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PROTEIN REQUIREMENTS FOR 

DAIRY HEIFERS. 

INTRODUCTION. 

The last report of the United stutes 
~~ ... ~-

Department of Agrioulture shows that it coats ------ ---- ~.""-..----~------.,..,,.~~-> ........... -
$61.40 to raise a dairy heifer until two years of 

• """' .' "".... • .... ~ ...... _ :",,"_~~I"_.~_'"1N;...a .-.. - ......... --.... -~-=.....-~ ... "'t.;:C:!!,...~~~~ ....... ~_ .... ~,A:."".. 

~ MOBt~: this oostas sho __ -=-- is the 

feed, and of the feeds used those of a nitrogenous 
---~--------'--- -- ~~---

nature are always the most expensive. 
_---~ ~-"'-"~~.:LW'__ " . 

For the far-

mer of tte middle West where cO'rn f..nd its products 
..... ---:~'" .. _- --...,..,-......~.--

are the principle feeds, the protein faotor is very 

~~~ o~s,;'a;~ng ~e~~~~ . 
for dairy cows thruout the Uni ted s~~.~e~ and t he 
~......,,;::~ ...... __ ~~,.-. ______ , ........ __ ..... "':~ ;. ........ ,...----.,; ..... !. ~.~::'\. ...... -.)OI%';IIO' ''~.~ ~ __ 

high prioed protein feeds t there .E?~ems --t.a __ p~ a great 

~~~f~ d-;fin"1t; ·;;-~;:-~~:~~~·~ard.j The p~:s~nt 
.. --'-<# ...... -~.!...I.~ 

standarde fo r dairy cattle hav~ , ~ been calculated 

from experiments with beef st eers. The Missouri Ex-

periment Sta tion started an expe:rim&n' 
-----------.;;.,-.....--. --~---...-I' . ...- ...,.-' 

:l9 aid t 
-."" ....... '--

t:ermining the amJlnt of , rotein necessary for normal 
~-.......... ~ 

growth of da iry -t eifers. 





In treat i:r:g thi ,g subjeot, the work has 

been taken up more from a praotioal than a soien­

tifio standpoint. No attempt has been made to 

go thoroly into the ohemioa l or physiological study 

of the problem. What is herein reported is merely 

a suggestion of what oan and will be done later. 
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. DEFINI~ION OF PROTEIN. 

"Froteins are ~ class of substances, which -------- .=--

in the light of our present knowledge, oonsist in the 
_ _ --...... ........ ~._~~-..~ ...... ~ .. ~-.....~_"P_ . ~.---::!:'';..;....>.::-- .... ~ ••. -~.;... - •• ---""""' ...... 

main of combinations of a-am~no-acids or their deriva-
~ . ...-..,...-- -~-~"""-----" '''''-'' '-~a 

~_ ........ ~AS..~~''''' 

tives. The~e protein substances form the chief con-
..----- - - ---------------_ . .--~~~-.-..... .--j, 

stituents of many of the fluids of the body, oonstitute 
t - .,.JI, - ......... .. . ",....... . ..-;L "'t\:l&Z:tI ca;e.: . 1'i:!Si£ " ~~~~ _~~~ 

the organio basis of animal ti~sues and at the same 
~~~_'--'-:;.-c; __ -=-._ .'"""'~~.-. " .-~.-,.~ '''_ .. ,._",~;. .. ~_.< .•. _~.",~ 

time occupy a decidedly preeminent oSition amon~ our 
oi.-.. 7. -....--...-~.;:: ~ . ' 1 

organio food stuffs." "They are indispensable and can-
~~--~~~---~~~~~. 

not be re laced by either the carbohydrates or the fati. 
~ ...... .." .. ~-~....,~ ..... --
They are large factors ·in cell formation and possess just 
--~--.-"""""'-----......... "''-~'~'>~~ . ~~~- .,---' ,:"' ~ - ~- -" _., .' - - ,-, .. -

asl important relations to the animal organis~s as do car-.--- ., ... ~~--........ -.- ~-... -~ -.~--~~ ..... -~'-.--""".-

bohydrates to the plants. n2 These protein substances 
'-- J_"~""""""-;'"",-,,-*'~~-' .' - t~..(\._~_ ... '"" ~~ ..... ~~_"<.. ... _.",... .... 

are fur;thermore essential co:p.s,ti tuents of all living 
~-~ .. ..........-,------~---.------------.....,..----~ ~...."..-

cells and therefore without them vegetable life as well 
_~ __ ~ . ..r","",,"""--~~~~~~"'~'-""'" ... ..... ~ .. _"" .c- ... ~ .......... '""-. . _' .• . _. _ '.'_'r"" • ••• ~~ '~1~ 

animal life is impossible ••••• The proteins, which con-
"... ~~-• • . -~.~~-~ < ---_ .. _ .... _.- . - .-----'--~ 

) 

st! tute such an important .8rou~ of S~9_§.:t~>~, .. ~di_:t!er .' 
"--------~___..r. ___ .~-~- ~ . ""-.-- ' --"" -... 

from the <t~rbohyctrateB and fats very de.cidedly in ele-
~ ~-...... ~~"""-"1""""'~..:r-~~----:----~ _______ .;.. .. ..:_ .... ", .... ~, .. '"!-~- ... - ---· .......... -......... ~~ .. ~---..r.r_._ __ · .. ~y ... ,..'7 ...... ·-~· .. _ .... -... ·-- ..... - ... 

mentary oomposition. In addition to oontaining oarbon, 
'--o~_~_"r~'- .~ -' "- - --"<-. .. ___ _______ . 
hydrogen and oxygen, which are present in fats Wlq car-

. ~ :-'~-aor~~"" '" ~~'r ... .&-~~ ~~ 

bohydrates, the proteins invariably contain nitrogen in 
~ .. " ~.,- .. ~ •• \oo_ "'~'I.'-~.~ JI't..r.~. _ ~ .. ~_~~...piII~ • ..,..~~ 

their molecule and 

1. Hawks Practical Physiological Chern. 4th Ed. p. 68 
2. Abderhalden, Texbook of Physiological Ghem, p.119 
3. Hawks Practical Physiologio~l Chern. 4th Ed. p. 68 
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PROTEIN METABOLISM. 

"Many hypotheses have been advanoed to ao-
-----------------------------oount for the various ohanges observed duri·ng the 

.. ~--------------------. 
oourse of protein metabolism. but until about five ------- - .-------------=-~------.- .. ~.-.- .- .-
ye.B.rs · ago only two were r-eally oonsidered. j 
~----------~~--~------------------~~~ 

These 

two were put forward by Vo1t in 1867 and by P~luger 

in 1893 respeotively. Previously the theory advano-

ad by LieQig was almost universally aooepted. 11e--
big oons.idered that the protein of the food was the 
------------------------------~--------one essential material, that it entered the organism 

-' ~_...... ____ - ~.--- ~ ... ____ ;~'S:~-..c;;.:JQL'''':j, 

without having underg~~e · 9 ~very serious ohange dur-
~------.~~~.~~ 

ing digestion and that it immedia~el and direotly 
--------------...-----~.- . 1 
replaoed the effete materi 1 of the tissues." 
~ 2 - ~' ... ...--

"Voi t put forward the view tha.t the protein 
p~~--------------~,------~----~~-------~ 

of the food after absor tion oiroulated in the tissue 
,..~~_~~~~. "oor _ "_- ......... ___ .... __ - •• ..,., ........ --~~~_ ................ _~~~~~ 

~lu1ds, beoame .oirou1atin rotein and was utilized by 
. _____ -.._~ _ _'_. ______ ~ .......... ~,. ;._~<r,..... ."":'-"-"_~ ___ ..,; _ 

t~e ) : .. 1'Y1~S .tissues wi thou t first beooming an integral 
;! ~. -.;. .... ~ _ _~~.~ ~ •. ~ .. _ ~- c _ ~ .... _ .-~_. __ .. _0. 

part of them. This ciroulating protein was readi17 
,_-~.. :;-~""~"""''f _____ -~ ~~.,,:\~ ~,~ 

brokep dO~wn9 whereas the tissue protein was r~siltant. 
_.......... ~ ... ~ --..... ~ "-. ~~~ ... -r. ~ 

A oertain amount of the tissue protein oonstantly died 

and was exoreted and was replaoed by material drawn 
" .. -~--"'--

trom ·the ai~aulat1ng or' food protein. No ohemioal ~1f-

the tissue 

pro.te1n. " 

1. Qa,.:thoart.. he Ph7 ±eg1- o~ J in lIlet&ho-14:ea. 
2. Zeit, f. Biol. 1907. 49-1. from. Cathoart, "The Phys. eto. 
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"Folin1 in 1906 advanoed an extremely in­

teresting and ~vaiuab1e theory based on the " l aws whi; h 

governed the oomposition of the urine. He oarried 
~~~~--~-~~ " ~~~~--~~--
out a very elaborate series of analyses of normal urine. 

obtained from subjeots on standard diets, (1) rioh in 

nitrogen and (2) poor in nitrogen, both diets bei~ prao­

tiaal1y free from purine, oreatin"e and oreatinine. He 

'said that there were two forms of catabolism which were 

~.s8entia11y in~ependent and quite different. one kind 
... ~- . .-.-..-. 

is e~treme1y va!i~~le ~E_ qu"~nt;~y, "~ ~~~~~~!! ~~l,ld ~~t9.",­

remain oon8tant~ .The one kind yields chieflY ,urea and 
............ --... ~ ~.:....:.~~. ~ ...... .:.~_ ..... ,....,...". . .,<.~"?f:.""" "" ~~ . ~~t"~ ... .o::-

in or anie su1phates, no creatinine and probably no neu----- ~--'-~--~--~ 
tral sulphur. The 0 ther, the oonsta ___ n.,;£t ... ~._oa_.!. ~bQl!~ is _---u-----· 
largely represented by creatinine and neutral sulphur 
---....-.--..-.., ___ --~.., _~_ 1:."'-- --..: ." .~.~-'-"" ~~--..."..,......--., .. --.,., ........ _,.........~..--..-J 

and to a les8 extent by urio aoid and ethereal sulph-

ates. The more the total catabolism is reduced, the 

more prominent beoome these representatives of the oon-

stant oatabolism, the le.ss prominent beoome the two 

chief representatives of the variable oatabolism. To 

,-~~~_h.e~h~a~s~given the name of tissue or 
---------~ 
endogenous metabolism and to 

or exogenous metabolism".2 

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

intermediate 
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"The digestion of protein is essentially . . -

a prooess of oleavage and hydration under the influ-

ence of oertain enzymes. By this prooess the oom-

plex proteid moleoules are part;ially broken up into 

simpler one s. By the aotion of pepsin in aoid solu-

tion, we obtain albumoses and pept~nes while the tryp­

sin of the panoreatio juioe, at _ lea~t outside the body 

oarries the oleavage still further, ~roduQing orystal-
~. ..-c." . ,.. ..... ~. • . .. , - .e. -::~ ...... , ~ 

line, ni ~rogenous bodies .. of oomp~ativelY simple oon-
.. - - .. _. - ..... -:, .,~ _ .......... ~.~~ ..:.e-~-A'~ _"_.,. _.':': ':' 

_~ ~~it.1l:.t ~i.2~~-. ) Opinions are still more or less divided 

as to how far these prooesses of cleavage and hydra-

tion are oarried in the aotua1 prooess of digestion, 

where the produots of the aotion are constantly being re­

solved, but there are not wanting indioations that it is 

both less extensive and les8 rapid than in artifioial di-

gestion. It likewise seems to have been demonstrated 

that some soluble proteids are oapable of direot resorp­

tion without ohange while others are not and some, not­

ably ossein, are promptly ooagulated by the' rennet fer­

ment, apparently expressly in order that they may by sub-

Jeoted to the Botion of the d~gestive ferm·ents. 

general way, the statement appears to be justifie'd that ._--------.. _---------
the larger share of the _~Q~ei~ material of the food i8 ---- --_. --.--~- - - -1'--- -~., .. ------.- ,-~----- -~- ----
resorbed as albumoses or peptonee". __ --

--------------------

1. ' Ormsby, Prine of An. Nut. p. 38. 
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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 chemioal investigation, stimulated 

by the introduotion of new methods of research, has be­

gun to make the conoeption of these fundamentally im-

portant sUbstanoes more exact. 

It Will nc~ be _ ~he purpose in this work to 

give a thoro discussion of the various proteins as 

food stuffs but merel to show in a brief way Borne of - -------_._--- ---.-.. ..-.,-------~----- ---'~--

the results obtained experimental~x __ ~p to _ ~Ai~_ti~ ____ • . _._ 
-1 - --- --- --- ------

The following table _g~~~B the_ ~~r cent of urotein ut-
~--- ----- . --.- '~~---~-. -- -----,.---
ilized in various foods:---- - - -----_.-x Charaoter of Diet 

Animal FOOQ.8 . 

Cereals 

Legumes, Dried 

Vegetables 

Fruits 

Vegetable Foods 

Total Food 

Per cent Protein 
Utilized. 

