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PROTEIN REQUIREMENTS FOR

DAIRY HEIFERS.

INTRODUCTION,

The last report of the United States

e — T ————

Department of Agriculture shows that 1t costsAW

e A
TR S—

$61 40 to raise a dairy heifer until two years of
age. Most of +his cost as shown_ them is the
Bge. ! by -

feed, and of the feeds used those of a nitrogenous

nature are always +he most expens1ve./ ,Egzpthg;far-‘w B

mer of trs middle West where corn end ite products

are the prineiple feeds the protein factor is very

» ossential. With the constant increasing demand

. e

for dairy cows thruout the United States and tre

nigh prioed protein feeds, there seenms to be a great

e o s

need cf a definite protein stardard. / The present
I oA

standards for dair,j eattle havt been calculated

from experiments with beef stesrs. The Missouri Ex-
e
periment Station started an experiment-to aid in de-

G e

R

termining the amovnt of orotein necessary for normal

e

growth “of dairv }eifers.

R T e e






In treating this subject, the work has
been taken up more from a practical than a scien-
tific standpoint. No attempt has been made to
go thoroly into the chemical or physiological study
of the problem. What is herein reported is merely

a suggestion of what can and will be done later.






- DEFINITION OF PROTEIN.

"Proteins are & class of substances, which
W—’MW e PR i

in the light of our present knowledge consist in the

2ttt . o e ot pine mS1

R

e ————
main of combinations of a—amino acids or their deriva—

- e, S prgpa .
e g SRS £ S

tives. These protein substances form the chief con-

stituentslof many of the fluids of the body:wconstltute
e _‘_._,,/—Ww s s TIPS -

the organic basiswof animal tissues, and at the same

I

time occupy a decidedly preeminen nt position among our

— — m‘wm"“" e R A e A O e PN T e A,

organio food stuffs.” . "They are indispensable and can-
L i

S U o B e it i,

e T i

not be replaced by either the carbohydrates or the fats.

N e ==
ST T —— L s
—— e I i

They are large factors in cell formation and possess Just

e

e o e A b ORI B R S

asfimportant relations to the anlmal organisms as do car-

bohydrates to the plants “2 These protein substances

B s I

—

are furthermore essential constituents of all 11V1ng

e e D T e et AT IS e Mt

cells and therefore w1thout them vegetable life as well

T O e Ity

i,

ey —

animal life is impossible.....The proteins, whlch con-

v e B

g

stitute such an impgrtant/groqp of substances differ R

e e e et

_from the carbohydrates and fats very decidedly in ele-

e e

mentary composition. In addition to containing carbon,

—— B .
hydrogen and oxygen, which are present in fats and car-
w

e canascat 1o AT S e oG TINS5 R
bohydrates the proteins 1nvariably contaln nitrogen 1n

AT e s o —_ o
. i T S

their molecule and generally sulphurlf/“

s

e —

!

1. Hawks Practical Physiological Chem. 4th Ed. p. 68
2. Abderhalden, Texbook of Physiological Chem, p.l119
3. Hawks Practical Physiological Chem. 4th Ed. p. 68






PROTEIN METABOLISM.

"Many hypotheses have been advanced to ac-

—e ——— DS .

count for the various changes observed during the

T — e, I e S

”oourss of protein metabolism, but until about five

—— e s ———

years ago only two were really oonsidered., These

two were put forward by Voit in 1867 and by Pfluger
| in 1893 respectively. Previously the theory advanc-
ed by Liebig was almost universally acoepted. lie-

P

big considered that the protein of the food was the

one essential material that it entered the organism

e »..--,...«-—*/‘

without“hav1ng undergone any very serious ohange dur-

e

ing digestion and that it immedistely and dlreotly

—_
U — I

replaced the effete materia; of the tissues.

S e e Y

"Voit put forward the view that the protein
S au 5 DR

of the food after absorption circulated in ths tlssue

fluids, beoame oiroulating protein and was utilizer by

the 1living tissues without first beooming an integral
'M
part of them. . This ciroulating protein was readily

]

e ————————— e

broken down, whereas the tissue protein was resistant.

. o - T — R o emere

A certain amount of the tissue protein oonstantly died

meri—

N - v ———

and was exoreted and Was replaoed by material drawn

oA e o ——AT T
e o T

from the cireulating or food protein, No ohemioal aif-
W

e et T

BN S ——
i

ferences existed between the-circulating and the tissue

s

protein, "
e s ™

l. Catheart, The Physielogy of Protein letabolism.
2, Zeit, f. Biol., 1907, 49-1, from Catheart, "The Phys. etc.
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"Folin in 1905 advanced an extremely in-

4 ;s e R ——

teresting and valuable theory besed on the laws Which

governed ‘the oomp031tion of the urine. He earried

B . P e

out a very elaborate series of analyses of normal urine.
obtained from subjects on standard diets, (1) rich in
nitrogen and (2) poor in nitrogen, both diets being prac-

tieally free from purine, creatine and oreetinine. He

o

said that there were two forms of catabolism which were

e ——

wssentially independent»and.ggitg(different. One kind

i TR

is extremely variable in guantity, the other tends to

remain constant. The one kind yields chiegiy_urea and

inorg\nie sulphates. no creatinine and probably no neu-

tral sulphur. The other the oonstantﬁgetabolismkuisv

PSR

largely represented by ereatinine and neutral sulphur

Aol edurhdicagihoies. il 4
- :

and to a 1esa extent by uric acid and ethereal sulph-
ates. The more the total catabolism is reduced, the
more prominent become these representatives of the con-
stant catabolism, the less prominent become the two

chief representatives of the variable catabolism. To

S, S

the constgntﬁtzggmhe has given the name of tissue or

PRI i Y S

endogenous metabolism and to the variaE e 1ntermediate

c et e e . P e

oF Q3ogouony metabolism" . e

T P

P ——— P v

.l. Am. Jour. of Physiology, 1905, 13, 117.
2, Am. Jour. of Phy. 1905, 13 - 170.






"The digestion of protein ie essentially
a process of cleavage and hydration under the influ-
ence of certain enzymes. By this process thé com-
plex proteid molecules are partially broken up into
simpler ones. By the action of pepsin in acid solu-
tion, we obtain albumoses and peptones while the tryp-
sin of the pancreatic Juice, at least outside the body
earries the cleavage still further producing crystal-
‘line, nitrogenous bodies of comparatively simple con-
8titution. ) Opinions are still more or 1ess divided
as to how far these processes of cleavage and hydra-
tion are carried in the actual process of digestion,
where the products of the action are constantly being re-
solved, but there are not wanting indications that it is
both less extensive and less rapid than in artificial di-
gestion, It likewise seems to have been demonstrated
that some soluble proteids are capable of direct resorp-
tion without change while others are not and some, not-
ably casein, are promptly coagulated by the rennet fer-
ment, apparently expressly in order that they may by sub-
Jected to the action of the digestive ferments. gﬂzf:f/
general ﬁazL/the statement appears to be Justified_that

e e e e

the larger share of the protein material of the food is
e et >

resorbed as albumoses or pe "o

l. Ormsby, Prin. of An. Nut. p. 38.






FEEDING EXPERIMENTS WITH ISOLATED FOOD STUFFS.

Altho the proteins have long had attention
put upon them, because of their important position in
relation to nutrition, it is only in very recent years
that the progress of chemical investigation, stimulated
by the introduction of new methods of research, has be-
gun to make the conception of these fundamentally im-
portant substances more exact.

It will nct be the purpose in this work to
give a thoro discussion of the various proteins as

et

food stuffs but merely to show in a brief way some of

the results obtained experimentally up to this time.

The followinémtable1 gives the per cent of nrotein ut-

T

e e

ilized in various foods:-

— e

/X/ Character of Diet Per Cent Protein
_ Utilized.
Animal Foods 97
Cereals | 85
Legumes, Dried 78
Vegetables 83
Fruits 85
Vegetable Foods 84
Total Food ‘ 4 92

X

1. Atwater & Bryant, Rpt. Storrs Agr. Exp. Sta. 1899 p. 86.






In experiments on man and doge, Mendel and

Fine1 showed that Gliadin, Gluten and two oharaoteris-
tic proteins in wheat Gliadin and Glutenin, are as

thoroly utilized ss the_nitrogenous components of fresh
meat. Japanese llterature review by Mendel and Fine2

shows that the protein of barley is from 40 to 76 per
cent digestible.

Malfatti®

found the digestibility of the pro-

tein of maize to be 82 per cent. Rockwood? working
with dogs found the utilization of zein to vary from

78 to 90 per cent. Corn proteins partially purified

——

were somewhat less thoroly utilized than meat proteins.
— e ——— e e .
He p01nted out Hhowever that this small differenoe

Tizoin great part bevfttzibutedﬂtn\thg~9ellwzgsidgggﬁ;xul\

hgining ih the corn g{gggzgtigg_ggglgxsd‘“
It is reported by Mendef6 that the legume pro-
teins are less well utilized than a number of the other
vegetable proteins. He suggests that these results
should not be taken as conclusive because of the limited
amount of work that has been done on the pure proteins

from legumes. '
Willcock and HoPkins‘5 fed mice on zein to-

1. Jour. of Biol Chem. V. lO Pe 359

2 R " "

3 . " ” " ” " " p o 345

4, Amer. Jour. of Physiology, XI, p. 355, 1904.

5. Jour. of Biol. Chem. Vol. 10, p. 457.

6. Willeock & Hopkins, Jour. of Phys. 1906-7, p. 88.






gether with non-nitrogenous foods and compared
their length of 1ife with that of mice which had
received tryptophane, one of the missing fragments

of the imperfect protein. Zein was shown to be

quite unable to take the place of a normal protein

like ceeein in maintainlngjgnnnth.

Falta and Xeeggerath?ﬂreee;ded the changes
in weight in rats kept on dietaries containiﬁg ﬁitr0h
geﬁ in the formrof isolated (comme;eiel) proteins; oval-
bumin, casein, serum albumin, serum globulin, fidbrin,

and haemoglobins. They fed no "roughage” in the form

of cellulose. Neither these ind1V1dual proteins nor

e m—————— e

e

mixturee of all were adegquate to keep the anirals alive
longer than 94 days under the most favorable condltione:
In most cases, a gradual steady decline was noticed
thruout the progress of the experiment. Death ocoured
when the animals had been reduced to twq;thirds or_
three fifths of their tgitial weights.

MeCollqu“;:d both yeeeéiand full grown rats
on complex artificial mixtures, in which edestin, zein
and sometimes casein were the sole sources of nitrogen.-
The chief difficulty encountered was that of amorexia,
which the author attempted to overceme by~freqﬁent‘

changes in the combination of food stuffs used and by

1. Falta & Noeggerath, "Hoffmeister's Beitrdge zur chem-
ischen Physiologie, 1905, VIT p. 314, from Carnegie

Inst. cir. 156.
2. NeCollum, Am. Jour. of Phys. 1909, xxv, p. 120.






addition of flavors. Some of the trials extended
over more than 100 days without deaths, but the rats
failed to maintain their weights, even with the most
persisten coaxing of the appetite.

He also did some work on the growth of young
rats. They made considefable gains in weight in ex-
perirents with the proteins mentioned, without casein
in one series and with it in the other and extending
over from 56 to 127 dayé. McCollum conoludeg that
"the palatabllity of the ration is the most 1mportant
factor in animal nutrltion and the failure of previous
g{fgzﬁs_qumaintain anirals on a mixture of relatively

pure prouimate constituents of our food stuffa.was due

mto the lack of palatability of such mlxtures "

I

-~ I

Osborne1 found that "mature rats supplied with
food containing zein as its sole protein declined rapid-
ly in weight. By the addition of tryptophane corres-
ponding to 3 per cent of the protein there is mainten-
ance without growth. Maize Glutenin as the sole pro-
tein causes a rapid increase in weight (slightly great-
er than the average normal rate of growth on natural
mixed food). The deficiency observed in the practical
feeding of corn meals 1svprobab1y explained by the pe-

culiar chemical constitution of zein (entire absence of

l. Osborne, Science, 37, pp 185 - 191.






tryptophane and lysine) which forms such a large

part of the protein in corn.”

