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Some tlwe betore this inves t1ga tion began a paper 'lIas prepared 

. oontaining a disoussion of' the sUbject and the plan at investigatlon. 

This t'ape;r is reprodue '':ld here. 

NUTR1ENTS REQUiRE£) FOR M1L'i( PRODUCTIUN. 

There are three essentialS to high yields of ID1lk---proper kind 
.c:--_______ - --- - - _._- - __ --.----. ... . -.. ~.-.-----.. ---.. - .......... ---~.--__ 

JA-_ ..... __ ._ •• _ .. ...-.. _ • ...... .... _4 ~... . ~ ... 

o t~ cows, proper car!. __ ~d managemen t and proper feeding. 
~ _ •. , .... _ ~~. __ . ,- . . ,., ............ ;-.-.,.-- ... , •• _""' _ _ .." • ....-H ...... ~ ... _ .... ~ _ _ ... __ ._ ... " ••• __ ." .... ,., .. . ..... ........-.. . ' ... _ .. ~.~.~'" .• _ _ - .. -~."._, ... ~ 

Tnis inves-

tigatlon Wlll deal only with the last. NO matter wnat the inherent 
• _ _ _ _ ~ ... _ ",_ • __ • ___ .. L~_ ............ ..-· ...... . ' ...... ~.... . , • _, '._ ••• _ . . ... ..... ~: . _ •• H r---------- ---.-- --- -'- . __ ~ , .. -.... -.-.... --_ ... ---•.. _-- ." ........... . -- .. . 

dairy ClU&llties ot' tne COVl may be nor how well she is cared for ane 

~c1-Pfc)fT tleBsbY fe~d;:~ ~~~mllCh ·~;' tO~-l-itl:n- or -by . 
...... _ _ ._._. ~~ .• _. _. _---~ ... ---.-.-___ ... _.. .... . ....... . _' V~''''''-' ._." .. . . _ .. ......... ... r/·· ·' - " ''' ...... _... .. ... . ... ...... ~" __ .......... .. ..................... .... - . ..•.. _ ... . , .. .. " .. .. < __ ..••• 

. glvlng tne wrong kind of feed. The proper feeding of cows 18 of 
'" _ _ -.-.' ....... ......,'... ....... .~,.;;.~ . .... _ ...... L_ ....... _ .. ,_ ... .... ,,~ ~-v .. "'- ....... . ,~ •. _ ..,.....~~"""'r:t.I 

great economlC lmportance to daIrymen everywhere. if'eed i ng a tandards 

have been in use over 40 years and whi le modi fica tiona and improvemen ts 

have been made in them none are as yet perfect. Investigators have 

realized tne importanc~ of proper fe ~ding and have done considerable 

work at tne varlCUS sta tiona. 1 t is qui te surprising, however J a:t'ter 
----------------~-. --- .. ' '. . . .. _------...... _- .--' ---.-.. ~ ....... . -

reviewing tne 11 tera ture on t'eeding to flnd ou t how very 11 ttle we know 
~ ...... -. .........,.""---.-.. -~-.......... ---.~-- .. . -. .... -~ ' .. ... --,._ .. -- -- ~-" " --~-~ .. . ' .... -.... , ~ -- -'- --

of this subject. One trouble has o ~en tnat all of the disturbing 
<C=---------- - --
factors have not been eliminated from the investigations, and witn 

comparatively few it io possible to at ~ribute the results witn any 

degree ot~ defin1 teness to anyone certain thing. Some work in the 

feeding of dairy cows hes been done at this Station and accurate re­

oords nave been kep t; it is wi th the hope ot' furthering our knowledge 

concernlng the nutrients required tor mlJ.k productlon that this inves-

t1gation is taken up. ln add1 tiOD to the da ta whicn is available at 

presen t from fi ve Jersey cows it is plann~ to secure more from cows 

y1eJ.ding normally a poorer grade ot' milk in order ttlat information may 

be obtained on the nutri~nt8 required for milk varying in quality. No 
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attempt will be made to determine the amount of protein required. 

Bases for judging the nutritive value of feeds and the nutrient 

requirements of cattle. The first attempt to assign to different 
~-.-. . : .... - .;.--•• -----,..~~ ............... - .• "'-.. ---~"- , .... - ..... >Q.""-......"". 

feeding-stuffs their true value for feeding purposes is shown in the 
- . ... .. ... ~ ........ .,.. ... .... -.. 

so-oalled hay equivalents or ha¥ va~ues whioh were q~lte commonly ad-
"""---__ - - --.--... - .... . --.-.. '. __ ... • ... . ' • " ~ # ·"'''''r~· .. ,_ ., .".. . ,~ , , .. .. ~_._... ' _'" . . _, . • " ._ 

vooated in Europe prior to the y~ar 1860 . ..... / Good meadow hay was taken 
.... __ :- .. _... . _ . ___ .' . ... '. ... .. ',. .' . .... .•. ~ ....... ,.~ .... ,., .. "".~,..I~,.".."..~.~'tJ ""'-'_ ...... _ _ "''"'''_H. !.,._. · ~_ It.~ )/> _ _ • ___ , ._ . .. ." , •. " . • • "-""'_'""'- _ .. . _.,_ 

as the unit and all other feeds given relative values. These values 
:, . .......... s.··· ... -~ _. . ... --' ..... ~~......... . . 

...... . ~" ., .... _7"" ... ... "''-< .. 

were based upon the results of practical experiments. This method of 

judging~,J4e nutri tive values __ of feeds diet, not prove entirely satisfactory, 
~ ...... ~ ___ . __ --.- .. -~ _, ...... ~ ....... ~ .... _~ ._ " .j"_ ~""~\.._~_ ... ""'oL"""""''' ___ ''''''''4 ' ti'- . ....-. ,....... ... . ' 4" .a..... _e , ....... ,J;' ... , .,_ • ..s .,.~\ ...... . ... ;_ •• ,. - • "," •• , '.~'v""v • ...,...,. •• __ .' • ,'w', _ •. 

probably beoause of the limited amount of experimental work upon which 

it was based and because the uni t .for QQmpax1. ~.o~~ m~adow hay, was too 
... _ .. " -. ...... _ ... _.... __ .,, _ ___ . ~ ......... '" . ' .. - ,,-, ". 'v.... ""' .......... '! 

variable. A modification of this system is being used at present in 
_ ---.... _ ........ ...,. .\., .. , ..... -." ,..oU" .. """! . 

some of the north European countries. Each foodstuff is given a value 

of a certain number of units, which represents approximately the relative 

nutritive values as determined by the oarefully oonducted feeding ex­

periments of Fjord, a Daniah investigator. These "food units" are very 
~-.-------....---.... /~_/'---...... -.,-... 

I -

convenient to use when buying food or when estimating the eoonomy of 
....... 4"' ..---.-- -...- - _____ ..._ ........ ---..... ___ . _ .. __ . _ ... ... _ .. ____ ---- . ...., ... -..,.....,.. ....-- .. -'.""' .~ .. " ..... ~ .......... ., .. .A6_~_..'''' _._" 4.-. ~ .. ..... ~ ". .... ...; .",r, ....... ..-" .................. \-~~ ....... "' .... " ...... _ .... ~r.~- .............. ~ ... ""-... ~ ; .. ..:A.-. • •• •• .... . .. .. ... " • •• -.~_ .... ''' •• _ .- -

production for herds or individual q.9..y{s, dealing as they do entirely 
rlv.-_ .. _ . _ .... ~. ,.~~ .• .. "' .... . , .... I .... .. ..... , _ ........ - ---• • _ .. .... ..... _-.- ..... ---.-.,. ... ,-.-y .... --.• ;;;.~<I'~·, ..... - ... ·.·.YVVO' 4 ........ ~~. '" ,',' .. . J ~ .. .... . •.... . -t ...... . ~.( ..... Y" .. .... )~'"'.I.-.. _ .............. "'...,./..J. ~ ~.~_ I' .. ." ..... "")'t .. :'Jt..~~ .. ... _. ~ ~.'" ,to 01"", 

'"-< ... '1- ... ., 

with the nutritive values, not the market values. (1) Grouven in 
-----------.~_._ ••••• __ ~" ' .' . ". _,,'" ~ •• " •• . _ • • ~. '"" _' •• ,, __ .•• ~., ,,·N - _.... ". . ,, __ '. " . . .' ~ __ ~"._~ •• ~ _ ,,_ ." ... "' .• _,_,..... "', ' '' . '_.. ..... _,,_<" _ ... _. ~-. 

1859 is said to be the first man to suggest q.ompounding rations" 'with 
~ _ _ .'-'.'_ '" • •. / . ... _ • . . _._ .. __ ._~ .--.--. . - .• - ••.•• - •.•.. - .... _ . . v .... .. " .... .. . .. " . • ~ - ' ''-- ' ..... . ... .• . - ... . ... ..... ... ... . • .. _ . ....... . 

refereno'-~'-to the actual amounts of the different nutrients they contain--
--~ ... --.. ~ ___ ._ ... ... - .. . _.. ' • " •• 'R ..... .. - ... . "IotlJo_ ...... '. _...,.-. .... ~ _ . " ... -~- ....... -- ' ''- - ... - ---... ----.:--- .. - ........ . , ~ .. ...,. .- .... -...... ~ ... -., .. ---"'.- .. _________ _ .. _ _ _ " .,.....-_r' - . ... ~" ... --.....- •..• - .... - • •. -...-_>o .... _ ... .,.:""'-' ... _ •. ~ .. _. 

orude protein, carbohydrates, and ether extr~c_t . . J Henneberg and 
........ -... --- ....•.. • ----_ .. - ... , .. - . _.. .. . ........ - ~, --.,.-- .-" ........... -----~,,-.--~-.-... -. -..... . -::-----~ .. . ---~ ........ ~, .... -. 

Stohmann at Weende later showed that thes.e. oonat.i tu·SI1ta- .. l,,{ere ."not digested 
... ' ____ ~_._ . _. " ... _._ •• " ..... ,p ........ •• r-· - .--.. - .. . _." . .... . . ... - " .... _ ... ' - .......... __ .... '-" '-' ..... . ~~ ..... _- .:' ... w .. _ • •. _ ..... _ . ....... , 

in the ~--proportions for all (~~.gs, "'"s~ it was suggested t .!!_at o1).ly:-the ___ -. 
.. . "" .. ____ .. .....--...-.. - _ .----.----'-./ .f ,.' ~_ 

digestible -nutrienta be ussd in tll! _C,~:~~~~~f:_atio~:/ As a resul t -------_._-
(1 Exp. Station Record 4 - Translation from J. Kuhn.) 
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of ~enneberg a~.~ S~?_~ann._~ .8 w~rk Wolff, ~!!~ w~s_ ... ~E~. J'ir~1 ~_~.?~r Of_ 
~_._ '----~- .. / _ •.. • .• • _ "" '_'" _ w ....... • . .......... _ . _ . _.. ............_ ... ,. 

the first experiment station in Germany, constructed feeding standards 
--..... - - - ~ -- -"---..: - _. -- -----A . . .. __ . __ ..... h ... _ .. ___ ~_ _ ____ " . . .-. .. -----..- _ ... ___ ----_ ......... __ ~ ............... __ ..... .. . . _.·.·_-·,·_· ... __ ~_ .... ... _ i 

b~S_~~~~~ __ ~he _~ou_llt_s .. of .~iges_t~~~!l ,,~~t_~~ oon~a~ned in feedi_~g stu~=/ 
'-- -"-_ .. ,,,_.... . " •..... - .' ~- '~, ..... This method of determining the nutri ti ve values of 'feeds is···· the one in 

most oommon use at the present time, although somewhat inaccurate as has 

been shown by Armsby in experiments with the oalorimeter. ,Diga.Q.ti ble 
L -.. ,~ "-'~ .. -_ ____ 

nutrients in themselves ahow merely the amounts of the feed or ration 
~-.... "'---"--.... ___ ._ ... _. __ ..... ~ ..... ~..-.. ~~_ .. :r':~#"~ .......... .., ..... J.. ........... . ... - ..... - . .... __ .-- - .. _ .• - ,_.. • .... -~,,, ••• :-' .... " .... ~ _ -.. •• ,...,r •• ..r................ ..,,~ .. ... . -. _~"" '-. 

whioh are absorbed thru the walls of the alimentary traot"-:··,.· · Tliey ma~~ 
~_:_~~" _ __ ... ~ - ..... "- ~ .... _. " " . _ _ ...... . _. . _"', .. ' / ' .,_.... . . .... ..... .. ........ . '''. . .,' . ~"-_ .~.,,. - .. " ..... ",. , ..... . <" •. • • ~' •• ,. .- -,.1 "'----.... _.~.,- .. ----

no l a~.~ ?wan.?_~"""!Q.~ ,,,.~.h~.~ .~~!~,~_" . r eq~ ~.~,!~~~.f~r . d~. ~ ~~.~~.!_~,~ and as s im i 1 at i on. ( / 
,""-_ .. _w. ,r"" . • " ~, • ....- ~.~- .... '~, .. ..Itt .l".'lc..'V ................. '"! ••• "'...... '.. ' . • , " ... . ::i'."'.',.,..,. . ...... " •. . 11. ...... . .. 

Consequently those feeds which ar~ diff.~cul t to digest, ord~~arily 
_ _ " ..... " _________ .,~;.4- .. -... ' ......... " w .................... ~~¥~ .... _ ...... ___ •• 

classed ~8 roughness, when oompare.d-\!i th ... ?oncentrates show 'a greater 
, __ ..... .,... •• >oe , ... ... _ . ,. 

effioienoy than they really possess. r That this is the case has been 
"-4 .... ~" .. '- . '_ , __ .. ........ ~,.. .... _ . ..... _ ..... ""-""""'~ _ _ ...... __ ....... -:..~-- .... 7" .. ,.r .=. _'_ .. ... .. _ ,. A -:: .......... _. A' 

demonstrated by Armsby in his work with a respiration calorimeter and 

also by Kellner. (a) Armsby has found that timothy hay with 57% as 
. - ~--.-. - - .--. -------... -- ._- ._--_ .. _--.... _--_ .... _._--.. ---_ ..... ....-.. _-_ .. - -'" --'-- ......... -_ .. -----._ ...... ........ ..-........ .-----.. __ .......... 

muoh digestible material as corn meal was worth for flesh or fat 
. . .~ ..... .. ...-~ .. -~.-- ..-",..~'" ~ ''''''''~ .............. . ,,.-,. .... .... --............. -~ ... .,. . ............... ~. ... . 

production"""only 37% as much as the corn meal. , This evidence alone is 
~ ... ..--, _ _ ....... _ ••• _ ,r ,. .. . . ... ~... • ~ ... , •. , - '~ '.-' •• ,. ..... -.. _ ........ . ... .. , ___ .... .. ~, ._ .... _ •• _ .. .. .. _ ... . r' ....... ~ _ ..... :::..-.. f. 

suffioient to oondemn the prevailing system of estimating the nutritive 

value of a feed or ration. 

~ - The question thsn arises, how may this system be modified so as to 

acourately represent the true feeding value of the different foodstuffs? 

To determine this pOint Kellner planned and executed some extensive 
• 

1nvestigations.(3) He first took some of the pure nutrients such as 

protein, oarbohydrates and fat and found out by actually feeding them 

the nutritive value of each. These values he expressed in the form of 

energY'The assumption ~hruout is that the digested snergy value of 

a. .~4 · Pa. ) 
( 
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the nutrients minus the energy required to prepare the food for use 

represents the true nutritive value, or production vllue. He found 

with fattening cattle that the production values of the different 

nutrients per 100 pounds were as follows: 

Dige~tib1e proteids 101.6 Therms (1 Therm =1000 Cal) 

" starch or crude fibre 107.1 " 
" cane sugar 81.2 " 
• fat 

in coarse fodders and roots 204.1 'l'herms 

in grains and by products 227.3 .. 
in feeds with over 5% fat 258.5 " 

~ 
The next step was to apply the values so obtained to .th" digestible 

nutrients of the different feeds and compare the computed value of 

each feed with the real value as determined by aotual feeding trials. 

It was found possible to estimate fairly accurately the production 

value of the concentrated ·feeds by means of these factors. However, 

with those f eeds contain i ng a higher proportion of fiber this method 

waa aot reliable on account of the .ct that a larger amount of energy 

was required for digestion. It was found that the energy expended in 
~----'-~ .............---.-----_ . .,.,.-...... -.. ,....,.. ~ 

digestion was direotly proportional to the amount o! ... ,.,qry,q~ fiber 
~~ .......... _ ..... .~.~-,~~, '~ '<I(~ jiJ4ll,J;~" ....... '*'~.~ .. _ ... ,. . .J- ...... ·"-~"-u __ r ......... _0/""")- ".'Y\o~~~ ... 4'tIII .. "",,_. 