97 

85 

78 

83 

85 

84 

92 

1. Atwater & Bryant, Rpt. storre Agr. Exp. sta. 1899 p. 86. 
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In experiment. on man and doge, Mendel and 
-------~~---- -- ·'-~""---:"'~_r ... ",'-;'" --.. . ~~--.:. 

Fine l showed that Gliadin, Gluten and two oharnoteris-
~-- ----.~~, ....---~-- , _..... . - .~ .... .,..-", .... . ... -.'- --..,...,-.. - .-~ - ... - -.--

tio proteins in wheat, Gliadin and Glutenin, are as 

thoroly utilized as ni r._QgenQJ1.B oomponents of fresh 
----- .. _ ... - ... .,.~- ...... -------- '_Y--..--... ~_-. ..... 

meat. Japanese literature review by Mendel and F~ne2 
shows t~t ~~~ -~-r~~~-ofb~~lei--i~ '-- 'f; -~m '40'~ to '76 pe;;-~--' 

, ---------- --- . ..:... - ~ .... --
oent digestible. 

~ . ..--
Malfatti3 found the digestibility of the pro-

• 
tein of maize to be 82 per oent. Rookwood4 working 

with dogs found the utilization of zein to vary from 

78 to 90 per oent. Corn proteins partially purified 

were aomewhat les8 thoro~ utilized than meat proteins. - ---.. ---------.--•.. --~---- -..... -- --'-' ..-._ ..... -. ~ 

He pointed au t ', however, that this small di fferenoe 
--------~-----------

ma~ in great part be attribu~d the oell residues r -----------maining in the oorn preparation em~~dL. ,-
It is reported by Mendel~ that the legume pro-

tei,ns are les8 well utilized than a number of the other 

vegetable proteins. He suggests that these results 

should not be taken as oonalusive beoause of the limited 

amount of work that has been done on the pure proteins 

from legumes. 

W11loqok and Hopkins,6 fed mioe on zein to-

1. Jour. of BioI. Chem. v. ' 10, p. 339 
2. " "» ""»"" 
3 • " "n """ p. 346 
4. Ame~. Jour. of Physiology, XI, p. 355, 1904. 
5. Jo~~. of BioI. Chem. -Vol. 10, p. 457. 
6. W~t~~~ok & Hopkins, Jour. of Phys. 1906-7, p. 88. 
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gether with non-nitrogenous foods and oompared · 

their length of life with that of mice which had 

received tryptophane, one of the missing f.ragments 

of the imperfeot protein. Zein was shown . to be . -quite unable to take the plaoe of a normal protein, 
-~----.-~ -.. -~ ..... ---"'-------.... ~ .,.".,---

like casein in maintaininjt h~ 
~ --:.-_- '_.-- -~ .... 

1 ' . 
Falta and Noeggerath reoorded the ohanges 

- ----._-- ---~-- ----'""---'""- - .... __ • ___ '-':._ - ___ 0 ~ 

in weight in rats kept on dietaries oontaining nitro~ 
_--- _. .. . 'W._...., ______ ""_ • _ 

ge~ in the form of isolated (oommercial) proteins; oval-
..... __ _ ,_ • 4/0. - o,L-~ - . .. - ....... - ....... --- - - __ _ ____ ----.....-,.,~-__.... .. _1;, -==_...- __ ........ _ "'- _ .. _~_ ~_. _ • 

bumin, oasein, serum al~~_~.rnm-gl9bulin, fibrin, - - -- -" _. _., ,,_._~ ..... -- -~- "- '-'--_4--
. ---. -........----~ ... -.~ .... 

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

of oelluloae. Neither these individual proteins nor 
- ------- -- ---

mixtures of all were ade us. te to keep -the anin;als alive 
~ - .-- .. - .. ...-.~. . .. -" ~- ~ ' . ... .- ........ ;-.... ~ .. -' 

~~er than=94- days ~nder th~ . most favor.a?"",!~_. ~onditions. oj 

In most oases, a gradual steady decline was notioed ' 

thruout the progress of the experiment. Death ocoured 

when the animals had been reduoedto tw~~irds or 

t;ee-f;;~~S + of t-heir~--i~i ti~l weight -a':-- - - --~. --,' ~-

MCCOl1~2 fed both young and full grown rats 

on oomp1ex artifioial mixtures, in whioh edest1n, zein. 

and sometimes casein were the Bole so~oes of nitroge~. -

The chief diffioulty enoountered was ' that · of amorexia, 

whioh the author attempted to overcome by frequent . 

ohanges in the oombination of food stuffs used and by 

1. Falta & Boeggerath, "Hoffmeister's Beitrtlge zur ohem­
ischen Physiologie, 1905, VIT p. 314, from Carnegie 
Inst. ·Cir. 156. 

2. MCCollum, Am. Jour. of Phys. 1909, xxv, p. 120. 
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addition of flavors. Some of the trials extended 

over more than lGO 'daye without deaths, but the rats 

failed to maintain their weights, even with the most 

persisten ooaxing of the appetite. 

He also did Borne work on the growth of young 

rate. They made considerable gains in weight in ex-

per i rrJente wi th the pr ote ina ment ioned t wi thou t oasein 
-

in one series and with it in 'the other and extending 

over from 56 to 127 daYB~ MoCollum concludes that 

"the palatabilitY _Qf the ration is the _most important 
- - -----' - - -- . - -• . - .'-= '. .'. - - . ~,. -

faotor in animal nutritio APd the failure of previous -. r.....-:- ._ ..:...._ .......... ~--...--•• ____ ~ .. __ ..:.: -............~._ _~ 

efforts to maintain animals on a mixture of relatively 
~- -.--. ---~.. ,......: .. ~ ~ ':!.~ - - ..... ,....,...--.--

pure pro.imate constituents of. our food stuf~B- . .was. due ----..... - -- ... -~;..- - '.- . 
to t lD." of palatability of such mixtures." --. 1- . 

Osborne 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-

anoe without growth. Maize Glutenin as' the Bole pro-

tein oauses a rapid inorease in weight (slightly great­

er than the average normal rate of growth on natural 

mixed food). The deficienoy observed in the practical 

feeding of corn meals is probably explained by the pe­

culiar ohemioal constitution of zein (entire absenoe of 

1. Osborne, Soience, 37, pp 185 - 191. 
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tryptophane and lysine) whioh forme suoh a large 

part of the protein in corn." 

PROTEIN REQUIREMENT'S 

Until very reoent years and to a oertain . 
..------------~-~-~-.~---..-~-----.-- - -- .. -

extent now. the prot~ilL-.m:.CLb1emie ~QJl.~.DlJAoh is neo--- . ~ . . ~- .~ 

eesary in the food of various animals to produoe nor·-
---------~~~ ...... ~~: - ~~'""':~~- - ~~~' '''~ , -.j(~.-~ 

mal growth". Later in the paper, this will be dis- . 
__ --=-..-.....-~~ ~~~¥'f'"~~'=-~.;;;-~ ... ~-""F .... ~~~~~ .... ::;,':-~~#-.~ .... ~---"-....-. ......... -... ... "" ................ ~:.,._.c-- •• - -:.. 

ousBed in oonneo~-!?""'~..,.,~W.!.~.h oa ttle.,. e~Jlaa·i·al-l'Y--~wit-h··· - ·-..... 
. ...._ ~-r-~.-- " ~"~-.."", . ..,.,. ~ ...... ~"' .:. 

_:p __ 1..:-- ~"...r-_-."...-- - • .-'" 

dairy oattle. A enera1 idea of the amount required 
-------~~"'-~-........-.. -. 

by Bome smaller animals follows:-
\....". .. , ___ ,.......,..-... "-.-~ ""'" - -·~i~·-""""'>- .......,- .. -...,~ . .i .. :..::. .... ~~..-.1:_.......w--_ ... -:-~-.-.....-----..---... .. - ~-.,..-• ..-• ..: ...... 

Voit in an experiment With laboring men 
--------------------------~-, found that for average labor and average Sized man re-.-----.-.- ..-.. - ._--,.. -

quired 118 grams pro~eid, 600 grams oarbohydrates and 
~...,...-:r~- ~ .-:- .... '~-""~~''':- .......... ~:" _ ...... ---.._-_.-

66 grams of f~~~pex-Aay to keep up the body weight and 
~ _-yi ..... -....:;. -..,.' ... ~.,. . ~ ""--=--,,,,:,,_ •• 1'i" ..... _ ~~ .,''''' __ , _.. __ -

keep him ~n good oonditioDL 
--.. --2 Rubner in a similar experirrent and same olass 

of work gave the requirement for ~rotein as 127 grams. 

While Atwater2 under similar oonditions gives 125 grams 

as the protein requirement. This shoWS some slight 

differenoe of results but there is enough similarity 

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

" 

1. Phys. "des. Stoff. 1881, 519, from Lusk Soi. of But. 
2. Rubner; Von Leyden's Halla lloh Die Ernahrungzther.ap ,," 

1903, Ed. I. p. 74., fr~~ ~ usk, Soi. of Nut. p. l7~ , 
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1 Experiments at the Illinois Station 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 0.56 pounds 

during about 7 weeks, then reduoed to 0.45 pounds during 

the next 4 weeks, and then du'ring the fo llowing 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 reduotion from 0.6 
and 

. pound to 0.36 pound/then another 7 or 8 weeks period of 

0.4 pound. Thus the reduction continues until the hog 

reaohes maturity at 2 years of age when only . about 0.2 

pound of digestible orude p~otein is neoessary as a 

daily allowanoe per hundred pounds of live weight. 

Influenoe on Growth of Swine of Amount of 

Protein Fed -- Numerous practioal feeding trials have 

led animal husbandry workers to hold that growing ani-
-~ - -' - ---------~ --- -- -- - -- ~..--

'male need for the most eoonomica1 production a relative-

1y narrow ration, i.e., Prof. 

MoCollum2 has conduoted metabolism experiments with 

pigs to determine the influence of the amount of pro­

tein in the ration, otner factors remaining constant, 

on the tendenoy of young pigs to retain nitrogen for 

1. Ill. Cir. No. 153. 
2. McCollum of Agr. Che~. Dept. of un1v. of Wis. in Wis. 

Researoh Bu1. No. 19, page 24. Rpt. of Director 1911-12. 
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growth. All the animals reoeived rations supply-

ing the Bame 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 maintenanoe. When 

5 times as muoh protein was fed as was required for 

maintenanoe, making a ration having a nutritive ratio 

of l:ll, only 10 per oent of the nitrogen fed was re-

tained. When twioe as much protein was supplied in 

the food, 10 times the maintenanoe requirements being 

fed or a ration with a nutritive ratio of 1 : 5.5, 

23 per oent of the nitrogen in the food was stored up 

in the tissues. When the .amount of protein was in-

oreased 15 to 20 times the amount required for mainten-

snoe, the same peroentage was still stored. In other 

words , l.w~.en_ ~.h~ 0><_ v~.r~ . naz:row nu tr.i ti ~_~ z;.r_a ti~!l of l. , l 2.7 

was fed supplying 20_ time lt. th!",-"pro 'tein regyJ.red for 

maintenanoe, over twio~~ lar~ _~ p.erQ.entage. o.f .~he_ 
.-~ 

protein . was stored for 8!owth as on the wide ration. 
~. . . -~- •. -- -~;.--.,-.- ------_ ..... ,._-<. -:: 

... which supplied only 5 times the maintenanoe requirements. 
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PROTEIN REQUIREMENTS OF GROWING CA~TLE. 

In disoussiD.! the protein re_quj .. r.~JAentB _. of -
-:.~ - --_ .... -"' ..... _". -.. ----...--.- .- .-. ~ - - _. .~ ..... -

growing oattle, there are 8eve~a1 t s that m~st be 

considered, suoh as Bize, age, rate of growth, olimate 

and character of feed. 

Size -- It is a generally conceded fact that 

animals require more feed as they grow both beoause of 

the nutrients used in the process of growth and beoause 

of greater maintenanoe requirements. "There is oon-

siderable va~iation in maintenanoe requirements of dif­

ferent in~ividua1s of the Bame Bize and speoies kept 
~ 1 

under the same conditions due to temperment". For ,..... 

example, restlessness causes greater musoular activity 

and thereby inoreases the demand for food fuel~. A 

quiet animal requires lese food for maintenanoe than a 

nervous, active one •. This is well illustrated by t~ ....------.. -------~-----= 
maintenanoe requirements _Q~ _~ff.t'tent ei ~~g n()~ 

Bok1es2 has oompared two cows, No. 206, a Holstein we!gh-
------------------------ -- ----- -
ing 1319 pounds and No. 27, a Jer Bey weighing 8.99 poun<1.8 / 
--- --------------~- ,.. ... _--.- ----~. ---......... ~ 

in the amount of energy in therms re uired for Bustain-
r-- ----- --.- -'-- ~ 

ing body weight. The smaller cow reoeived but 2120 
~-'-~ ----------------
therms for maintenance while the lar!er Holstein re-
- . ...- ...---..-

quired 2887 the ~s energy. While it . is probabql true 

1. Henry, Feeds and Feeding,' p. 73. 
2. Researoh Rul. No.7, Mo. Station. 
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that the maintenanoe requirement does not vary dir-

eotly With the weight, of the individual, yet it ap-
• peare that the two are closely oorrelated. 