PROTEIN REQUIREMENTS

- TN I 530300
e e e SN, -

Until very recentvyears and to a certain

extent ngg*‘tgg_protein.problem is, "How much is nec-

i

essary in the food of various animals Yo nroduee nor-
e ———— — e, . =

mal growth", Later in the paper this will be dis-‘

\__."‘“"w IR e e S M s

cussed in connection with cattle, especially- with

N

dairy cattle. Aﬂgeneral idea of the ‘amount required
\w o e e i = - T ——

by some smaller animals follows'

Voitl in an experiment with laboring men

e

found that for average 1abor and average sized man re-

quired 118 grams proteid 500 grams earbohydrates and

56 grams or fat per day to keep up the body weight and

T

keep him in good condition.

’—~*” Rubner2 in a similar experirent and same class
of work gave the requirement for protein as 127 grams.
While Atwater2 under similar conditions gives 125 grams
a8 the protein requirement. This shows some slight
difference of results but there is enough similarity

to give a good idea of the protein requirements of man.

1. Phys. des. Stoff. 1881, p. 519, from Lusk Sei. of Nut.
2. Rubner; Von Leyden's Handbuch Die Ernahrungztherapie,"
1903, Ed. I. p. 74., from Lusk, Sei. of Nut. p. 178,
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Experiments at the Illinois Station1 seem
to show that pigs which are to be developed for breed-
ing purposes shoulds start with 0.5 pound of digestible
protein daily per 100 pounds live weight when about 2
months old. This should be inoreased‘to 0.55 pounds
during about 7 weeks, then reduced to 0.45 pounds during
the next 4 weeks, and then during the following 7 or 8
weeks they should be fed 0.5 pound of digestible crude
protein per hundred pounds of live weight daily. Fol-
lowing this there is another 4 weeks reduction from 0.5
- pound to 0.35 pound?ggen another 7 or 8 weeks period of
0.4 pound. Thus the reduction continues until the hog
reaches maturity at 2 years of age when only about 0.2
pound of digestible crude protein is necessary as a

daily allowance per hundred pounds of 1ive weight.

Influence on Growth of Swine of Amount of

Protein Fed -- Numerous practioal feeding trials have

led animal husbandry workers to hold that growing ani-
mals need for the most eoonomioal produotion a relative-

ly narrow ration, i.e., one high in proteie;al Prof,.
Mc:oollum2 has oonduoted metabolism experinents with

pigs to determine the influence of the amount of pro-
tein in the ration, other factors remaining constant,

on the tendency of young pigs to retain nitrogen for

1. I1l1. Cir. No. 153.
2. McCollum of Agr. Chem. Dept. of Univ, of Wis. in Wwis.

Research Bul. Ng, 19, page 24. Rpt. of Director 1911-12.
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growth. All the animals received rations supply-

ing the saﬁe amount of energy per pound of body

weight, but the protein supply was fixed at 5, 10, 15
or 20 times the amount required for msintenance. When
5 times as much protein was fed as was required for
maintenance, making a ration having a nmutritive ratio
of 1:131, only 10 per cent of the nitrogen fed was re-
tained. When twice as much protein was supplied in
the food, 10 times the maintenance requirements being
fed or a ration with a nutritive ratio of 1 : 5.5,

23 per cent of the nitrogen in the food was stored up
in the tissues. When the amount of protein was in-
creased 15 to 20 times the amount required for mainten-
ance, the same percentage was still stored. In other
words,/when the very narrow nutritive ration of 1 : 2.7
was fed supply%pgmzovtimgs_the_proteia_pequirgq for

maintenance, over twice as large a percentage of the

protein was stored for growth as on the wide ration

-which supplied only Qﬁﬁimes the maintenance requirements.
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PROTEIN REQUIREMENTS OF GROWING CATTLE

.
In discussing the protein requirements of -

growing cattle, there are several things that must be

considered, such as size, age, rate oi growth, climate

and character of feed.

—— - kit

-§igg -- It is a generally conceded fact that
animals recuire more feed as they grow both because of
the nutrients used in the process of growth and because
of greater maintenance requirements. "There is con-
siderable variation in maintenance requirements of dif-
ferent individuals of the same size and species kept
under the same conditions due to tempez??nent".1 For

example, restlessness causes greater muscular activity

and thereby increases the demand for food fuels. A

quiet animal requires less food for maintenance than a

e e s

o T s

nervous, active cne._ ThlB is we11 illgstrated by the

/._—.~_,-—-*‘

maintenance requirements of different sized cows.

!ckles2 has compared two cows, No. 206, a Holstein weigh-

e e et et s B .

e

ing 1519 pounds and No. 27, a Jersey welghing 899 pounds -

in the amount of energy in therms regpired for sustain-

e v i

ST ot o,

e e

ing body weight. The smaller cow received but 2120

. A O ey

e e e

therms for maintenance while the 1arger Holstein re-

v — o sEe— e

quired 2887 therms energy. jWhi_le it is probab)y true

el S et

g M?“"M&M«.».’ﬂu"‘"—’

l. Henry, Feeds and Feeding, p. 73.
2. Research Bul. No. 7, Mo. Station.
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that the maintenance requirement does not vary dir-

ectly with the weight, of the individual, yet it ap-

pears that the two are cl&%ely correlated.

A

Kellnerl shows that the ox in good condition
M

e e

tenanoe than a lean one of the same body surface.

R e R

Maintenance requirements vary with the sigze

and weight of the animala. The l@ss ofﬁgggg_gni_ener—

gy from the _body is not pr0portiona1 to the size or

s e TS mis
i SNSRI

welght butwrather to the body surface. Tq,,grotein

R S o .

————

requirement for maintenance depends not upon the sur-

e e T S

face of the body of the animal but dlrectly upon its

weight

P

s c— R .

5 - . P

ége - S}nce Eia&agd..,g&e o{mazljmals run in N

direct correlation with each other,] what has just been

given in reference to size need not be repeated, and

can be applied the same for age.

Rate of Growth -- The rate of growth in ani-

mals dlffers very widely with various breeds and with

4
individuals within the breed. Minot says, "a calf

..

at birth weighs about 77 pounds and the average daily

e————
e r———— T ———————

e SIS

increase during the first 2 years is 1.5 pounds."
P ‘Nwm U . N/__\M} (’\—/

Landw, Vere. Stat. 50 (1898) from Henry-Feeds & Feeding.
Henry, Feeds and Feeding p. 73 (1910)

Kellner, Ern#hr., Landw. NMutztiere, (1907) p. 410 - from
Henry - Feeds and Feeding.

Marshall, Physiology of Reproduction.
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body of the young growing animal undergoes a rapid

inorease in protein tissues and bone but that of

the mature animal is normally in equilibrium i.e.,

s e e i)

the protein out go equals the protein intake, there

O st - . e e

being neither ino*ease nor loss of protein tissue.ﬂ/

et o vt S —

Equilibrium is not possible with young animals.

1
Waters of the Miseouri Station experiment with year-

S

1ing steers has shown that young animals fed scanty

rations increase in height even tho IOSLng welght.,
With insufficient food, some of the organs or parts
may continue to grow at the exrense of others, a pro-
cess which if long continued, results in injury or

death. "An abundant supply o otein is essential

for the formation of the protein tissues of the body

o /“""‘“"——‘“‘ — N —— ‘_,___,_—/ e T
and,mine;gl mgtter is neoessaiymggr the framewgrkﬂgf
the bone."2 h

Climgte -- Dairy cattle properly cared for,

A ————————— e,

the weather conditions in winter would have very little
effect on them, but animals exposed to the weather show
a noticeable difference in the rate of growth at times

from those carefully housed during the winter. colad,

———

etgigx“wev_ﬁgzminyariably checks growth on animals

T

getting restricted‘ratinng\of any kind. / Mhe food is
e T -’-/N‘ P“\-—._

1., Proc. Soc. Prom. Agr. Sci. 1908.
2. Henry, Feeds and Feeding, p. 71.
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utilized for heaﬁ when it otherwise would be used

> S et B

for growth. Fattening animals being fed all they R
want e;%:“;;ed palatable ration are not effected
seriously by the cold because their appetite is in-
creased and they eat more feed. |

Character of Feed -- AS hae been shown in

—~

the paper so_ far the oharaoter of feed is an im-A

portant factor influenoing growth in animale‘/ The

________ ‘—\ s
s e A B e ot AN TSI S

'charaoter of proteins as given earlier is of import—
ance but need not be discussed again here. Animals
on ordinarily good rations if given plenty will get
enough food for normal growth.

There have been several standards published
by different men and experiment stations as to the
actual protein requirements of growing cattle. Some
of these have been estimated from actual experiments
with various kinds of aninals while others have been
calculated from a basis of one class of animals, name-
ly, beef steers.

1

Haecker~ of the Minnesota Station after a

thoro experiment on "The Food for Maintenance" with

dairy cows suggests the following: "It is tentatlvely

-

suggeeted that ?Eé_;gpd ofmTaiefeggEee feiwa barren‘

Ry PSS

dry cow when at rest in the stall be expressed in nut-
. 48 QR

rients of 0.6 of a pound of protein 6. prggggg\of car-

l. Minn. Exp. Sta. Bul. No. 79.






bohydrates lelpgugd of ether extract per 1000

mm

R

pounds live weight and when at work in a dairy with

S—— g A Yt A e

ordinary good carewand comfortable quarters 0.7 of
e et P e s e B —

a pound of protein, 7.0 pounds of carbohydrates ‘and

e et g R i G Y o e o
e AT o :

0. 1 of & pound Qi.ether extraot be allowed per 1000

N

pounds of live weight or one- -tenth as much per owt.,

P A
SR

—

Digestible food nutrients requlred by
Wolff-Lehmannl feeding standards for growing dairy

cattle are as follows:-

Digestible Nutrients

Age, mo. : wt. Proteins:Carbohy- ; Ether ;

% se seojee e

:_Lbs, :_drates : Extract:
2 -3 : 160 «60 1.97 0.3 :
3 -6 : 300 : <90 3.87 0.3 :

6 - 12 : 500 : 1.00 6.2 2.5

.e
(X3

12 - 18 : 700 1.26 8.80 : 3.3

.o
.o
(X}

18 - 24

900 : 1.356 : 10.99 : 4.5

From this table, it is very evident that
there is a marked difference in the amount of protein
required by growing and mature animals.

The etandard used at the Missouri station
e e e _’/——*—A\

by. '>The tables as set forth by Armsby can be used to

e
e

1. Georgia Exp. Sta. Bul. No. 90.
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good advantage for most classes of animals.
The following table as calculated by Arms-
by is self explanatory:

Estimated Requirements Including Maintenance

Per Day and Head for Growing Gattle.1

: Lbs. :Digestible

Age : Live : Protein Energy Value ;

Months: Weight: Lbs. Therms 2
3 275 : 1.10 3 5.0 :
6 : 425 : 1.30 6.0
12 g 650 : 1.65 - 7.0
18 3 850 : 1.70 . 7.5 3
24 : 1000 : 1.75 3 8.0 :
30 : 1000 : 1.65 : 8.0 :

The author suggests that in using the above
standard the weight of the animal should be consider-
ed rather than the age. He further states, "The fore-
going data refers to what might be called normal grow-
th in which the animals are kept in a good thrifty
condition but do not become fat. If any considerable

fattening is desirable somewhat heavier rations must
be given in proportion to the amount of gain made, be-

cause the increased gain in fattening animals consists

l. U. S. Dept. Agr. Farmers' Bul. No. 346.






to a very large extent of fat and therefore means
the storing up by the animal of more reserve energy".
From the above tabie, it is evident there
is a gradual increase in the protein requirement un-
\til the animal is two years old or past, then it seems
to lower slightly. This 1owering may not always be
possible, however, because all animals do not reach
their maximum growth at two years of age and until
that stage is reached, there is bound to be a high
protein requirement. |
Fingerling1 from experimental studies made
on young oattieLof modern high grade stook concludes:
"Firetr by feeding 1.5 kg. pure protein per 1000 kg
body weight to young calves the same nitrogen addition

e s IS S ———

was obtained as when a higher protein diet of 3 31

kg. per 1000 kg. body weight was fed in addition to

raieing the etaroh ration 12 - 13 kg. seoond the pro-

e s

tein whioh was supplied above what was needed did not

S S AT

reise the protein addition in the animal but oaused an

c— e Do e e ST TS

increase in protein deetruction., Third the diet of

e
S N e —
Ny

1.5 kg. prOtein was not the minimum for by it ~the high-

eet nitrogen addition was obtained. For the mainten-

e ——————

ance of life, the protein requirement was low".

