 55 167.50 63.50 508.9 553.5 19.61 

270 * 46 148.91 89.08 528.6 567.5 19.95 

277 * 47 162.91 89.08 523.0 567.5 20.08 

Average 45.9 152.09 82.73 523.79 565.87 19.84 

* The cod liver oil is not included in the cost. 



The average calf in Group A received milk for 46 

days and consumed 149 pounds of whole milk, 87 pounds of 

re-made skimmilk, 530.7 pounds of calf meal, 567.8 pounds 

of hay at a cost of l7.29. The average calf in Group B 

received milk for 48 days, consumed 161 pounds of whole 

milk, 91 pounds of re-made skirnmilk, 523.7 pounds of 

calf meal, 567.4 pounds of hay, at a cost of p17.91. 

The average calf in Group C received milk 46 days, con- 

sumed 153 pounds of whole milk, 82 pounds of re-made 

skirrimilk, 532.7 pounds of calf meal, 565.8 pounds of hay 

at a cost of l9.84. 
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The price of the feedstuffs, used in figuring the 

costs given in Tables IX, X, and XI, are listed below: 

Feedstuff Price Per Ton Price Per Pound 

Oats 26.00 .013 

Yellow corn 48.00 .024 

Wheat bran 22.00 .011 

Linseed oil meal 46.00 .023 

Soluble blood flour 90.00 .045 

Bone meal 50.00 .025 

Salt 18.00 .009 

Skirnrnilk powder 100.00 .05 

Thole milk .02 

Reconstituted skinimilk .005 

Oats and vetch hay 10.00 .005 

0.S.C. calf meal No. 1 42.34 .021 

O.S.C. calf meal No. 2 4.6O .022 

0.3.0. calf meal No. 5l,7 .026 

Table II gives the total gain and daily gain 

in height and weight of the calves in Group A; also the 

cost per pound of gain. It shows that calf No. 203, 

one of the smaller calves at the start of the experiment, 

made the greatest gain in height, while No. 210, the 

largest calf in the group, and No. 209, a small calf, 

made the greatest gain in weight. The gain in weight 
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per day varied from 1.24 pounds to 1.54 pounds. The 

cost per pound of sain shows a variation from .061 

cents to .076 cents per pound. The average cost per 

pound of gain for the entire group was .068 cents. 

Table XII 

Total Gain and Daily Gain ïn Height and Weight, and 
Cost per Pound of Gain 

Group A - 12 1/2% Blood Meal 

No. : Gain : Gain : Gain : Gain : Cost 
Calf : in : per : in : per : per 

Height : Day : Weight : Day Lb. 
Cm. : Cm. : Lbs. : Lbs. : Gain 

203 31.5 .173 237 1.30 .070 

204 28.2 .154 226 1.24 .073 

205 29.6 .162 258 1.41 .067 

206 26.2 .143 262 1.43 .067 

207 2o.1 .143 261 1.43 .065 

208 28.9 .156 258 1.41 .067 

209 29.4 .161 281 1.54 .061 

210 29.2 .160 281 1.5o 

211 26.o .146 226 1.24 .076 

213 27.8 .152 280 1.53 .065 

Average 28.34 .155 257 1.40 .068 
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Table XIII shows a variation in gain in height 

from 31.4 centimeters, in the case of calf No. 225, to 

24.7 centimeters, in the case of calf No. 214. In 

gain in weight,one of the largest calves in the group 

at the start of the experiment, No. 215, made the 

largest gain, 271 pounds. Calf No. 221 made the 

a1lest gain in weight, 177 pounds. The cost per 

pound of gain varied from .101 cents to .067 cents. 

The average daily gain for the group was 1.13 pounds 

and the average cost per pound of gain .0879 cents. 
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Table XIII 

Total Gain and Daily Gain In Height and Weight, and 
Cost per Pound of Gain 

Group B - 12 1/2% Skiirmilk 

No. Gain : Gain : Gain : Gain : Cost 
Calf : in : per : in per : per 

Height : Day : Weight : Day : Lb. 
Cm. : Cm. : Lbs. : Lbs. : Gain 

214 24.7 .135 194 1.06 .099 

215 28.0 .153 271 1.48 .067 

219 27.3 .150 197 1.08 .091 

221 26.2 .143 177 .97 .09]. 

222 26.2 .143 21 1.26 .077 

224 28.8 .1.58 213 1.16 .086 

225 31.4 .173 209 1.14 .O6 

226 26.1 .143 189 1.03 .094 

230 26.6 .146 199 1.09 .090 

235 26.9 .147 183 1.00 .101 

Average 27.32 .149 206.3 1.13 .0879 

A study of Table XIV shows the lowest gain in 

height to be 23.6 centimeters, and the greatest gain to 

be 31.5 centimeters. The greatest gain in weight was 

255 pounds, made by No. 270, while calf No. 265 made 

the smallest gain in weight, 155 pounds. It should be 
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pointed out that this calf weighed only 35 pounds at 

the start of the experiment. The smallest gain per 

day and the highest cost per pound of gain was also 

made by this calf. The average cost per pound of sain 

for the group was .093 cents. 