. .- .' 
resent, 80 by deductin~_ 91 .7 Therms for each 100 pounds crude f i ber 

--'-...--.....,~_u ....... -.-.... , __ ... ", .~ .. " .~._,..r, ... ,- ...... ..." ., "",.._.~.,. _, .. " ,_."; •. '-, " ..• ""~ ••.. ,...",, ...•••.•..•. , .• ; . ~ •. '-.• ,..~:~ ......... ,~·u_ •• ""A· ........ ·~I ... ..,."'.'"~,.,,.'..-· ~.A ,,,.,'- .'~-

the computed value was ~.!r~.~g.!:~.~,.,.!~ Y.M .,to"l.!,,, .. to the real va~e. This_ 
' .............. ~.-.... ~-~.~-..".. ... J- .. ~,.,.. ... IJ"I'Io,.~ ... ,. .... \ .. .,~.-' ""Ifr',.. ... rl'·.,,-· ~ .... """\'I. .. _.n; .. ,'l .... ·.,.· .... '-l" .. -.~.t'Jt>r .. ,""' ... ~' ..... I:# .. OV' 

method oo~_~ .. !.~t8 t ~!tJ~ .. ~f.~~u1 ~Jlt~ring .. t §~1 estible nutrients by the 
~~ ......... ...,., ........ , ... ,'1........... " ",..IIt! .<1': • ~~- ........ --.... ...... ,~-........ ~"o( ..... ~ .... -...... ......... ..,:1' 

ca1orifio value of eaoh nutrient and then making a deduotion for the 
'-, .. I' ... _ ,.~ • .,~I> .• P""'"' ••• -·.~""' .... - .... " .. 1("' ; ~~ ..... ,.,.-.. . ........ ... .,_"' ...... 'OIV'_"nto ... , ........ -~ .... ,~ 'lIIo',..~~~~'1II!:i ~~_.,~,...f".. .... -.,.-'"'I"~. 
~ .... ~.,.~,.~ ... 

~rude tn5er. y X 'v 
. '---~"""-.......) ~ ~ 

(4) Armsby has formul ated from his own and Kellner's work a 

system ot expressing the nutrients of feeding-stuffs which may in time 

~. f""~' fl.-(. S ~t 
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entirely supplant the system now in vogue. The protein 1s expressed 

as albuminoida and the energy value as a single figure. The aesumption 
, 

i8 that the amides, which with the albumin6.da go to make up the total 

protein, are not 80 valuable as the albuminoids for feeding purposes and 

that all the food may be olassified under two heads--that which goes 

toward the formation of nitrogenous SUbstances and that used for heat, 

fat and energy. The amount of albumintOds is the measure for the one 

pu~pose and" the energy value for the other. Two figures, therefore, 

are Bufficient to show the nutritive value of a food. 

X ~ 
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x 
The food of the dairy cow may be used in four ways: 

1. For maintenance. 

2. For milk production. 

3. For development of the foetus. 

4. For growth or gain in weight. 

tao~t~ be_~~SB~at~ . .,_. 

REQUIREMENTS FOR MAINTENAHCEt~ 
~ ~ . ~~J...cea-,~ ~ 

Since it is i mpossible to determine the nutrients required for 

milk without first knowing those required f or maintenance, it naturally 

follows that an accurate knowledge of t he food used for maintenance is 

of as much importance as a knowledge of t he total food used. These 

questions suggest themselves. Can we calculate accurately the 

maintenance requireme nts or will it be necessary to carryon separate 

maintenance experiments? If calculati ons will answer our purposes, 

how are they to be made; if experiments are required, what precautions 

must be observed in order to secure reliable results? The following 

discussi~n will have for its object the answering of these questions. 

krhe ~ou~t of fO~d t~ b~-~Bed - f;r maintenance will depend upon ·····r 
~ several factors: The extent of the radiating surface of the ani llial, 

the outside temperature, the disposition and weight of the animal. 

The main function of the maintenance ration is to supply heat to 

replace the constant loss that takes place. (5) Ar msby says) 

"Henneberg has long ago shown that in round nurbers, over 90% of this 

heat is removed by radiation and evaporation. Consequently we should 

expect the demands of the organism for heat ( i . a . for maintenance) 

to be proportional to ita surface (including lung aurfac-a) 

'5 B 1 . 42 Pa. 
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r ather than to its weight, and the more reoent researches of Rubner haNe 

confirmed this theoreticalconclusion~" He also says that in the 

absence of surface measurements of the animals experimented on it may 

be assumed that they are geomet rica lly "similar figures" and therefore 

that their surfaoes are proportional to the two-thirds powers of their 

live weights. 

Since the temperature of warm-blooded animals is fairly constant 

it is evident that the metabolism of the body must ohange with the 

diffeJ;ent outside temperatures in order to keep the ·body temperature 

uniform. More heat must be produced in cold weather than in warmer 

weather, ·consequently more food is required other eondi tions being 

identioal. It seems, also, that very warm weather oauses an inorease 

in metabolism. In other words energy is required to get rid of an 

excess of heat as well as to produoe a sufficiency. We find,therefore, 

that an animal's maintenanoe requirements are highest in the coldest 

part of winter and the hottest part of summer. Humidity of the air 

linoreases the oonduotivity of the animal's coat and in this way brings 
• 

about the earne effect as a colder temperatura, that ia, when the outside 

temperature is below that at which the minimum metabolism of the animal 

takes plaoe. When the outside temperature is above this po£nt humidity 

exerts the same influenoe as a still higher temperature en account of 

the les8ened power of the air to evaporate water from the body and eo 

eduoe temperature. Wind increases heat radiation and water evaporation, 

Consequently, it tends to reduce the heat of the body no matter what 

the outside temperature. Wind, therefore, during the hottest days of 

SUmmer may lower the maintenance requirement and during the colder daye 

f the other seasons inorease the maintenanoe requirements. 

"fc .. 
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(2) Armsby has found with his calorimeter that a steer when 
~ __ ~_ ~_~~~."", ___ ","-,- .. :.~",,,,,-,, ... -r..r ... ~ >, •• _ ••• ~ .... ..::~ Jo'o ;O '-"'~""""\.o __ ~""--"" 

a~di n&.~d~ ~_~t.~!~_~~~~.!~~E:.- }.)l~~~~,~-_~~~~. It 
is thought that the disposition of an animal may affect the maintenance 

requirement in this way. An animal with a nervous temperament will 

move around more than an animal with a sluggish disposition even when 

both are at rest in a stall. Perhaps alao the nervous animal will 

not lie down so much as the sluggish one although this haa not been 

demonstrated experimentally. 

T.he food required for maintenance will vary also wi th the weight 
~ ______ .. _ .... _ ..•... r.,. __ '. _ . ... _ .. _ . . _._~_---.. --.- .. _ .•... _ ........ .. _ _ ._ .. _~ .• _ .• ____ ~_ .•.. 

of the an.~l independent of the surfaoe expoiiea~gA- 'g&ner-ally 
~ "-'"_."". ,, __ ..r • .,...-~.-~,,--_..a'~--'-'-~' ' ''' ,,_ .. -'" ""' .. , ~ .. ' .. "--" .. . .......•..... ~ ..•... , .• ~,..~ .~~.---~ ..... ,- .... . 

but not al~.~Y .. fJ._ the heavier the animal the greater the radiating 
_-._.-- - - .. --.. .. - .. -- ••• -.-... -.~ ..... ....... . ~. _ --...._ .. ___ . ~_"' • .,,.,.,,,_._ .... r" •. ' •• ~ .......... ~ •. ,. .• • _ .. : ......... . ... _....... .... .' . ~ • . _., . I.J .. .. :f .... ' . .,. ............ ',~ .............. ,. ' 

surfa~ .. _! Two cows might expose an equal amount of surface but on 
-----~.-_/ ~. -'-. .' " . '. 

aooount of a differenoe in conformation or condition or both one might .-......... -._ ... ,' ............ :. .. ~ . 

If conditions are otherwise 

ic;_eJ1!!.~~J ... t~e )l~~ vie; -~O! _\'fi 11 r equ i::8 . ~():re foo d~or . lII.~i.~~~~8;/ 
. . .. '. ,.. ~ -.~~ ~ ... 1..... .-If"'" .. " • • \:..--

Every musoular aotivity such as standing, walking, etc., oalls for more 

energy due to the greater weight which must be moved or supported. 

It must be evident from the foregoing disoussion that since the 

amount of food required for maintenanoe depends upon several factors, 

80me of Whioh oannot be measured nor aoourately estimated, the only 

way to obtain thoroughly reliable figures is to carryon a separate 

maintenanoe experiment. In ordinary feeding practices the food of 

maintenanoe may be estimated with a sufficient degree of aoouracy by 

assuming that the requirement is proportional to the two-thirds 

powers of the live .eights; in this investigation, however, an attempt 

will be made to eliminate every souroe of error and to make the results 

as aoourate as is possible. 

(a.Bul. 84 Pa.) 





-9-

An examination of some of the maintenance experiments which have 

been oonducted will serve to emphasize the impossibility of oalculating 

aOO~elY_~~~~~~~:r?~_~ __ ~~~...!!i~.~::_{" 
(6) At this Station four dry, farrow cows were fed a ration similar , 

in composition and in suoh amounts as to keep the body weights uniform. 

The length of time the cows were fed varied from 13'0 to 180 days. 

Following is a table showing the approximate relation which exists 

between the body weight and the food of maintenance as found in these 

experiments. 

Number of 
cow 

4 

63 

37 

62 

Weight of 
cow 

792 

888 

891 

914 

Nutrients daily 
Therms 

5.79 

4.91 

5.53 

4.79 

It will be seen from this that the maintenance requirements do not 

~ary direotly with the 'l[ei ghtin all oases..)( The heaviest oow has the 

lowest requirement; the lightest cow has the greatest. The conclusion 

to be drawn from this table is that the weight of a cow in itself is not 

an aoourate indication of the amount of nutriment required for main­

,tenanoe. 

(7) Haeoker haa attempted to determine the maintenanoe requirements 

of 80me 00 •• , but hi. results will not be oonsidered here for three 

reaaona: The .eights of the OOW8 were not oontrolled as closely as 

they should have been; the rations .ere not uniform for all; no records 

are available to ahow what quantities of feeds were fed. 

(6. Research Bul. 2 Mo.) 

7. ~. 7f ~ .. 
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~~~._~f the points which shoUl~.!:~_~,,~~~,~.:~~~!!.J_~ __ 
~~~ ... ~~---~ - • ~~"I~ 

carrying on a maintenanoe experiment; l It shOuld extend over a ~eriod 
_,_~..-"...... ~ - ~« __ ~ __ ~ __ --' "... .. ".' . ............... _~~ .. _, .,. _.~ •... . , ••• , ,.,, ._ . _ .• _ __ .. .... ,,,,,,., •. ,,.,..,· ... ·""""""··."-"".,, ,,,..,xo,,., ..•.. -

of at least si~.~ ~onths in order to repres~nt a< fa.i~, ~, .. ~!.~£.~~.~~ . _!2!' .. _~,.~h~t .. "y,e~. 
~"'~ _ ___ -" .. ''''~ •.•• *i'' .... ·, ....... , .... ___ ~.:r/ .. l .... ~ . ~~-.., .. . _ •• "".j'.....- '." ...... ~ .. :, .••• .;0' ... "".,.: . . ... ,..."' •• -_ . ' ........ ~ '" •• 1.",, 0"'"-.;' ~"".-.' '. '" ~,_","-:1 ..... _. :.~ """"' '-",; . ........... ';Ii. .'(~ ...-.r."'$.--=r..\ .. y .. .... l.l'll'!.~ 

A cow requires the. most food i .. Il.--tha. hott e~t,-~u"t.~ .. QJ summer and the cold-
~ ' ..... ...~~J:ot. .... 'I15"_.~~~~ .. .... ~ .. :...; ................ __ ':' ."",.y, ' t. '" r .•. ~~. . · .;.· .. J"O' ..... :f~:< ' ... ,.t:;;v,., ..... ", ..... ti..,. . .;,t!"_;~-~ -t.",.,."; .•• : "' ......... il .. ..,.'./ ... h.y~.J. "~t-lf . ..... .. _.~~ .~ ... ., """" .......... ~. _ 

est p~~.,~!. ,.,,~.~~~l A period of six months, then, will include a 

portion of the year when the requirements are the greatest and also 

a porticn when they are the lowest. One year would be still better than 

six months. The cows should be at the same weight when on maintenance 
~~~~~~.~ .. ~~ .... ~~:~~~~~t~., .. r:.'!1""-.:s:'n..~."~~,,.~~'tP.:f<2~~.~~;~,..;~~~~.-:, .t; "'~..J:""''''''wlt~~ 

>~s when milkin&~ The principal difficulty encountered in an inv8sti-
·'"~~,,~,,~~~~tt 

gation of this kind is the great fluctuation in live weight from day to 
~~--.-~-'~-. ... ~' ... -':~·~"'l. ""'" ~~"':_' < '" .<I'_' ........... ....... _ .. .,,, ... ~~.,.!ioW . ....--_~, ..... _ .. ~ .... ''''' ... ~~~ .. ~ • .....,...;.-...': ... _,~.;y.'~,r,..r ";:,,. ,/~.-.l.;,,-._,_, ....... -~ .• ,' " -$':t:··!r'~-:...l..od~"-'o.~,£iU...t~!j~·~~Jt~~~:--nJ".-~ ..... ~ . ... ..li"':'" ........ ~~tPn:<,,~~ .... t<;t~~·''' 

~~ven when e~ery precaution is exercised to have conditions entirely 

uniform. This is undoubtedly due in large part to a change in the con­

tents of the alimentary traot although part may be due to a variation 

in the water content of th~ blood and solid tissues. It has been 

observed that when a heavy feed like silage is added to the ration the 

live weight 6t'eoreases. It is important therefore to change the ration 
___ __ ............. ~~."'oo'!." ___ -... """< , .... ; .......... ,._lI· ... '1 ............... ·~ ....... ...,..~. ".,' '!' ..... ~- '~"' ~"'-' ..... _"'t-,, ,.,.~~·-~~ ... ~'S:'.4I'rt....:."\""M;!I -:rf"I: .• :~~ •• ~"'""-~~ ... P ........ ~,;.i.6otJ\..,. 

a s ~~,}_~~._~U2~~1:El..J-~~~~~L .. ,~.,2 ." ... D,~~~i~~~~1}!l.~, ~~ .... " ,~,n~J~~\~~~ ,." '~~,~:, ... !!,~l~~~~,,,."~: "" :~~~~M~'t'H""" '< 
"-. .."".,..~ 

~~ose of the oxperiment to .. ~~r:,,~ . i ~ .. !'8:~- '~r~~E~ ... ~.~/~,, ~l?~§~~::.~ ,~.~~~:. ,.~ On account 
~-''h4;:.v~ ..... '"to!~ ~1J~" ..... "'\r-'\ .... ~~ .. ~_~'"--«':"t~I ... , ., ' ... • '. . , •. ~ .. or ...... , ..... 

of the difficul ty in' determining the true weight of an animal a t any 

Given time it 'becomes necessary to carryon maintenance trials for a 

considerable period of time. 
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REQUIREMENTS FO~ MILK: 

The second division of this subject haa to do with the nutrients 
.--- - - _. -------. ---- ------- - -----.-~~- -...... -.-.--.--.... -.. ..... ~.-- ~ ' .. --.. -~ -.. --.-------.... --.---.-.... '-.. ""---------. ~,. -~~-, " . - '" / '--"'-- ' .-' ~- .--.. .... ~ -.. -~ .. 

required for milk production • . The amounts of nutrients required 
-'- - -----. - ... -~""-'.-.-- ..... --... - - ... - . .... J .,. • • -" . .... " .. -- . ... --~- .. ..... " "' ......... -. ~ . -

'--" ----------...----~.~.'-.... ~-.'~ ...... ~.>~-.""'~' .•. 

~11 ~e~~~~~-~~.~~~-,~!:~~.~~~,~~.~i~:.!'M~~, ,~~,~:~~-~-,!..~:,.~.~~~ but, as a matter of 
convenienoe, it has been thought best to discuss this subjeot under 

.u.~.-.-*~ .. '.-... ·---·'· . .... . "-',,- _ ... too-, o.K.,_ .•.•.. .:.! .... , •. ..:. ... v . _ _ .~ ..... --~"' ..... . 

the two heads--tota1 nutrient requirements ·;~d"~p;;te '1~"'·;·;q~'i;;ie'nt8 . 
•.•• .:._~~~-...- ...... '*"-r....r .... -:. :~~ . ... ." .', .... :., '. , • " '.- ~, ..••. .,., , .. ....... . ,'--'1":"""' .- ~loi, ..... ..... . ~ . ...... t. .... AI 1'!{~~.....-..JIb.<..-..i..M.'~ .I" ~ ............. ~ . ... -·~..,... '': '''' .. ... .. . ~, ... >' , •.• :..., • .- .~,;r" ..• ~ .. \o,I..lI'"" ... ~.~;.....th-~~ ..... ~"'-;-"2l'>-.'- t ... · t;·-... ·-,.~.· .. .' I..:Y. ·~ _ .. i.r .... "'),.o...1J<·~<;Jf( ,..... 