S —

. prm——"

1, Land. Vers. Stat. 76 p. 1 - 74, From Chem. Abs. V. 6,
No. 13, p. 176.
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Storrs Experiment Station1 conducted a

test to determine the amount of feed requlred by
- from T
dairy heifers/birth until 2 years of age., During

the second and fourth 6 month periods, the animals

wereuon pasture, - The average gain in weight by the
Jerseys and the Guernseys for the first 6 months per-
iod was 1.15 pounds per day while that of the Hols-
teins was 1.64 pounds. The average gain for the
Jerseys and Guernseys for the third period was .84
pounds per day while by the Holsteins it was .95

pounds per day. During the first 6 months period the

e e
e

Jerseys and Guernseys recuired .59 pounds of digest-

ible protein and 2 20 therms energy for a pound of
”growth while the Holstelns required .33 pounds of di-
gestible protein and 1.52 therms energy for one pound-
Aofisfgzﬁglj/ During _the third period the Jerseys and

Guernseys reguired 96 pounds of d*geetible proteln

and 5.96 therms of energy for one pound of growth.

PRI

The Holsteins reguired .87 pounds of digestlble protein

B —————
e e

and 5.76 therms energy per pound of growth.

e ————

The results of the data show clearly that as
the animals goow older a pound of growth including

maintenance requires more nutrients.

2

Norton® of the Michigan Station gives the

e ———————- e AL e
- IS—————

1. Storrs Agr. Exp. Sta. Bul. No. 63.
2. MiChigan Agro Exp. Stao Bulo Moe. 257.
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record of the feed requlred to grow a number of

Pttt A A S

dairgw?gifers.‘ They were fed on whole milk, skim
“milk, grain, dried beet pulp, roots, hay and green
eorn, The nutrients of the total ration for 12

months is calculated in digestible protein and en-

ergy value. The animals gained weight at the rate

of 1.57 pounds daily during the flrst year of thelr>

——

life and it requlred 54;B_wnds of digestible pro-
tein—;nd 2. 93 therms energy to produce this daily
gain. _

In cattle feeding experiments in Britain,
H. Ingle1 found that on an average from .8 to 1.0
pounds of digestible proteids per day for 1000 pounds
of live weight was sufficient for the needs of a fat-
tening bullock. Larger amounts involved nmnnecessary
expense,

Jordan2 of the Maine Station reports an ex-
periment with growing beef steers beginning with cal-
ves and feeding to meturity. The object of the test
was to determine the influence of a ration high in
protein and one relatively low in protein on the rate
0f growth and character of flesh produced.

Four shorthorn calves were selected for the

test ranging in age from 5 to 7 months. The calves

1. Highland and Agr. Soec. Scot. 5 ser. 22 (1910) pp.168-177
2. Rpt. Maine Station 1895, p. 64.
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were divided into two lots. The four steers were

fed alike at all times on roughages the difference
being in the grain received making the low and high
protein. The roughage consisted mostly of timothy
hay, some fodder corn and corn silage being fed dur-
ing the first winter only. The concentrates were

as follows: 1lot 1, high protein ration, linseed meal
2 parts, corn meal 1 part, wheat bran 1 part by weight.
Lot 2, low protein ration, corn meal 2 parts, wheat
bran 1 part by weight.

In this trial, no attempt was made to force
the steers to rapid growth, the aim being to keep them
steadily gaining. At the end of 17 months, two steers
were slaughtered, the other two being carried on until
27 months of age. Up to 17 months of age the steers
getting the high protein ration made the better gains
weighing 174 pounds more than the lower protein lot.
They also looked better and showed more thrift at all
times. During the latter 10 months, the growth con-
dition was reversed, the steer receiving the low pro-
tein ration made better gains than the one on high
ration, weighing 43 pounds more at the end of the ex-
periment.

When the calves were building up flesh and
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bone, the high protein ration was much more effect-
ive than the other. From the beginning to the end
of 15 months feeding, 5.11 pounds of digestible nutri-
ents in the high protein ration proved as effective

as 6.16 pounds in the protein poor ration.

During the latter 10 months of feeding with
two steers, it required 7.73 pounds of digestible nu-
trients for the high protein steer against 7.08 pounds
for the low animal for one pound of gain. While the
high protein ration was more effective during the grow-
ing stages, the one with less protein but more carbohy-
drates proved the most efficient by the end of the 27
months of feeding.

Jordan concludes Jfrom, this experlmentigthgt’

rations high in protein were more favorable to rapid

R

A O

growth and finer general appearance of animals when

AN 2 T Y s

young than rations high in earbohydratel and low in

B e o

protein. "It appears that when the protein poor ra-

e B it i Tin

tion contains enough nitrogen and ash to supply the ac-

T

e s ot

tual demands of the body, the animal oarefully conserves

them belng enabled thereby to fulfill the laws of na- .
ture as to grontht:;'No &Sﬁii'lf the steers getting

”“the lsast protein and ash had been supplied with less
protein and ash thah nature requires for good body build-

ing, they would have plainly shown it by an abnormal
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development; but fortunately, such conditions were
not laid down in this experiment".

P. N. I«‘iint1 of Georgia has conducted a
very extended experiment on protein requirements for
growing dairy animals. The test was divided into
three periods and the animals into three groups. Dur-
ing the first period, lot 1 consumed an average of
.48 pounds of digestible protein daily, lot 2, 0.60
pounds and lot 3, 0.80 pounds. Lot 1 made an avér-
age gain per animal in 88 days of 69.4 pounds, lot
2, 72.4 pounds and lot 3, 98.4 pounds. When calcu-
lated per 1000 pounds live weight, the rations of lots
2 and 3 each contained practically 15.7 therms energy
value andqzot 1, 14.40 therms. During the second per-
iod, the average ration of lot 1 contained per 1000
pounds of live weight 0.10 therms more energy value
than the average ration of lot 2. In respect to di-
gestible protein on the other hand, the average ration
of lot 2 contained per 1000 pounds of live weight 0.77
bounde more than the average ration of lot 1. The
average gain per animal of lot 3 was 111.4 pounds while
the gains of lots 2 and 1 were 96.4 pounds and 68.9

pounds respectively.

1. Georgia Exp. Sta., Bul. No. 90.
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Digestible Protein Consumed Daily;

Average Gain per Animsl in 88 Days,

Rations Calculated on 1000 pound Basis

By Lot Numbers

:Digestible: AV. gain:Energy val-:AvV. Gain

Lot :Protein - per :ue per : _per
:Consumed : Animal :1000 1lbs. : Animal -
No.: Daily : 88 days live wt. : 24 Period:
s Lbs. : I1bs. : Therms 1bs. 5

: 3 .48 3 69.4 : 14.40 - 68.9

2 : .60 : 72.4 : 15.70 $ 96.4

3 .80 : 98.4 : 15.70 : 111.4

"During each period the ration of lot 3 con-
formed more nearly to the Wolff-Lehmanmn feeding stand-
ards which were taken as the bgsis of all work. This
lot also made the greatest'gains".

From the work reported ahbove, it is very
evident thafy there is @iggﬁzgrlation in protein Tre-

PR N

quirements in various sectlons of the United States

i

LN

and that very few of the experiment stations agree

I S
——

on any one standard.

— ——————







AMOUNT OF PROTEIN IN RATIONS

— FoR GATIIE.

Little data is available regarding the
amount of protein in rations fed growing animsals.
Below is given a listl of some of the most important
feeds with their analysis which shows the varying a-

- mounts of protein in different feeding stuffs:

:Digestible - :Energy Value:
Feed : Protein : per .
: per 100 lbs.:. 100 lbs.

Alfal%%x 3 6.93 3 34.41
Clover : 5.41 3 34.74
Timothy s _ 2.056 % 33.56
Corn Stover - 1.80 - 26.53
Cowpea Hay - 8.567 : 42,76
Grains
Barley : 8.37 80.75
Oats : 8.36 : 66.87
Ccorn : 6.79 : 88.82
B*—Eroduots
Cottonseed Neal: 35.156 s 84.20
Roots
Carrots : 0.37 7. 82
Mangels s 0.14 : 4,62
Rutabagas : 0.88 : 8.00

1. Pa. Exp. Sta. Bul. I\TO. 346‘
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The hays given here are the prineiple

—— ————e A

ones grown and used in the United States and Tepre-

sent the feeds containlng extreme percentages of di-

gestible protein. ; It is apparent that{z&e&ﬂfgggg_rg:
B

latively low in percent of protein, as timotﬁx»hay or

corn sioner_nnnﬂtN“ute part of the ration ]it is im-

e —— S R,

portant that feeds high in protein be supplied to make

e —t— e e -

up the neeessary amount 6T protein for the average

grow1ng dairy heifer./ -On the other hand, if feeds

i vy
- as —

high in protein, as 1eguminousghazs are used 1n a ra-

e by e et . s

tien,Htuqtgwiuwlﬁssmﬁangerwgfmamshortage.in the protein
content:”
T The grains given are nearly equal in their
percentage of protein, all being fairly high and able
to add considerable to any ration. In feeding a rough-
age containing a low percent of protein, barley or oats
of the grains would be preferred and in addition to this
a by-product as cottonseed meal which is extremely high
in protein. If alfalfa is fed, less protein in the
form of concentrates is necessary and a grain lower in
protein, as corn, would be the most satisfactory. |
Roots add very little protein to a ration but

e e e o e
are helpful in other ways that their analysis does not

i

————

— I ettt s P -

show. , They should be fed with other mixtures mention-

ed above to get the best results.
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The proper protein requirement for normal
growth has not been decided experimentally. There-
fore, it is difficult to state definitely whether cer-
tain rations contain sufficient quantities of protein.
The best that can be done in this case is to give ra-
tions that have been used by experiment stations and
have given satisfactory results. With those it is
noticed there is wide variation in the amount of w»ro-
tein described as necessary for normal growth.

A study of the rations suggested by various
experinent stations over the United States shows that
there is a great variation in the amount of yrotein ac-
tually fed to growing cattle. Thefe experiments do
not give the weight of the animals and often not actual
age so a direct comparison as to the amount of protein
per pound of gain ‘or for anirals of a certain age, is
hardly possible.

The Purduel Experimentvstation gives a ration

RS

for calves yearlings and two-year olds oonsidting of

R

shelled corn, cottonseed meal and clover hay. Y, The ra-

I O D -
e -

tion for calves contained O. 791 pounds protein and

N— o e

6 180 therms energy per pound of galn. The yearllngs

AT e B
e [——

received O 970 pounds protein and 7, 529 therms energy

e 52
e —————

1. Purdue Agr. Exp. Sta. Bul. No. 136.
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per pound of gain, while the two year olds consumed

1 204 pounds protein and 9 310 therms energy per

pound of gain; J The author mentions that the animals
made good gains but the weights-were not given.

Storrs Experiment Station' suggests a ration
containing hay, silage and grain; for yearlings, 0.531
pounds protein and 5.94 therms energy per pound of gain.
This was found to be_defioient for animals past year-
lings but they suggest 0.59 pounds protein and 6.95
therms energy as being ample for growing yearlings.

Hoard's7Dai;gmangwwr&%es~"Youngmgnoﬂ;ng»an;:”
mals from 12 to 24 months of age with an average welght

i I i a5 e e i itz e

of 800 pounds should receive 1. 057 pounds digestible pro-

S e S e

N

tein and 7.72 therms _energy per day to stay in good con-
dition"

S

From material available taken from various ex-
perirent stations, it appears that the rations fed to
growing animala contains sufficient protein for growth.
The place we may find animals low in their protein sup-
ply is in those sections where the comrnon feeds are low
in protein content, for example, in the corn belt where
the ration is made up largely of corn products and such
roughages as timothy hay, feeds which are relatively low
in their percentage of protein. While animals will eat

large amounts of such feeds, the protein nutrients may

1. Storrs Con. Exp. Sta. Bul. No. 63.
2. Hoard's Dairyman, Vol. 42,
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not be sufficient for growth. On the other hand,
sections of the United States whefe leguminous hays
or nitrogenous concentrates are readily accessible
rations are more likely to contain ample supplies of

protein.

EFFECT OF RATIONS LOW IN PROTEIN CONTER?.