Table XIV 

Total Gain and Daily Gain in height aild Weight, and 
Cost pei Pound of Gain 

Group C - 25 Skixmnilk 

No. : Gaf : jn : Gain : Gain : Cost 
Calf : in : per : in : per : per 

: Height : Day : 'Neight : Day : Lb. 
Ors. : Cm. : Lbs. : Lbs. : Gain ________i 

238 23.6 .129 195 1.07 .101 

239 27.5 .151 225 1.23 .088 

247 28.4 .156 185 1.01 .105 

256 28.6 .157 251 1.37 .079 

257 31.5 .173 212 1.16 .093 

260 30.6 .174 221 1.21 .090 

263 29.6 .162 236 1.29 .086 

265 25.4 .139 155 .85 .127 

270 31.5 .173 255 1.40 .078 

277 29.9 .163 247 1.35 .081 

Average 28.66 .162 218.2 1.19 .093 



A comparison of Tables XII, XIII and XIV shows 

that the average calf of Group A made the greatest gain 

per day and the lowest cost per pound of gain. The 

average calf of Group C is second in the rate of gain, 

but has the highest cost per pound of gain. This is 

due to the higher price of the calf meal fed this group. 

However, Group C made the greatest gain in heighb at 

withers. This indicates that the inclusion of blood 

flour in the calf meal stimulated the putting on of 

flesh, and that skinriilk powder resulted in greater 

:eletal growth. 

A study of Tables XII, XIII, and XIV shows that 

all of the calf meals used in this experiment produced 

a satisfactory rate of growth, as the average daily gain 

for the three groups was 1.24 pounds per day. This is 

a greater daily gain than that given by Eckles (42) for 

the normal growth of pure bred Jersey females. O.S.C. 

calf meals No. i and No. $ are to be recommended over 

O.S.C. calf meal No. 2, as they gave better results 

than did calf meal No. 2. 

The average calf of the three groups received 

milk for 47 days. During this period it consumed 154 

pounds of whole milk and 87 pounds of re-constituted 

skimmilk. The average calf of the groups consumed 532 

pounds of calf meal and 568 pounds of oats and vetch hay. 
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The cost of the feed consumed was 3.08 for whole 

milk, .46 cents for re-made skimmilk, 4l2.0O for calf 

meal, and 2.84 for hay, making a total feed cost of 

l8.38 for raising the average calf of the three groups 

to 196 days of age. This is an average daily feed cost 

of .0938 cents. The average feed cost per pound of gain 

with all the calves was .083 cents. 

The above cost does not include the 25 c.c. of 

cod liver oil fed daily to 14 of the calves, as it was 

believed that no additional growth was obtained by the 

addition of cod liver oil to the three rations used. in 

the experiment. Calves receiving cod liver oil are in- 

dicated on all of the tables. 

The individual calves were rated by three dairy 

cattle judges on the basis of thrift and condition. The 

conforation of the animals was disregarded in making 

the selections for this rating. Their rating shows that 

50 per cent of Group A, 30 per cent of Group B, and 20 

per cent of Group C were in the first lot of ten. 20 per 

cent of Group A, 20 per cent of Group B, and 60 per cent 

of Group C were in lot two, while lot three was composed 

of 30 r cent of Group A, 50 per cent of Group B, and 

20 per cent of Group C. 
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Under this rating, giving each animal in lot one 

a value of 100, those in lot two a value of 90, and 

those in lot three a value of 80, we find that Group A 

ranks first, Group C second, and Group B last. 

Comparing the individual animals further, a value 

of 100 was allowed the best individu:l, 99 the second 

best, and one point less for each placing below. Using 

this individual score of the animals as rated, it was 

found that the groups ranked in the order A, C, B. 

It is of interest to note that the animal picked 

as being the best on the basis of thrift and condition 

caine from Group B, and the one rated as poorest in 

these respects came from Group A. The smallest calf in 

the group was placed about in the middle when rated on 

thrift and condition. 

It should be pointed out again that Group A was 

the most uniform and largest group of calves at the 

start of the experiment and did not, as a group, hayo 

the setback with scours shortly after being placed on 

the experiment. 

An observation of Plates I to VI shows the in- 

dividual calves all made striking improvement in condi- 

tion and thrift, as well as growth, from the beginning 

to the end of the experiment. 



SUIMARY AND C 0H C LUS IONS 

1. Calves can be successfully weaned from milk at from 

30 to 60 days of age, depending upon the size 

and vigor of the calf. 

2. There liquid skiimìiilk is not available calves can 

be raised on a dry calf meal, hay and water, and 

be normal in size at 180 days of age. 

3. While all three calf meals used in this experiment 

produced satisfactory growth, 0.S.C. calf meals 

No. i and No. 3 are to be recommended over 0.S.C. 

calf meal No. 2. The price and availability of 

the ingredients in the meals should be the deter- 

mining factors. 

4. The use of a dry calf neal in raising calves in 

comparisi to whole milk, skimmilk, grain and 

hay, lowers the feed cost of raising calves 

to 180 days of age from l0.00 to p15.0O. In 

addition to the saving in feed cost, the system 

requires less time and labor. 

5. The feed required by the average calf during the 182 

days on the experiment and 14 days previous was 

154 pounds of whole milk, 87 pounds of re-con- 

stituted skimmilk, 532 pound.s of calf meal, and 

568 pounds of hay. 



79 

6. The average daily gain in weight of all calves used 

in the experiment was 1.24 pounds. 

7. The average cost per pound of gain in weight of all 

calves was .083 cents. 

8. The addition of cod liver oil to the experimental 

feeds used did not seem to increase their growth 

in weight or height. 
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