The first ~,,~lrig standard for milk cows was pub1is.!Ut(~t ;,,~~ 18S4 
~~",-,"",., .. -..I.~"''''''-' ........ --.~."..:: .. ,...':....~ .. I.""---... .• -_ ... .. .: .. .l. .. .1.'1''"""'' .. .._._ ••• ., ••• , . ~ ....... . ... ,:.;o.:.., _ .. ~ .... , .,,_'~I_ .. " ..... .. l .... ..... _., .... ~~",.~~ ......... ,,:..~~~- . ~' •.. .t- ...... .oI1oo., 

... .. . 1 •• : ..., •• 

.. ~~~:~ T1:is standard was deduced from the resul ts of a large 

number of experiments at different times by different observers. It 

c~118 for 24.0 lbs. dry matter and digestible nutrients to the extent 
1~1iJoJ.1 __ -._~ ..... u~-.. 4-··· ·f .. ...:.... .. ... ''':-' .. . " .... , •• " • • ~ ... -~ .............. - -..- ..... .. " ... "'""10' _ • *... .... .... .v r .' ...... ;:,._'J_.-.' '"'"' -'" ~. • .• ',.' " ' •. :'-'. 

of 2.5 lb •• protein, 12.50 1bs. carbohydrates, and .4 1bs. ether 
.... ___ • .. - ..... _~f"C"r ... M' ~ ........ ".-·."..··\ - ... ;O'· • " - ~, •• -A..' .,. . , . -"_,,_ .... "',",' • • '. •• .......... ~. - ••• (; 

~t. . .fOI'-'" . .oow"W;" 1.gh,!l1s .. 1 OQ.Q....l2..O'~~.:.,..., Wh 11e this Be em~l to me et 

the requirements of a good average dairy cow fairly well ~t i. 
~'-----

or1 tioi ... !~,~ .. ~~~.Q,ry, J)R!.~Jll!~ _!r!6 ,.,~y allowanoe :f~r , ,"a very ._ ~~.a!y pr~C!.~C?,e.~~ or 
~Jt,i#iJ!.~_..J~~. •• .. .. •• , __ ~. ~. ~ _ ;-- •• • • - •• - .. ' 'l"··'·r·· ... ~' ,", ..... ,- •.• :.-. .. ~ .:.~ .. . _ . ...,. ... .. . _ "'-.~', ... .. .;: ·~'.J-·;.::. .... ftl~~~ , ~ ...... ~S!I .. r.,..~ .... ~. :»if 

a light producer. (1) P~of. Julius Kuhn of the Halle Experiment 
"l(~..ax~...ciJ';'*"~~~,...,..:.;,.~ ... t(' ...t ... ~ •• J-ad-:;. ' .' ---.... """"--_ ,, ___ __ • .._. __ .. ~ • _ _ .......... ~~l_o _ _ ~~ .... - ..... ,,,.....-' • .- • .., ~ _ , 1.. .... _t ..... ,r., .... ··'10-.-400. ..... - .. , . < •• , ..... _. ' ~ , ...... .. ~. _<. '. 

Station in l8S1 was the first scientist of prominence to question the 
.' . ...-

advi8ability of feeding all cows ' th~ .sam.e irrespective of produotion 
~-'., ",;: , l..,.., ... : \~' •• -.... ".. . ' _ .11; ."·4/ ..... :·'t.· ". 

or'-of'~"ki'~d or qual i ty of feed. II Later he proposed a standard whi'oh i • 
• _ '1; ... , ... : ....... "7!:t~··· · ... .... .' .r_. ·"l't ....... ~ • • -~, ... ~,~ .:;. •. ..".r ~ .' '',f·-· ..... I ••• • & ... );..,.,("'f"'.~.'f'. ! .. ~.~ .. ';~~ .. ~.,.» 

aomewhat more flexible than Wolff's and has the nutrients arran~d ~ 

little differently. He objected to the olassifying of all nitrogen 
j 

compounds under the head of protein and considering them aa having the 

same nutritive value. 

lbs. 

R ~-"Q~~8~!W.4.~~,J. ~l.£!!!J 

Digestible 
a1buminoida 

1.5 to 2.4 lbl. 

Digestible oarbohy­
drate. and amidee 

12 to 14 lb •• 

E~~~~ .. _~p~~~~.n ~ ~~ ., .. ?~q~ __ good. r~a801!.l-tQ~ g,! "lid ~~]l~ 

(1. Exp. Sta., Reo. ' 4--Tranela tion froll J. Kuhn.) 
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~. way h18 ___ c1assit:lca~.~~n d1~_not prove E.c?.E~l_a-!~~~ 

(8) In 1892-3 Woll of the Wisconsin Sta.tion secured reports 

from 128 dairymen in different parts of. the Uni.ted . S:tates and Canada 
~"""A(-~' ''''"'''~ '''''''''' _r<'.,.-,. .... '-~ .-:-._~-.. - ....... ~- .-.""-.-~ .. " .... J • • ""'"'' " •• " •• 

and from the8e_. ~together with reports from two or thre .~ .. experiment 
,.,Jb">iI'P--:f. _f,,:,"-._~_6~,,--··"'J'·""'T.'; . ,--~...- ... -... ........ ~ ...... - .... ,' ... ,- ". "." . .... - '-' .' '.' - .. "' - . _ ..... ' ... ' 

stations he formulB:ted the so.-:c·al.l.§.d _.Am8rle·an..~r.at.i.on._--. This calls for 
..........--.' ""...--.-....-.• _. .~-~.-.- ~ .• ~ •• ...,.. .............. ___ -. .... '. "J"'~ .....-----_ .. ':~ •. .._ .... . 

dry matter 24.5 Ibs. and digestible nutrients to the extent of 2.15 
." -. 

rCI. p-rote in, ~3. ... ?7 lbs. oarbohydrates . and . • 74. lbs. other extract and is 0 
~".~ .... ,,_ .'_I"""''''f~' ~' ' '''''' ''''' ' . .... . .... f-."'·~.... . ", . .... . .......... ,.., •... _ .... .'."- ... , .. _' ""',' ~'''''. '- .: .. ~ 

open t.~ . .Jll! __ ~!m.~._ .. ()~~e .c:HQn .as . the. Wolff .• ta.ndard.. _~-this rati;~;;r 
,.~":",,,~~. 

an (9) editorial In the Experiment Station Record Vol. S has thie to say 

in part: ftA feeding standard is an expression of the amount and pro­

portion of the several nutrients beet adapted to the purpose for which 

the animal 1a kept, as determined by continued and systematic feeding 

experiments conducted on scientific principles. Ita value depends 

upon the extent and a ~ curaoy of the observations on which it is based. 

A feeding standard oannot be established by a study of feeding praotice. 

If prtlct ice were 8ufficiently perfect the nece 'ssl ty for experiment • 

. wou ld be ft'" D ft .. .,.A1'\~ . ft \ ,"""' ........ _- .- .,,.. .... ,..,.~~« y ~"_.~~~_._"'..... __ , -..., J .p\ y _____ .~r"~ .• " --· ••.••. . • " . 

I (10) Wooda and Phelps studied the rqtions of 16 Conneoticut" 
_________ ... _., ....... --~"'__ ........ _ ..... ,..,.,...- ... ---....-..~~-...,. ·----.~w_. __ ;,..r.._.... ~ __ ... _ ...... ,_~_ .. . , .... __ ~,~~. 

~:.,.._~!'~~~n 18~~ They do not oonsider their findings ae 

final; but pending further investigations h~e..L~~E-~~~l.~~lJ-}!\!U!!j;-
a ration oompo8~d of 25 Jlb~~ _~rganic matter 2.5 Ibs. of which are to be 
~~ ____ .-.--- . ~ - - "· •. r .. _. _ _ '- - ........ -- --.. - - _______ ._--r .'. ,.." ".-~._ ... ,."'~- "-•. " • __ .......... __ ,~~_~,. -...,.~-.- ....... "--'-

~igestible protein wi th enough fat and car~oE.Y~te~ .. _ ~2._> b.:~~_1!~ the :r~~l 
" ~--,, __ ~~"''' 0&1 ... _ ... .wtl,"*, .. .. _ ._ ... _ ..... __ ...................... _ ,. _ ..... _" ,. ... I~ ____ ._.......-. .. --........ ... ~._......,..,~ .... ~.~'-'-'# .... --·~ ... ....-....... ~ - ..... .. ~~~ .... ,._ ... ...,.._ .. H ... '., ~ 

.~~~ up .,t.~_~~.! .. ,Q£Q-Q~~~ This ration has the same objections ae 
___ • .1 . ,,1 

Wolff's and Woll's in not being adaptable . to a cow yielding either 

a very large or small quantity of milk. It Beems to the wr i terr , 

~
8. Bul. 38 Wie.) 
9. Page 538 } 
10. Bul. 13 Conn.) 
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however, that made a step in the right direction in dOing 
,"",--~-""4 ~~ -... .. .......,............... . ' .• ~ ... ~ •• ~<-_~ ............... .. _._~ ~ 

I a,~~Y ~~~!:~~ .:<.,qu !.:,"~~:"1!.. f~:~a;i§.tJjq£r!i~i:;;4 J~~ .. ~~~~ 
wi h ~~~~1:!~ ~~1l!~~!!J;..e,~,!!~~",) 

""------------,---......-..~ ,;. ... ....,.....-~"""'''''' ~""" ..... 
In 1897 Dr. C. Lehmann of the ~'!r in "Agr icul tural cofrege·~ <l1't -ied 

t he Wolff standard to meet the oritioism of Kuhn and formulated what 

is known as the Wolff-Lehmanrr: standard. In this the kinds and amounts 

of nutrients vary with the quantity of milk produced. 

Ulgestible Nutrients Ether 
Dry Matter rotein £arbohydratea extract 

11 Ibs. milk require 

l 6i " " " 
23 " " " 

" " 

25.0 

27.0 

a9.0 

32.0 

1.6 

2.0 

2.5 

3.3 

10.0 

11.0 

13.0 

13.0 

.3 

.4 

.5 

This standard i8 very likely an improvement on the original still as 

Haecker has pointed out (7) it is not clear why the nutrients ahould 

not increase ~ in the same proportion as the milk yield . For example 

the same amount of carbohydrates is prescribed for a cow giving 27i 

pounds milk as to the one giving 22 pounds milk. In the last oolumn, 

why should not the figures run 3, 4, 5, 6 inste ad of 3, 4, 5, 81 

(11) (7) During the winter of 1894-5 Haecker fed 12 oows 

a fixed ration for 154 days during whioh time a full flow of milk 

and yield of butter fat ia said to have been secured. From this reoord 

I he attempts to determine whether or not the Wolff-Lehmann standard calle 

for an exoess of nutrients. The gain in weight for this period was 

about 29 pound. per cow or about .3 pounds pe T head a day. 

(7. Bul. 79 Kinn.) 

(11. Bul. 67 Kinn.) -

4 of the 12 

-t .J 

~ 
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were 2 or 3 year old helfers. All tile COW8 were bred. during the exper1-

men t tne t1mes varying from 6 weeks to 4 mon tns be%'ore 1 ts concluslon, so 

probabJ.Y ai,1 or near~y 8J.i the oows were oarrYlng caJ.ves. The oow. 

were fed an average of about J.2 pounds conoentrates each per day along 

witn alJ. the t1motny hay ,16 parts and roots iO parts or t1motny hay 18 

parts, and siJ.age 14 parts that they would take. The rougnage consumed 

amounted to about 24 pounds per nead dallY. Tne daily yield 01 mlJ.X 

wae 26 pounds testlng 4.1 ~ t'a t. TIle average welgn tot· the cows wae 

956 lb •• and tne digestible nutrients consumed dallY 2.00l0S~ protein, 

12.46 pounds carbOnydratss and .0'1 pounds t'at or caioul.ated on tne basls 

of J.OVO l.b8. live weignt. 

2.03 proteln 12. 'l'lcarbOhydra tee .565 fa t. 

l'ne WOJ.%·f-1.. • .omann standard under Slmllar condl tlons prescrlbes 

3.08 pro teln 13.00 carbonydrates 

1t WllJ. be seen tLlat tiaeCKer's cows used a 5mB.ller amount o:f" tnes. 

nutrlents all. ·tne way tnrougn than is provlded t'or by tne standard, tne 

greatest dl~ferenoe belng in tne protein. Under ordlnary da~ry con-

di tiona in tnla ooun try he 18 apparentl.Y jUstlt'leC1 1n hiS assumptlon 

that tne WOlt·to-ltenmann standard prescr1bes an excess ot nutr1ents. 

When we ta!Ce 111 to consldera tlon tlla t naecker' S OOW'S were IleavllY red 

on concen tra tee and tne fact tna~ tne dlges tl Ole nu trlen ts con talned 

thereln are wortn conslderao.lY n.ore tnan tnose f'rom roughage as has been 

P01nted out betore it 18 very doUbttUl Whether ne nas proved tne WOlt'f­

Lehmann llguree to oe too nlgn as regards . total nutrlents under all con-

d1 tlons 0 I ieeaing. 

In tnls lnves tlga tlon we Sna.1.1 a t temp t to dete;:~~ne tne .. ~~,,~,!_!J!,D_:t.s . 
~___ ~~..,..t'tt>"""".~~""~A'O.#'~~~f'W'I'I."", ..... ~Q4"~:'J~'-~-' '''' #' ~,~",.......,....r.''''''' ~~'''>'iI'--

required t'or t1 ecker' s I"lgures nave no accura te 
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bearing on this point for two reasons: first his cows were using a part 

of their fooq for the development of the foetuses, second they were 

gaining in weight. With our present knowledge we are unable to make 

the}r:~er ::r:::::: I Bu~~:;-;:;~a~ri bea . ~~;:-~ 
computing the rations of dairy cows by the use of energy values. He 

tentatively suggests in the absence of definite experimental data that 

the total energy necessary for thaproduction of 1 lb. of average milk 

-- 4 % fat and 13 % solids-- be placed at .3 therm of production value 

of the food. Included in this ration there should be digestible 

amide-free protein to the extent of .05 lb. for each pound of milk. 

Besides this there are figures given in the same way for the food of 

maintenanoe, whioh vary with the weight of the animal but not propor-

tional1y so. It is our opinion that these are the proper terms in 

which to express the nutrients required for dairy cows. The greatest 

objections are, first that insufficient high-grade work has been done to 

permit of an aoourate estimate of the nutrients required, second there 

is no definite allowance made for variations in the quality of the milk. 

(7) Haecker raises the question as to whether the Lehmann faotors 

are applicable to any and all grades or qualities of milk yielded, and 

to settle this point he studied the records of six cows fed for 154 

days as has been mentioned before. The Wolff-Lemaann feeding faotora 

reduoed to terms of carbohydrates for the production of one pound of milk 

ar e as f 011 OW8 : 

(4. Farmers' Bul. 346.) 
(7. Eu 1 •. 79 14 i nn . ) 
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Nutrients to 1 Ib milk Nutrients to I lb mil k . 
lWo1ff 19 figures) HC&."fY~ 

Deducting .7-8. - ."f Deducting . 7- 7 . - . }'r r~ 
for maintenance for maintenance 

11 lbs. milk .301 . 392 

162" n " .298 .359 

22 " " .341 . 386 

271 " " .330 ""~,.,~AQ ~",,~,,, . ",~.~".Y' • )J.: •• .1:""~'-.>"" ~I!I!M~ 'l'I(a 

The figures which Haecker secures from cows yielding milk varying 

in composition r educed to the sams basis are : 

Countess 

Lou 

Topsy 

Olive 

Sweet Briar 

Houston 

It will be seen from 

Per cent fat 

2 . 5 

3.7 

3.7 

4 . 0 

5 . 0 

5.5 

this that the 

Nutrients to lb . milk . 
Deduc ting .7-7 .-1 . 
f or ma i ntenance 

. 2"23 

.271 

. 273 

.300 

.332 

.360 

olff-Lehmann standard 

prescribes more nutrie nt s than Haecker fed to his cows with good results. 

\~'hen 'cows are heavily fed on grain a s Haeo ker's cows were, it seems that 

only those producing very rich mil k require as nuch total nutriment per 

pound of ilk as called for b~~ olff-Lehffiann standard. 