T ———— - - 5 it w2

B e T S —

In view of the high cost and relative soar-
city of orude protein in feeding stuffs, it is desir-
able to knoﬁ the minimum requirement of protein by
farm animals. Experimental teats show that the admin-
istratién of a protein food to an animal that was pre-
viously fasting caused a prompt and large increase in
the nitrogen cleavage and excretion. While gut a
very small portion of the proteiye was supplied for
building purposes, the result being that before nitro-
“gen.equilibrium is réached, two to three times as much
‘porteiQQ must be given as are metabolized during fast-
ing. While the percentage decrease in the protein me-
tabolism is relatively small, nitrogen equilibrium may
be reached with a much smaller supply of proteids than
is the case in the absenge of the non-nitrogenous nut-
rients. It was noticed that a gufficient supply of
carbohydrates or fats in the diet should practically






destroy the stimulative effectsvof the proteids, in
which case we might expect the proteid sﬁpply Equél
to the fasting proteid metabolism to be sufficient
to produce nitrogen equilibrium.
Experiments have been conducted on various
species of animals to déterm{ne the prdtéin minimum.
In experiments c.'Voitl found that non-nitrogenous
nutrients lérgely diminish the'protein‘requirement.
He also found that from 1200 to 1500 grans lean meat
per day was required® to keep a lean dog in nitrogen
equilibrium while on an exclusive protein diet. When
fat or carbohydrates were added to the ration, it re-
guired but 1000 grams and the aniﬁal rade better gains.
In the presence of non-nitrogenous nutrients, nitrdgen
equilibrium was reached with quantities of proteids
from one-third to one-half as great as the amount re-
quired when fed alone. In other words, the non-nitro-
genous nutrients materially reduce the minimum of cerude
proteids to maintain the protein tissues of the bhody.
Munk and Rosenheim2 both found that when pro-
teid was given to dogs in quantities sufficient to main-
tain nitrogen equilibrium, they lost strength gradually
and became affected with digestive disturbances. The

experiments emphasized the benefit derived from diets

1. Ztsehr.Biol, Vol. V (1869) from Armsby's Prin. of
Animal Nutrition.

2. Munk & Archiv. fHir Physiologie (1891) from Lusk. Sci.of Nut.
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containing more proteid than Just enough necessary
" to maintain nitrogen equilibrium.

B. H. Jagervossl, in an experiment with
dogs in which a diet was fed sufficient for mainten-
ance but poor in protein, found that the animals lived
.for & number of months on a diet furnishing as low as
0.2 grams nitrogen per kilogram of body weight but fin-
ally died from some infectious disease. The dogs had
to be coaxed to eat the diet as it became unrelishable,
this showing that it was not satisfactory. The author
holds that if the diet is palatable, easily digested,

‘ composed of fresh materials and of suitable volume, no
attention need be pasid to the protein content as a suf-
ficient amount will undoubtedly be furnished.

A D. Ermet and E. C. carroll“2 made a study of
the physical constants of the fats of swine. Berk-
shire pigs of known age ancestery were fed different a-
mounts of blood meal in connection with a basal ration
of corn and crude calcium phosphate. Lot 1 were fed
on a low protein plane, lot 2 on a medium or balanced
plane and lot 3 on a high protein plane. The leaf,
back, intestinal and jowl fats were taken and chemical

constants determined. If the ancestery, age and type

1. Skand. Arch. Phy, 13 (1902) p. 375-418, Armsby's
Prin. of Animal Nutrition.
2. Jour. Biol. Chem. 9 (1911) p. 23 - 25.
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of the animals were not considered in the data, dif-
ferent amounts of protein fed have not affect on the
physical constants of the fats.

| Mr. M. Hindhede of CoPenhagenlrstudied pro-

- —
e i e

tein minimum in the diets for men., He found that on

e R

diets low in protein consisting largely of potatoes

i B P ——
e e o g

e e —
e

and margerine, individuals were maintained in zood

A

health and nitrogen equilinrium was established over

e

’long periode._g The following figures for protein and

e r——— o ———

e e T

oalorifio minima of the diete were obtained on three in-

_div1duale "lst, average work 5900 oal. and 25 grame
il £ e il il

T i

of protein; hard work 5000 cal. and 35 grams of protein
24, average work, 3700 cal. and 25 grams of protein

[ S —

34, light work 2600 oal. and 16 grams protein or reokon—

s e et e

‘ed as grams protein per 3000 oal., 19 21 - 20 and 18

it ST A S I

gramg respectively. , In subjeot 1, nitrogen equilibrium
«f—“‘”""’w

was established if the calorific value of the digest-

s i SR T A T8 R e i S IS i

ible » protein of “the._ diet egualled 1/38 of the total cal-

orifio _requirement-for-moderate work and 1/34 of that

for heavy markr,

The minimum proteid requirement for growing
dairy cattle has not been accurately determined. The
available material on thie-subjeet has been secured al-

most entirely with tests conducted with beef cattle.

l. Skand. Arch. Physiol. 30 pp. 97-182, Chem. Abs.
ViI, p. 3608.






1 in experirents with steers says, "While the

Armsby
data are hardly sufficient to fix absolutely the mini-
mum of proteids for cattle onc a mainterance ration,
they indidate clearly that from 0.44 to 0.66 pounds of
digestible protein per day is at least sufficient for

a steer weighing 1000 pounds; and there is a possibil-
ity that the amount may be somewhat further reduced.
Altho we are unable to compare this with the fasting
metabolism, a comparison on the basis of live weight,
with some results previously studied shows that the min-
imum demand for proteids on the part of cattle is rela-
tively less than on the part of carnivera." In all ex-
periments conducted by Armsby, he shows a range of .064
to .098 grams protein per kilogfam live weight for main-
tenance for animals.

Haecker2

esota Statlon found that dairy cows with good care and

after several years study at the Mlnn-
bliberal feeding would continue a good flow of milk for a
long period on a surprisingly small amount of crude pro-
tein. However, after some years of much feeding, their
vitality was practically gone and tney became physical
wrecks years before they would under normal conditions.

As previously shown, protein is very essential as a cell

1. Pa. Exp. Sta. Bul. No. 42.
2. Henry - Feeds and Feeding, 10th Ed. p. 75.
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stimulate and, hence we may conclude that working
and growing animals need considerable more digestible
crude protein than the minimum on which they may bare-

ly subsist. -

Je Foster1

in a paper on minimum protein re-
quirements points out that the commonly accepted pro-
tein standards should not be lowered. He believes
that proteins in generous amounts is reqﬁired on ac-
count of the mineral matter which is boundvup with it
and on account of the stimulating and similar specific
bodies which are formed from protein by cleavage and

are essential to body well-being and resistance to di-

sSease.
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EXPERIMENT.

Source of Experimental Data.

The material used in this paper has been

oolleoted from three sources; firgt, a special pro-

tein experiment w;th two animals; second, six ani-

mals on a short feeding period to determine the re-

o manl T ——— N e R
e - S -
e —————

lative value of silage and clover hay for wintering

0t B3

Agrowing heifers and, third, fourteen animals from

- e m—

the 1ight and heavy fed experiment conducted at the
Missouri Station.

RN

First:- Two pure bred Jersey heifer calves

et ettt st SRS SRR

were selected from the herd in August 1913 to be used'

for the speeial protein exoeriment. One of the two

O

heifers, No. 94, was put on as low a protein diet as

the poorest of protein feeds would permit and still
"receive plenty of energy. The other heifer, No. 91,
was placed on an ideal ration from the standpoint of
protein and mineral and still remain within reasonable
energy iimits. Complete data, including feed tables
is given later in the paper. Since this experiment
deals directly with the subject, it will be taken up
in detail.,






5B

Second:- Two Holsteins, three Jerseys
O

and one Ayrshire heifer of nearly the same age were

e S e A

put on feed in November 1913, primarily to deter-

,..—._-.-. N T it T Tt i

ST .
mine the coat of reari@g.~ The heifers were divided

in two groups a8 nesrly alike as possible.: One
group was fed silage as roughage with equal.parts of
corn and cottonseed meal. The other group was fed
clover hay as roughage with corn. The amount of
grain fed was constant, being two pounds in the form-
er group and three pounde for the latter. Varying
amounts of roughage were fed, the animals feceiving
what they would eat at all times. These heifers were
all on pasture and received some alfalfa at night pre-
vious to the time-of starting the experiment. = Com-
plete tables of feed and growth will be given later.
Third:- The records of fourteen animals,

——— — T S U
taken from an experiment oonduoted at the missouri

S S S S et

BRp——— e R

Station to determine the effect of light and heavy feed-

ey

"ing of dairy heifers have been oalculated. The ani—

T —
————

g e

“mals ueed were pure bred Jereeys and Holsteine which
were divided about equally into two groups. The light
feds were given skim milk and 1eguminoue'hay. The
heavy fed group received whole milk, leguminous hay and
grain, the heifers getting as much as they desired at






all times. They were fed in a dry lot thruout the
experiment. A little green feed was added occasion-
ally during the summer months. The records herein
repor ted give the feed consumed; weight aﬂd gains of
all animals from the end of the first six months un-

til first parturition.

Disoussion of Heifers Nos. 91 and 94.

s e s

T

Description of Calves -- As mentioned be-

fore, the calves used for the special protein experi-
ment were pure bred Jerseys. The dams were about

the same size but the birth weight of the calves var-
ied considerable, No. 91 weighing 38 pounds and No. 94
63 pounds. They were‘treated the same as all other
herd calves for the-first few months, i.e., sucked

cows the firgt two days, then weaned to whole milk which
was gradually replaced by skim milk and grain. After
weaning, they were placed in the experiment.

Rations -- The rations fed were very different

A e S

N O O i
No. 91 received a mixture of grain consisting of corn

e~ T I e

S ——

2 parts by weight bran 1 5 parts oottonseed meal 1

e

ﬁaft with alfalfa hay.[ The Uroportion of grain and

\hay maintained was 4.5 ¢ parts grain to 5 parts of alfal-
fa. No. 94 was fed only timothy hay and oorn;}fhe
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proportion being 4 parts hay to 5 parts of grain.
All caloculations of nutrients given are

made aoéording to the "Production Value" suggested

by Armsbyl. As shown previously, the feed for No.

e — S ———n o P

91 was very palatable and conta1ned a variety of

feeds. The ration also contained the necessary nut-

rients being eepecially high in protein. On the

S —— .

P ———————

aontrary, as also shown, mo. 94's ration was low in
nutrients; especially in protein,  The feed is not
palatable and the ration has too 1ittle varietymte
help the palatibility to_egy'extent. .

Feeds -- Hay and grain were bought in large
quantities and enough stored of the same lot to run
the calves a year or more. Experience has taught that
it is poor poliey to run short of feed at some time in
the middle of an experinent. New hay has to be pur-
chased and the animals take some time to become accus-
tomed to the change which also requires additional an-
alytical work.

Feeding -- The calves were fed night and morn-
ing in the usual manner at regular hours. mhe feed

was weighed each time and a careful account of any waste

recorded and the ration raised or lowered at intervals

1. U. S. Dept. Agr. Farmers Bul. No. 346.
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as the calves developed, receiving all they would
eat at all times. Tables will be given with all
Ieed consumed thruout the experiment.

The ration of No. 94 wae found to be low

in ash and to eliminate as far as poesible all but

the protein faotor bone meal and calcium carbonate

were added to the ration. ; Twenty grame of calecium

N —— e s"”“

“carbonate were added to the ration beginning on Nov-

ember 3, 1913. This did not prove sufficient 80 on

T

December 15, 40 grams of bone meal in addition were

e

S — L a—c———

added, making a ration with plenty of mineral but as_

N i

low in protein as ordinary feeds will permit.

Water -- Clear fresh water was supplied in
e~ N T i

abundanoe twioe daily at feeding time.
Salt -- Salt has been before the calves at

all times. , A lupply was weighed up and kept in jars

AT

~in the stalls and added whenever necessary. The boxes
were cleaned and the salt weighed once a week. Some
little trouble was encountered in keeping accurate
salt records because of hay mixing with it, affecting
the weight.
§tabling - The oalvee have been kept prac-
tioally the full time in emall _box stalls with board

—_”fioor§l¥4 Shaving have been supplied for bedding be-







cause the calves ate the straw. The calves were

let out in the yard every few days to exercise.