Ke1lner1 shows that the ox in good oondition 
~ -----------~ 

especially. when fat r __ e~<~ir~.es a larger ration for main-
.--------. - - .. ~ 

tenanoe than a lean one of the same body surfaoe. 
-~-- -------

Maintenance requirements Tary with the size 
- '2 

and weight of the animal. The ~ss of heat a ener-
>---

gy from the body is at proportional to the size or 

weight, but rathe , 0 the body surfaoe. 

requirement for maintenanoe depends not upon the sur-
-

faoe of the body of the animal but direotly upon its 

we1ght.3 

.. M=. -- S"inoe 

direot oorre1ation with 

of animals run in 

what has just ~een 

given in referenoe to size need not be repeated, and 

aan be applied the same for age. 

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

male differs very widely with various breeds and with 
4 

Minot says, "a calf individuals within the breed. 
'7 

r 
at birth weighs about 77 pounds and ,the average daily 

inorease during the first 2 years is 1.6 pounds." 

1. Landw. Vers. stat. 50 (1898) from Henry-Feeds & Feedin~. 
2. Henry, Feeds and Feeding p. 73 (1910) 
3. Kellner, Ernlhr. Landw. ]mtztiere, (1907) p. 410 - from 

Henry - Feeds and Feeding. 
4. Marshall, Physiology of Reproduotion. 
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body of the young growin~ animal undergoes a rapid 
~-----------------------------inorease in protein y~eSUe8 and bone but that of 
-------~ ~ -- . -- ~ --_ ... ---------. ---.... -_.- ~-.-.............. --

the mature animal ie normally in equilibrium, i.e., 
-~ ~--- --~- - ---~ ----,--~ 

the protein out-go equals the protein intake, there 

Equilibrium is not possible with young animals. , 
~ 1 

Waters of the Missouri Station experiment with year-
oc-oc----------------------.~----------------
ling steere, has shown that young animals fed scanty ,.r--- ---- - ----- ---.. ---,.------- ---- - -------~ -~--

rations inorease in hei ht even tho 10 . ~weight. J - -----.-.-------- ~ With insuffioient food, some of the organs or parts 

may continue to grow at the expense of others, a pro­

oess whioh if long oontinued, results in injury or 

death. "An abundant suppl essential 

for the formation of the rotain tissues of the body 

and minera 
,.,.---.-- ----,.-... .:.. 