(12) Woll of the Wisconsin Station in order to t hrow some light 

on this question compiled data from several years records with the 

Station herd. It seems that the cows as in Haec ker's work had not been 

fed with the express purpose of determining the effect of quality of 

bil upon the nutrient requirements, so the records were erely such as 

(12 . Bul . 116 Wis . ) 
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are kept at any other experiment station. No mention is made as to 

whether the cows were mature or not, whether they were pregnant, or 

whether they gained or lost in .body weight. He found that each in-

crease of .1 % fat in the milk oalled for an increase per pound of mil k 

of .0075 pounds protein and .0063 pounds carbohydrates and fat) the fat 

being multiplied by 2.25. Haecker's figures reduoed to the same basis 

are .0007 lba. protein and .0038 lb. carbohydrates and fat. These figures 

d.o not mean much to us because there are too many sources of error. We 

have no assuranoe that the cows were fed in the b~st possible way. The 

discrepancy alao between Woll's and Haecker's results serves to emphasize 

the ne ad :~O~_ ~~~JlO.Q_~.~~~_~~~_.2~e~ ___ ~' ________ -"-'--"""--".-" --4-
~ein Requirements---Since it is not the purpose of this investi- '. 

gation to determine the amount of protein best adapted to the production 

of milk the matter of protein requirements will be discussed here merely 

to show first, that moderate variations in the protein content of a 

ration have no very marke~ influence upon milk production, providing the 

allowanoe is above the minimum requirement of the animal; second, that 

the ration whiOh we propose using contains ample protein for all pur-

poses . for which it is intended. ~ __ -------.,- .--...... '''' ~ ..... -----------... ----------,--~ .. ~.-~ 
The Wolff-Lehmann standard prescribes 1.6 to 3.3 pounds of di gestible 

protein for a 1000 pound cow yielding 11 to 27t pounds of milk per day. 

It is with respeot to the protein requirement especially that this 

standard calls for an excess of nutrients. (7) Haecker has demon-

3trated by feeding twelve cows 154 days on two-thirds the amount of 

protein presoribed by this standard with very good results, that under 

the conditions whioh obtain in the Northwest, at least, if not in the 

(7. Bul. 79 Minn.) 
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whole country, this standar d ' c'alls for more prote ~_n than is actually 

needed. Some of the work done at the various experiment stations 

aX~'-:'~~~~~~~~J!I~JJ1].~~...E1~io!t~_.~~~:"_~~~:':., ;J 
. (13) CIU'ly1e and Woll in 1903 wri te as follows: n According to t 

our present knowledge, we bel ieve that only cows of a large capacity 

will give economical returns for a supply of more than 2.0 pounds of 

digestible protein per day under the conditions present in the North-

west.-

(14) Humphrey and Woll in a later report suggest that the digaBtibl~ 10 ·t 
~y ~~~~::~!~~~~~. ··:::~~~; ,·~~:~::··· ~~~·;:~:::~="3 
tent of rations for milk cows will range between 1.70 and 2.06 pounds 

digestible protein per day. 

(16) At the Virginia Station four groups of four cows each were 

fed 140 days. The authors conclude that rations supply less digestible 

protein and lese dry matter than called for by the Lehmann standard 

may be fed · to dairy cows, while maintai ning satisfactory yields of 

m~l/~ and butter ~d ~~~_~pin~,.:~~,._.~oowe' ·ifl, - ,. ~~~d,~ B.~~!~!t.>,_" _", .... ::·_" .. _, "> .. ,, ... "y~~· <,~,,-,~, '.' ;r'~. 
~ ----, ~~ .•. ,. --,.~, 

-/ (1 7) Lindsey of Maes. fed 1t, 2, and 2t pounds digestible protei 

to three lots of cows, the total amount of digestible nU~,rients remain-

ing the eame in each case. He is of the opinion that animals weighing 

800 to 1000 Ibs. and producing 10 to 15 quarts per day should receive 

about 2.5 Ibs. digestible protein and 15.to 16 pounds total nutrients 

daily. . ___ --.. ---... --q----- .- - --___ .,~ 
'-

(18) At Cornell Station in 1895-96 Anderson fed three lots of 

three cows for 22 weeks each the same amounts of digestible nutrients 
13. Bul. 102 Wis. 16. Bul. 169 Va. 
14. Wis. Sta. Rpt. 1904 17. Mass. Sta. Rpt. 1901-2 
15. Exp. Sta. Reo. 18. Eul. 173 Cornell. 
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but with nutriti~le ratios of 1 : 4.5, 1 : 6.0, and 1 :·9.0. This 

was repeated the next year with nutritive ratios of 1:4. 3, 1:5.7 

and 1:9.3. The narrow ration contained 2.99 pounds digestible pro-

tein, the medium 2.31 pounds and the wide 1.58. The first year the 

narrow ration gave the highest returns per unit of dry matter; the 6 e-

cond year it gave the lowest. If any conclusions are t o be drawn 

they would be to the effect that the nutritive ratio in this case 

had little. or nothing to do with the economy of production per unit 

of dry matter consumed. 

(19) As a result of three feeding experiments wi th cows from the 

years 1896 to 1899 Hayward of Pa. concludes: "The nutritive ratio 

between the 1Ulite of 1:3.4 and 1:11.3 had no effect upon the quantity 

0" quality of milk production. 1.3 potU1.ds of computed digestible pro- . 

tein was sufficient for a 1000 pound cow in full milk~ the other con­

ditione necessary to her welfare being met. ' Within certain limits, t~ 

quantity, digestibility and palatability of the food and its effect 

upon the animal's general system was of more importance than the 

relative amount of digestible protein and carbohydrates the ration 

contained." 

(20) Wheeler of the Geneva St2l.tion studied the inunecli ~~, te effect 

of milk production of changes in the ration using the data from nearly 

1000 records " :"f~ feeding trials wi th milch cows at the New York 

Experiment Station. He fotmd that moderate chan ~es in the nutritive 

ratio within the ordinary limits had considerably less effect on the 

milk flow than did the changes in the amount of total digestible 

19. lfl,. Sta. Rpt. 1901-2 

20. Bul. 210 Geneva. 
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~ .. " 

organic matter, but that, in general, a~ narrowing of the ration had 

a favorable effect on oilk production, while a widening of the r atio 

ten~2![.~!!..!~~~.~er s!:_---.-~-,~ ... - ~-- .. -- < •. --.,. w - ,, ' .... . -'-" ... . '._~._ ,. ,. .. ~ •. 

~ \ (7) Haecker fed 3 lots of 6 cows each for eight consecutive weeks 

on rations containing different amount of protein. One l ot received 

2.04 Ibn. protein daily, anothor 1.68 Ibs. B.n.d the other 1.32 lbs. 

The carbohydrates and ether extract were about the same for each lot. 

After deducting for maintenance it was found that one lot produced 

fat and total solids as econonically as the other. 

If any conclusion is to be drawn from this motley aggregation 

of experimental results, the one most justifted is that moderate 

variations in the protein content of a ration have not been proved to 

~t~ny marked influencr upon th~.1!9j;J.Q.n_. QJ'. JA;i. lk.._-~ ... --~ 
The ration which we propose using in this inve stigation consists "'---- - -----.- ----.... " .... -.. ~ ..... ----~-.-.-... -'" --.-.. -... " ... ~ --.. -~----"'~".----~-'"-~. - ... --~-.. -----.'- .. , -I-"~ ) 

of 1 part of a grain mixture (corn meal 4 parte, bran 2 parts, oilmeal"" 
_____ _ ,~---~---' . .... .... ~ . . ....... -- I'f'I1'< •• , . . .... ~ .•• -.. . ......... ...., . - ..... ~, .......... ,.,...~ 

.... ......... ..... ~, - ............ -~ .... " .... . --.... ".-' .~- - ..... -.. -......... ".""-_-"\ .. ,.. .. ....,---...,- .... .".....,- ..... ,-......~.""-.--~. ' --.",~ ..... ~,. . ......... . 

1 part alfalfa hay and 4 parts corn silage _; In general it contains 
. . • ..•• _ _ . .. ... _."'~_.,.... ..... r.-...~ ..... h ..t .-.,...;·-.' ""," . "'-. ... ... .............. A •• "' .. ,, ',_,~ ., ....... , ..... '. 1'~ ... .,~.~ ........... __ ·n'" ... ,~ __ " . ........... ..... . f' .... .-., . ~: • • ,_. '.;"··"U· • _. _. .~, . " ... , __ •• :....r.- ._ . . ... , • ..r.t .... -~~ ....... -:r,; ,·f ~ ..... ' . ...... ~.-:'.'~.~~_~.':-'-::~::.-. ~.: .• •• ·'!"t\..'\i:~~fi .... ... _ ....... _::-... ,~ " 

lese protein than is prescribed by the Wolff-Lehmann standard, more 

than i8 called for by Haecker's standard, and about the same as is 

sugge8~~d by Armsby j The f ollot;ing table sf.oriS how closely these feeci3, 
C'~~ -.~~'MII'i'KII~~~~"' : 

mixed in the proportions mentioned, will meet tho requirements of 

both a heavy and light producer com~uted according to Armsby. The 

weight of the cow is taken as 1250 pounds, the per c ent of fat as 4 J 

and the daily yield of milk as 40 pounds in the fir~~ " . J:,E1_~~Cl;.~~, ....... ~~_ 
-- ~ •• ~ __ ••• H .. _~_._ ... __ .,_ • • • _ _ _ • __ _ , ..... , .. _ .. __ ...... .. . , ...... . . .. _ ..... _ . ............ . __ ....... ..,._ ... 

15 poundein the second:; 
--·~-------·-··-.. -'-.-, .. ~..,.rr,.. .... ___ ,_~ ..... __ ~--

7. Eul. 79 Minn. 
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f"" ___ .... ~ ..... _"11' .... ~ .... 

~ •• ~~ N.~ ".~ __ --P-----~-" ~'·· ·'-··· 'DWig~';t i b1e amide­
free protein 

Required for 40 1bs. milk 

Supplied in 11 pounds grain, 

11 .lbs. hay and 44 lbs. silage 

Required for 15 lhs. milk 

Supplied in '.5~rain, 
6.6 u.s. hay, and 26 lbs. silage 

2.6 

2.5 

1.36 

1.47 

, r.' ......... --c ....... C;.,..~-..... ~ .... .... '''1'.. " .. " 

Therms 

19.00 

19.36 

11.50 

11.44 

With our present knowledge of the protein requirements for milk pro­

duction there can b e no seri ous objection to the above ration on this 
. // 

• •• ' __ " ,", •. , .. ,._~ •• ,_ •• _ . ~.~ •• ".~,' ~ .•• ~. • - . " '"'.' ~,- . o ..... _.,,~ • • ~~ .• "", .• , . ... .-....... "'._ ..... ,.. ,'''''\<.". •. ' " . '''''; _ .... : .-"f\ 
~~, ...... ,,-.. .... ~y....~-rt~ 

score. 
\ 





REQUIREMENT FOR FOETUS:---------_. 
As t~ the food coat of the d evelopment of the foetus there is no 

data on record which ,'ould permit us to make even a rough approximation 

of nutriment required. We do :-not even know the chemical composi ti on cf 

a calf at birth so we cannot figure with any degree of accurncy how 

much milk would be required to contain the same amount of solids as 

are found in the new-born calf. Jordan in his book "Principles of 

Feeding", gives the composition of a fat calf as 

Water Ash Protein Fat 

in pounds: 

Breed Birth Water Ash Protein Fat 
Weight 

Jeroey 53 34.24 2:.54 8.74 7.47 . 
Ho1stten 90 58.14 4.32 14.85 12.69 

Shorthorn 76 49.10 3.65 12.54 10.71 

Ayrshire 64 41.34 3.07 10.56 9.02 

The equivalent in milk on basis of total solids is: 

Breed Solids in Solida in Milk equi valent 
calf 1bs. milk per cent lbs. 

Jersey 18.75 14.50 129. 

Holstein 31.86 12.00 .265. 

Shorthorn 26.90 13.00 207. 

Ayrshiro 22.65 12.50 181. 

It will be seen from this table that the amount of milk required to 

contain the same amount of solids as are contained in the calf at 

birth can be yielded qy a good average dairy cow of any of the breeds 

mentioned in six or eight days. It is safe to say, however, that 





the production of a pound of solids in the foetus takes a great 

deal more food than the production of a pound of solids in the 

milk. Besides the calf, the amniotic fluid and the foetal 

membranes must be proVided_~~-=-_~. _____ .. _ _____ _ K 
V _____ --- ( \ 
,1\ 
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It is a well known fact that a heifer requires more nutri.;lent . 
~-.~-'-~-' .. ~,--' --"~"" - " ,.- .,,. ,., " , - .... ,-.--... ~,,- , ' - --". '.... ,- . " .. ' 

for product yielded than · ·~doe's-" ·a. '-m~ture cow. The reason for this is 
.... ~~~~-~~.,... ............ ~.~1r~.:!~~.':o.-~~~'--~~r !....,.:..;,:~-~~ '_r_ ... ~.""_ ..... ·~Jo,.'t.,..w~_.~~. ,,~ _ ______ ____ 

not merely becaBu~,Q.t_,_ the heifer I s lack of dairy capaci t~;' ·-but- ·a.lso""~--- · 
~ ___ .-----~-- --.~~ .. - - •• ~- -- - 9,. "" .... .. .... _._ ~ '_ ''''' _ ''''''''''''''''- ' ''' '''''''''''''''''' __ '~' ' '''.''' __ _ '' ___ ' ~"--."'_n~ _ _ ~~ .... ~_~~ _ __ """,,~.«~ __ . ""~-" ......... _ ...... _ __ .. _ 

because a part of the food consumed. J~JlJst be used for the growth ,ll.hiJili..-.. 
~ ___ '-'- •.. - ..... -- __ .. " .. .... '. "." ... w--._~ _ _ ~_~. ".,..... - " -._ ,~. __ .• ", _~_~._..c,_.-""" .. , .. ~_ .. ,_.,~ , __ .. ~_ • .",~ ,_ . .......... __ "~,,._-........ "' 

takes D1ac!d The extent of groVith will depend upon how near the 

heifer has reached maturity. Ordinarily a heifer 18 months old at 
L ______ ------ --- -- - ... --.~~ .... ---.---"'-......... tf .. ' • •• ~ ... ·""_·_"_ ......... · 4 .... - . ' • • ~ . ..... . ~>:P ..... ~.- .. \.o.-~"-'= .. _"' .... .... ~._~ 

~~!, ... ~~~~,~r+.~~?n, "!~ ~ .~>~,, ~,~r,o~.,, .. ~n~ ,:,e , . ~~~~ one .9~~ .,~9~~~.~~~¥".~ l~;, . ~"~ .. ~~,, .~ .. ~~ ~!,~.! 
that has been stinted with feed will grow more than a well-fed heifer 
I\.~' " ... ........ -~" .•.• "' .. "," ''''' -'' .. . '. -- ... . . " .. · ,~ .. , .. . .;.7 ... ' ···'-·'<· ...... · ".'. ''''''' '' '''''''', - " ... " ......... ,,,.,, .. ,, ,''' -,,,,-

of the Bam~ age because the more liberal the feeding the quicker the 
~ .... • .t. " ., '. ~ ....... " .,~ '". . . . .' .' • .. .1' • .. ...... \ .t ...... -O; •. O"'-" ... '1 '." '. ~ -or .<4 ~. " • • • ~.~ !.~..:. rl l!~_ .... ~ • • , ...... . ·" ~;. -¥J .. -<;' ;I y 

animal reaches, maturity. ! 
_ ___ ... - .. -- --.. .... ."" • • - ... - ~ •• T.;p-,._ ... . .. _., . . ....... .: .. .. .. ... ,. . . ... • ...... • .... ~,. _::.~ 

The amount of nutriment then to be supplied 

in addition to that used for maintenance, milk prodLction and develc:p-

ment of the foetus will depend upon the age and previous handling of 

the heifer. Such being the case it is very obvious that no certain 

amount of feed will answer the purposes for all heifers. Anyone 

standard for the feeding of all heifers must at best be nothing but 

a rough approximation. 

From the much discussed feeding record of 1894-95 carried on 

for 154 days Haecker selected the records of 5 aninlals--2 two year 

olds, 2 three year olds, and 1 five year old and proceeded to cal-

culate the amount of nutri ment req\.~ ired. All of the heifers 

freshened Boon before or soon after this 154 days began so the reco :cd 

for this time represents the earlier part of the lactation periods. 

Now it has been learned that heifers do , mos t of their growing in the 

latt er part of their lactation periods. It naturally follows, there-

fore, that a standard of f eding on the basis of milk produced 

applicaple to a heifer when fresh does not answer the purposes when 
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ahe i a nearly dry. l~ ~~l:-:;";-;;:-~~;:~~~~'"-~;~~; -h~ i f~;~"'~~d~~t~ -.. -:;t -: 
rients available for each pound of milk is taken from Minn. 