The past month they have had the run of a paddock and

have been muzzled to keep them from eating dirt.
Weighing -- Weighings were made every londay -

morning a;%;;dthe animals had received their morning

:t’eegb;< Complete data is given in table form.

RS -

Measurements -- The following measurements

of the heifers were taken monthly:-

1., Height at withers.

2, Height at highest point of croup.

3. Height at hip points.

4. Depth of chest just behind elbow joint.

5. Width of chest just behind elbow joint.

6. Width of hips.

7. Width of loin.

8. Length from‘pole to point of muzzle.

9. Width of forehead,

10, Ciroumference of muzzle at opening of mouth.
11. Length from base of horns to withers.
12. Prom highest point of withers to 1line between hips.
13. From a line between hips to tail.

14. From point of shoulder to point of hips.
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TOTAL NUTRIENTS RECEIVED.,

By Seven Day Periods.,

prry 8
—————
NO. 91.
High Protein Ration.
) :+ Lbs. : Therms
Period : Lbs. : Lbs., :Digestible: Energy : Lbs. :
: Grain :Alfalfa : Protein :: Value : Weight :
1 21.0 23.1 : 4,58 : 83,562 : 216
2 : 21,0 g3.1 : 4,58 : 23,52 . 218
3 : 2).0 8.1 ¢ 4.58 + 23,52 : 225
4 : 21.0 : 23,1 : 4,58 : 23.52 : 245
5 s B0 : B3,1 : 4,58 s B3.0BR ¢ 2580
6 : 86,0 : 28.6 : 5.67 : 29,13 . 242
g : R8,0 : 30.8 : 6.10 : 81.37 : 270
8 : 888,90 : 30.8 : 6.10 : 31.37 : 290
9 28.0 : 30.8 : 6.10 : 31,37 ¢ 287
10 31.0 34,4 6.78 : 35.75 . 290
5 % 4 : 4.0 : Wb : 7.42 : 38.13 ¢ 297
12 > 3. : 88.5 : 7.63 : 39.22 s 315.
13 : 36.0 : 38.5 : 7.63 : 39.22 : 312 2
14 : 36,0 38.5 7.63 : 39.22 : 385 :
15 36,0 : 38.6 : 7.63 : 39.22 : 338
16 36,0 : 38,6 7.63 : 39.22 : 345,
17 36.0 : 38.5 : 7.63 : 39.22 : 345 :
18 36.0 : 38.5 : 7.63 : 39.22 : 3860 :
19 8.0 : 38,6 7.63 : 39.22 : 361
20 ab.0 : 38.5 : 7.63 : 39.22 : 378 g
21 35,0 : 38.5 7.63 : 39.22 : 380 -
22 36.0 : 38.5 : 7.63 : 39,82 : 400 :
23 35.0 38.5 : 7.63 s 39.22 : 400, :
24 : 86,0 38.5 : 7.63 : 39.22 : 397
25 : 36.0 38,6 : 7.63 : 39.22 : 400 s
26 : 36,0 : 38.5 : 7.63 : 39.22 : 415 s
27 s 35,0 : 38,6 7.3 : 39.22 - 420_ :
28 : 36,8 : 3.7 : 7.89 : 40,52 : 410 s
29 : 37.86 : 41.1 8.18 : 42.04 : 420
30 : 38.6 : 42,0 : 8.37 : 43,01 : 430
31 : 38,0 ;: 39.5 : 8.02 : 41.37 : 426 _
32 t 36,0 : 36,7 : 7.39 : 38,01 : 440
33 ¥~ RY.8 : 3686 : 5.81 . 29.86 : 442 :
34 s 31,6 : 86,0 : 6.90 : 3b65.41 : 452 .
36 : 31.6 : 36.0 : 6.90 : 36.41 : 466 - :
36 : 38.0 : 88.5 7.63 : 39.21 . 4756
37 s 36,0 : 38,5

. e

7.63 : 39.21 : 492

..
.







TABLE 2.

TOTAL NUTRIENTS RECEIVED.

By Seven Day Periods.
g =

i };ﬁﬁ/ ,';_,“'s':‘f."
NO. 94.
Low Protein Ration.
: : Lbs. : Therms :
Period : Lbs. : ILbs. :Digestible: Energy : Lbs. :
: Grain :Timothy : Protein : Value :Weight:
1l : 8b.0 19.8 : 2.09 : 28.85 : 235
e : 26.6 21.0 : 2.23 : 30.67 : 256
3 : £6.6 21.0 : 2.83 : 30.67 : 270
4 : 26.6 21.0 : 2.23 30.67 - 282
5 : 26.6 21.0 : 2.23 30.67 : 280
6 : 31.6 265.0 : 2.65 30.46 : 270
7 : 33.6 6.6 : 2.82 38.77 . 300_ :
8 : 33.6 26.6 : 2.82 38.77 . 310 :
9 33.6 26.6 : 2.82 38.77 . 302
10 34.8 27.8 2.92 40.33 : 310
11 37.5 30.0 : 3.15 43.37 : 300_
12 :  36.0 28.0 2.94 40,48 : 332
13 : 34.5 22.9 2.80 38.32 : 330
14 31.5 26.2 : 2.64 36.43 : 3856 :
15 31.5 26.2 : 2,64 36.43 : 330_ :
1€ 31.5 28.2 2.64 36.43 : 327 .
17 31.5 26.2 2.64 36.43 : 332
18 31l.5 26.8 2.64 36.43 : 3256
19, 31.5 26.%2 2.64 36.43 : 333
20 31.8 26.8 2.64 36.43 : 340.
21 34.5 : 27.%2 2.89 39.77T : 338
22 32.0 : 2b.6 2.69 36.01 : 345
24 31.5 26.2 2.64 36.43 : 358
25 31.5 25.8 2.64 36.43 : 362
26 31l.5 : £&5.8 2.64 36.43 : 367
27 31.6 : 8&5.2 2.64 36.43 : 372
28 34.5 : &87.6 2.90 39.91 : 377
29 37.0 £9.6 J3.11 42.80 : 380
30 38.5 30.8 3.24 45,53 : 390
31 38.5 30.8 3.24 45.53 : 385
32 38.5 30.8 3.24 45,53 : 392
33 36.5 28.4 2.99 41.06 : 397
34 35.0 28.0 2.94 40.49 : 410
35 35.0 28.0 2.94 40.49 : 485
36 38.5 30.8 3.24 44.53 : 422
37 : 38.5 30,8 3.24 44,53

: 430
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15. From point of shoulder to ischium.

16, From point of hips to ischium.

17. From point of hips directly forward to last rib.
18. Heart girth just behind elbow joint.

19, Girth of paunch at end of last rib.

20, Smallest circumference of shin bone of fore leg.
21. Smallest circumference of shin bone of hind leg.

>~

;k; Other experiments at the Missouri'station
have shown a direct correlation between measurements
of height at withers and the others mentioned. For
this experiment, data will be given in table form of
heart girth and height at withers.

Tablee I and 2 show the digestible protein,
energy value and weight of heifers No. 91 and 94 by
seven day periods from August 1913, when the experiment
was started up to May 1, 1914.

From the beginning there is a marked differ-
ence in the amount of protein fed. The energy factor
is nearly the same with both, No, 94 getting slightly
more at the beginning but considerable variation is
shown later. The object has been to keep the energy
as near constant as possible in order to study the ef-

fect of ration lacking in protein only. The weights

a8 given in Table I show that No. 94 was considerable
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larger than No. 91 in the beginning. However, No.

91 continued to make rapid gains until the 224 period
when she remained constant for some time. After

this time, she fluctuated widely from week to week

and failed to make uniform gains. A reverse condition
is shown with No. 94, which made very.slow gains and
fluoctuated widely up to the 21st period, after which
she ﬁade comparatively slow but uniform gains.

The exact cause of the above mentioned re-
sults is difficult to definitely determine because of
the small number of animals. It is possible that the
individuality of the heifers is responsible for some of
the results noted. No. 91 seem8 to have a tendency to
be smaller and blockier than No. 94 and never may be as
large even with the better feed. Her ration being pal-
atable and containing variety was readily eaten at first
causing the rapid early growth. While the ration of
No. 94, on the other hand, was not palatable and it
took her some time to become accustomed to the new feed.
Therefore, she did not eat any more than was necessary
for body requirements.

Cold weat seemed to have a marked effect

on the growth and appearance of both animals, No. 94
\\___,_f- /.”-F e S -
had the better stall of the two but the weather aeemed
‘N——v-—""" B NP — )
to effeot her more than it did No. 91

et

e —— Y STT

R






TABLE 3.

NUTRIENTS RECEIVED PER DAY.

By Four Period Intervals.,

Hi gb Protein NO. 91 NQQ 94._LQK_ij_ein
:Lbs. Dig:Therus :Lbs. Dig: Trerms : :

Periods:estible :Energy : Lbs. :estitle : Energy : Lbs.
: Protein: Value : Gain : Protein: Value : Gain

*e e 48 o

1- 4: .654 : 3.360 : 1.086: .313 : 4.316 : 1.607 :
6§ - 8: .801 : 4.121 : 1.607: .B76 : 5.166 : 1.000 :
9 - 12; 997 : 5.189 : 0.892: .422 : bH.819 ; .78b :
15 - 16: 1.090 : 5.602 : 1.071: .382 : B.271 :No Gain:
17 - 20; 1.090 : 5.602 : 1.071: .377 : B5.204 : .464 :
21 - 24: 1.090 : 5.602 : .785: .387 : B5.308 : .428 :
25 - 28: 1.009 : 5.649 : .464: .386 : b5.328 : .892 :
29 - 32: 1.141 : H5.868 : 1.071; .468 : 6.406 : .b535 :
33 - 36: .972 : 4.996 : 1.251; .432 : 5.948 : 1.071 :







1
Dietrioh _in work with pige found that

s

"the faotor of protein waste when once introduced

apparently beoomel such a fixed tendenoy or habit

that 1t is eliminated or even materially reduoed

with great difticulty

_,,,_.,___‘
P

There is no doubt that No. 91 was receiv-

bt —

ing an excess of protein during her early oeriode of

feeding g0 a oondition-simfiar to the above may be

——————— . —

the cause of her slow growth at the intervals above

mentioned. NEE—

Another pos:ible factor influenoing growth

o it s ot A P R e ———————

is the kind as well as the amount of protein in the

e p————— s A

feed supplied. From the ration of No. 94, it can be

e —

————

seen that most of the protein comes from corn while
with No. 91 there is alfalfa and cottonseed meal in
addition to the corn, all of which contributes pro-
tein in variable guantities. The results of pre-
vious work have been reviewed but they do not seem
to furnish a definite basis and the work of this exper-
iment is too limited to attempt giving more than an
indication of the results to be expected.

Table 3 shows a marked decrease in the growth

of No. 91 from the 21st to 28th periods. Most of the

1. Illinois Exp. Sta. Cir. No. 126.






TABLE 4.

NUTRIENTS USED PER DAY PER POUND GAIN.

By Four Period Intervals.

High Praotein NO. 91 NO. 94 Low Protein

- :Protein : Energy:: Protein : Energy :
:per Lb. : per Lbi: Per Lb. : per 1lb.:

Periods : Gain : Gain :: Gain : Gain
: Lbs. : Thermss: Lbs. : Therms :

1 - 4: .636 : 3.246 :: .191 : 2.685

5 - 8: .498 : 2,564 :: .376 : b5.166

9 - 1z: 1.117 : 5.782 :: 537 :  7.412
13 - 16: 1.017 : 5.230 No Gain : No.Gain :
17 - 20: 1.017 : 5.230 :: .812 : 11.215
21 - 24: 1.388 : 7.262 :: .904 : 22.401
85 - 28: 2.387 :12.174 i1 .432 : 5.973
29 - B2: 1.064 : 5.478 :: .856 : 11.973

33 - 36: 777 : 3.996 :: .403 : b5.553
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cold stormy weather came during these periods and
it seemed to have a marked effect on her. She was
getting the same amount of feed and the other con-
ditions were similar to the previous periods. There-
fore this period of slow growth appears to be due to
the extra-requirements for maintenance.