the bone.,,2 

matter is neoessary- for the framework_ f 
~--

Climate -- Dairy cattle properly cared for, 

the weather oonditions in winter would have very little 

effeot on them, but aninJsls exposed to the weather show 

a notioeable differenoe in the rate of growth at times 

from those carefully housed during the winter. cold, 

~~~~~~~ari8bly ~o~~ ___ ~o_w_th on animals 

gettin ----.. ---- kind. ,/ The food is 

1. Froo. Soo. Prom. Agr. Sci. 1908. 
2. Henry, Feeds and Feeding, p. 71. 
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utilized for heat when it otherwise would be used 
---------------~~--------. --~~--~~----~ 
for growth. Fattening animals being fed all thei~----

want of a good palatable ration are not effeoted 

seriously by the oold beoause their appetite is in­

oreased and they eat more teed. 

Cha~acter of Feed ~- AS has been shown in 
PW 

--------------~~--~-the paper so far, the oharaoter of feed is an im------portant faotor influenoing growth in anirrals. The 

oharaoter of proteins as given earlier is of import-

anoe but need not be disoussed 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 Tequirements of growing cattle. Some 

of these have been estimated from aotual experiments 

with various kinds of animals while others have been 

caloulated from a basis of one class of animals, name-

1y, -beef steers. 

Haeckerl of the Minnesota Station after a 

thoro experiment on "The Food fot- Maintenance" with 

dairy cows suggests the following: "It is tentatively 

sug«eeted that the food of maintenanoe for a barren 

------------------------­dry oow when at rest in the Btall be expressed in nut-------- --------- ' ~---..----.----
rients of 0.6 of a pound of protein, 

1. 'Minn. Exp. Sta. Bul. Ho. 78. 
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b~o~h~y~dr~a~t~e~s~~~~~~u~n~d of ether extraot per 1000 

pounds live weight and when at work in a dairy with 

~y goo~are a~ oomfortable quarters O.~ 
--------------..---=----~~""O_ ". ___ ~ 

a pound of protein, 7.0 pounds of oarbohydrates and 

0.1 of a po,:,~un:=-d~1I!I~~: extrao~ be ,allowed per 1000 
o. ~iieJ · .~~~ ~ 

ht or one-tenth as muoh per owt. t1,. 

~~a.so:~.....- .... ""::~~ ~~ 

Digestible food nutrients required by 

Wolff-Lehmannl feedi~ standards for growing dairy 

oattle , are as fo1lows:-

· Di~estib1e Nutrients · · · Age, mo. wt. :Proteins:Carbohy- Ether 
\ Lbs. · drates Extraot: · 

2 - 3 150 ' . .60 1.97 0.3 · 
3 6 300 .90 3.87 0.3 

6 12 500 1.00 6.25 2.6 

12 18 700 1.26 8.80 3.3 

18 - 24 900 1.35 10.99 4.5 

From this table, it is very evident that 

there is a marked differenoe in the amount ofprot&in 

required by growin! and rna ture animals. 

The standard used at the Missouri station 
~ ----------to base this experiment 

by. . The tables ae set forth by Armsby oan be used to - -----

1. Georgia Exp. sta. Bul. No. 90. 
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good advantage for most classes of animals. 

The following table as oaloulated by Arms­

by is self explanatory: 

Estimated Requirements Including Maintenanoe 
1 

Per Day and Head for Growing Cattle. 

Lbs. :Di~estlble 
Age . Live : Protein Ener!y Value . 
Months: Weight.: Lbs. Ther;IDs 

3 . 275 1.10 5.0 

6 426 1.30 . 6.0 . . 
12 650 1.65 7.0 

18 850 1.70 7.6 . .. 
24 1000 1.76 8.0 

30 1000 1.66 8.0 

The author suggests that ~n using the above 

standard the weight of the animal should be oonsider-

ed rather than the age. He further states, "The fore-

going data refers to what migh~ be oalled normal grow­

th in which the animals are kept in a good thrifty 

oondition but do not become fat. If any oonsiderable 

fattenins is desirable somewhat heavier rations must 

be given in proportion to the amount of gain made, be­

oause the inoreased gain in fattening animals oonsists 

1. U. S. Dept. Agr. Farmers' Bul. No. 346. 
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to a very large extent of fnt and therefore means 

the storing up by the ~nima1 of more reserve energy". 

From the above table, it is evident there 

1-8 a gradual inorease in the protein requ1rem'ent un­

til the animal is two years old or past, then it seems 

to lower slightly. This lowering may not always be 

possible, however, beoause all animals do not reaoh 

their maximum growth at two years of age and until 

that stage is reached, there is bound to be a high 

protein requirement. 
1 

Fingerling from e~~~r1men~~~ . s~~~es m~4jt. 

~n young oattle of modern high grade stook oona1u~~B: 
_ ..... ~ __ _ . ' , _ ,......... - .... . ..:1_~ ....... ~ • 

"Firat, by feeding 1.5 kg. pure protein per 1000 kg .. 
~ . . - - --. - --' .--:- -_. _ -- - -.. _-- ,-------- .. -~-~. 

body weight to youngaa1vea the same nitrogen addition _.---= ______ --~ .......... ..-~ ..... --~ ._5) 4.~~_~ 

was obtained as when a higher protein diet of 3.31 

kg. per 1000 kg. body weight was fe.d i~ _.~d~i_t1on to 
... -"ft_ -..,. .... .... _~ 

raising the ' staroh ration 12 - 13 kg. seoond, the pro-

te1n whioh was supplied above what was needed did not 
, " • .- .lr_ J::';".\ .. '!l ....... "'· •• ·,: .,..·,,_r- ... .. ";.., "'r~ -:..;.. ~,.;:,~.:-~ " .. - ~..::"",,~ -~.:t. _ "~--'-__ """"".;o,._ 

rar8;·~-the protein adeli tion in the animal but aaused an 
~ _ ...... -z,.. T..- "'. .... - ..-_ ___ , ~~.,_ ., . ... _ . ~ __ ~ ....-~ 

inorease in protein des~ruation. Third, the eliet of 

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

est nitrosen add~tion was obtained. For the maint~~ 

anoe of l~fe, the protein requirement was low". 

--------------------------------

1. Land. VerSe stat. 76 p. 1 - 74, From chem. Abs • . V. 6, 
No. 13, p. 176. 
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stor eriment stationl oonduoted a 

test to determine the amount of feed required by _ 
~-------' rom 
dairy heifers birtb until 2 years of age. During 

the second and fourth 6 month the animals 

_w_e_r _e __ on~~ __ ~ __ ~ The ayerage 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-

te1ns was 1.64 pounds. The average gain for the 

Jerseys and Guer·nseys for the thir.d period was .84 

pounds per day while by the Holsteins it was .95 

pounds per day. During the first 6 months period the 

Jerseys and Guernseys re quired .59 pounds of digest-
--~----~----~.--- ~~~ -

- -----ible protein and 2.20 therms energy for a pound of 
_~______ .~ -.'" - - .......... ;0:"'_. ~,.. 

~ ~ --------
growth while the Holsteins re u.ir~d .33 pou~ds of di-

gestible. protein and 1.52 therm, energy for one pound 
.... .:t!" , _~ '~'-..."...-.. ___ 

of growth. During the third period the Jerse~s nd 
----------~---~-------------

Guernsey~ re uired .96 pounds of ~igestible protein 

and 5.96 therms of energy for one pound of growth. 

The ,Holsteins re est1ble protein 

and 5.76 therms energy pe.r pound of growth. --- The results of the data show olearly that as 

the animals .g!'ow older a pOllnd of· growth inoluding 

maintenanoe requires more nutrients. 

Borton2 of the Michigan Station gives the 

1. storrs Agr. Exp. Sta. Bul. No. 63. 
2. Michigan Agr. Exp. sta. Bul. No. 267. 
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reoord of the feed required to grow a number of 

dairy heifers • . J 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 oaloulated in digestible protein and en-

ergy value. The animals gained weight at the rate 

of i.5, pounds daily during the first year of their ----.. -~----. ..... ,} 

life and it required .54 ()Unds. of cl~ge~til?;Le .. pro- _ . .-----_. --~.-.----
~ein a~d 2. !~. t~~::~s energz ._ ~o produ~_~ this daily 

In eattle feeding experiments in Britain, 

H. Ingle l found that on an average from .8 to 1.0 

pounds of digestible proteids per day for .lOaO pounds 

of live weight was suffioient for the needs of a fat-

tening bullook. Larger amounts involved unnecessary 

expense. 

Jordan2 of the Maine Station reports an ex­

periment with growing beef steers beginning with oal-

ves and feeding to maturity. 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 

·of growth and oharaoter of flesh produoed. 

Four Shorthorn calves were selected for the 

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

1. Highland and Agr. Sao. scot. 5 sere 22 (1910) pp.168-177 
2. Rpt. Maine Station 1895, p. 64. 





-21-

were divided into two lots. The four steers were 

fed alike at all times on roughages the differenoe 

being in the grain reoeived making the low and high 

protein. The roughage consisted mostly of timothy 

hay, some fodder oorn and oorn silage being fed dur­

ing the first winter only; The concentrates were 

as follows: lot 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 foroe 

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 oarried 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 reoeiving 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 oalves were buildin~ up flesh and 
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bone, the high protein ration was muoh more effeot-

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 effeotive 

as .6.l6 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 prote.in steer against 7.08 pounds 

for the low animal for one pound of gain. While the 

high protein ration was more effeotive during the grow­

ing stages, the one with leB8 protein but more oarbohy­

drates proved the most effioient by the end of the 27 

months of feeding. 

Jordan conclu~esJfrom ~ this experimen t "that 

rations high in protein were more favorable to rapid 

grQw~h and finer general appearanoe of . ~ni~l~ when 

young than rations high in oarbohydratesand 
--~------~~~----~--~~~~~-~-~ -

protein. "I t appears that when the protein poor ra-

tion oontains enough nitrogen and ash to sup 1y the 80-

t~8l demands of the body, the animal oarefully oonserves 

them, being enabled thereby to fulfill the laws . of_. ~a-

------------~-.. - -
ture as to growth. No doubt if the steers getting 

the least protein and ash had been supplied with less 

protein and ash tha~ nature requires for good body build­

ing, they would have plainly shown it by an abnormal 
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development; but fortunately, such oonditions were 

not laid down in this experiment". 
1 . . 

P. N. Flint of Georgia has oonducted 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

in~ the first period, lot 1 oonsumed an average -of 

.48 pounds · of digestible protein daily, lot 2, 0.60 

pounds and lot 3, 0.80 pounds. Lot 1 made an ~ver-

ga gain per animal in 88 days 'of 69.4 pounde, lot 

2. 72.4 pounds and lot 3, 98.4 pounds. When oalou-

lated per 1000 pGunds live weight, the ratione of lots 

2 and 3 eaoh oontained praotioally 15.7 therms en~rgy 

value and ~t 1, 14.40 therms. During the seoond per­

iod, the ayerage ration of lot 1 oontained per 1000 

pounds of live weigh~ 0~10 therms more energy value 

than· the average ration of lot 2. In respeot to di-

gestible prote·in on the other hand, the average ration 

of lot 2 oQntained per 1000 pounds of live weight 0.77 

pounde more than the · . average ration of lot 1. The 

average gain per animal of lot 3 was 111.4 pounds while 

the gains of l otq 2 and 1 were 96.4 pounds and 68.9 

pounds respeotively. 

1. Georgia Exp. sta., Bal. No. 90. 
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Digestible Protein consumed Daily; 

Average Gain per Animal -in 88 Days, 

Rations Caloulated on 1000 pound Basis 

By Lot Numbers 

:Digeetible: Av. gain:Energy val-:Av. Gain 
:Protein per .:ue per _per 
:Coneumed An ina 1 :1000 lbs. AnimaL : 

No. : Daill 88 dals live wt. 2d Period: 
Lbs. Lbs. Therms 1bs • 

1 • 48 69.4 14.40 68.9 

2 .60 72.4 . 15.70 96.4 . ' 
3 .80 98.4 15.70 111.4 

"During eaoh period the r a tion of lot 3 oon-

10rmed more nearly to the WOlff-Lehmann feeding stand­

ards whioh were taken as the basis of all work. This 

lot also made the greatest gains" . 

From the work reported above, it is very 

evident tha there is wide variation in pr~tein re­

qUirements in various seotions of the United states 

and that very few of the experiment stations agree 

on anyone standard. 
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AMOUNT OF PROTEIN IN RATIONS 
----.-- --FOR~CATTiE.--·---'-~-· -

Little data is availsQle regarding the 

amount of pr9tein in rations fed growing animals. _ 

Below is given a list1 of some of the most important 

feeds with their analysiswhiah shows the . varying a­

mounts of protein in different feeding stuffs: 

~---------------:~D~i-g-e-a-t~i~b~l-e----:En~-e-r-g-Y~V~a~l~u-e--: 
Feed 

~ay 
Alfal a 

Clover 

Timothy 

Cor'n Stover 

Cowpea Hay 

Grains 
Barley 

Oats 

Corn 

B~-produote 
Cot onseed Meal: 

Roots 
Carrots 

Mangels 

Rutabagas 

Protein per 
per 100 Ibs.: . 1001bs. 

6.93 

6 .. 41 

2.06 

1.80 

8.67 

8.37 

8.36 

6.79 

35.16 

0.37 

0.14 

0.88 

34.41 

34.74 

33.56 

26.63 

42.76 

80.76 

66.27 

88.82 

84.20 

7. 82 

4.62 

8.00 

1. Pa. Exp. stat Eul. No. 346. 
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The hays given here are the prinoiple 
,.--------- -----

ones grown and used in the . United . States and re'pre-

sent the feeds containing extreme peroentages Qf di-

gestible ;:tei~~" : ~~ " : ~ a:~::r::; that[;'hen;;:;~"""re-
latively low in pero~nt of protein, as timoth hay or 

art of the ration.lit is im­

porta.nt that feeds high in protein be supplied -to make 
-------...:-.~~~.--:--:-~.-~. ....-..~ -.~ . .,.,... ~~.-