Bulletin 79: 

Age Per cent Protein Carbo-
fat hydra tes 

Lydia 5 3.5 .052 .25 

Ouidee 3 3.5 .049 .24 

Trickeey 2 5.1 .068 .33 

Beckley 3 5.6 .079 .37 

Ether 
extract 

.018 

.016 

.023 

.027 

\ Je~y _ _ .. ~"-.- ._.~ . __ ~.~ ... _~,,:.: ._,,~ ... ' .. . ' ~_07 ~ .. . . ~:~.,., ... ~ . ' ''''~-''''' :'~~':' -''Yt' 
~ rnen a cow has reached the age of five years she is ordinaTily \ 

considered as mature and why she is included in this group seems 

to be explainable only thru the fact that there are no 4 year olds. 

In order to get at the rate of increase for each. .1 r er cent increase 

in butterfat the nutrients for the two heifers yielding 3.5 per cent 

milk are compared with the other three y'~lding milk testing more than 

5.0 per cent. It will be noticed also that two animals with an aver-

age of four years are compared with three heifers between two and 

three years of age. Even if the quality of milk were the same 

for all of these we should expect the older heifers to require less 

nutriment per pound of product than do the younger. Formulating a 

standard from this data is open to the objection that the figllres can 

be juggled so as to secure almost any rate of increase for quali ty. 

They show the futility of attenr -ting to lay down any set of feeding 

rules for all heifers expeciallyfrorn such a meager amount of data. 

Besides we have no evidence that all the heifers weTe properly 

nourished; the chances are that they were not. It appears to the 
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writer that for the r:resent at least the feeder must rely upon his 

judGment as to the proper amount to feed a heifer. 

It was mentioned at the beginning of this paper that a mature 

cow at certain times normally usee a part of her food for gain in 

weight. Since the body weight of a cow is not constant it must 

necessarily follow that at certain times she puts on flesh. This 

matter has been referred to several times throughout this paper and 

it will be discussed only briefly here. 

flesh or fat production depends primari ly on how much food the animal 
\ ~~_'"'""~ ............. _~~ v:'_~rh.'/I'·"""""··· v· .... ' ___ :·~ -..... __ ... ~.>-;- .. ~' ... ,.;: .! •.• -t.~_ --rP .... -.K"~~ .... .. ·:JlII~ ~ ... ~"'C"lo"1 ...... l .. -.... '~':f;:!··, tlii'tJ;.~ ~~"t. -~~~"""'~"J!Oo<. .... , 

takes in excess of that needed for maintenance .. milk and foetus • 
...... ~ .• ~"~ ...... ~ ... ,I11,,._ .. ...-- :JA)<:tAIh~ ..... .,~"--l .L ..... W¥oa'M ............... : .. ~ ... _ ... I.':\'O'-....;., .. .. , ... , "100 ~ _ ... ~ ... , ,... "~ 01 "~...c.~",,,";";':;' _"",,·e~·"","":1.':"" .~ - ..... ~.f' _ ........ \. ... ,'.Vt!::'fI...,.....-:; ~,&"i! "~~~~~1~a:."':~1~~~~~'f~~:1""".'" .• ~~~_ .• " ,~ 

Immediately aftel" parturi tion a cow l'oclucee mil.? in such quanti ties 
_... _ ;._,.,...~._ ., .... "'...:......,." .••. ,'.,,,c. ,.""" -'~""'-~<""~ '.' .' •. :; . ."..~'"""'. ···~'-":..h, .. ,., ' ,., •. ,,,.",.,.,, ..... "', ....... -....... .... ." '.' "".t.,:~ .• """". • 

that it is impo Bsi ble for her to ~ake enou~~ .. ,J9.9.d . to . p;rex~~t~:~~JQ]:~~~'" ,".,,.. ~ 
~ II'Ii i' .... _ ....... ~ ... .,_ ........ ,,-;: ...... '" .'~ ... ,'<. - •• \.... • -" , .••• 

in weight; after a few weeks an equilibrium is attained between the 
__ .-""- - - ' .. ~---""~ ............ "'"~~;- .. --~ .......... -.-.. ---... -.--.. -..-.. - ... ,;:.-, ............ .:o-""._ .. "ll' ..... ---.. "._."'" _ ,,. .......................... ,_ .. oI..,... ... ·.~_'n\ ... _"'C\~..,;o.l.'lA'!'io..~~~~'\.;.y, 

food for a gain in weight as well as for maintenance and milk. If 
..,. . __ • "'~~'-" ." ..... .', r·· ... • _"lr-- ·~' ..... ..-:O .... ---b#---.... ~~...,. __ ~U._d~ ....... ~-.:'.,.. . ... . ...-.~'~ 

carrying a f oetus at the B~~ .• ~.!,?le her cap~~ty is ~ufficient' ~o ' ·'''~~ 
t.._-_____ - -----.,-.- __ -------.,------ .-~~-.-~.-.,.....,..,~"...... ~.---., •• ,~-.,.. -----.~---......" 

provide for th~~_ fo~e-tus-.,a.a J!e ~l_A gain.~in~we·i"gh·t~ ... and·, ,,f-G~-.~.th~ . pth~r,~, 
~~~.~ . ..... ~ ..,. ~,~ .... Ji-' . 

purposes. ~l taking away SO~~L- r feed, ~~W ver, she stops 
'--____ .~~~.o4o_,I.I1I.~ ... ~,~.,...--........ , .... 'rf, .. ~-----.. --.,-.... ~ ~.". .... ~~ .,.,- ,..-

gaining in weight herself but still contributes t o the growth of the 
~1l-i~~.~~ ..... - •• - . .. ',......,.,.-. ,. ~ ... ;tI."'~"_~y ___ .~ _ ... ~. . _,~ .____ ......... v~ ... -Jo_~,-- ... ~;.~A, .. . -""~",,,.-~ _ •••• _- --.. '~~, -

~-<~~_~~~!.~ed bY __ ~~~~~~._.:.~~.~ .. ~h~~ __ : O.w~ g~:~~~~~.~ .. :.~ 
t_~_ ... ea.~~~~_ of a~~~~~.~~~:g~~~~_e~ It is evident there-
fore that it is impossible to prevent a lo s e of weight i mmediately 

after calving but that it is possible to prevent a gain in weight 

after eq ..t ililJrium is restored by r estr ic ting the supply of food. 





In feeding experiments to determine the amounts of nutrients used 

for milk - it would be advisable to eliminate one source of error 

by keeping the body weights constant. 





PLAn OF EXPERIMENT:--
_~ ___ ~ .... ______ .... ~ .. }o;f ... f " 4" ...... . ~Nf'!I ...... ~ 

•• .,~ •• p",·.~ • -, 

Some work has been done at this Station (6) upon the amount of 

nutrients required for milk produotion wi th JS J:.'sey cows. :..Il:t~_, 

order that the results obtained wi th these cows may be comparable 
, _ _ .......-....... --.-. _ _ ~.,,-... • ..... _1" .-. •• - A •• , .-, _ .' _ _ ~P ..... : .,.. '," • , .... 

with work to be done in the future it is planned to feed and handle 
<-------~ __ " ·w .... " - . . • 

the cows in the Bame way as has been done wi th the Jerseys. ; If 
- ', . -----.. --------_ ....... - .... ,-,. .-... ~ -.. ' " ' .. "', ,. 

possible two Holsteins and two cows of either the Ayrshire or Short-

horn breed will be selected for this work. It is thought that the 

data obtained from these together wi th that alre:~dy available ftr4»L 

five Jerseys will furnish suff~ient mat erial so that we may secure 

reliable information as to the areount of nutriment necessary for 

the production of milk. 

age, healthy and fresh. 
___ •• _~~' ... " . ... - ................ ,. ' • ., or ''' ' . .... .... - ....... "( . .. .. ~ ...... ...... ':.J' ~".. ... '"-.-v ,.,..' 

All cows selected are to be of mature 
- .. ~ - .--- .. ---.----- ... -------.--.-~------------.'.-.--' ",-.~-,-"",-,-." .. , ............. -'" ,~. ,- - '-

They are to be kept farrow throughout ------------_ .. -•. _ .. -. ".- . '" . ,., ... -. . -."\,~-

the experiment. No effort will be made to select either good, 
~~~I":.""",,~~J'-- '~ ~ ... ~. _ _ ... """'" 

medium, or inferior producers for this work as previous (6) inveBt~ 

gationsat this Stqtion .. hf;~_e shO\'lrn that one cow uses :food available 
.... . ,.-~ ;. ...... - .~.----. ..... -; - .-...... .... .. ........ , ' ...... '". .... . ' ......, .-'~ ...... ·....: '0·; • -~···~ ...... .. -· ·~ ... .." ... -~,...l~ .~ .... 

The cows are all to be fed the same kind of ration, that is, 
.... . .. '.' ... ' - .. , . 

it is to be composed of the same kind and quality of feeds mixed 

in exactly the same proportions. , The concentrated part of the 
• .' ,." " ... >1 ........... ,., 

;~·ti~n is to eo ·n~·i~~·t·"·~·f · a' ·mix·ture o"i' . corruiieai"-· 4'·'·p;;t"s·:·-·"oran N '2·'· parts, 
.. . ... •• ..•• "-~ .. .... ,_, ... _ .. <>!r"'!'-~".""....,~' .... :> ... ,...,~.,. . .. ..... , ••• - .. .r ........ • ... ·l-.¥.,,. •. ,'.1 ... ;,.. ,.. ... ~,. .. 't • ••••••• • ,f,.~ ........... ~ • ~ ...... .. ~.- r"'\'-'V.lo'n.;-.~ .,\., ,., ,,'''",,1_~-'' _!.''~, .~ ""-''''''"'l\'~ ... ... , .... ,..,.~ 

. and oilmeal 1 part. ~ The roughage will be alfalfa hay and c9~~ 
, ,.._ ._,." ,,~ • . '.'.,.,,' .... , ...... ,." '~ .. ~" ''''''..I' ___ .... .. .... , _ ._... .~_ .. ,.~._ . , ............ "",«,._ .• '· ·-· · ·"~""r·~_·"···· .• ~" .. -,..",. ,.,."- .. ,., .. ",,~ , ... ". ., ., •. 

si1aG,~~ and the ratic. between the concentrates, hay and Silage 
"" •• ' ..... ,_ ,.' ," -~~"""",,,,,,,,,,, .... J ~~~ .. ... ...... . "'~ -,"'- , ..... ___ ,.. _ ........... ,.-- _ _ .~ ..... ----- .. -M.,.- .......... - ..... - ,. .. . , ..... -.......................... -.... "" 

v~ ill be about . 1: ~, ~.4J During the sunn~e :: .. _§.:een ~e.~.~ ... _:vill take 
" ... - , __ • __ ., ........ , _.-' • ___ ... _._ .... _ •. ~' " -.. ......... ~ .' __ ~ _ • __ ." __ --.. ....... --.. _- .. -. .- .... ... • • -"J"'~ ......... JIIIIft!It,IIu 

the ~lace of sila~~ • . ) All f~_~~s, .W j: ~: ?~ __ .~.~~.~~r.:~ .. ~,~_ .. l Enough of -_ .... -.. _.,._ ... ' . _...... ... -,_ .. -~. _/-

the hay and gra in which has been analyzed will be reserved to run 

the cows for Bome time BO as to make unnecessary the frequent 

saffipling and analyzin8 of the f~cda. The cows are to be fed 

6. Research Bu1. 2. 
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such amotmts as are required to support the milk flow without gain 

or loss in body weight. Any heavy milkers _which are selected will 
'____ . ~.~. ",' ,,,,' ~~ .. ~(.-~ . . !.,...-r" ·,· ....... ~.,..~~.,·~to. -tn ...... ~.".,.~ ... _ ' _ ..... ~ •• ~_ ..... ~. • ..... ..... _",.\,~,,,, .... ~~. "-" ..... ___ " .. . 1t"' ........ ~'\_w.""~~"V .. •. ..., 

undoubtedly lose w.~igp:t .. i.~edia_te.ly .. af_t._.~ .E_ .. ~~9~o:t.Y..~.~ ,g but this loss is 
______ ---....~~".~ ~.-,-.. " . . . "., ... " .. ,~. '-. ..•. -0' •. '" 

to be restored before the end of the experiment. The experiment 
~"""':-~--~~~ ~·n.· .. .. ...... -.., "'" '-. ~ ' . ..,_~ . " '-.~-,'o "-' ''''IU'''' •. ", . "-.. ". 

is to l~.s~ f~r a year, and the aim ~h.all ~e. to have the cowe at too 
,,_~!lame ~~ight at the· 0 -1086 as at the beginn~. 1 

,,' •• ~ ..• ~ .. v ' .'......., . . ...- .. , ... ,..r-' .'b-~''''' ' :::'''~~~4 \ . . .. -.., ..... , ... , .. ~ •• ,..;.I". ~.,~ . .c-.t,~~ .. - ~ 

Accurat.~Q...Q_;,_de .. ~re to be kept of all feed consumed and any 
~ -"' .. • , ......... ,-----.. _-,..._-- '~ .. ,~ 

.,~ .. -. ," .~._ .. -, .......... , ';, ~ ... '_t""1_ ................ '..._ .. ___ ....... ..: .. _ ._" ........ ..----- - ............ '.... --.- "" ..... _~_ .... ___ ~9"""'.-... ~ 

~_~.L~~_~:~.:~~~~.:/ ~:.: __ . cows are to be h~~~~.~.~, ."fed and ., 

milked in exactly the same way and by the same man if possible. } 
"'---'-'_ -., .. _ ...... ~,,~ .... _.-*' _ ..... . ....... , .,'... . . .. ~ ""'"4~''' .. .... .M·~ ~ .... ~ · "k ~' '''''., ~ _ ... ,." ~.' ~ .~ ~. I" . .... ; .. ~ .... 

' Care will be exercised that the cows get all the feed meant for 

them but no more. Careful notes will be taken on the health 

of the cows, their feeding characteris·tics and any condition or 

happenings out of the ordinary. 

Method of stating results---The results of this work will be 

expressed in digestible, amidi-free protein and energy values 
"-...........-...-. • ..,.. ..... -. • ..... _, . ...,.. .••. _ • . ', '.~' . " .. ' .~ ~.:- ... ~4':.- .... ..: . ...... ,\. •• ,-~ .• '''",,::, _ .~""-'l .. _.~' A" " '_oJ. ............. """' ..... " .• • 

ac cordil1&-:t.o the method g..i:v.an"< "b..Y..~ .. 4m.~" l~.y._. ~~t?-___ ~rmers t Bulletin No. 
~- .... -----... . ..... """";IO.; '\~ .... ~~~~,,,, 

346~ From the chemical analyses of the feeds and the coefficients 
~........,......~ 

of digestion of the nutrients contained therein as determined by the 

digestion trial, the energy values will be calculated as described 
("--___ _ __ .. ~~~Nt\~~:-..·~.,~~~ ,-,-- ,~~_",,_~.,j .'of_ .. " "._~~l,+ .. ~~._" "" """ '''' _--.~ ~_ 

on page 4..J 
-...-.--....-.. --.-. -~"'" 

Sampling and analyzing the milk---The mi~~~ i~_ .. ~ _~,._e~"'_~_~"tg;tle,d 

at ~~~,~,~~~." .!.~~cJ.ia~e~¥ .. af.~,er. being . ~~~W~~d .A~,!l~ _ .. w:.~tg~~ .. ~.!~5tO~t~~d 

upon the regular dai~y' . ;t!il~ .. _ .. abee.t . jllst .. ae ".i~L don~. \f/it.b_-='tll~".Q~~ 
... .... , .,.. .. . , • • '1 .. ... . ">.'..,. .... .. - ,/"-.•.••. 

c. > 

at once a pint milk jar about two-thirds full, place on _~.t,,~ 
- - .... -----...'10- _lItL ............ ....". ........... _~ ....... , .... _ _ ~/~ .... -. ~"~.,~ _ ,,,,,,,,"""""''I;"' ...... :" .. ~.~......, .... ...... ....,_ ..... ~ .... y .... .c'.- ... " •.•.• , .. ~_ ...... ....... ... ~,.\- ....... ,"' .. "" _ .... _ ............ ~ .... ~-,; .... r .• "' • • ;..~. a. . 

paper cap to prevent evaporation or spilling,and mark the number 
__ . __ ---.------~-'---.. --- .. ---~ .. ( .... .. -..-~ ... .. ' ... -.\I.- ~ ___ ... _____ .,_...A, ...... - .#··.-..h ._ .... .... , .......... ··>I ... ·""~_·A~ .... _ ....... " ~".'_r'" '" . ... ~ ...... ..... ..to............. .. """-'"W lt-JI; ..... 't'I'to" ,.. ... ··""' .... 

of pounds of milk yielded weighed to te~~?s " C?~ '. '~r;1.l~ ..... g~12~.~lo!l&~!f.tt~ 
__ .• __ •. ___ "-__ ..... _._._~ ___ ......... ~,."~ -~ ... ,~--" ..... )\ ......... _.-_· ..... .. ort·~·· ... .- , . • .... .. ~. .............. .. .... ~ .. ,'. ' •.. . • 

the number of the cow. The milk is to be then taken to the Dairy , . ..,--_~ . .-.,;_. __ ._E .. _ -_t ... ~ ...................... __ ~_ ......... w •• ,_.~ ... ~ ... _ .., ... . ~'''''''''' ' '' ... -... -- --------- _ ... --..-._. __ • _ .... __ ... -..-. 





~~~~~~~e~s t?~e pr~~;~4 
by taking an ali,,9.gp .. t __ 'part f~om each milking and preserving it 

\..._.~_ .. _ •.. _ ._ .. ~." 4 _" ~-'~··'~"-·· """''''··'''··-~· -· -

with formaldehyde. This composite is to be anal~:_~ .. ~ ~~_?r fat, 

nitrogen, sugar and ash. 
~~~l'-::?";"'..~~"""~'''''{:''I :. •. '-''''~''~~~ ''''_:>'.~T''\I''-.r-_.~~ 

Digestion experiment---In order to make our records as 

complete as possible it is planned to carryon a digestion ex­

periment for ten days at some time when all the cows are giving 

a good flow of milk. About two weeks previous to the time of 

this experiment the cows are to be kept inside during the day 

and are to be watered in the stable so that conditions will have 

time to become entirely normal. It is also important that the 

cows shall have been fed upon their regular milking ration for 

sometime before this trial. 