No. 94 ehowc as gcod gains the first 8 per-

P

iods as does No. 91. This 1e possibly due to the

fact that she had considerable protein ltored in her

i

body. EEm the earlier feeding and utilized it at this

time, and because of her low protein feed¢~~~Frcm the

13th to the 16th periods there was no gain, which may

o

not be attributed to other than lack of necessary
amount of food to foster growth. It is in this per-

iod that there seemed to be a complete change as a11

P e e—

the excess protein of the body had apparently been util-
ized and it became necessary for the avalleblemprctein

to be furnlshed by the feed. After this time she made

gradual gains.

Cp—"

Table.4 shows that No. 91 reguired consider- -
able more protein and energy per pound of gain than

No. 94. Another factor that may be mentioned here is
the amount of protein necessary for the most emonomical
development. From a purely protein standpoint, No.

94's ration was possibly more efficient than that of
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No. 91. No. 91 may have reoeived more protein
than was economical for the best gains during the
early feeding period.

This factor cannot be definitely settled
by this experiment since the individuality of the
heifers concidered may materially affect the results
while the number of animals is also small. The pre-
sent test merely introduces this study'nhich will re-
quire for its solution an extended experiment includ-
ing relatively large numbers of heifers on varying
planes of nutrition.

As previously noted above, 20 g.‘of calcium

oarbonate were added to the ration beginning on Nov-

ember 3 1915. Thls period of low galn is Just prior

) e i i

to and at the time the extra mineral was added. Hence

e st s e

SRS
I
SR
e e B

it may be concluded that lack of mineral oonstituentsv

i R
- - N —
T s

was a strong faotor in determlnlng the rate of growth

e —— R e
= e e I —

of No. 94 at this.partinlar perind. o

Weight was kept of the amount of water con-

e

sumed by each animal for 21 days. It was found that

No. 91 « consumed an average of 28.11 pounds water per

d’y while No. 94 drank but 20.58 p)unds per day. It

—Seems the better ration caused a greater demand for

E————

water than the other feed.

i






TABLE 5.

COMPARISON OF MEASUREMENTS.

High Protein No. 91 :
: Height : : :Height : : :
- at :Heart :Weight: at :Heart :VWeight:

Date : Withers:Girth :Withers:Girth : A
:  Cm. : Cm. : Lbs.: Cm. : (Cm. : Lbs.

NO. 94 10w Protein

Aug. 19 : 92,0 : 106.0 : 284 : 97.0 : 113.0 : 254 :
Sept. 15 : 94.0 : 111.5 : 249 i 98.5 : 113.5 : 275 :
Oct. 8 : 97.5: 119.0 : 293 : 99.5 : 118.0 : 304 :
Nov. 17 : 99.5 : 123.0 : 336 : 101.0 : 121.0 : 330 :
Deo. 16 : 102.8 : 125.0 : 360 : 103.8 : 122.0 : 333 :

Jan. 16 : 105.0 : 131.5 : 389 : 106.5 : 126.0 : 347 :
Feb. 16 : 106.5 : 132.5 : 411 ; 106.0 : 125.0 : 3569

Mat. 16 : 108.0 : 135.5 : 43b § 107.3 : 129.0 : 388 :
April 16 : 108.8 : 138.0 : 454 ; 109.8 : 133.0 : 417 :
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Mattill and Hawkl in studies on water
drinking with men found that the ingestion of large
amounts of water with meals caused the protein con-
stituents of the food to be more completely utilized
as shown by a deorease.of all forms of nitrogen in
the feces. It is possible that a condition similar
to the above mentioned prevailed in No. 91, but as
no digestion trials were made, this can not be stated
definitely.

.

Records of the amount of salt consumed by

i e

\.—,_’______________._____—————-—'—“"‘"'\
the two animals show that No. 91 ate 6;-)'ounoes while

— .

Yo. 94 consumﬁf;if::::ggé_pgzwgay. Some difficulty o
i ~—

was encountered in keeping acourate salt records be-
cause of the dirt that occasionally fell in the salt
boxes. The effect of the excessive amount of salt

is hard to determine. It possibly had no deleterious
effect on the general appearance énd may have aided

in keeping the digestive tract of No. 94 in good con-
dition. It aprarently showed a oraving on the part
of No. 94 for some thing which was not being supplied
in her rationm.

The measurements of heifers No. 91 and No.

94 as given in Table 5 were taken monthly from the

1. Chemigal Abstract Vol. 6, pp 2635.
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time of starting the experiment. They show re-
sults_of.érowth similar to tﬁe gain in weight dis-
cussed earlier in'this paper. The differenceo of
growth in heart girth was greater than the varia-

tion in height at withers. No. 91 gained 32 cm. in

e

heart girth and 16 75 em._in height while No. 94
e ——
gained 20 cm. and 12 75 ecm. respectivelyy This table

—— e s S5

also indioates that No. 91 made more uniform gains
than did No. 94.

Observations -- As mentioned before, the

calves were in about the same condition of flesh when
the eXperimeht started in August 1913. It, however,
did not take long for them to show a change in general

appearance. No. 94 made very little gain and develop-

e -t
e SR
e —

ment while No. 91 was comparatively fet end«sleek all

e e O 3t e et

the time.A It seemed impossible for No. 94 to lay any
s e v,

flesh on her bonea and her muscles were Very poorly

R R P

deve10ped. This was ehown espeoially in the thlghs

S,

i S A5

Which were exceeding;x»thin and at time it 1ooked as

L ——— St

Ni:ithey would not bear the weight of the heifer. No.

<

A A e ey s S s,

MT———— e =

e

94 was very cow hawked and appeared weak on her hind

Q. B i TR

leés most of the tinme. Her paunch was eonsiderable

RN s S

N e e~

more distended than that of Nqi_ﬂliggg‘she generally
shended Whan tasm o2 X

e e — et

“garried her head down and with drOOping ears and compar-

- e SR S——

s st T B






atively dull eyes. The animals were OOQasionally

P

allowed to run in a dry yard for exercise. No. 91
/’ M»_‘

o e e e

was always aggressor in the play and ran much more

S
o

than No. 94. u“if the calves were turned out alone,

——

it was often difficult to get No. 94 to run while

No. 91 was always very playful and active.

It has been indicated that No. 94 had 20
grams of calcium carbonate added to her ration on Nov-
ember 3, 1913, She was in very poor condition at
this time but for several weeks after adding the cal-
cium carbonate she was considerably livelier and look-
ed better. Her eyes brightened up noticeably and
when turned in the lot, she was more active and playful.
It seemed that the calcium carbonate merely acted as
a stimulus for a short fime because on December 15 she
appeared to be in poor condition again. On December
15, 40 grams of bone meal were added to No. 94's ration
to make ample mineral supply. Shortly after this she
again showed improvement in that she was brighter eyed

and more active when turned in the lot. About January#’

19 her skin was looser and better and she wag licking

B, [

herself some, which ie generally an indioation of thrift.

T

———— g A g,

It aleo appeared that she was more steady on her legs

’\_—-’-”‘—“ﬂ o

but her muscles did not make any appreciable development
o Nm*\\"“———-, S - - ppm—— B

e —r————————————— e ——————

g







- 49

From this tire, to the end: of the data, No. Sgwnade

e e

steady gains in weight.

The animals when turned 1nto the lot, would

i dsmi

eat dirt or straw very ravenensly qhow1ng a craving
for something. No. 94 possibly showed this tendency
more than ﬁ;fwél but they were both restless when plac-
ed in the 1lot. This may have been merely a desire
for some change in feed as they were getting tne same
feeds and were standing on a board floor. In March
1914, it was thought advisable to turn the heifers in
the lot during the day. Muzzles were provided for
them to keep them from eating dirt and straw. The
first few days, however, they got some dirt thru the
muzzles and during this time, they ate practically no
salt. When the muzzles were made completely tight,
they ate the usual amount of salt.  ‘When No. 94 was .
first turned into the lot her muscles apparentlx _be-

B

" ocame thinner than when she remained oontinuously in
e et gty e e,
the stall. The extra exercise may have affected her
~—— — ————— e .

in that she expended more energy in walking around.

e ——T

~ e

It was noticed that No. 9l,reached sexual

e

maturity much earlier than No. 94 and came in heat

e e, DU SR DS

regularly.
———-—-—-’—"——\\_\

On March 27, several days after the heiferem_

S e
~——

e et 105

were turned in the- yard during the day, No. 94 went
e

. R e . o
e "

T —
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blind. Blindness came on suddenly altho it had

_been thought for some time that her eyes were.weak.

The cause of the. blindneas was hard to determlne.
By careful examination, made by the Station veterin-

arian, it was found that the pupils of both eyes were

very much allated. It was suggested that the blind-

ness may be a paralysis of the contractol muscle of
the eye due to nervous disorder. It is hardly poss-

ible to attribute the blindness in any way to the feed.

Discussion of Silage and Clover

Fed Heifers.

Tables 6, 7, 8, 9, 10 and 11 which give the
data on the two groups of heifers receiving silage
and clover show some little variation in the amount
of nutrients réceived as well as a difference in the
s8ize of the animals. As shown in Tables 12 and 13,
the clover group received slightly more protein and
energy than the silage group but the gain in growth
on the average is but very little better. They ap-
pareﬁtly did not utilize their feed as well as the sil-
age group. The silage fed heifers seemingly needed
- 8ome dry roughage because their protein is practically

the same as the clover group and is nearly sufficient






TABLE 6.

TOTAL NUTRIENTS RECEIVED,

By 7 Day Periods.

NO. 93

Silage Ration.
: : :Digestible: Energy : 3
Period: Grain: Silage: Frotein : Value : Weight:
: Lbs.: Lbs. : Lbs. : Therms : Lbs. :
1 : 14.0 : 62.0 : 3.48 : 28,37 : 368
g : 14.0 : 81.0 : 3.64 : 26.68 2
3 : 14,0 : 98.0 : 3.79 : 28.34 : 365 :
4 : 14.0 : 100.0 : 3.81 : . 28,67 : 373 :
5 : 14.0 : 98,0 : 3.79 : 28.34 : 3856 :
6 : 14,0 : 109.0 . 3.89 : 30.16 : 380 :
7 s 1400 N 11200 o 3.98 4 30.65 c 392 b
8 : 14.0 : 112.0 : 3.98 : 30.656 : 390 :
9 : 14.0 : 112.0 : 3.92 : 30.656 : 400
10 : 14.0 : 121.0 : 3.99 : 32.14 ;. 410 .
11 : 14.0 : 126.0 : 4,03 ¢ 32.97 : 406
12 : 14.0 : 126.0 : 4,03 ¢ 32,97 : 4256
13 : 14.0 : 127.0 : 4,04 : 33.14 . 420
14 : 14.0 : 132.0 : 4,09 ¢ 33.96 : 4256
16 : 14.0 : 140.0 : 4.16 ¢ 3b6.29 : 422
16 : 14.0 : 145.0 : 4.20 : 36.12 : 415
17 : 14.0 : 141.0 : 4.17 : 3b.45 : 435 :
18 : 14.0 : 125.2 : 4,03 ¢ 32.84 : 437
19 : 14.0 : 126.0 : 4.04 ¢ 32.97 : 440
20 : 14.0 : 126.0 : 4,06 : 33.30 : 447
21 : 14.0 : 140.0 : 4.16 : 35.29 : 450 :
228 : 14.0 : 142.0 : 4,18 : 35.62 : 445
25* . 8.0 . 8200 } 2040 : 20050 pe 468**:

* 4 day period.

** Average of 3 days weighte.






TABLE 7.

TOTAL NUTRIENTS RECEIVED.

By 7 Day Periods.

NO. 89
Silage Ration.

:Digestible: Energy

Period: Grain: Silage: Protein : Value : Weight:
: Lbs.: Ibse. : 1Lbs. : Therms : 1bs. :
1 : 14.0 : 112.0 : 3.85 : 30.656 493
2 : 14.0 : 112.0 : 3.85 : 30,65
3 : 14.0 : 112.0 : 3.85 : 30.66 517
4 : 14.0 118.0 H 3.86 o 30.65 524
5 : 14.0 : 112.0 : 3.85 : 30.65 530
6 : 14.0 : 123.0 : 3.95 : 32.47 530
7 : 14.0 : 126.0 : 3.97 : 32.97 530
8 . 14.0 : 126.0 H 5.97 . 32.97 526
9 : 14.0 : 126.0 : 3.97 : 32,97 535
10 : 14.0 : 131.0 : 4.08 : 33.80 560
11 : 14.0 : 140.0 : 4.16 . 3b6.29 655
12 : 14.0 : 140.0 : 4.16 : 3b.29 557
13 : 14.0 : 141.0 : 4,17 : 3b.45 665
14 : 14.0 : 149.0 : 4.24 : 36.78 557
15 : 14.0 : 171.0 : 4043 . 40.42 554
16 : 14.0 : 194.0 : 4.63 44.23 680
17 : 14.0 : 196.0 : 4,66 : 44.56 585
18 : 14.0 : 188.0 : 4.58 s 43.24 680
19 : 14,0 : 182.0 : 4.53 i 42.25 592.
20 : 14.0 : 182.0 : 4.563 42.25 596
21 : 14.0 : 196.0 : 4.65 44,56 6596 :
22 : 14.0 : 203.0 : 4.72 45.72 590
23* : 8.0 : 105.0 : 2,60 24.30 596**:

* 4 day period.