up the neoessary amount 0 protein for the average 
/"--------~ 

~~ ... ","~~..:. .... -.-- .... ~ ~""""'~~~~...!.N~ 

g~",~~""n~ dairy heife~ • .1 :-On the other hand, if feeds -
high in protein, as leguminous ha s, are used in a ra.-

oontent. --
The grains given are nearly equal in their 

peroentage of protein, all being fairly high and able 

to add oonsiderable to any ration. In feeding a rough-

age oontaining a low percent of protein, barley or ·08. ts 

of the grains would be preferred and in addition to this 

a by-produot as oottonseed meal whioh is extremely high 

in protein. If alfalfa is fed, less protein in the 

form of .oonoentrates is necessary and a grain lower in 

protein, as cor n, would be the most satisfactory. 

Roots add ver rotein to a ration but 

are helpful in other ways that their analysis does not 

--~-----------------------------------------~~-----------show. ~ They shoUl~ 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 ex perimentally. There-

fore, it is difficult to state definitely whether oer­

tain rations contain suffioient quantities of protein. 

The best thnt 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 ~o-

tein described as neoessary for normal growth. 

A study of the rations suggested by various 

experillient stations over the United states shows that 

there is a great variation in the amount of protein ao-

tually fed to growing cattle. The$e experiments do 

not give the weight of the animals and often not aotual 

age so a direot co~parison as to the amount of protein 

per pound of gain "or for anirrals of a oertain age, is 

hardly possible. 

The Purdue 1 Experiment station gives a ration 
~--.J,.-~~~' ''' --'''''' .~-- ... - .-. ...... :' •. "' .• ',.-._.,-, ¥ ..... ",- •• ", .. - .- ..... .-:-..- ' ... , "-- ... .. ... ~--. _ ... ..... _ _ ... _ .. _ . 

for calves, yearlings and two-year aIds consi4ting of 
, __ ,"""-' ., .. _ ... ........ ____ "'-... ..-....~--.------ ................ -- • .,.--- ..... - . 00<"_ ... <.:_"'._ ....... ....... 

~_led c~ ~:--"otton~~~_ me!l_. ~n.~~~~y:/ The ra-

tion for calves c2 n~,~i~~0~., ?9 .~ ,.J~ .. <?~~~~s pro~ein and _____ .... -_~""--- w.___ . . '0. '"""-: • • 

6.180 thermB energy per pound of gain. The yearlings 
_ __ '_pj~- ~,- ... "'(":""',l-~:.\ ....... ~ ~ .t ..... "'~ ... "'._ ............. ""'''$~.F--~ 

reoeived 0.970 pounds prot.~1n ,a.nd 7.529 therms energy 
_-----------.--...,... 'to~-..~' .. ".......,. .- ••• '--..... ~ ... '" .... I ..... - •. • ;;:::.. ..... ... __ • ___ w...J ., • __ ~ .. r_ ~_ ~ 

1. Purdue Agr. Exp. sta. Bul. No. 136. 
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per ~ound of kg~in while the two year .olds oonsumed ----- - -... -. 

1.204 pounds protein and 9.310 therms energy per 

pound ~! ! ain J The author mentions that the animals 
... ~ .. ~ .'-~ 

made good gains but the weights -were not given. 
1 storrs Experiment Station suggests a ration 

oontaining 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 ae being for growing yearlings. 

Ho ard ' s lD~a~i:!r:zgUJ,J:b-~~i'M!t-.J! ------- ani-

mals from 12 to 24 m nths .of a e wi th an average. weight 

of 800 pounds should receive 1.057 pounds' di_~EL~tible pro-
. " . ~-.-"""'.~ .... 

te~~ \~!~ therms e~e~~~r day to stay in ~O~d~-

di tion". 

.From material available taken from various ex-

peril'!ient sta.ti.ons, it appears too t the rations fed to 

growing animals contains suffioient protein for growth. 

The plaoe we may find animals low in their protein sup­

ply is in tho'se seotions where the OOlI!D:.On feeds are low 

in protein oontent, for example, in the oorn belt where 

the ration is made up largely ~f oorn produots and suoh 

roughages as timothy hay, feeds whioh are relatively low 

in their peroentage of p~Qtein. While animals will eat 

·large amounts of such feeds, the protein nutrients may 

1. storrs CO,n. Exp. sta. "SUI. No. 63. 
2. Hoard's Dairyman, Vol. 42~ 
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not be suffioient for growth. on the other hand. 

seotions of the United states where leguminous hays 

or nitrogenous ooncentrates are readily ~ooe8Bible 

rations are more likely to oontain ample supplies of 

protein. 

EFFECT OF RATIONS LOW IN PROHI1'I CONTEI!. 

In view of the highoost and relative soar­

oity of orude protein in feeding stuffs, it is desir­

able to know the minimum requirement of protein by 

farm animals. Expertmental teats show that the admin-

ietration of a protein food to an animal · that *as pre­

viously fast in! oaused a prompt and large inorease in 
:~ 

th.e ni trogen oleava~e and exoretion. Wl'l 1e but a 

very small portion of the protei~ was supplied for 

building purposes. the result being that before nitro­

.gen .equilibrium is reaohed. tw'o to three times as muoh 
...... 

portei~ must be given as are metabolized during fast­

ing. While the peroentage deorease in the protein me­

tabolism is relatively small. nitrogen equilibrium may 

be reaohed with a muoh smaller supply of proteide than 

1s the oaee in the abeen , of the non-nitrogenous nut-

rienta. It was notioed that a uffioient supply of 

oarbohydrat. 8 orfata in the di~ should praotioally 
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destroy the stimulative effects of the proteids, ~n 

whioh case we might .expeotthe proteid supply equal 

to · the fasting proteid metabolism t 'o be 8uffioient 

to produoe nitrogen equilibrium. 

Experiments have been oonduo,te.d on various 

speoies of animals to determi .. ne the protein minimum. 

In experi~ents C. ·Voit1 found· that non-nitrogenous 

nutrients largely diminish the' protein requ~rement. 

He also found that from1200 · to 1500 grane lean · meat 

per day was re,qnired i to . keep a lean dog in ili trogen 

equilibrium while on ·an exclusive protein diet. When 

fat or carbohydrates were added to the ration, it re­

,uired but 1000 grams and the animal made better gains. 

In the presenoe C?f non-nitrogenous nutrients, nitrogen 

equllibrium was reaohed with quantities of proteide 

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 reduoe the minimum of orude 

proteids to maintain ,the protein tissues of the body. 

Munk and Rosenheim2 both found that when pro­

teid was given to qogs in quantiti'es· sufficient to main­

tain nitrogen equilibrium, they lost strength gradually 

and beoame affected with digestive. disturbances. The 

experiments emphasized the benefit derived from diets 

1. ~t8ohr.Bio1. Vol. V (1869) from Arrnsby's Prine of 
Animal Nutrition. 

2. Mnnk. & Arohiv. fUr Phyaio10gie (1891) from Lusk. sci.of Nut. 





containing more proteid than ju~t enough neoessary 

to maintain nitrogen equilibrium. 
1 B. H. JagervoB8 , in an experiment with 

dogs in whioh a diet was fed suffioient for mainten­

anoe but poor in protein, found that the animals lived 

for a number of months on a diet furnishing as low as 

0.2 grams nitrogen per kilogram of body weight but fin-

ally died from Bome infeotious disease. The dogs' had 

to be ooaxed 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 paid to the protein oontent as a suf­

ficient amount will undoubtedly be furnished. 
2 A D. Emmet and E. C. Carroll 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 conneotion 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 "balanoed 

plane and lot 3 on a high protein plane. The leaf, 

baok, intestinal and jowl fats were taken and chemioal 

oonstants determined. lfthe anoestery, age and type 

1. Skand. Arch. Phy. 13 (1902) p. 375-418, Armsby'e 
Prine of Animal Nutrition. 

2. Jour. ~iol. 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 ·oonstants. of the fats. 

tein minimum in the diets for men. He found too t on --- .... "'".~ . .,.:...-..-- ~ ... ~-

diets low in protein consisting large17 of potatoes 
~--------~----~--------~~~~~------~--~ 
andmargerine. indi vi·duals were maintained in g()od 

=---~-ot __ .,..-=-----.. 'tM'8";..--~~ 

health and nitrogen e~uilibrium was established over ,------- .~---------'" .. -.~"-""'" 

2-ong periods • . 1 T·he following figures for protein and 
~.. ~. " ~-~~--~-~""--'-

oalorifio minima of the diets were obtained on three in-
•• _. - - , •• ~o< __ .~-.----- ~ • .-----"",,~:~---~-_.~ ___ .~--

divj ~".l.a.t. , ._-B.Y~ . ~r~L~.a900-, .stu! and. 26 grams . 
~ -~ - ~ - ~~-......~~ .~~- .... ~---~ - '- ~",,"-.;.-~~~ .. ' 

of protein; hard work, 5000 cal. and ~5 grams of protein; 
---=-~-----.....,---~.--------~---- .. -.~-~,-'- --"'----.-,.~ -.. --~ -, . 

2d, average work, 3700 cal. and 26 grams of protein; 
___ ---~-. ___ ~~~ .........:; .-t;;.--- .. :..-...,.:,~~;::;".~ .. :..,.,. ...... _ ...... ~~ :a.. .. ~"""- ....... "'.-:,,_ ...... ~ .. '_ -',10. .,_~ . ' 

3d, light work, 2699 oa1. and _l§.,,~gr~~~ p~()Jie111 ~.~~.~. reokon--.- ---............ -'""'---.------."---;-...~-.. --..: .. " . . '.-~ -~-- -

ed as grams protetn per 3000 oal., 19.21 - 20 and 18 
_--:=--.-.--::~ . ..-----.,--------.-----. ..~ ~ .""U""'I'"~~'. _ ... ~_~'t:~ 

grams respeotivelY. -1 In subjeot 1, nitrogen equilibrium 
•• ~~ 4 ...",.... - - ,.--. "t""" 

was established if the oalorifio value of the digest-

~~]i~~.......:w~o~rk and 1/34 of that 

for heav, " 
The minimum proteid requirement for growing 

dairy cattle has not been aoourately determined. The ' 

available material on this ' subjeot has been secured al­

. most entirely w1th 'test~ oonduoted with beef oattle. 

1. Skand. Aroh. Physiol. 30 pp. 97-182, Chem. Abe. 
VII, p. 3608. 
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Armsbyl in experiIr. ents wi th steers says, "While the 

data are hardly suffioient to fix absolutely the mini-

mum of proteids for oattle onf a maintenanoe ration, 

they indi~ate olearly 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 uilable to co"mpare 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 proteide on the part of cattle is rela-

tively less than on the part of oarnivera." In all ex-

perimente conduoted by Armsby, he shows a range of .064 

to .098 grams protein per kilogram live weight for main-

tenanoe for animals. 

Haeoker2 after several years study at the Minn-

esota Station found that dairy cows with good care and 
'- ........ - -.... . .... ....or.. t-v __ ___ ... _____ .... _. ___ ...... _ 

liber~l feeding would .c_?n..t~.?~e f:\ _~ood flow of milk for a 
.. .' -. .. . ... ~ 

long period on a surprisingly small amount of crude pro-

tein. However, after some years of auch feeding, their --_ .... 
vitality was practically gone and they became physioal 

wrecks years before they would under normal conditions. 

As previously shown, protein is very essential as a oell 
--- ... ..,.:1ltP--

l. Pa. Exp. stn. Bal. No. 42. 
2. Henry - Feeds and Feeding, lOth Ed. p. 75. 
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stimulate and hence we may conclude .that working ---- - ----~ -
and growing animals need considerable more digestible 

- __ .. _ eo ""in ' .... ~ ~.~ _.~ __ -~¥ ____ _ 

crude protein than the minimum on which they may bare-""" ... ........-., .......... _ .... ______ . . --~_ - ____ ._.a._ __ _ 
ly subauu 

J. Foster l in' a paper on minimum protein re-

qUirements points out that the commonly acoepted pro-

tein standards should not be lowered. He belreves 

that proteins in generous amounts is required on ac-

count of the mineral matter which is bound up with it 

and on acoount of the ' stimulating and simi~ar specific 

bodies whioh are formed from protein by cleavage and 

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

sease. 
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EllER IJ[El1T • 

Souroe of Experimental Data. 

The ma terial used in thi e paper has __ p~~~ 
~~,.,~_ ""'" _ ~ _-:-.-____ ~-----'""""". _"..... ___ ~_ .... _.-_ ._ -~-_......;.;;:Io-'" 

oolleoted from three souro~B; _ ~:t~"ape-o.iaL-pJ;!o .. -. __ . ' ... _ __ ~_Y"~.--___ I ~_' _ - ._r.--..... . 

tein experiment with two animals; se'cond, six , a,n1-:::: ___ -~------------'.::1' .".-2'~_.... _. ---':. ... ,,!:.~.. '.11...~ 

mala ~n a short fee ding period to determin~~~~~ 

lative value of s~~e.-- az: d £lo!_~t hay f2!_~!Pt~.!_t!?:8 

growing heifers and, third, fourteen animals from 
----~ -~~",. - ~~'# -.. - -_........ , ..... ~ _ . . ~--. 

t!le ~~8ht and heav fe d:Jx ndu~t.ed~.'L.~.~~_ 

Missouri Station. 

First:- Two pure bred Jersey neifer oalves 
'.--

were selected from the herd in August 1913 to be used 
----,..~ ... ~ .~--... ~--.~ -,..-. .... -- .......... - ...... _-----' 
- '"for the spe~al protein experiment. One of the two 

heifers, No. 94, was put on as Iowa protein diet as 
the, poorest of protein feeds would permit and still 

. reo.e1ve plenty of energy. The other heifer, No. 91, 

was plaoed on an ideal ration from the standpoint of 

protein and mineral and still remain within reasonable 

ener gy l1mi ts • complete data, inoluding feed tables 

is given later in the paper. Sinoe this experiment 

deals direQtly with the subjeot, it will be taken up 

in detail. 
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Seoond:- Two Holsteins, three Jerseys 

and one Ayrshire heifer of nearly the same age were 
I 

put on feed in November 1913, primarily to deter-
---:.~~--~-:-~~-~~~--- .--- -

mine the coat of rear1n. The heifers were divided 

in two groups as nearly alike as possible.- One 

group was fed silage as roughage with equal parts of 

corn and oottonseed meal. The othe'r gr oup was fed 

olover hay as roughage with corn. The amonn t o:f 