Maintenance e~~time.n:t---Co'::; s differ markedly in their 
.......... ~_~,J\. .. ~-.lJI; 

maintenance requirements and with our present knowledge of this 

subject it is impossible to make an aecurate correction for 

the difference. It becomes necessary therefore to carryon a 

maintenance trial for each cow. At the end of the ysar the 

cows are to be dried off if' they are not already dry and fed a 
r-~' .... ~.". ..... ,,... ..... _.-.. _ '._ .. __ .......... -. .. ".~ -'-"., - " . , __ _ .~ .. -,-•• ___ -... ......... ...... ___ ~".,~ .......... ............... .. .......... '1'-'- - ... ...,... .-." .. , • . ~ "" -•. ' ........ ;·1 .. - .. ·• •• • .. ..... ..... " .. '1O(',,_ "_""t" 'M-_ '~~" "-" " '-""--" 

"'""---- -..,.....-.-..... . 

ration similar to that given when they were milking, the only 

aIfferencebeini-in-the -amount~·--·- just · en~~gh;ill-b~-f;;-;~ . 
_ . _.--. .. . . --~-.... ~. - ..,_' ·~-...... ·-...···· · · - · ... w ............... __ ................ ..-... _ __ . _ •••• __ .. -. __ 

luafntain their weights wi thout gain ·Or·-·loss. The weights will 
.,-----_ .• __ .. ____ - .... --... -. .... ____ . ___ ..... .. _ .. ___ .- .. _ ... -_ ... __ ._ ........... . __ .. __ . __ . ___ .... ____ .. ___ -.-J 

be taken in exactly the same way as in the ;::. revious experiment. 

'- It is planne~ _.~. ,?_._k?_ep the cows on a . ~~_~~.~~~ge .' :rJl._tJ~.Q.p. ___ [or at 
---,~ -. "-'~--' .. - -. ... ~ 

least six months. ,-----------_.--_. 
In the discussion of this experiment we mentioned four waya 

in which a cow might use her food; they are (a) for maintenance, 

(0) for milk, (c) for development of the foetus, (d) for growth 

or gain in weight. As the purpose of this investigation is 
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to get information on the nutrients used for milk production 

it has been thought best to elilninate the last two and measure 

the first since it is impossible to eliminate it. These 

three sources of error are guarded agai'nst in the following 

waye: 

a. By separate maintenance experiment 

c. By keeping the cows far~ow 

d. By selecting mature cows and k 3sping their weights 

uniform. 
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The cows used in this investigation are all of pure breeding. 

The five cows having numbers less than 100 are Jerseys, 206 i s a 

Holstein, 304 is an Ayrshire and 400 a Shorthorn. A detailed 

set of data has been or is being collected for these eight animals. 

In addition to these cows another Ayrshire No. 303, has been used 

for a few months, and it is quite probable that before the investi­

gation ends at least one more Holstein will be employed in the same 

way as No. 303. 

Tabulated below are the butterfat records by lactation periods 

of these nine animals together with the date of birth of each and 

the date at which the last calf was dropped. The last figure of 

each column indicates the production while under~periment. The 

object in intro~ucing these records is to show that the cows were 
~ 

mature and · tha ~ the ir records under experiment . were equal to or 

better than at any previous time. they were ~operly nourished. 





TABLE--1 : . 

Jumber of c0\1:27 :62 :4 :63 :43 :206 :400 :304 :303 

Date of birth:9-4-02 :5-11-03:6-12-00 3-26-03:9-3-02 :5-10-02:5-20-03 :7-10-02 :8-13-06 

Date of last :10-7-07:10-4-07:10-5-07 9-28-07:9-20-07:11-5-10:12-20-10:12-28-10:1-4-11 
calving 

Lactation :Fat : Fat :Fat :Fat : Fat : Fat : Fat :Fat : Fat 
period 

1. :239 :44 :303 :219 :38' :287 :223 :209 :265 

3. :478 :115 :360 :360 :376 :285 : 195 :228 :2 65 

3. :470 :169 :344 :368 :388 :275 :141 :145 c. :114 d. 

~ . :291 :292 :109 b. 

5. :373 :312 

.0. :224 a. 

a. 155 days :c .110 days 
b. 123 days :d. 98 days 
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All of the cows remained in good health thruout the investi­

gation and so far as we know nothing occurred which would vitiate 

the results obtained. Occasionally some of the cows failed to 

clean up their feed entirely, but it is thought that this was 

due to the fact that they were receiving at that particular time 

more feed than they could handle rather than to any pathological 

condition. No. 304 had a Bore teat for a few weeks which seemed 

to affect to Bome extent her milk production, but since the trouble 

did not extend to the secreting part of her udder she was retained 

,in the experiment. 

The cows were handled and fed precisely. as described in the 

original plan e~cept that the ratio between the g rain and roughness 

was not kept constant for all of the animals. An inferior 

producer will take a greater proportion of her food in the form 

of roughness than will a high producer. It was not thought that 

~his deviation from the original plan would affect the reliability 

of\ the data since th~ nutrients were to be calculated by Armsby's 

method. 

Complete data ia available only from the five Jersey cows. 

The other four are still on experiment ~ that the data concerning 

them is merely tentative and for this reason it is presented separ­

ately and in an abbreviated f.~. 

Tables 2, 3 .. 4, 5 .. and 6 show the feed consumed and the 

average weights of the cows by ten-day periods thruout the whole 

year or so long as the animals were producing milk--in the case 

of No. 62 for 320 days only. 
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nk-G ,"!"'t'\ ~ r m~fl,l'\~ c-J h1~\h. 

TABLE 2. 

Cow No. 27. 

SUMMAHY OF FEED CONSUMED. 

(Weights in Pounds.) 

Period No.: Date. Grain Alfalfa Silage. Green · Average 
1907. Hay. Feed. : Weight of 

Cow . . 

1 10-10--10-15: 44 54 180 924 
2 10-16--10-35: 72 . . 91 125 857 . 
3 10-36--11- 4: . 75 90 265 846 
4 11- 5--11-14: 105 90 350 861 
5 11-15--11-24: 110 90 350 890 
6 11-85--12- 4: 110 90 350 879 
7 12- 5--12-14: 110 90 350 872 
8 12-15--12-24: 110 90 350 861 
9 12-25-- 1- 3: 110 90 350 873 

10 1- 4-- 1-13: 110 90 365 865 
11 1-14-- 1-23: 110 88.5 370.5 ... . 882 
12 1-24-- 2- 2: 110 90 326.7 865 
13 2- 3-- 2-12: 110 83 338 875 
14 2-13-- 2-22: 110 90 331 872 
15 8-23-- 3- 3: 110 90 328 · 885 · 16 3- 4-- 3-13: 110 89 350 883 
17 3-14-- 3-23: 110 90 325 897 
18 3-24-- 4- 2: 101 90 300.5 888 
19 4- 3-- 4-12: 100 90 320 900 
20 4-13-- 4-22: 94 86 310 12 902 
21 4-23-- 5- 2: 90 56 269 135 899 
22 5- 3-- 5-12: 90 50 220 268 902 
23 5-13-- 5-22: 90 79 191 314 914 
24 5-23-- 6- 1 : 90 56 233 300 924 
25 6- 2-- 6-11: 83 50 219.8 260.8 925 
26 6-12-- 6-21: 80 50 234.4 · 274.4 929 · 27 .. 6-22-- 7- 1 : 80 . 45.6 168.3 184.3 926 . 
28 7- 2-- 7-11: 80 50 120.1 297.4 932 
29 7-12-- 7-21: 80 76 304.1 899 
30 7-22-- 7-31: 80 80 289.2 901 
31 8- 1-- 8-10: 80 80 400 906 
32 8-11-- 8-20: 80 80 .. 100 928 
33 8-21-- 8-30: 80 80 400 935.5 
34 8-31-- 9- 9: 80 80 326 938 
35 9-10-- 9-19: 80 80 160 160 938.5 
36 9-20-- 9-89: 80 80 . : 315.1 937.·5 
37 9-30--10- 9: 80 80 312.2 956.5 

--.... ...... - - -~ ---~~----- .- ------- ... - ----
Total :3424 2904.1 :8777.9 · 4325.2 · · · . . . --- -~- -----~-~-- ---""---~-
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TABLE ... 3 

Cow No. 62 

SUMMARY OF FEED COUSffi"IED. 

(Weights in Pounds) 

Period No: Date1907 : Or '11n: A1fa1~ : Si1-
fa Hay age 

1 : 10-6--10-15 :74 :90 :30 

2 : 10-16-10-25 :62 :85 :49.5 

3 :10-26-11-4 :58 :78 :204 

,4 :11-5--11-14 :62 :54.5 :206 

5 :11-15-11-24 :70 :60 :220 

6 :11-2&-12-4 :70 :60 •. :220 . 
7 :12-5--12-14 :70 :60 :220 

8 :12-15-12-24 :70 :60 :220 

9 :12-25--1--3 :70 :60 :220 

10 1-4---1-13 :70 :60 :230.5 

11 · 1-14--1-23 :70 ' :'60 :2 ~4.5 · 
12 · 1-24--2-2 :70 :60 :220 · 
13 2-3---2-12 :62.8 :55.8 :210.2 

14 • 2-13--2-22 :65 :53 :207 .. 
15 • 2-23--3-3 :63.5 :51.4 :200.2 · 
16 • 3-4---3-13 :60 :49 :190 · 
17 2-14--3-23 :60 :49 : : 190 

18 3-24--4-2 . :60 :53.5 : 208 ' 

19 · 4-3---2-12 :60 :·54 :210 · 
20 · 4-13--4-22 · : 54 :47.6 :177.4 

21 4-23--5-2 :50 :20.9 :155.2 

.. --

: Green : 'Averag~ weight 
feed of cow 

• • • 888 

· . . · 875 · 
.' • • • 882 . · 

• • • 882 

• · . ~ 884 · 
• Se2 · • • • 

· • • • 880 · 
· • • • 894 · 
· • • • • 895 · · 

· . . · 886 · 
· • • • 894 · 
• · .. 898 · 

• • • 875 

• • 872 • • • t • · 
• • • · 912 · 
• • • 906 

• • • • 909 · 
· • • • 907 · 
· • •• · 919 · · 
· .12 913 · 

,84.9: 910 
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22 · 5- 3--5-12 :50 :28 :125.1 :148.4 :910 · 
23 4-13-- 5-22 :50 :44 :108.7 : 17~L 1 :919 

24 .' 5-23--6- 1 :50 :31.3 :136.5 :166 :925 

25 6- 2--6-11 :45 :27.1 :129.4 :160.7 :926 

26 6-12--6-21 :40 :25 :123.7 :145 :923 

27 6-22--7- 1 :40 :25 :124.6 :117.5 :931 

Z8 7- 2--7-11 :33' :21.1 · 55 :135 :929 · 
29 7-12--7-21 :30 :28.6 · :120.3 :911 · .... 
30 7-22--7-31 :30 :30 · :117 :-897 · .... 
31 8- 1--8-10 :34 :-34 · :170 :884 • •••• 

32 · 8-11--8-20 :37 :37 · :185 :905.7 · · .... 
• :1790.3:1552.8 :4835.5 :1733.9 · 
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TABLE 4 

Cow ITo. 4 

SUMl.1ARY OF FEED CONSUMED 

___ ~ _ _ _ ...... _ -0-

Period:Date 1907 :Grain:A1fa1fa :Si1age :Green ~ Fe e d:Average 

We igh.t. 

1 :10- 6--10-15 : , 92 · . 129 · . 
a : 10-16--80-25 : 98 98 
3 : 10-26--10- 4 :100 114 180 · . 805 · . , :11- 5--11-14 :100 90 300 800 
5 :11-15--11-24 :100 90 300 815 
6 :11-25--12- 4 :100 90 300 817 
7 :12- 5--12-14 :100 90 300 815 
8 :12-15--12-24 :100 · . 90 300 821 · . 

' 9 :12-35-- 1-3} :1 00 90 300 816 
10 1-~-- 1-13 : 100 • 90 300 813 ,.' 
11 1-14-- 1-23 : 100 90 294.5 814 
12 1-24-- 2- 2 :100 · . 90 ~ 300 807 · . 
13 2- 3-- 3 ... 12 : 100 90 300 819 
14 · . 2-1~~- 2-22 : 100 90 300 813 · . 
15 3-2i--3-- -3 :100 90 300 818 
16 3- 4--~--13 :100 90 3 00 820 
17 3-14-- a-2 ~ :100 100 300 815.5 
18 3-24-- 4- 2 :100 10C 285 810 
19 4- 3-- 4-12 · 76 78 112 804.5 · 20 4-13-- 4-;tt, · 90 92 262.5 12 801.5 · 21 4-23-- 5- 2 90 · 66 2~13., 3 : 144 : ~- 810. 5 · • 
22 5- ~-- 5- 1 :: ~o 64 180 216 808 
23 5-13-- 5-22 90 105 115.5 12 800.7 
24 5-23-- 6- 1 90 88 175.3 30 808 
25 6- 2-- 6-11 81 74 187 1~~4. 5 822 
26 6-12-- 6-21 71 · . 80 234.2 145 839 · . 
27 6-22-- 7- 1 70 80 217.2 128 · . 859 
28 7- 2-- 7-11 65 80 114.8 190.8 855 
29 7-12-- 7-21 65 98 235.2 · . 841 · . 
30 7-22-- 7-31 65 ' 100 r"' _ ::. • • .) 242.6 5,.J 
31 8- 1-- 8-10 65 · . 100 250 836.5 · . 
32 8-11-- 8-20 ,_~ 5 100 250 838 .5 
33 8-21-- 8-30 65 100 250 851 
34 8-31-- 9- 9 49.8: 100 250 852.5 
35 · . 9~lO-- 9-19 36.5: 100 250 860.5 · . 
36 9-20-- 9-29 21 '. 100 .. 250 865. 5 .. , .. 
37 9-30--10- 5 60 ,63 849.5 

· · · · --~-.. -.----'"-- - .-------.• - .- . -- . --.-.-.--------------- .---------
Total · :3035.3 3376 7034.3 . 2490.1 . · . . 

--------_._------- - -_._-----
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TABLE 5. 

Cow no. 63 

SUMMARY OF FEED conSUliED . 