** average of 3 weights.






TABLE 8.

TOTAL NUTRIENTS RECEIVED.

By 7 Day Periods.

NO. 238.
Silage Ration.
: 3 :DIgestible:Energy : :
Period: Grain: Silage: Protein : Value : Weight:
s Lbs.: Lbs. : Lbs. : Therms : H
1 : 14.0-: 99,0 : 3.72 28,17 : 549
2 : 14.0 : 65.0 : 3.44 22.87 :
3 : 14,0 : 87.0 : 3.63 26.51 : 665
4 : 14.0 : 91.0 : 3.67 287.17 : 574
6 : 14.0 : 91,0 : 3.67 27.17 : 580
6 : 14.0 : 96.0 : 3.71 28.08 : 580
7 : 14.0 : 103.0 : 3.77 29.16 : 6592
8 : 14.0 : 126.0 : 3.97 32.97 : 600
9 : 14.0 : 186.0 : 4,06 34.63 : 610
10 : 14.0 : 147.0 : 4.22 36.45 : 610
11 : 14.0 : 148.0 : 4,23 36.61 : 615
12 : 14.0 : 147.0 : 4.22 36.45 : 620 :
13 : 14.0 : 149.0 : 4.24 36.78 : 652
14 : 14,0 : 158.0 : 4,32 38.27 : 660 :
15 : 14.0 : 164.0 : 4,37 39.26 : 660
16 : 14.0 : 1569.0 : 4,32 38.44 : 660
17 : 14.0 : 149.0 : 4.24 36.78 : 661
18 : 14.0 : 147.0 : 4,22 35.11 : 667
19 : 14.0 : 143.0 : 4.19 : 34.49 : 667
20 : 14.0 : 140.0 : 4.16 : 34.02 : 680
21 : 14.0 : 139.0 : 4.15 : 35.13 : 680
22 : 14.0 : 134.0 : 4,11 : 33.08 : 680
23 8.0 : 80.0 : s 671

2.38

20.16 :







TABLE 9.

TOTAL NUTRIENTS RECEIVED,

By 7 Day Periods.

NO.

90.

Clover Ration.

:Digestible: Energy

Period: Grain: Clover: Protein : Value :Weight :
: Lbs.: Lbs. : Lbs. ¢ Therms : Lbs. :
1 : 21l.0 : 49.0 : 4,07 35.67 450
2 :21.0 : 49.0 : 4,07 35.67 -
3 :21l.0 : 45.0 : 3.85 34.88 465
4 : 21.0 : 49.0 : 4,07 35.67 477
5 : 21.0 : 49.0 : 4.07 35.67 480
6 : 21.0 : ©65.0 : 4,30 37.756 490
7 : 21.0 : 56.0 : 4.44 38.11 490
8 : 21.0 : 56.0 : 4.44 38.11 490
9 : 21.0 : b66.0 : 4.44 : 38.11 497
10 : 21.0 : 63.0 : 4.83 : 40.54 492
11 : 21.0 : 58,0 : 4.23 : 36.72 510
12 : 21.0 : 63.0 : 4,83 40.54 515
13 : 21.0 : 63.0 : 4,83 40,54 6520
14 : 21.Q : 63.0 : ‘4.83 40.54 535
156 : 21.0 : 63.0 : 4.83 40.54 637
16 : 21.0 : 67.0 : 4.04 41.93 535
17 : 21.0 : 70.0 : 5.21 42,97 545
18 : 21.0 : 65.0 : 4.84 41.23 5580
19 : 21.0 : 63.0 : 4,83 40.54 555
20 : 21.0 : 63.0 : 4,83 40.54 550
21 : 21.0 : 63.0 : 4.83 40.54 560 :
22 . 21,0 : 69.0 : 5.16 42.62 5456
41.0 2.76 21.35

23* : 8.0 :

5652*

* 4 day period.

** Average 3 days weights.






TABLE 10.

TOTAL NUTRIENTS RECEIVED.

By 7 Day Periods.

.

NO.

314.
Clover Ration.

s:Digestible: Energy

iWeight :

Period: Grain: Clover: Protein : Value
: Lbs.: Lbs. Lbs. : Therms : Lbs. :
1 : 21.0 : 41.0 : 3.64 s 32.89 326
2 : £21.0 : 40.0 : 3.58 : 32,68
3 : 8l.0 : 42,0 : 3.69 + 33.24 337
4 : 21.0 : 4.0 : 3.69 s 38.84 348
b : 21.0 ;: 42.0 : 3.69 : 33.24 365
6 : 21.0 ;: 48.0 : 4,02 ¢ 35.33 350
7 : 2l.0 : 49.0 : 4,07 : 35.67 367
8 : 21l.0 : 49,0 : 4.07 ¢ 3b6.67 370
9 : 8l.0 : 49.0 : 4,07 : 36.67 : 380
10 : 21.0 : 53.0 : 4.29 : 37.06 380
11 : 21.0 : 56.0 : 4,54 38.11 382
12 : 21,0 : b6.0 : 4,54 38.11 395
13 ¢ 21.0 56.0 . 4054 38.11 400
14 : 21.0 : b56.0 : 4.54 38.11 406
16 : 21.0 : b56.0 : 4.54 38.11 410
16 : 8.0 : 88,0 : 4.56 38.80 : 415 :
17 : 21.0 : 63.0 : 4,83 40,54 420
18 : 21.0 : 63.0 : 4,83 40,54 : 415
19 : 21.0 : 63.0 : 4,83 40.54 435
20 . 21.0 . 6300 H 4.83 40054 . 432
2l : 8l.0 : 63.0 : 4,83 40.54 436
8 : 21.0 : 68,0 : 5.10 42,37 : 447
23* : 12,0 44.0 : 3.19 : 85.94 : 4b55**;

b3

4 day period.

** Average of 3 days weights.






TABLE 11.

TOTAL NUTRIENTS RECEIVED.

By 7 Day Periods.

NO. 239
Clover Ration.

: : :Digestible: Energy : :
Period: Grain: Clover: Prctein : Value : Weight :
: Lbs.: Ibs. : Lbs. : Therms : Lbs, :
1 : 21.0 ¢+ 49.0 : 4.07 : 35.87 : 578 :
2 : 21.0 : 48,0 : 4.02 s 3b.38 :
3 : 21.0 : 45.0 : 3.82 . 34.28 : 622 :
4 : 21.0 : 42.0 : 3.69 ¢ 33.24 : 600
6 : 21.0 : 70.0 : 4.21 . 42,97 600
7 : 21,0 : 70.0 : 4.21 42,97 620
8 : 21.0 : 70.0 : 4.21 . 42.97 620 .
9 : 21.0 ; 70.0 : 4.21 . 42,97 636 :
10 : 21.0 : 77.0 : 5.59 : 45.40 6356
11 : 21.0 : 78.0 : 5.64 + 45.75 : 630 :
1g : 21.0 : 77.0 : 5.59 : 45.40 : 632 :
13 : 21.0 : 77.0 : 5.59 . 45,40 : 645 :
14 : 21.0 : 78.0 : 5.64 : 45,75 : 680 :
15 : 21.0 : 63.0 : 4.83 : 40.54 665

16 : 21.0 : 88.0 : 6.17 : 49.23 . 665

17 : 21.0 : 88.0 : 6.17 : 49,23 695

18 : 21.0 : 90.0 : 6.29 : 49.92 687

19 : 21.0 : 65.0 : 4,84 : 41,23 : 707

20 : 21,0 : 91.0 : 6.34 ¢ 50.26 : 690

21 : 21.0 : 91.0 : 6.34 : b0.26 : 7156
22 : 21.0 : 97.0 : 6.67 : bR.35 : 700
23*% : 12,0 : 60.0 : 4.06 : 31.50 : 751%*,

* 4 Day Period.

** aAverage of 3 days weights.
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for normal gains but the heifers appeared thin.

The gains made by the clover group were much steadier
than the silage group. The latter showed wide var-
iation from one period to another and in the 13th

and 16th periods, No. 93 failed to gain. The first
few months the animals were on the experiment, it was
hard to detect any difference in the two groups, but
the longer the feeding continued, the more difference
became apparent. The animals on silage looked much
thinner and did not ched well while the clover group
were comparatively fat and sleek. The heifers were
all very active and showed very little difference in
respect to vigor. It does not appear that the ani-
mals on silage were hurt at all and it seems probable
that a few months on grass would put them in good con-
dition. These animals when turned on pasture in May
1914, looked better than heifers under average farm
conditions.

As also shown in Tables 12 and 13, the amount
of protein required per pound of growth was about the
same with the two groups. Since No. 89 may be very ab-
normal in one period, it would make the average of her

group high if figured on that basis, but a genrral con-
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sideration excluding that period shows that the
groups are very similar,

The clover group required more energy per
‘pound of gain. Had the silage group been able to
consume enough to get the same amount of energy as
the clover group, the results would undoubtedly have
been similar in every respect.

These animals are all appﬁrently low in
their protein intake. However, being on a short
- feeding period and héving a surplus of protein stored

in the body, the heifers grew fairly well.

Discussion of Light and Heavy
Fed Heifers.

Tables!# and 3§ show a gradual increase in
feed consumed by the animals as they increase in age.
The weight also gradually increases but the gain is
much slower during the third, and especielly the four-
th periods. There is & marked difference in the nu-
trients fed the twc groups and the heavy fed group are
much larger but the general results mentioned above are
similer.

Tables 11j and 19 &how thet the nutrients con-
sumed per day varies widely with different animals.

There is a steady increase of the amount of nutrients






TABLE 1£.

NUTRIENTS*RECEIVED PER DAY AND PER LB. GAIN,

By Four Period Intervals.

NO. 314

: : : Gain :Protein : Energy :
Period :Digestible:Energy : per :per 1lb. : per 1b.:
: Protein :Value : Day : Gein : Gain

H Ibs. :Therms : Lbs. : Lbs. Lbs
1- 4 .521 : 4.711 : .785 : .663 : 6.001 :
65- 8 .566 : 4.639 : .7856 .721 : 5.909 :
9-12 .622 : 5.319 : .892 .697 : b5.963 :
13-16 : .613 : b.468 : 714 .868 : 7.6568 :
17-20 H 0690 H 5.791 b4 0607 v 10136 H 90540 o
*%21-23 .728 : 6.049 : 1.277 :  .B70 : 4.736 :

éverage: .623 : 5.347 : .816 : 763 : 6.552

NO. 90
1- 4 .673 : 5.046 : .964 «594 : 5,234 :
6- 8 .619 : 5.344 : .464 : 1.334 : 11.726 :
9-12 .6564 : 5.568 : .892 733 : 6.242 :
13-16 .661 : 5.873 : .714 .9256 : 8.226 :
17-20 703 . H5.902 : OB : 1.314 : 11.033 :
*%21-23 708 : 5.8C6 : 111 .637 : 5.230 :
Average : .649 : 5.570 : .646 : 1.006 : 8.635 :
NO. 239
1- 4 .68 : 4.947 : .785 : <710 : 6.295 :
6- 8 .601 : 6.138 : 714 .841 : 8,596 :
9-12 7715 : 6.411 : .428 : 1.670 ::14.978 :
13-16 793 : 6.461 : 1.178 : .673 : 5.484
17-20 .844 : 6.412 : +S8E : «.946 : 7.188 :
*¥*21-23 .948 : 7.450 : 3,388 «297 . 2.198 :
Average: 737 : 6.301 : 1.095 <673 : 5.754 :

* (lover Ration.
*¥18 Day Period.