grain , fed was constant, being two pounds in the fo~m-

er gr~up and three pounds for the latter. Varying 

amounts of roughage were fed, the animals receiving 

what theY 'would eat at all times. These 'heifers were 

all on pastu~e and received aome alfalfa 'at night pre­

vious to the time of starting the exp~1ment. ' Com­

plete tables of feed and-growth will be given later. 

Third:- The reoords of fourteen. an1tnals, 

taken fTom an experiment oonduoted at the Missouri 

station to determine the effeot of light and ' heavy feed-

have been oaloulated. The ani-

mala 'used were pure bred Jerseys and Holsteins which 

were divided about equally into two groups. The light 

fede were given skim milk and leguminous hay. The 

heavy fed group re~e1ved wh~le milk, leguminous hay and 

grain, the heifers getting a8 muoh as they desired at 
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all times. They were fed in a dry lot thruout the 

experiment. A little green feed was added ocoasion-

ally during the summer months. The records herein 

repor ted ~i ve the fee.d consumed; weight and gains of 

all animals from the end of the first six months un-

til first parturition. 

Di8oussion of Heifers Nos. 91 and 94. 

DeBo~iption of Calves -- As mentioned be­

fore, the oa1 ves ue,ed for tlie speo ial protein e,xperi-

ment were pure bred Jerseys. The dams were abou t 

the same size but the birth weight of the calves var­

ied coneide~able, No. 91 weighing 38 pounds and No. 94 

53 pounds. They were treated the same as all other 

herd oalves for the ~irst few months, i.e .• suoked 

cows the firlt two days, then weaned to whole milk whioh 

was gradually replaced by skim milk and grain. After 

weaning, they ~ere plaoed in the ex eriment. 

Rations -- The r.ations fed were very different, 

No. 91 receiv~d a mixture of grain consisting of corn 

2 parts by weight, bran 1.5 parts, cottonseed meal 1 

part, with alfalfa hay. The proportion of grain and 

hay maintained WBe 4.5 parts grain to 5 parts of alfal-

fa. No •. 94 was fed only timothy hay and oorn:~he 
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proportion being 4 parts hay to 5 parts of grain. 

All oaloulations of nutrients given are 

made aocording to the "Produotion Value l1 suggested 

by Armsby1. As shown previously, the feed for No. 

91 was very palatable and contained a variety of 
.' . ~ 

The ration also contained the neoe'Beary nut-

rients being especially high in protein. On the 

--nutrients ', especially in The feed is not 

palatable and the ration has too little 'variety to _ ..... _-"""--............. ..,.......---------.--..-_..--*-
help 'the palatibility to any extent. 

Feeds -- Hay and grain were bought in large 

quantities and enough stored of the same lot to run 

the oalves a year or more. Exp~ri~nce has taught that 

it is po or polioy to run short ot feed at some time in 

the middle of an experil1,ent. New hay has to be pur-

ahased and the animals take some time to beoome aoous-

tomed to the .ohange which also requires addi tional an-

alytionl work. 

,Feeding -- The 'oalves were fed night and morn-

ing in the ~sual ma~ner at regular hours. The feed 

was weighed eaoh time and a oareful aooount of any waste 

reoorded and the r ation raised or lowered at intervals 

l. U. S. Dept. Agr. f,armers Bul. No. 346. 
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as the oalves developed, reoei-ving all they would 

eat at all times. 'abIes will be given with all 

fe~ consumed thruout the experiment. 

The ration of No. 94 was 'found to be low 
~--------------------------------~---~~-~~ 

in ash and to eliminate as far as possible all but 
~-...,-----~-----".-,.-----~ 

the protein faotor, bone meal and oalcium oarbonate 
-------------,...,~ ~-""" -"- -......... - ...-.. ... 
were added to the ration. Twenty grams of oaloium 

- oarbonate were added to the ration beginning ' 'on N,ov-

ember 3, 1913. This did not prove suffioient so on ____ ~~----------------------~~-L~-~~ 
Deoember -lS, 40 grams of bone meal in addition were 

added, . making a ration .. ~i._~h .I21e~t~ of mineral but as 

low in protein as ordinary feeds will permit. 
- ... . ~ -r-. -:.o~ • ,~~..c:-. 

Water -- Clear fresh water was supplied in 
~-=--;.....-------------.-:--~'-- .. -

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

.-------- .":. 

all times. A supply was weighed up and kept in jars 

in . the stalls and added whenever neoessary. The boxes 

were oleaned and the salt weighed onoe a week. some 

little trouble was enoountered in keeping acourate 

salt reoords beoause of. hay mixing with it, affeoting 

the weight. 

Stab11ns -- The oalves have been kept prao-
-------~~~~----'~~.. . ~~-~~ .. --~-

tioally he full time in small box stalls with board 

~ Sbaving have been supplied for bedding be-
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aause the oalve8 ate the straw. The oalves were 

let out in the yard every few days to exeroise. 

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

have been muzzled to keep them from eating dirt. 

were made ever 

morning after the animals had· received ·their .·morning 

Complete data is given i~ table form. ~ 

Measurement -- The 'following measurements 

of the heifers were t aken monthly:-

1. Height at withers • 

. 2. Height ~t highest point of oroup. 

3. Height at hi p points. 

4. Depth of ohest just behind elbow joint. 

5. Uidth of ohest 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. Ciroumferenae of muzzle at opening of mouth. 

11. Length from base of horns to withers. 

12. From highest point of withers to line between hips. 

13. From a line between hips t.o tail. 

14. From point of shoulder to point of hips. 

I" 





TABLE I. 
t 

TOTAL NUTRIENTS REOEIVED. 

~ Seven Day P iods. 

~~. - NO. 91. 
High Protein Ration ~ 

· Lbs. · e -' · · Period Lbs. · Lbs. :Digestible: Energy Lbs. · Grain :A1falfa . : Protein Va lue Weifiht 
· · 1 21.0 23.1 4.58 23.52 2·16 

2 21.0 23.1 4.58 23.52 218 
3 21.0 £3.1 4.58 23.52 22&., 
4 21.0 23.1 4.58 23.52 245 
5 21.0 · 23.1 4.58 23.52 250 · 6 26.0 . - : 28 .6 5.67 29.13 242 
7 28.0 30.8 6.10 31.37 270_ 
8 28.0 · 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 

11 34.0 37.6 7.42 · 38.13 297, · 12 36.0 · 38.5 7.63 39. 22 315 ..... · 13 36.0 38.5 7 .. 63 · 39.22 312 · 14 35.0 38.5 7.63 · 39~22 325 · 15 35.0 38.5 7.63 39. 22 338, 
16 .35.0 38.5 7.63 39.22 345~ 
17 35.0 38.6 7.63 · 39.22 345 · 18 36.0 38.6 7.63 39.22 360 
19 35.0 38.6 · 7.63 39.22 361 ....... · 20 36.0 38.6 7.63 39. 22 376_ . . 
21 36.0 38.5 7.63 39. 22 380 
22 36.0 38.5 · 7.63 39.22 400 : · 23 35.0 · 38.5 7.63 39.22 40 Or" · 24 36.0 38.5 · 7.63 . 39. 22 · 397_ · · 25 35.0 38.6 7.63 39. 22 400 
26 35.0 38.6 · 7.63 39. 22 415 · 27 36.0 38.5 7.63 39.22 · 420/ · 28 36. 2 · 39.7 7.89 40.52 410_ · 29 37.6 41.1 8.18 42.04 420 : 
30 38.6 · 42.0 8.37 43.01 30 · 31 38.0 · 39.5 8.02 41 .27 426,...-~ 

32 ' 35.0 36.7 7.39 · 38.01 440_ · 33 27.5 : 35.5 · 5.81 29.86 442 · 34 31.6 · 35.0 6.90 · 35.41 · 452 · 4 · 35 31.-5 . 35.0 6.90 · 35.41 465/ '" 
. 36 35.0 38.6 7.63 39. 21 476 

3'1 36.0 · 38.5 7.63 39. 21 492 · } , 





TABLE 2. 

TOTAL NUTRIENTS RECEIVS>. 

~ Seven Day Periods. 

NO. 94. 
Low·Prot e i n Ration . 

· Lbs. : Tnertns · Period Lbe. . Lbs. :Digestible: Energy · Lbs. · . · · Grain : !1lfio tlly Protein Value :Weight: 

1 25.0 19.8 2.09 28.85 235 
2 26~6 21.0 2 .23 . 30.67 256 
3 26.6. 21.0 2.23 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 25.0 2.65 30.46 270 
7. 33.6 26.6 · 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' · 35.0 2'8.0 2.94 40.48 332 
13 34.5 22.9 2.80 38.32 330 
14 31.5 25.2 2.64 36.43 326 

·15 31.5 26.2 2.64 36.43 330_ 
16 31.5 25.2 2 .64 36.43 32~ 
17 31.5 25.2 2 .64 36.43 332 
18 31.5 25. 2 2 .64 36.43 325 
19_ 31.5 25. 2 2.64 36.43 333" · .. 
20 31.5 25. 2 2.64 36.43 340_ 
21 34.5 27.2 2 .89 39.77 · 335 .. 
22 32 .0 25.6 2.69 36.01 345 
23 31.5 25.2 2 .64 36.43 360_ 
24 31.5 25. 2 2.64 36.43 352 
25 31.5 25. 2 2.64 36.43 .. 36S · 26 31.5 25. 2 2.64 36.43 367 
2 7 31.5 25. 2 2 .64 36.43 37~ ... 
28 34.5 27.6 2 .90 39.91 377_ 
29 37.0 29.6 3.11 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 39 2-
33 35.5 ~8.4 2 .99 41.06 397 
3+ 35.0 28.0 ~.94 40.49 410 
35 36.0 28.0 2 .94 40.49 425 
36 38.6 30.8 3. 24 44.63 422 
37 . 38.5 30.8 3.24 44.53 430 • 





15. From point of shoulder to isohium. 

16. From point of hips to isohium. 

17. From point of hips directly forward to last rib. 

18. Heart girth just behind elbow joint. 

19. Girth of paunoh at end of last rib. 

20. Smallest oiroumferenoe of shin bone of . fore leg. 

21. Smalleet oiroumferenoe of shin bone of hind leg. 

\ )( 
Other experiment. at the Missouri station 

have shown a "direot oorre1ation between measurements 

of height at withers ~nd the others mentioned. For 

thia experiment, data will be given in table form of 

heart girth and height at withers. 

Table. I and 2 ehow the digestible protein, 

energy Ta1ue and weight of heifers No. 91 and 94 b~ 

seven day periods from August 1913, when the experiment 

was started up to May I, 1914. 

From the beginning there is a marked differ-

enoe in the amount of protein fed. The energy faotor 

is nearly the same with both, No. 94 getting slightly 

~ore at the beginning but Qonsiderable variation i8 

shown later. The objeot has been to keep the energy 

as near aonstant ae possible in order to study the et-

feot of ration laoking in protein only. The weighte 

as g1v~~ in T~b1e I show that No. 94 was oonsiderable 
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larger than NQ. 91 in the beginning. However, No. 

91 oontinued to make, rapid gains ~ntil the 22d period 

when she remained oonstant for some time. After 

this time, she fluotuated Widely from week to week 

and failed to make uniform gains. A reverse oondition 

i8 shown with No. 94, which made very slow gain~ and 

fluotuated widel1' up to the 21st period, af,ter whioh 

she made oomparativel1' slow but uniform gains. 

The exa~t oause of the above mentioned re-' 

aults is diffioult to definitely determine beoause 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 tendenoy to 

be smaller and blook1er than No. 94 and never may be 8a 

large even with the better' feed. Her ration being pal-

atable and oontaining variety was readily eaten at first 

oausing the rapid early growth. While the ration of 

Bo. 94, on the other hand, was not palatable and it 

took her 80me time to beoome aooustomed to the new feed. 

Therefore, she did not eat any more ,than waa neoee.ary 

for body requirements. 

on , the growth and appearanoe of both animale. .No. 94 
, --------- -~ -----------------------had 'the better stall of the two but the weather seemed 

~------------------~~----~ ---
to effeot her more than it did No. 91. 

---------------------------------





fABLE 3. 

lIUTRIENTS RECEIVED PER ~ 

]l ~ Period InterTals. 

Hj gll :e:catejIl NO. 91 NO. 94. I.ow :E;tQ:t~j n . : · · · · . · · · · :Lbs. Dig: The rms · :Lbs. Dig : T~e rms · · · Per iods:estible ; Energy Lbe. : est ible · Energy Lbs. · Protein: Value Gain Protein: Val ue · Gain · · • 
1 4: .664 · 3.360 1.036: .313 4.316 1.607 • · · 6 8: .801 4.121 · 1.607 : - .376 5.166 1.000 · · · 9 - 12: .997 5.169 0.892: .422 6-.819 .785 

· · 13 - 16: 1.090 5.602 1.071: .382 : ~ 5.2'11- :No Gain : 
· · 17 ... 20: 1.090 6.602 1.071: .3'17 5.204 .464 
· • 

21 - 84: 1.090 6.602 .~85: .38'1 8.308 .428 
· · 26 - 28: 1.099 · 6.649 .464: .386 5.328 .892 · · · · · 29 _- 32: 1.141 6.868 1.0'11: .4&8 6.406 .536 
: 

33 - 36: • i'12 · 4.996 1.251: .432 0.9'8 1.071 · 





· 1 
Dietrioh in work with pigs found that 

"the faator of protein waste when onoe introduoed, 

apparently beaome suoh a fixed tendenoy or habit 

that it ~s eliminated or even materially reduoed 

with great diffioulty". 

There is no doubt that No. 91 was reoeiv-

ing an exoess of protein ---feeding 80 a be 

the oause of her slow growth at the interval above 

mentioned. 

Another po~ ible faator influen~ing growth - ---
is the kind as well .as the amount of protein in th.e 

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

~een that most 0+ tha' pro-tein aomes from corn while 

wi th No. 91 there ia alfalfa and ootton eed meal in 

addition to the corn, all of whioh ecntributes pro-

tein in variable quantitie8. The .resulte of re--

vious work have been reviewed but t hey do not seem 

to furnish a definite basis and the work of this exper­

iment is too limited to attempt giving more than an 

indioation of the results to be expeated. 

Table 3 ' shows a marked deor ease in the growth 

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

1. Illinoi Exp. sta. Cir. No. 126. 





!ABLE 4. 

NUTRIENTS USED PER DAY PER l'OUND GAIN. 

~ Four Period Intervals. 

NO. 91 NO. 94 ow rotein 
Energy: : Pro e n Energy . . 
per Lb: ! Par Lb. per lb. : 

Periods Gain · . Gain Gnin · . . Therms~ : Lbs-. Therms . · . · . 
1 - 4: • 635 3.246 .191 2.685 

5 - 8: .498 2.564 · . .378 6.166 · . · . · . 
9 - 12: 1.117 5.782 · . .537 7.-412 · . · . · . 

13 - 16: 1.017 5.230 · . No Gain No. Gain · . · . · . 
17 - 20: 1.017 6.230 · . .812 11.216 · . · . · . 
21 24: 1.388 7.262 · . .904 12.401 · . · . · . 
25 - 28: 2.387 :12.174 · . .432 5.9'13 · . · . · . 
29 - 32: 1.064 6.478 · . .856 11.973 · . · . · . 
33 36: .77'1 3.996 · . .403 5.553 · . · . · . 
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cold stormy weather oame 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 o'f slow growth appears to be due to 