Period:Date 1907 -: Grain: Alfalfa: Silage :Green F8ed:Average 
:Weight 

1 : 10- 3--10- 5 .. 23 60 · 960 · · 2 : 10- 6-- 10-15 120 90 300 
3 :10-16--10-25 120 · 90 · 300 · · 4 :10-26--11- 4 .- 106 • 90 300 ,. 930 · · · 6 :11- 5--11-14 100 90 · 300 · · 910 · · · 6 :11-15--11-24 .. 100 90 300 · 945 · · 7 :11-25--11- 4 • 100 90 300 • 941 · · 8 :12- 5--12-14 100 90 300 · 942 · 9 !12-15-- l2-24 100 . 90 300 941 

10 :12-25-- 1- :; 100 90 300 · 951 · 11 · 1- 4-- 1-13 91 · 90 · 300 939 · · · 12 1-14-- 1-23 90 90 ·e 300 946 
13 : 1-24-- 2- 2 90 90 · 300 935 
14 2- 3-- 2-12 90 · 90 300 939 · 15 · 2-13-- 2-22 90 -: 90 300 941 · 16 · 2-23-- 3- 3 • 90 90 300 · 942 · · · 17 · 3- 4-- 3-13 90 90 300 935 · 18 · 3-14-- 3-23 e 90 90 300 947.4 · · 19 · 3-24-- 4- 2 90 90 · 300 · 950.7 · · 20 4- 3-- 4-12 87 90 300 956 
21 4-13-·- 4-22 · 80 • 86 294 : 12 951.5 · · 22 · 4- :~~ 3-- 5- 2 • 80 66 216.3: 144 933.5 · · 2Z 5- 3-- 5-12 • 80 • 54 180 · 234 919 · · · 24 • 5-13-- 5-22 • 80 · 104 156.5: 15 914 · · · 25 5-23-- 6- 1 80 80 193.5: 40 936 
26 6- 2-- 6-11 · 80 80 206.5: 137·.5 · 941 · · 27 6-12-- 6-21 · 80 80 207.1: 145 942.5 · 28 : 6-22-- 7- 1 80 · 80 228.6: 126 962.0 · 29 1- 2-- 7-11 68.5 80 89.6: 190.1 968 
30 · 7-12-- 1-21 50 · 98 232.1 947.5 · · 
31 7-22-- 7-31 80 · 100 225.6 951 · 32 · 8- 1-- 8-10 80 · 100 250 951.5 · · 33 • 8-11-- -8-20 80 · 100 250 962.5 · · 34 8-21-- -, 8-30 • 54.5 100 250 977.2 · 35 8-31-- 9- 9 18 10C : · 250 973 · 36 9-10-- 9-19 100 249.6: • 972.5 · 37 · 9-20-- 9-30 · 21 100 250 967 · · 38 : 10- 1--10- 2 9 30 75 . cr- r , 

vD,,', 

Total :2968 :5298 : 8046.7: 2501.3 
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TABIJE 6 
Cow No. 43 

Sm4MARY 0 F F1ED. CO NSUlriED • 

Period:Date 1907 : Grain: .Alfalfa: Sil c: ge 

1 · 9-24--9 -25 : -. -12 40 · . 2 · 9-26--10- 5 91 200 · 3 : 10- 6--10-15 120 90 300 
4 :10-16--10-25 120 90 300 
5 :10-26--11- 4 · 120 90 300 · .6 :11- 5--11-14 • 120 90 · 235 · · 7 :11-15-~.11-24 114 90 · 230 · 8 :11-25--11- 4 110 90 250 
9 :12- 5--12-14 106 90 · 270 · 10 :12-15--12-24 100 90 270 

, 11 :12-25-- 1- 3 103 90 270 
12 1- 4-- 1-13 100 92 259 
13 1-14.·-- 1-23 100 100 277.5 
14 1-24-- 2- 2 100 100 · 211.5 · 15 : 2- 3-- ~ , r') 100 100 · 221 t::J-..L. ' ,J · 16 2-13-- 2-;t2 100 100 250 
17 2-23-- 3- 3 100 100 231 
18 3- 4-- 3-4:3 103 · 103 196 · 19 3-14-- 3-23 110 : "110 200 
20 · 3-24-- 4- 2 109 110 168 · 21 4- 3-- 4-12 100 110 185.5 
22 : 4-13-- ,-1·-2 2 98 lOr 192.5 
23 4-23-- 5- 2 93 76 145.8 
24 5- 3-- 5-12 90 78 · 129.5 · 25 5-13-- 5-2::: : 90 108 99.5 
26 5-23-- 6- 1 : 90 88 150 
27 6- 2--- 6-11 81 80 131.2 
28 6-12-- 6-21 80 8~ 141.2 
29 6-22-- 7- 1 80 80 138.9 
30 '1- 2-- 7-11 80 · 80 68.2 · 31 7-1J,-~ 7-21 80 98 
32 7-22-- 7-31 80 100 
3 3 8- 1-- 8-10 80 100 
34 8-11-- 8-20 · 80 · 100 · · 
35 8-21-- 8-30 80 · 100 · 36 8-31-- 9- 9 68 100 
37 9-10-- 9-19 · 50 100 · 38 9-20-- 9-2'{; 16 40 

Toto.l : 3454 :3591 :5821.3 
--~-.. -... 

:Green Feed:Average Weight 
-----825 

• · 795 
790 

· 810 · · 809 · • 816 · 810 
· 812 · 793 

819 
805 
799 
806 

· 799 · ,93 
791.5 
801.5 
803 

12 807 
l44 : 796 
234 779.5 

15 · 777 · 40 · 793 · :~ 1 22. 7 793.5 
133.6 789.5 
122.6 815.0 
187.5 · 811.5 · 219.1 812 
223.0 808 
250 809.5 
250 · 820.4 · 250 833 .7 
247.4 838 
10.4 84:&.5 
94.9 840 

2616.2 
------.-
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It seems that some of the cows made a small gain i n weight. 

This factor is a hard one to control. A cow kept under entirely 

uniform conditi ons will sometimes vary 100 l;)s. in live weight 

from day to day. On account of the difficulty of determining the 

tru~ weight of a cow too Ir.uch importance must not be attached to 

this seeming gain in weight, especially since it is distributed 

over a period of one year. 

Tablea 7, 8, g, 10 and 11 show the nutrie.ts connuJned 

during the partod in milk as est i ma ted from the weights of the 

feeds and from the chemical analyses made by the Agri cultura l 

Chemistry Department of th i s Stat ion. 
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TABIJE: 7 
Cow No. 27 

NUTRIENTS CONSUKED DURING YEAR IN MILK 

Feed :Ar~ount: Dry Matter: Protein: Fiber :Nitrogen:Ether 
..£e~ extract 
~ e 

Corn :1956.6:1709.54 • 166.17: 35.85:1365.28 :116.96 · 
Bran 978.3: 877.56 141.67: 87.32: 522.76 •. 60.09 · 
Oilmeal: 4".l: 444.58 • 168.08: 39.01: 178.31 • 32.95 · · 
Alfa1fa:2904.1:2714.02 • 416.31: 894.31:1078.23 • . 72.10 · · 
Silage :8777.9:2455.77 • 184.93: . 561.60:1466.69 93.93 · 
Green • 297.4: 115.36 • 15.74: 32.80: 56.86 · 2.54 · · · Clover 
Green :1891.7: 519.62 42.66: 134.38: 286.16 · 17.J .. 3 · Corn 
Green :2136.1: 525.55 • 99.49: 156.14: 206.14 8.86 · Alfa l f a: 

Total · :9362.00 ;1235.05:1941.41:5160.43 : 404. 56 · 

Ash 
J -

• 25.64 . · 
· 65.73 · 
• 26.23 · 
:252.80 

:148.73 

7.43 

• 36.50 · 
· 56.45 · 
:-619.51' 
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TABIJE 8 
Cow No. 62 

NUTRIENTS CONSUMED DURING YEAR IN MILK 

Feed :Amount:Dry Matter:Protein: Fiber :Nitrogen-:Ether 

.Corn :1023.0: 887.53 85.92 

Bran · 511.5: 458.73 74.12 · 
Oilmeal: 255.8: 232.46 87.89 

Alfalfa:1552.8:1468.80 :219.61 

Silage 

' Gr. 
Clover 
Gr. 
Corn 
Green 
Alfalfa 
Total 

:4835.5:1347.72 :100.48 

· 135.0: 52.37 • 7.14 · · 
439.0: 98.23 7.96 

:1159.9: 277.47 52.51 

• :4823.31 :635.63 · 
TABLE 9 

Cow No.4 

free Ext. Extract 

· 19.24: 704.35 59.78 · 
· 45.38: 274.35 · 30.55 · · 
· 20.40: 93.23 · 17.23 · · 
• 490.12: 585.77 · 37.43 · · 
· 304.84: 809.51 52.18 · 

14.89: 25.81 · 1.15 · 
· 25.03: 53.3-4 · 3.19 · · 

82.44: 108.97 • 4.68 · 
:1602.34:265Q;~:2d6.19 

NUTRIENTS CONSIDvlED DURING YEAR I N J!ILK 

._--- . - ~ .. --

· Ash · 

13.17 

: 34.34 

· 13.72 · 
:135.89 

· 80.71 · 
3.37 

· 6.79 · 
· 29.80 · 
:317.79 

Feed :Amount:Dry Matter:Protein: Fiber :Nitrogen-:Ethsr Ash 
free Ext. Extract 

Corn :1734.5:1505.40 137.58:- 24.40:1232.29 • 92.66 18.13 · 
Bran 867.2: 777.87 125.60: 77.30: 463.77 52.95 · 58.26 · 
Oilmeal: 433.6: 394.10 149.00: 34.58: 158.05 29.21 ,: 23.25 

AIfalfa:3376.0:3186.92 493.63:1042.14:1270.08 84.80 :296.27 

Silage :7034.3:2005.98 149.70: 456.09:1198.21 77.61 ;120.65 

Green • 190.8: 74.01 10.10: 21.04: 36.48 1.63 4.77 · Clover 
~' •• 98 Green : 1195. OIJ 321.44 · 26.37: 83.15: 10.5, 22.60 · Oorn 

Green :1104.3: 304.77 • 57.69: 90.55: 120.26 5.1·4 · 32.73 · · 
Alfalfa 

Total • :8570.49 :1149.67:1829.25:4 .12 :354.59 :576.66 · 
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TABLE 10 

CO~T No. 63. 

NUTRIENTS conSUMED DURING YEAR IN MILK: 

Feed :Amount:Dry Matter:Protein: Fiber ::Nitrogen-:Ether : Ash 
free Ext. E~t. 

Corn :1696.0:1473.77 142.73: 27.60:1191.04 91.70: 21.15 

Bran • 848.0: 760.50 • 122.87: 75.26: 454.74 · 50.71: 56.93 · · · 
Oilmea1: 424.0: 385.37 145.70: 33.81: 154.55 • 28.56: 22.74 · 
Alfa1fa:3298.0:3114.39 : 482.76:1016.83:1242.52 · 82.77:289.49 · 
Silage :8046.7:2193.22 167.73: 510.97:1290.06 85 • .13:134.91 

Green • 190.1: 73.74 10.06: 20.96: 36.35 1.62: 4.75 · Clover 
Green :1178.8: 318.61 · 26.13: 82.44: 175.39 · 10.49: 22.42-· · Corn 
Green :1132.4: 310.41 58.76: 92.23: 122.57 · 5.24: 33.34 · Alfalfa · 

Total · : 8630.01 :1156.74:1860.10:4667.22 :356.32:585.73 · 
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Cow No. 43 Table 11 

Nutrients consumed during year in milk: 

Feed : Amount:Dry ~ Matter:Protein:Fiber : Nitrogen :Ether Ash 
free extract extract 

Corn :1973.8 : 1717 .~~5 :166.73 . 32.42:1387.09 :106.94 :24.83 . 
Bran • 986.8 • 884.97 :142.97 87.61: 528.94 59.21 :66.25 · · 
Oi1meal 493.4 448.45 :169.55 39.35: 179.84 · 33.24 :26.46 · 
A1fa1fa3591.0 :3394.15 :526.30 :1097.48:1364.61 · 90.61 :315.10 e 

Silage:5821.3 :1607.03 :120.41 372.86: 955.36 · 60.88 : 97.62 · 
Gr. • 187 .5 ~ ': ' 72.73 e · 9.92 '.20.68: 35.85 · 1.60:: 4.68 · . · Clover 
Gr. C01fK 1249.2 · 339.14 2Z ·~· 79 87.54: 187.12 • 11.18 · 23.77' , · e · 
Gr. :1179.5 296.71 56.17 88.15: 117.23 • 5.00 · 31.87 · · Alfalfa 

Total : :8760.63 :1219.84:1826.09:4756.04 : 368.66 : 590.58 
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y -------------- . . 1 
~: ten da: digestion trial was c~::::~·:~':~~~'·~::·."~·:~~:nd 

62 during their milking period and also when they were on 1Main­

tenance. A summary of these trials is presented in Research 

Bul. No.2. It was desired in this investigation to ascertain 

the amount and the energy value of the digested nutrients actually 

required for milk production. To do this ·it was necessary to 

estimate the actual digestion coefficients of protein, carPohydratel 

and ether extract for each of the feeds used. This was done by 

determi ng the relation existing between the average and the 

actual digestion coefficients of a ration with the same composi­

tion, and then using such a factor as will reduce the average 

coefficients of each feed to the actual. To illustrate, in the 

digestion trial with cow No. 27 the protein of heT rationwBs 

found to be 58.75% digestible. Using average coefficients for 

the digestion of this prote:ijl it would have been 7l.~.9-f tfi8 
fL- &..c-~ ~ ~ 11...'-1710 '/ "W- ~Q.~. 

averag8.~ To reduce the average to actual the protein of each 

feed was multiplied by .8247. The same system was followed 

with the carbohydrates and ether extract. The factors used 

in reducing the average to the 'actual for th. two COWB 27 and 

62 during the milking period were as follows: 

Nur;:ber of cow fJrotein Carbohydrates Ether Extract 

27 .8247 .9585 .8155 , / 

. 62 .8493 .9695 .7301 \~ 
~------.--.. -~-.. --.... ---.. . ---.--.-------.----.. ~-------.-----.-.-.-.-.---.. ---.. _._---------_._ .. __ ._- -; "f- Since no digestion trial was conducted with green feed" :i: 

the ration these were assumed to be of average digestibility_ 

Table 12 shows the ave r age digestion coefficients of the 

\ 
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feed used in this investigation calculated from Farmers' Bulletin 

22 revised. Tables 13, 14, and 15 show the actual digestion 

coefficients for Nos. 27 and 62 and the average of 27 and 62. 

The last i s used with the rations of the other three cows as no 

digestion trial was conducted with them. 

TABLE 12 y __ -. -,_. ~ERXGE·-mGES1'T01f'c"oE·FFi C IENTS ~,",_~ec. ___ -..~_,"-'· 

Protein Carbohydrates Eth8r 

Corn 68 92.2 

Bran 78 65.5 

Oi1meal 85.2 84.9 

Alfalfa 74 55.1 

Silage 55 70.0 

Green clover 70 68.6 

Green corn 61.1 70.2 

Green Alfalfa 81. 56.8 

97.6 

71.7 

96.7 

62.7 

80.0 

62.6 

74.0 

41.0 

\ / 
1 





Corn 

Bran 

Oilmeal 

Alfalfa 

Silage 

Corn 

Bran 

Oilmeal 

Alfalfa 

Silage 
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Actual digestion coefficients of feeds 

sup~)lied during milking period. 
Cow no. 27. 

Protein Carbchydrates 

56.1 88.4 

64.3 62.8 

70.3 81.4 

61.0 52.8 

45.4 67.1 

TABLE 14 

Actual digestion coeff.icients of feeds 

supplied during milking period. 

Cow No. 62 

Protein Carbohydrates 

57.8 89.4 

66.2 63.5 

72.4 82 .• 3 

62.8 53.4 

46.7 67.9 

Ether Extract 

79.6 

58.5 

78.9 

51.1 

65.2 

Ether Extract 

71.3 

52.4 

70.6 

45.8 

58.4 
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TABLE: 15 

Digestion 80efficients average of 27 and 62. 