TABLE 13.

*NUTRIENTS RECEIVED PER DAY ANVD PER LB, GAIN.

By Four Yeriod Intervals

NO. 93

: 3 : Gain :Protein : Energy :

Period :Digestible:Energy : per :per 1lb. : per 1lb.:
¢ DProtein : Value : Day Gain : Gain :
: Lbs. : Therms: Lbs. Lbs. : Lbs.

1- 4 .52b s 3.746 : .536 .981 : 7.001 :
5- 8 .5564 : 4.278 .607 . .912 : 7.047 ;.
9-12 870 : 4,668 : 1.260 «4556 : 3.734 :
13-16 : .588 : 4,946 : ----- 1 ———— i ==—-- $

17-20 : .582 : 4,805 : 1.142 : 609 : 4.212 :
+%21-23 .596 : 4,522 : 1,166 : .611 : 3.878 ;

Average: .668 : 4.544 : .696 : .815 : 6.829 :
NO. 89
1- 4 .660 : 4.378 : 1.107 . .497 : 3.953 :
5- 8 562 : 4.609 : ,035 H ———— i === 3
9-12 .584 : 4,906 : 1.148 511 : 4.295 :
13-16 . 0623 H 50602 . 0821 A 0758 H 60825 .
17-20 . .663 : 6.163 : 871 : 1.143 : 10.776 :
**21-823 . 865 : 6.366 : : ) : :
Average. «603 : 5.871 : .662 .9856 : 8.097 :
NO. 238
1" 4 H 0616 H 5.740 H 0892 . 0578 : 4-192 -
b- 8 «540 : 4,189 : .928 .686 : 4.514 :
9"12 H 0597 . 50147 H 0714 . 0836 : 7.208 .

13-16 : .616 : 5.455 : 1.428 : .437 : 3.632 :
17-20 : L,600 : 5.014 : 714 .840 : 7.022 :
**21-23 : 591  : 4.909 : : : :
Average: 676 : 4,732 : +TTL & 747 : 6.137 :

* 8ilege Ration.
** 18 Day Period.






IABLE 14. -

NUTRIENTS RECEIVED PER DAY AND PER LB. GAIN,.

By Six Month Periods.

HEAVY FED GROUP,

No. 216
:Digestible: Energy : :Gain per:Protein : Energy:
Period: Protein : Value :Weight: Day sper 1lb. : per 1P;
3 Lbs. : Therms : Lbs. : Lbs. ¢ GAin : Gain
: : : s : Lbs. : Therms:
2 & 1.1083 : 8.897 : 703 : 1.221 : 903 : 7.286:
2 l1.122 : 9.046 : 898 : 1.068 : 1.060 : 8.470:
NO. 223
1 1.128 : 8,347 : 7056 : 1.479 : .762 : b5.643:
2 1.607 :11.103 :: 960 : 1.342 : 1.197 : 8.273:
3 1,613 :12.,372 : 1148 : 1,030 : 1.517 : 12.011:
4 1,507 :11.186 : 1215 : .367 : 4,106 : 30.425:
NO. 225
: 1.009 : 7.376 : 658 : 1.2656 : 797 : 5.830;
2 1.187 : 9.699 ; 883 : 1.232 : 963 : 7.872:
NO. 220
1 843 : 6.706 : 636 : 1.063 : 793 : 6.307:
2 1.136 : 8.233 : 867 : 1.2656 : .8956 : 6.508:
3 1.247 : 9.447 : 1113 : 1.347 : .9256 : 7.013:
4 1.345 :10,893 : 1287 : 953 : 1.411 : 11.430:
NO. 8
4 3 .646 . 5.403 : 371 : 1.079 : 514 : 5.100:;
.8 912 : 7.768 : 609 : 1.247 : «731 2 6.230:
3 920 : 6.972 : 737 : 701 ¢ 1.312 : 9.945:
4 1.019 : 7.586 : 82%2 : .471 : 2.163 : 16.106:
NO. 13:
1 710 : 6,670 : 438 : 1.054 : 673 : b.379:
2 981 : 7.840 . 619 : .991 : 929 : 7.911:
5 . 10043 H 8-106 H 703 . 0465 4 20 242 o 1704302
4 1.081 : 8.769 : 828 : .684 : 1.580 : 11.368:
NO. 2
1 .813 : 7.328 : 529 ; 1.347 : .603 : 5.440:
8 1.162 : 8,719 : 807 : 1.523 : 766 : 5.724:







TABLE 15.

NUTRIENTS RECEIVED PER DAY AND PER LB. GAIN,

By Six Month Periods.

'LIGHT FED GROUP.

NO. 222
:Digestible: Energy : :Gain per: Protein: Energy:
Period: Protein : Value :Weight: Day : per 1lb.: per 1lb:
: Lbs. ¢ Thermg : Lbs.: Lbs. : BPain : Gain
$ ] : 3 : Lbs. : Therms:
i 1 749 . 3.722 : 401 : .663 : 1.129 : 5.613:
g2 1.116 : bib45 : 689 : 1.030 : 1.083 : 5.383:
3 1.349 : 6.151 : 700 : .608 : 2.218 : 10.116:
NO. 224
1 722 : 3.587 : 397 : 783 : .998 : 4.961:
2 970 : 4.821 : 530 : .728 : 1,332 : 6.622:
3 1.183 : 5.877 : 636 : .5680 : 2.039 : 10.131:
NO. 219
1 1.315 : 6.719 : 408 . .53 : 8.377 : 12.150:
2 912 : 4.537 : 612 : 1.117 : .816 : 4.061:
e 3 1.406 : 6.978 : 786 : 9563 : 1.474 : 7.322:
4 1.686 : 8.068 : 882 : .526 : 3.089 : 15.338:
NO. 3
1 591 : 2,919 : 333 : .5156 : 1.147 . 5.667:
g 766 : 3.808 : 478 : .794 : «963 : 4.788:
NO. 11
1 613 : 3,047 : 357 : .728 : .841 : 4.185:
2 1.024 : 5.085 : 6502 : .794 : 1.289 : 6.404:
3 1.081 : b5.370 : 586 : .465 : 2.324 : 11.548:
NO. 14 A
1 .718 : 3.574 : 362 : .586 : 1.225 : 6.098:
g 1.011 : 5.024 : 490 : L7701 : 1l.442 : 7.166:;:
3 1.114 : 5.589 : 607 : .641 : 1.737 : 8.719:
4 1.240 : 6.160 : 707 : .547 : 2.8266 : 11.261:
NOo. 39
1 .510 : 2.563 : 338 : .619 : .823 : 4.140:
2 .862 : 4.727 : 473 : 739 : 1.166 : 6.396:







TABLE 16.

NUTRIENTS CONSUMED PER DAY, WEIGHT, AND GAIN

DAY OF ANIMALS ON DIFFERENT PLANES

OF _NUTRITION.

By Six Month Periods.*

:Digestible: Energy : : Gain
No. of: 2Protein : Value : Weight : per day :
Animal : Lbs. : Therms : Lbs. s Lbs.

94 : 376 5.180 : 235 $ 714
3: .91 : 2,919 : 333 .616 :
i1 3 613 : 3.047 : 357 : .728 :
8 : 645 5.403 : 371 : 1.079 :
39 : 510 2.563 : 338 : .619
14 : 718 3.574 : 362 5 .586 :
224 : 728 3.5687 : 397 : 783 :
228 : 749 3.722 : 401 s 663 :
91 963 4.907 : 216 : 1.076 :

* Feed Calculated from first six months after
weaning from milk.






TABLE 17.

PROTEIN REQUIRED PER DAY PER LB. CROWTH SECOND

AND THIRD SIX MONTHS OF GROWTH.

HOLSTEINS
Light Fed Heavy Fed
: Pirst : Second s . Mirst : Second :
¢ Six : Six - ¢ Six : Six )
: Months : Months r : Months :  Months -
:Digestible:Digestible: :Digestible : Digestible s
No. of: Protein : Protein :No. of: Protein s Protein
Animal: : Pounds :Animal: Pounds v Pounds
282 : 1.129 : 1.083 : 216 : 903  : 1.050
224 998 : 1.332 : 223 : 762 1.197
219 : 2.377 :  .816 : 285 :  .797 .963 :
: : : 220 : 793 .895
JERSEYS
3 1.147 963 8 : «514 : 731
11 841 : 1.289 : 13 673 .929
14 : 1.226 : 1.448 : 2 :  .603 : 756
39 .823 : 1.166 : 91 : .945 :

94 .533
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required from the first ta the last period with a
marked decrease in gain in the last period. The two
columns on protein and energy per pound of gain show
the same results in a very striking manner. No. 219
of the light fed group shows exceptionally high_feed
requirements per pound of gain during her first period
which may be due to individuality.

Table 16 gives the nutrients with weights and
gains comparing No. 94 with other animals of practically
the same size and age. It can readily be seen from the
table that protein is not the sole source of growth
stimulant. No. 94 on ar exceedingly low protein intake
but relatively high energy made considerable better than
average gains. Comparing the nutrients received by
No. 94 and No. 14, show results in favor of high energy
intake while No. 14 received nearly twice as much pro-
tein and about two-thirds as. much energy, she make smal-
ler daily gains than did No. 94. Judging from the sup-
erior growth made by No. 91,_it appears that a combina-
tion of high nrotein and energy are necessary for the
most rapid growth in young animals. With so few ani-
mals, there is chance for individusal variation to effect
the results(while the smaller size of No. 94 and No.

91 may also appreciably influence the gains made). The
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weather conditions as mentioned previously are also
possibly influencing factors>that have not been con-
sidered in discussing this table.

__From the results of the work with No. 91

e Sty are

,and No. 94 end the 14 animals on the 1ight end ‘heavy

fed experiuent tabulated in Table Ii it can be seen

“thet it required O 941 poundse of protein per pound of

e e ———— R

PR e e e

gein for helfers during the seccnd six months of thelr

i B
—A ST

I
growthl With data from 14 animgls shows that it re-

' quired 1.044 pounds of protein per pound of growth the

A g o

" third six monthg cf feeding. — Averaging the results

i

of the requirements as_shown_ above it shows that O. 992

e —
U

pounds protein are required_per pound of gain during

the two periods.
/——-"""’&-—-..._—-——————

Holsteins required more protein ver pound of

gain than the Jerseys, which may be attributed to the"f

larger size of the animals.‘} The 1ight fod group re-

”EEI;;& much more protein per pound of growth than the
heavy fed group. This may be explained by the fact
that the light fed group grew slower than the heavy
feds. The energy factor which according to table 13
is very important is not taken into consideration in
the discussion of this table. Complete records of all
feeds consumed. by the fcurteen snimals can be found in

the thesis worked by P. M. Brandt in 1913.
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: /%P/ SUMMARY AND CONCLUSIONS.

The study of the problem of protein re-

quirements for growing dairy anirals as reported ;n
fhis thesis should be considered as a preliminary
study of a question too large to be completed within
the limits of time available. It is expected that
the work will be continued as a part of the regular
investigations of the Experiment Station. The data °
gathered and studied is sufficient however, to justify
a few ccnelusions:- |

1. The growth of No. 94 receiving 0.38
pounds of digestible protein daily but abundant energy
was considérably_retarded, indicating the protein to be
the limiting factor.

2. The gain in weight of No. 91 receiving
0.95 pounds of digestible protein daily was 0.37 pounds
per day ﬁore than Mo. 94, The indications are that
she received protein in excess of réquirements.

3. As shown by heifers No. 91 and No. 94, an
excessive suppiy of protein does not cause marked sx-
tra growth, A comperatively low amourt of prdtein re-

terds growth but does not check it permanently.
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L g
av

4. The work with the six animals on@%he \
short feeding periods show that a ration-with sfit ¢
age as roughage while cheaper and adequate to carry
heifers thru the winter in thrifty, growing condition
is hardly eQual, judging from general appearances,

to one in which clover furnishes the roughage.

6. Results with the 14 animals show that
the requirements per unit growth are increased end the
rate of gfowth deoreased as the animals advanced in
size and age.

6. The heifers supplying the data, used
0.992 pounds of digestible protein per pound of grow-
th for the second and third six months periods, but
the data is not sufficient to indicate that this
amount gives the most economical or the hent results.

7 With ordinafy-rations, when plenty of .
energy is furnished, there is no great danger from
lack of protein. \

X
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