the extra requirements for maintenance. 

No. 94 show. as good gains the :1'irs't 8 per-
- - ------ --- - - .... ---

10ds as doe No. ~l. This is possibly due to the 
" - ~--"'---------. 

fact that she had considerable protein store~ in ner 

body from the ear1iar feeding _and utilized it at this ..r: __ • 

time, and beoause of her lowpro~t~~e~1~n~f~~w-~~~~ the 

13th to the 16th ~~riod~ _yhere waa no gain, whioh may 

not be a t tributed to other than la~k of necessary 

amount of food to f osterowth. It ia in this per-
~~-----------------

iod that there aeeme d to be a oomplete ohange as all 

the exoeS8 prot_ei I} of the ,.boc1Jt b8.d apparently been util­

ized and it became necess.ary for the 
,-
to be furnished 

----------------~. 
~~.~~ __ ,~~d~. ___ ~A~f~t~e~r~this time she made 

' gradual gains. 

Table 4 shows that No. 91 required oonsider- ~ 

able more protein and energy per pound of gain than 

No. 94. Another faotor that may be mentioned here is 

the amount of protein neoessary ' f or the most enonomioal 

deve l opment. From a purely protein standpoint, No. 

94's ration was possibly more efficient than tha t 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 indiy1dua11ty of the 

heifers oone1dered may materially affect the results 

while the number of animals is also small • rphe pre-
• 

sent test merely introduces thi s study which will re-

quire for its solution an extended experiment includ­

ing relatively la!ge numbers of heifers on varying 

planes of nutrition. 

As previously noted above 20 g .• of oaloium 

oarbona:~e:.~_.~d~.~~ ___ !O the ration b~ginning on Nov-
~...--- ---...._.- --

. ember 3. 1913. This period of low ga in is just prior 
..,-~---...... ~---.~-~ ................ "';.' ............. - - ...--..~""""--""""-

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

'1 t may be concluded tha.t lack of mineral oo"ns-t f fu-e-lit s-'--' 
-----._~~ ....... .-;..~ .... ~- -r' ~ ... ~-~«."""" -""- '\oo.)li" ____ _ ____ --.,. _ ____ _ 

was a strong factor in determining the rate of growth 

Weight was kept of the amount of wat~~_ -O.,Q I1- ~ 

eumed by each animal for 21 days. It was found that 
--- - ---------o. 91 consumed an average of 28.11 pounds water per 

ay whi l;N~:-94' a;~;k·-b;t " 2·O.58 p~unde"'-p'er day. It 

seeme the better ration caused a ~reater d~mand for 
- -.- .. ~. ---- .... - ..• -- - ..-,.-.-- -- ---""-~II; .... 





TABLE 5. 

COMPARISON 2! MEASUREMENTS. 

High Protein NO. 91 · NO. 94 LOi¥: E;rotein · Height : : :Height · : . · . 
at : Heart :weight: at :Heart :weight: 

Date Wi there: Gir th :Wi t here :Girth 
Om. em. Lbs. : Om. · em. Lbs. · 

Aug. - 19 92.0 106.0 224 97.0 113.0 254 

sept. 16 94.0 111.5 249 98.6 113.5 276 

Oot. e 97.5 119.0 293 99.6 118.0 304 
· • 

Nov. 17 99.6 123.0 336 101.0 121.0 330 

Deo. 15 102.8 125.0 360 103.8 122.0 333 

Jan. 16 105.0 131.5 389 105.5 125.0 347 

Feb. 16 106.6 132.5 411 106.0 125.0 359 

)lat. 16 108.0 135.5 435 107.3 129.0 388 

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 l~ge 

amounts of water with meals caused the protein con-

stitu of the food to be more completely utilized 

as shown by a decrease of all forms of nitrogen in 

the feces. It is possible that a condition similar 

to the ab~ve mentioned prevailed in No. 91, but as 

no digestion tr,ials were made, this ·can not be stated 

definitely. 

Records of the amount of salt consumed by 

the two a~ls show that No. 91 ate.'~ounces, while 

No. 94 consumed · Some difficul ty 

was enoountered in keeping accurate salt records be­

oause of the dirt that oooasionally fell in the salt 

boxes. The effeot of . the exoessive amount of salt 

is hard to determine. It possibly had no deleterious 
, / 

effeot on the general appearance and may have aided 

in keeping the digestive tract of No. 94 in good con-

dition. It ap»arently showed a oraving on the part 

of No. 94 for some thing whioh was not being supplied 

in her ration. 

The measurements of heifers No. 91 and No. 

94 as given in fable 6 were taken monthly from the 

1. Ohemioal Abstraot Vol. 6, pp 2636. 
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time of starting th~ experiment. They show re-

sults .of growth similar ' to the gain in weight dis-

oussed earlier in this paper. The differenaeo of 
--~--.--- --...-------,., 

growth in heart girth was a gr~a~!~ th he va:riA...-

No. 91 gained 32 am. in If:fon in height at withers. 

heart girth and l6.75 .om. 

gained 20 cm. and 12.75 om. res 

94 

This . table 

also indioates that No. 91 made more uniform gains 

than did No. 94. 

Observations -- As mentioned before, the ... 

oalves were in about the same condition of flesh when 

the ex eriment started in August 1913. It, however, 

did not take long for them to · ·show . a ohange in general 

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

ment while No. 91 was oomparatively fat and sleek all --the time. It .seemed. imposei b1e for No. 94 to lay any 
-- --,.,.",...."". ~ - -"'-------"""-------..-..-_ .... ..:,...,.-~ . 

flesh on her bones and her muscles were very poorly 
" -

developed. This was s hown espeoial17 in the thiglls 
'-------..-.,..-----~---- --,. ---

Whioh ' were exoeedingl thin and at time, it looked as 
- -~~~----------~--~-----~ -~~~----
if they would not bear the weight of the heifer. No. 

94 was very oow hawked_and a eared weak on her ~ind 

legs most of the time. Her paunoh was considerable 

more distended than that of No nd she generally 

oarr ed her head down an'd wi th drooping eare and compar-

-------------------------------------~--------------
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atively dull eyes. The animals were oooasionally 
r-_ ___ ----

allowed to run ,in a dr rd for exeroise. No. 91 

aggressor in the play and ran much more 

than No. 94. If the calves were turned out alone, 

it was often diffioult to get No. 94 to, run While 

No. 91 was always very playful and active., 

It has been indioated that No. 94 had 20 

grams of oaloium oarbonate added to ' her ration on Nov-
-ember 3, 1913. She was in ~ery poor condition at 

this time but for s~veral we'eka after , adding the cal­

oium oarbonate she was oonsiderably livelter and look­

ed better. Her eyes brightened up notioeably 'and 

when turned in the lot, she was more active and playful. 

It seemed that the oalcium carbonate merely aoted as 

a stimulus for a short time because on December 15 she 

appeared to be' in poor condi tion 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 aotive when turned in the lot. About 

19 her skin was looser and better and she~w~~~ __ ~~ 

herself some, whioh is generally an indioation of· thrift,. 

It also appeared that she wa~ more at&a~ GD ar le~ ___ _ 
~---

but her muscles did not make any appreoiable development 

--------~------------------------------
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From this ti~e, to the en ·of the data, No. 94 made 

steady gai.ns in weight. 

,The animals. ~,~E~~.- ~~~? t~e __ J-.o .. ~,.1 •. _~~ 

eat dirt or straw very ravenously showing s craving 
. . ---. ..-- --.... ~.-.-~-.~ -~-.-. -.~ _.' ,~~~-.-.-.-.~-

fat ' ~omething. No. 94 possibly showed this tendency 
...... -......... -~- ---.. ~-""'~-~'''''''''''''--odI' 

more than No. 91 but they were both restless when p1ao-

ed in the lot. This may have been merely a desire 

for some change in feed as they were getting the 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 n~de oompletely tight, 

they ate the usual amount of salt. When No. 94 WA.S _~ 

first turned into the lot, her musoles appar ~~~t~l~~~_ --- .. '-.----~.------.------

oame thinner than when she remained oontinuously in 

the stall. The extra exeroise may have affeoted her 

in that she expended more energy in walking around. 
------~------- ... ------,~-... -- -. - .,.' .,. -•. -

It was notioed that No. _9 r. ~h~~,~_~xual 

maturity muoh earlier than No. 94 and came in heat -- ~--.- "". 

regularly. 

On Marob 27, several days after the heifers 
_ _ ---________ -- _~ . .,.-~' '-.....-;>0 ...-.. __ 4 ....... ·.,.....--"-..... .,,-. -....... 

were turned in the ~ yard during the day, No. 94 went ---- - ---- ---------
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blind. Blindness came on suddenly altho it had 

-=b=e~e~n~t~h~o~u~, ~~~~~~~t~i=m=e that her eyes we~~eak. 

The" cause the~'-A~~~~~s~ hard to determine. 
---.--~---. 

By careful examination, made by the .Station veterin-
- -- --- - -~------'---~~-"'-~---------
erian, it was found that the pupils of both eyes were 

-" .... """'-- ~"'~-~---- ~~ ..... ~~~ -- ~ ....... '-~ ....... ---
very much dilated. It was suggested that the blind-

/------ --------
ness may be a paralysis of the' contraatol muscle of 

the eye due to nervous disorder. It is h~dly POBS-

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

Disoussion of Silage ~ Clover 

Fed Heifers. 

Tsbles 6, 7, 8, 9, 10 and 11 whiah give the 

data on the two gfoups of heifers reaeiving silage 

and olover show some little variation in the amount 

',pf nutrients reoeived as well a8 a differenoe in the 

aize 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-

parently did not utilize their feed as well 88 the 8il-

'age group • The s ilage fed heifers seemingly needed 

. some dry roughage beoause their protein is praotioally 

the same as the olover group and is nearly suffioient 





TABLE ~ 

TOTAL NUTRIENTS RECEIVED. , 
I 

By 7 Day Periods. 

NO. 93 
Silage Ration. 

. · :Digestib1e: Energy · . · · Period: Grain: Si1ar;e: Protein Value Weight: 
Lbs. : Lbs. Lbs. Therms Lbs. 

1 14.0 62.0 3.48 22.37 358 
2 14.0 81.0 3.64 26.62 
3 14.0 · 98.0 3.79 28.34 365 · 4 14.0 100.0 3.81 28.67 373 
6 14.0 98.0 3.79 28.34 386 
6 14.0 109.0 3.89 30.16 360 
7 14.0 112.0 3.92 30.65 392 
8 14.0 112.0 3.92 30.65 390 
9 14.0 112.0 3.92 30.55 400 

10 14.0 121.0 3.99 32.14 410 
11 14.0 126.0 4.03 32.97 405 
12 14.0 126.0 4.03 32.97 426 
13 14.0 · 127.0 4.04 33.14 420 · . 
14 14.0 132.0 4.09 33.96 426 
16 ).4.0 140.0 4.16 36.29 422 
16 14.0 146.0 4.20 36.12 416 
1'1 14.0 141.0 4.17 36.45 435 
18 14.0 125.2 4.03 32.84 437 
19 14.0 126.0 4.04 32.97 440 
80 14.0 126.0 4.06 33.30 447 
21 14.0 140.0 4.16 35.29 450 
22 14.0 142 .. 0 4.18 35.62 445 · · 23* 8.0 82.0 2.40 20.50 468**: 

• 4 day period. 
** Average of 3 days weighte. 





TABLE 7. 

TOTAL NUTRIENTS RECEIVED. 

· . · . 
Period: Grain: 

Lbs. : 
· • 

1 14.0 
2 14.0 
3 14.0 
4 14.0 
5 14.0 
6 14.0 
7 14.0 
8 14.0 
9 14.0 

10 14.0 
11 14.0 
12 14.0 
13 14.0 
14 14.0 
15 14.0 
16 :. 14.0 
17 14.0 
18 14.0 
19 14.0 
20 14.0 
21 14.0 
22 14.0 
23* 8.0 

· • 

. 
• 

By 7 Day Perioas. 

BO. 89 
Silage' Ration. 

:nigeatible: Energy 
Value 
Therms 

Silage: Protein 
Lbs. Lbs. 

112.0 
112.0 
112.0 
112.0 
112.0 
123.0 
126.0 
126.0 
126.0 
13l.0 
140.0 
140.0 
141.0 
149.0 
171.0 
1~4~0 
196.0 
188.0 
182.0 
182.0 
196.0 
203.0 
105.0 

: 

3.85 
3.85 
3.85 
3.85 
3.85 
3.95 
3.97 
3.97 
3.97 
4.08 
4.16 
4.16 
4.17 
4.24 
4.4~ 
4.6~ 
4.65' 
4.68 
4.53 
4.53 
4.65 
4.72 
2.60 

. . 
30.66 
30.6.5 . : 
30.66 
30.65 
30.65 
32.47 
32.97 
32.97 
32.97 

: 33.80 
35.29 
35.29 
35.45 
36.78 
40.42 
44.23 
44.56 
43.24 
42.25 
42.25 
44.56 
45.72 
24.30 

* 4 day period. 
** Average of 3 weights. 

. . 
"eight: 

Lbs. 

493 

517 
524 
530 
630 
530 
525 
535 
560 
555 
667 
555 
567 
554 
580 
585 
580 
692. 
596 
595 
690 : 
596**: 





TABLE 8. 

TOTAL NUTRIENTS RECEIVED. 

By 7 Day Periods. 

NO. 238. 
Sila.ge Ration. 

. · :DIgestible:Energy · . ... · Period: Grain: Silage: Protein Value Weight: 
Lbe. : Lbs. Lbs. Therms 

· · 1 14.0 97.0 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 27.17 574 
6 14.0 914!O 3.67 27 •. 17 580 
6 14.0 96.0 3.71 28.08 580 
7 14.0 103.0 3.77 29.16 592 
8 14.0 126.0 3.97 32.97 600 
9 14.0 186.0 -4.06 34.63 510 · -

10 14.0 147.0 4.22 36.46 610 
11 14.0 · 14"8.0 4.23 36.61 . 615 · . 
12 14.0 -: : 147.0 4.22 36.46 " : 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 14.0 159.0 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 36.13 650 . 
22 14.0 134.0 4.11 33.08 680 
23 8.0 80.0 2.38 20.16 671·-. . " 





TABLE 9. 

TOTAL NUTRIENTS RECEIVED. 

~ 7 Day Periods. 

NO. 90. 

Clover Ration. 

· . :.Dlgestible: Energy . · . . 
Period: Grain: a.loTer: Protein Value :weight 

Lbs. : Lbs. . Lbs. Therms Lbs • • 

1 21.0 49.0 4.07 35.67 450 
2 21.0 49.0 4.07 35.67 
3 21.0 45.0 3.85 34.28 465 
4 21.0 49.0 4.07 35.67 477 
5 21.0 49.0 4.07 35.67 480 
6 21 •. 0 56.0 4.30 37.76 490 
7 · 21.0 56.0 4.44 38.11 490 • 
8 21.0 56.0 4.44 38.11 490 
9 21.0 56.0 4.44 38.11 497 

10 21.0 63.0 4.83 40.54 492 
11 21.0 52.0 4.23 36.72 510 
12 21.0 63.0 4.83 40.54 515 
13 21.0 63.0 4.83 40.54 620 
14 21.0 63.0 :: 4.83 40.54- 535 
15 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 66.0 4.84 41.23 550 
19 21.0 63.0 4.83 40.54 . 556 
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 .• 62 545 . . 
23* 8.0 ·41.0 2.76 21.35 652* >'< : 

, · 

* 4 day period. 
** Average 3 days weights. 





TABLE 10. 

TOTAL IU!RIENTS REC~IVED. 

By 7 Day Periods. 

NO. 314. 
Clover Ration. 

· . :Digestible: Energy ; · . 
Period: Grain: Olover: Protein Value :Weight 

Lbe. : Lbs. Lbs. Therme Lbs. 

1 21.0 41.0 3.64 32.89 326 
2 21.0 40.0 3.58 32.55 
3 21.0 42.0 3.69 33.24 337 
4 21.0 42.0 3.69 33.24 348 
6 21.0 42.0 3.69 33.24 355 
6 21.0 48.0 4.0,2 .' 35.33 350' · 7 21.0 49.0 4.07 35.67 367 
8 21.0 49.0 4.07 35.67 370 
9 21·.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 56.0 4.54 38.11 395 
13 21.0 66.0 4.64 38.11 400 
14 21.0 56.0 4.64 38.11 406 
15 21.0 56.0 4.54 38.11 410 
16 21.0 68.0 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 63.0 4.83 40.64 432 
21 21.0 63.0 4.83 40.54 436 
22 21.0 68.0 5.10 4~.37 . 447 . . . 
23* 12.0 . 44.0 3.19 25.94 465**: .. 

· · · · 

* 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: Pr otein Value Weight 

Lbs. : Lbs. Lbs. Therms Lbs. 

1 21.0 49.0 4.07 35.67 578 
2 21.0 48.0 4.02 35.33 
3 21.0 45.0 3.82 34.28 622 
4 21.0 42.0 3.'69 33.24 600 
5 21.0 70.0 4.21 42.97 600 
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 6.59 45.40 635 
11 21.0 78.0 5.64 45.75 630 
12 21.0 77.0 6.59 45.40 632 
13 21.0 77.0 5.59 45.40 645 
14 21.0 78.0 6.64 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 50.26 715 
22 21.0 97.0 6.67 62.35 700 . . 
23* 12.0 60.0 4.06 31.50 751~*: 

* 4 Day Period. 

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

The gains made by the clover grou'p were muoh 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 differenoe in the two groups, but 

the longer the feeding continued, the more difference 

became apparent. The animals on sila.ge looked much 

thinner and did not shed well while the clover group 

were oomparatively fat and sleek. The heifers were 

all very active and showed very little differenoe 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 oon­

dition. These animals when turned on pasture in May 

1914, looked better than heifers under average farm 

c ondi ti ons • 

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. Sinoe No. 89 may be very ab-

normal in one period, it would make the average of her 

group high if figured on tha t basis, but a gen f' ral COD-
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sideration exoluding 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 

oonsume enou~h to get the same amount of energy B'-S 

the olover group, the results would undoubtedly have 

been similar in every respeot. 

These animals are all apparently low in 

their protein intake. However, being on a short 

feeding period and having a surplus of protein stored 

in the body. the heifers grew fairly well. 

Discussion of Light ~ Heavr 

Fed Heifers. 

Table8/~ and 10 show a gradual increase in 

feed oonsumed by the animals as they inorease in age. 

The weight also Bradually increases but the gain is 

much slower during the third, and especially the four-

th periods. There is a marked difference in the nu-

trients fed the two groups and the heavy fed group are 

muoh larger but the general results mentioned above are 

similar. 
f'~O 

Tables 1lf. and 15 show that the nutrients con-

sumed per day var ies wi de ly wi th a.ifferent animfl"ls. 

There is a steady increase of the amount of nutrients 





TABLE 12. 

bTRIEN"TS*RECElVED PER DAY AND PER LB. GAIN. 

~ Four Period Intervale. 

NO. 314 

. . . . 
Period :Digestib1e:Energy 

Protein :Va1ue 
Lbs. : Therme 

1- 4 
5- 8 
g-12 

13-16 
17-20 

**21-23 : . 
Average: 
! - - - -" 

1- 4 
5- 8 
9-12 

13-16 
17-20 

**21-23 
Average 

1- 4 
5- 8 
g-12 

13-16 
-17-20 

**21-23 : 
Average: 

.521 

.666 

.622 

.613 

.6g0 

.728 

.623 -

.573 

.6Ig 

.654 

.661 
• 70~ 
.708 
.649 

.558 

.601 
7'115 
.793 

-.844 
.948 
-.737 

ate Clower Ration. 
**18 Day Period. 

4.711 
4.639 
5.319 
6.468 
5.791 
6.049 
5.347 

6.046 
5.344 
5.568 
5.8'13 
6.g02 
5.806 
5.5'10 

4.947 
6.138 
6.411 
6.451 
6.412 
'1.450 
6.301 

Gain 
per 

Day 
Lbs. 

.785 

.785 

.892 

.714 

.607 
1.2'17 

.816 

NO. 90 

.964 

.464 

.892 

.714 

.556 

.111 

.646 

NO. 23g 

.786 

.714 

.428 
1.178 

.892 
3.3Se 
1.095 

: protein 
:per lb. 

Gain 
Lbs. 

.663 

.721 
• Sg7 
.868 

1.136 
.670 
.763 

.694 
1.334 

.733 

.925 
1.314 

.637-
1.006 

.710 

.841 
1.670 

.673 

.946 

.297 

.673 

Energy : 
per lb.: 

Gain 
Lbs 

6.001 
5.909 
5.963 
7.658 
9.540 

:- 4.736 
6.552 

6.234 
11.726 

6.242 
8.225 

11.033 
5.230 
8.635 

6.295 
: 8.596 
: : 14.978 

5.484 
7.188 
2.198 
5.754 





,1ABLE 13. 

*NUTRIENTS REOEIVED PER DAY AND ~L~ GAIB • . 

~ ~ Period Intervals 

NO. 93 

· · · Gain · • · Period :Digeetible:Energ~ per 
Protein 

Lb •• 

1- 4 .525 
6- 8· c.554 
9-12 .670 

13-16 .588 
17-20 .582 

**21-23 · .696 • 
Average: .668 
- - - - - - - -

1- 4 .560 
5- 8 .562 
9-12 .684 

13-16 · .623 · 17-20 .653 
**21-23 .165 

Average: .603 
- - - - - - - -

1- 4 .516 
5- 8 .540 
i-le .697 

'13-16 .616 
17-20 · .600 · **21 ... 23 · .591 • 
Average: .676 

* Silage Ration. 
** 18 Day ier1od. 

· Value · DS7 • · Therms: Lbe. 
: 

3.746 · .636 • 
4.278 ' : .607 
4.668 1 •. 250 
4.946 · · 

_.a. ___ 

4.805 · 1.142 · 4.522 · 1.166 · 4.644 · .696 · - - ~ 

10. 89 

4.378 1.107 
4.609 .036 

· 4.905 1.142 · 5.602 .821 
6.153 .571 
6.366 
6.271 .662 
- - - - - - -

JO • 838 

3.740 • 892 
· 4.189 .928 . . 

5.14'1 .714 
6.455 1.428 

· 5.014 .714 • 
4.909 
'.732 .771 

:Proteln 
:per lb. 

Gain 
Lbs. 

· · .981 
.912 
.455 

.50i 
· .511 · · .~16 · - - -

.497 

.511 

.758 
1.143 

.985 
- - -

.678 

.585 

.836 

.437 

.840 
· · .747 

Energy · · per lb. : 
Gain 
Lbs. · . · 
7.001 
7.047 
3.734 
-- -- -. 
4.212 
3.878 
6.829 

- - - - - .... 

3.963 
--- .... -
4.295 
6.823 

10.776 · · .: 
8.097 

- - - - - -

4.192 
4.614 
7.208 
3.682 
7.022 

6.137 





TABLE 14. . 

NUTRIENTS RECEIVED PER J2!.! AND PER LB. GAllI. 

~ Six Month Periods. 

REA VY ~ GROUP. 

No. 216 
:Digestible: Energy · :Gain per:Protein Energy: · Period: Protein Value :Ueight: Day :per lb. per 18. 
· - Lbs. Therms Lbs. Lbs. GAin - Gain . · . 
· · · . Lo.s. Therrns: · · · . 

1 1.103 8.897 703 1.221 - : .903 7.286: 
2 1.122 9.046 898 1.068 1.060 8.470: 

NO. 223 

1 1.128 · 8.347 706 1.479 .762 5.643: · 2 1.607 :11.103 . . 960 1.342 1.197 8.273: . . 
3 1.613 :12.372 1148 1.030 1.517 1£.011: 
4 1.507 :11.166 1215 .367 4.106 30.425: 

NO. 226 

1 1.009 7.376 668 1.265. .797 5.830: 
2 1.187 9.699 883 1.232 .963 7.872: 

NO. 220 

1 .843 · 6.705 636 1.063 .793 6.307: · 2 1.136 · 8.233 867 1.266 .895 6.508: · 3 1.247 · 9.447 1113 1.347 .926 7.013: · 4 1.345 :10.893 1287 .953 1.411 11.430: 

BO. a 

1 .645 5.403 371 1.079 .514 5.100: 
. 2 .912 7.768 609 1.247 .731 6.230: 
3 .920 6.972 737 .701 1.312 9.9'6: 
4 1.019 7.586 822 .471 2.163 16.106: 

NO. 13: 

1 .710 6.670 438 1.054 .673 5.379: 
2 .921 7.840 519 .991 .929 7.911: 
3 1.043 8.106 703 .466 2.242 . 17.430: . 
4 1.081 8.769 828 .684 1.580 11.368: 

NO. 2 

1 .813 7.328 529 . 1.347 .603 5.440: , 
2 1.152 8.719 807 1.523 .756 5.724: 





TABLE 16. 

NUTRIENTS RECEIVED PER DAY AND PER LB. GAI~t. - -----
~ ~ Month Periods. 

LIGHT m GROUP. 

NO. 222 
:Digestib1e: Energy · :Ga,in per: protein: Energy: · Period: Protein Value ;Weight: Day per lb.: per Ib: 
· Lbs. Therms Lbe. : Lbe. lain Ga.in · · Lbs._ Therms: · 1 .749 3.722 401 .663 1.129 5.613: 

2 1.116 51545 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 .723 .998 4".961 : 
2 .970 4.821 630 .728 1.332 6.622: 
3 1.183 5.877 636 .580 2.039 10.131: 

NO. 219 

1 1.315 6.719 408 .553 2.377 12.150 : 
2 .912 4.537 612 1.117 .816 4.061: 
3 1.406 6.978 786 .963 1.474 7.322: 
4 1.685 8.068 882 .526 3.689 15.338: 

NO. 3 

1 .591 2.919 333 .515 1.147 5.667: 
2 · .766 3.802 478 .794 ", .963 4.788: · · 

NO. 11 

1 .613 3.047 
\ 367 .728 .841 4.185: , 
• 

2 1.024 6.085 502 .794 1.289 6.404: 
3 1.081 6.370 686 .46p 2.324 11.548: 

NO. 14 

1 .718 3.574 362 .686 1.226 6.098: 
2 1.011 6.024 490 .701 1.442 7.166: 
3 1.114 6.689 607 .641 1.737 8.719: 
4 1.240 6.160 707 .647 2.266 11.261: 

NO. 39 

1 .510 2.663 338 .619 .823 4.140: 
2 .862 4.'127 4'13 .739 1.166 6.396: 





TABLE 16. 

NUTRIENTS CONSmED PER DAY, WEIGHT. AND GAIN 

DAY OF ANIMALS .Q! DIFFERE~TT PLANES 

OF IIU!BITION. 

~ Six Month Per1ods.* 

:Digest1ble: Energy . Gain . 
No. of: Protein Value Weight per day 
Animal: Lbs. Therms Lbs. 

94 .376 6.180 235 

3 .691 2.919 333 

11 .613 3.047 357 

8 .646 .. 5.403 371 . 
39 .510 2.563 338 

14 .718 3.674 362 

224 .722 3.687 397 

228 • '149 3.722 401 

91 .963 4.907 216 

* Feed Oalculated from first six months after 
we~ning from milk. 

Lbs. 

.714 

.516 

.728 

1.079 

.619 

.686 

.723 

.663 

1.076 





TABJ.,E 17. 

PROTEIN RE~UIRED PER DAY PER LB. GROWTH SECOND 

AND THIRD SIX MONTHS OF GROWTH. 

HOLSTEINS 

Light Fed Heavy Fed 
: First : Seoond F1rst 

Six : Six Six 
: Months : Months: : Months 
:Digeatible:Digestihle: :Digest16le 

seoond 
Six 
Months 

No. of: Protein Protein :No. of: Protein 
Dlgesti6le 

Protein 
Pounds Animal: Pounds :Animal: Pounds 

222 

224 

219 

3 

11 

14 

39 

94 

1.129 

.998 

2.377 

1.147 

.841 

1.225 

.823 

.533 

1.083 

1.332 

.816 

.963 

1.289 

1.442 

1.166 

· · 

· · 

· · 

216 

223 

225 

220 

JERSEYS 

8 

13 

2 

91 

.903 

.762 

.797 

.793 

.514 . 

.673 

.603 

.945 

1.050 

1.197 

.963 

.895 

.731 

.929 

.756 

. . 

. . 
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required from the first to the last period with a 

marked deoreaee in gain in the last period. The two 

oolumns 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 exoeptionally high feed 

requirements per pound of gain during her first period 

which may be due to individuality. 

Table 1& gives the nutrients with weights and 

gains comparing No. 94 with other animals" of practioally 

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 an exoeedingly low protein- intake 

but relatively high energy made oonsiderable better tpan 

average gains. Comparing the nutrients reoeived by 

No. 94 and No. 14, show results in favor of hi ,gh energy 

intake while No. 14 rece i ved nearly twioe as muoh pro­

tein and about two-thirds as · muoh enerey, she make smal­

ler daily gains than did No. 94. Judging from the sup­

erior growth made by No. 91, it appe~rs that a combina­

tion of high protein and energy are neoessary for the 

most rapid growth in young animals. With BO fewani­

mals, there is ohanoe for indiviClual varia.tion to effeot 

the resu1ts(while the smaller size of No. 94 and No. 

91 may alSO appreoiably influenoe the gains made). The 
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weather oonditions as mentioned previously are also 

possibly influenoing factors that have not been con­

sidered in discussing this table. 

From the results of the work wi th ~To. ·91 -----­and No. 94 and the l4animale on the light a~~_J1_~~vy--

fed experiment, tabulated in Table 1', it aan be seen 
-----...----that it required 0.941 pounds of prote 

gain for heifers during the second six months of the i r 

growthl With data from 14 a 
---...--.~.---

third six month~s~o~f~f~e~e~~~ __ ~~~~~ ___ -u.'I:'t'«~-~ ...... - .. ~ .. -' 
of the requirements as shown above, it shows that 0.992 
---~-~-".........~ ~~~:..-... ---- .:' ... : ...... - .' -_._------,-

pounds protein are required er pound of gain during 
_____ --~...... ._"'r"'v _ 

the two per iods. 

Holsteins required more protein per pound of 

-'- -' gain than the Jerseys, which may be attributed to the - ------:-""------------.-....,. .• --~~.-... -~. -
larger size of ' the . animals. I The light fed group re-

-qu~red m~ch more protein per pound of growth than the 

heavy fed grQUp. This may be explained by the fact 

that the light fed group grew slower than the heavy 

feds. The energy faotor which according to table 13 

is ' very important is not taken into consideration in 

the disaue81o~ of this table. Complete records of all 

feeds aonsumed. by the four-teen animals can be f:>und in 

the thesis w~rked by P. M. Brandt in 1913. 













SUMMARY AND CONCLUSIONS. 

The study of the problem of protein re­

quirements for growing dairy animals as reported ~n 

this thesis should be considered as a preliminary 

study of a question too large to be completed within 

the limits of time available. It is expeoted that 

tb.e 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 ccnc1usions:-

1. The growth of No. 94 receiving 0.38 

pounds of digestible . protein daily but abundant energy 

was considerably retarded, indioating the protein to be 

the limiting faotor. 

2. The gain in weight of No. 91 receiving 

0.95 pounds of digestible protein daily was 0.37 pounds 

per day more than No. 94; The indications are that 

she received protein in exoess of requirements. 

3. As shown by heifers No. 91 and No. 94, an 

exoessive supply of protein does not cause marked ex­

tra growth. A comparatively low amourt of protein re­

tards growth but does not check it permanently. 
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4. The work with the six animals 0 

short feeding ··periods show that a ration -wi th 

age as roughage while cheaper and adequate tQoarry 

heifers thru the winter in thrifty, growing condition 

is hardly equal, judging from general appearances, 

to one in whioh clover furnishes the roughage. 

6. . Results with the 14 animals show that 

the requir ements per uni t growth are inoreased e.nd the 

rate of growth deor.ease4. as the animals advanoed in 

size and age. 

6. The heifers .supplying the data, used 

.0.992 pounds of digestib.le protein per pound of grow­

th for the second and third six months periods, but 

the data is not suffioient to indioate that this 

amount .gives the most eoonomical or the bent results. 

7. With ordinary rations, when plenty of v 

energy is furn-iehed, there i s no great 

laok of protein. 

danger from 

\ 
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