Protein Carbohydratas Ether extract 

Corn 56.9 88.9 75.4 

Bran 65.3 63.1 55.4 

Oilmeal '71.3 81.8 74.7 

Alfalfa 61.9 53.1 48.5 

Silage 46.0 67.5 61.8 

Tho next five tables give the digestible nutrients and the 
• ' .~ ' I'\, ,-' -' . - ."' ~ • 

energy values during th~ -;~-~; "'i~-~iik': ' ''''' ~ -'The-' f1:~ures given for 
"""- ..... ""~~ .. r ... 'T.V'~'IMo~ .. --~~!' ~"<;'-·oq.""..," V~~M.~~~~ '---_04 _, . . . . ' . 

digestib le albuminoids represent the digeatibl;"p~i~';i~~;"'" , 
L-------.......:J."'-1.t"6.,..v..~.~. "fO':-~." 

the pro tein in th~" *ami'd:e¥ ;'r-o'rm~:'··~ ·"·'""'~" Tl1e"affi"!:~Il.··'1lTe'me:s'S1lmed ... ,·,'bo, ~,:he. 
_ ./ <. ..... _ _.........",.,.....-.."""'_--~ . "'soo~. ~.,,~ _ . v 
____ • __ ~~.- ~~.,.,.f;!'~~~- i~i~:t~~~~"" .. .rv.4'ft~~F,."!l,"\..:.~ """", ."""",:,~",.-.:t.r . ...... .-;,...".. . 

e.ntir~:..-~~~.~_s.~,~E~~_:.;<2l) The percenta86 of "a.~ides" in the 

---crrfF; rent faeds ia a s follows: 

Corn 

Bran 

O.ilmeal 

Alfalfa hay 

.58 

1.80 

.58 

3.02 

Silage 

Green clover 

Green Corn 

Green alfalfa 

.33 

.86 

.69 

1.39 

The first four analyses were made b y the writer. Stutzer's 
- _---""~_, .. - ..... - - ................... ...-__ --,."."' ... --.. ~n. ~"'. ~ •. - , •• - ,.,.....- .•• ~".. ••• "'-~." .... ' .•• 

reagent \~-A.~ (22) Rep'res~~.iy£~~~ples of the remainder 
~ ..• _-... ...... _---
wer'e not available GO the pe!~centages of "a"rlides"~ ·er-e .. ·" 'c-alculat~d 

- ----.--- - .. -'~-'.---~ .... - ....... -,-,---.-.,,~-, . " . ...... - .---........ ----.....,~-.~ .. ~.<".-"" ......... ,....~ .... -....-~ .... <"""." ...• 

from Farmers' Bulletins 22 and 346. The digestible protein 
~ ___ .. ~ ..... ......... r ... ------_,.._.~'__~oe'-.._':lU ..... "'l" ....... rory,.\""''.!-' .'-~ .... ...> -(:" .... ~ ••• j~_ .. \"£"'~",:,,~~;i""~ ... ___ --.,-,.;..-~.~- ............. ~.~:s;..t..' •• 1"' .. :'t ... ;.,.~......-..(, ... .II'I#~ . v~~"'\::~~~ .... ~. 0-' ' .. , 

(albuminoids) in Bul. 346 is subtracted from the digestible protein 
_ .......... _ . ...... -~ ,.-' r ..... _ . .... _ .... ~· • .".,-~ .. ~~ 1J£~'1".,." ... . "' .(-#.:'\lo!~ :.~i"~ · }.'..,:· .. ~-;.~T::~ ~'~ 

i;-B;l. 22. The dif~f;;~nce r6presen~.s -- .. >--.--~ .. -
~~~~~~ .... ~ '· .. ' ... · '-'~'IWII ,. J JUJPl44iI# 4(1 ~ , 

- The tote:i crude fiber ' is included in these tables as it is -------------------_ ._-_._._------- .~. .. .... 
used in c omputing :~erg~ Va1UO!.~_~~~ugh feeaer;-- ' -~-. 
'-. --....-~ 

crude' fib~; .. ~ the hay .617 Therm is deduc~ttr,...,· 
_ ..... ,;.J.._ ... ...,- -....-.~.......-.-.~ ... ~~ 

; . I.) (22.Bul. l~J[evi sE3a~ Bura u 
of ?!1 '3IDis ·cry) 
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l""J/ "\ 
~_ .. ~! .... ~.~. ~ .. ~ge~~~d ~~.~~~ee~ feG9Ji_.~_he __ ~~,~uction per \ 

~ound of f~_!s de~".II.t1illQ~ n~he~~~;~nt-.(23) 
.. . . .-

~Feeds with 4% fiber or less .308 therm 

6" " .362 ft 

8% " .404 " 
10% " .457 " 
12% " .511 n 

14 " .564 " 
16 or more .617 " 

With the concentrated feeds instead of oaking a deduction for fiber 

the energy values are multiplied by 'these figures: Corn 100, bran 

77, 6ilmeal 9~~·,-~--·~-·-"·-·-·-·-·-· ~------·-------__ _ y------- TABI,E 16 ---------~ 
Digestible nutrients and energy values during year in milk: 

CO\V no 27 

Feed 
! O&k~ ~Total 

. :Protein:'Carbohy- :EthAr : Crude 
drates Extract FibJr 

:Digestib1e : Energy value 
Albuminoids Therma. 

----........ --- --------------. 
CoJ!~ :. 93.19 : 1237 .93 :. 93.09 35.85 · 81.84 ;1649.62 · 
Br.an :' 91.14 382.95 35.13 · 87.32 · · 73.53 443~26 · 
Oilmea1:118.10 176.81 25." 39.01 :115.26 358.69 

A1falfa:254.08 :1041.5f 36.86 :894.31 :11q.37 808.00 
.~-. ~-.~ 

Silage 83.88 :1360.65 61.28 :561.60 : 54.91 :1430.23 
,f 

.~.-. - . -... -.. . . -. ~ 
Gr. 11.01 61.51 1.59 · 32'.80 · 8.46 61.85 
Clover 
Gr. Co~ 26.06 295.22 • 12.67 :134.38 . .t Cr .... .......... ' 

~ ... ~ ..!- . , ..... ~ 

• 13.01 303.52 · 
Gr. 
Alfalfa: 80.58 205.78 

± • CJ , . , • .• .. 

3.63 :156.14 : 50~89 : 218.72 
~~~~~~~~~~~~--~~----~~--------------

Total :758.04 :4762.43 :270.23 ~1941.41 :564.28 :5273.87 

(23) Kellnar-Ernahrung der 'LCl,ndwirtschaftli9hen Nutztiere. 
.. - . .' ~ .' 
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TABLE. 17 

Digestible nutrients and energy values during year in milk: 

COW 62. 

Feed 
f D;i~'t:.b.ll. _. 
: Pro t e ~n : Carbo~"-'-· --: ..... EM""t-ne-r-· -: ..... 1-0 -:-'t a--:l::----:-.:D~i g-e-s--:t~i~b~l-e~: m='"n-a-r-g-y-

drates Ext. Crude ~ value 
Fiber therms 

Corn • 49.62 646.81 42.60 : 1§.24 · 43.69 · 847.24 . · · 
Bran 49.10 203.02 15.99 45.38 · 39.90 230.47 · 
Oilmaa1: ~. 63.60 • 93.52 12.16 20.40 ' . 62.11 186.92 · . . 
Alfalfa:138.02 574.70 17.13 490.12 : . 9~ .13 440. GCl 

.. ~,,-.- . -.;-:-- ----'-
Silage 46.93 · 756.21 30.48 304.84 : · 30.98 · 791.38 · r' · •. ; .:...:-; .'._ ':. ' .. --~ 

Gr. 5.0C~ 27.92~:: .72 14.89 • ~.84 · 28.85~ · · Clover .~-~ ~ . r,---:- .~- '~ 

Gr. Com: 4.86 55.02~ . 2.36 • 25.03 : 1.83 56.74& . . 
~~ _ : .... -:- _._~~. ~ ... :~f1 : 

Gr. 42.54 108.72 1.92~: 82.44 · 26.41 · 115.45 · · Alfalfa 

Total :399. 67 :2465.92 :133.36 :1002.34 . :299.89 :2697.71 
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TABLE 18 

Digestible nutrients and energy values during year in milk. 

COW 4 

: -Uigestibrea. v :Total 
Feed :Protein:Carbo- :Ether : Crude :Digestible :Energy 

:Hydrates :Extract:fiber :A1btuninoids value therms 

Comy\ . 78.28 :1117.20 69.87 24.40: 68.22 :1446.44 . 
Bran 82.02 341.42 29.33 77.30: 66.41 391.89 

Oilmeal: : 106.24 157.57 21.82 . 34.58:103.72 317.32 . 
Alfalfa :305.56 :1227.79 41.13 :1042.14:203.60 962.77 

Silage 68.86 :1116. 65 · 4.7'.96: : 456.09: 45.65 :1170.53 · 
G:r. 7.07 . 39.46 · 1.02 21.04: 5.43 . 39.67 . · . 
Clover 
Gr. C01Qn : 16.11 182.61 7.84 83.15: 7.86 187.71 

Gr. 46.73 119.74 2.11 90.55: 31.38 : .. 127 ~49 
Alfalfa 

:710.87 :4302.44 :221.08 :1829.25:532.27 :4643.82 
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TABLE 19. 

Digestible nutrients and energy value s during year in milk: 

COW 63 

DIgss lb e : 
Feed :Brotein:Carbo- :Ether 

h drates extract 

Corn · 81.21 · 1083.37: 69.14 27.60 · · 
Bran ; _, to. 13 334.43: 28.09 · 75.26 · 
Oi1meal:l03.88 154.08: 21.33 33.81 

Alfa1fa:298.83 1199.71: 40.14 :1016.83 

Silage · 77.16 · 1215.70: 52.67 510.97 · · 
Gr. 7.04 39.31: 1.01 20.96 
Clover 
Gr. COrM 15.97 181.00: 7.76 82.44 

Gr. • 47.60 122.01: 2.15 • 92.23 · · Alfalfa 

f;tif :711.92 · 4329.61:222.29 :1860.!O · 

:Digestible :Energy 
albuminoida value Therma. 

71.37 :1411.53 

64.97 382.53 

:101.42 . 310.27 . 
:199.23 941.86 

50.61 :1270.85 

5.41 39.52 

· 7.84 176.31 · 
· 31.86 129.80 · 
:532.71 :4662.07 
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TABLE 20--

.Digestible nutrients and energy values during year in milk: 

COW 43: 

Digestible : 
Feed :Protein:Carbo- :Ether 

hydrates extract 

Corn . . 94.87 :1261.94 : 80.63 

Bran 93.36 · 389.04 32.80 · 
Oilmea1:120.89 179.30 24.82 

A1falfa:325.78 :1307.37 43.95 

Silage 55.39 896.55 37.62 

Gr. • 6.94 38.78 1.00 · Clover 
Gr. Com 16.98 • 192.81 8.27 · 
Gr. 45.50 116.66 2.05 
Alfalfa 

· '/~ · :759.71 :4382.45 : 231.14t 

· 32.42 · 
• 87.61 · 

39.35 

:1097.48 

372.86 

20.68 

· 87.54 · 
· 88.16 · 

:1826.10 

:Digestib1e :Ensrgy 
a1buminoids values Therms 

83.42 :1644.72 

· 75.60 · 445.26 · · 
:118.03 361.07 

:217.34 :1033.55 

36.18 936.11 

5.33 · 38.98 · 
· 8.36 · 1fl.34 · · 

29.10 123.99 

:573.36 :4782.03 
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The next question is to find out how much of these nutrients 

weTe used for maintenance. . Four of the cows a ·~ter being dried 

off were maintained in a farrow condition for periods ranging 

from 120 to 180 days. Tables 21, 22, 23 and 24 show the feed 

consumed and the weights of the cows by 10 day periods. In 

tables 25, 26, 27, ? .. nd 28 are given the total nutrients consumed 

as estimated from the weights of the feeds and their actual 

chemical cooposition. 

TABLE 21 

Cow No. 27: 

SUMMARY OF FEED CONSUMED ON MAINTENANCE 
Period: Date : Grain :A1fa1fa :Si1age 

1 

2 

. 3 

4 

5 

6 

7 

8 

9 

No. 

10 

11 

12 

13 

14 

15 

16 
'fotal 

1908 hay 
:10-30--11-8 40 40 

:1f- 9--11-18 37.5 

:11-19--11-28 33 

:11-29--12- 8 33 

:12-9-- 12-18 33 

:12-19--12-28 

:12-29-- 1- 7 

32.4 

31 

1- 8-- 1-17 31 

1-18-- 1-27 31 

1-28-- 2- 6 32 

2- 7-- 2-16 32 

: 2-17-- 2-26 : 32 

2-27-- 3- 8 : 32 

3- 9-- 3-18 : 32 

3-19-- 3-28 32 

3-2~-- 4- 7 : 32 
:525.9 

37.5 

: 33 

33 

33 

32.4 

31 

31 

33 

32 

: 32 

: 32 

32 

: 32 

32 
527.9 

160 

150 

132 

132 

132 

129.6 

: 124 

124 

132 

128 

128 

128 

: 128 

: 128 

128 

128 
:2111.6 

Average weight 
of cow 

881.! 

: 889.5 

887.4 

884.2 

888.9 

895.7 

891.4 

: 871 

882.4 

888.9 

: 898.5 

: : 891.1 

902.8 

891.1 

889.4 

896.7 
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TABLE :-- 22 

Cow No. 62 

SU1HJARY OF F: ED CONSUMED ON MAINTENANCE: 

Period: Date Grain Alfalfa Silage :Average weight 
of cow 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

No 1908 

8-31-- 9- 9 

9-10-- 9-19 

: 9-20-- 9-29 

: 9-30--10- 9 

: 10-10--10-19 

: 10-20--10-29 

:10-30-- 11- 8 

:11- 9--11-18 

:11-19--11-28 

:11-29--12- 8 

:12-_9--12-18 

:12-19--12-28 

: 12-29-- 1- 7 

· · 
• · 

30 

30 

30 

30 

30 

31 

30 

30 

30 

30 

29.4 

28 

28 

: 1- 8-- 1-17 : 28 

: 1-18-- 1-27 

:. 1-28-- 2- 6 

: 2- 7-- 2-16 

28 

28 

28 

· · 
· · 
· · 

· · 

30 

30 

30 

30 

30 

31 

30 

30 

30 

30 

123 

120 

120 

120 

120 

: 124 

: 120 

120 

: 120 

: 120 

1f· Lf : 117.6 

112 

112 

28 

28 

28 112 

28 : 112 

28 112 

28 112 

: 906 

: 904.5 

: 911. 

911 

913.5 

904 

908.9 

: 911.6 

917.4 

: 921.2 

· · 
• · 

929.2 

924.6 

923.7 

924.5 

: 918.3 

922 .4 

: 924.1 

18 2-17-- 2-26 : 28 : 28 : 120 : 924.4 Total --···~:- ·526-:4- ·-·~:~526.4 : -~2~11Ef.· 6~:---'· - - - .-~ . . ,. 

-------~-. - .. - -~-------- .-- -~~~----.. -.---.-. -~~.-
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TABLE 23 
No. 4 

SUj~~ARY OF FEED CCNSm~IED ON MAINTENAnCE: 

---._----•... _. __ ...• --.._-_ .... .-..... __ ... _._.--- .... -•.. -----------.-~-~.-------. ----· · Period: Date Grain : Alfalfa Hay: Silage Average 
1908 Weight 

· · 
'" : 1 0-20--1 o~~_g-~:-'---~~·~-- -. :- - ----"'Za · 152 794.5 .. · 
2 : 10-30--11- 8 .. 36.1 36.1 144.4 819.1 · 
3 : 11- 9--11-18 30. 30 120 799.4 

4 :11-19--11-28 30 30 · 120 806.4 · 
5 :11-29-- 12- 8 30 • 30 .' 120 · . 792.5 · · 
6 :12- 0--12-18 31 31 124 794.2 

7 :12-19-- 12-28 31 31 124 785.0 

8 :12-29-- 1- 7 31 • 31 124 788.4 · 
0 1- 8---1-17 · 31 · 31 124 772.5 ... · · 

10 1-18-- 1-27 33 33.1 132 766 

11 1-28- - 2- 6 · 35.2 35.8 · 143.2 · 768.4 · · · 
12 2- 7-- 2-16 40 · 40 160 786 · 
13 2-1'7-- 2-26 40 40 160 796.8 

14 2-27-- 3-8 37.3 37.3 158.8 803.4 

15 · 3- 9-- 3-18 · 3('" '7 39.7 · 160 : 810.7 · · ..., • I · 
.. ~. --- .. ...... . - - .. --....-.-..-. ----~--- --.-- -------- --

Totn.1 • 513.9 514. · 2066.4 · · 
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TABLE 24 

Iro. C3 

StTI'.llv1ARY OF FEED CONSUMED ON MAINT:hiNANCE: 

- .-~-- .- --
Period: Date : Grain Alfalfa Hay • C1·1 Average Weight . ...-1 age 

1908 .. . 
· · 

1 : 10-20--10-29 • 32 32 136 · 895 · · 
2 : : 10-30--11- (3 32 32 : , 132 . 9'18.6 

3 : 11- 9--11-18 30 30 120 878 

4 :11-19--11-28 30 30 120 891.7 

5 : 11-29-- 12- ,," 8 : : 30 30 120 : 882.3 

6 · 2- 9--12-18 30 30 120 · 888.4-· · 
7 :12-19--12-28 · 29.4: 29.4 117.6 900.1 · 
8 :12-29-- 1- N • • 28 28 112 · 883.9 I · · 
9 1- 8-- 1-17 28 28 112 874·5 

10 1-18--1 -27 · 28 28 · 112 • 882.7 · · · 
11 .. 1-28-- 2- 6 28 28 · 112 885.7 · · 
12 2";:'; 7~- 2-16 ' .' 28 28 112 881.8 · 

Total : ,: 353.4: 353.4 :1425.6 
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TABLE 25 

No. 27 

NUTRIENTS CONSUMED DTmING MAINTENANCE PERIOD OF 160 DAYS 

Feed :Amount:Dry Matter:Protein: Fiber • N. F. E: Fat : Ash · 
Corh 300.5: 271.91 26.75 · 5.49 219.78 :15.45: 4.45 · 
Bran 150.2: 134.90 21.71 13.90 78.91 : 10.27: 10.10 

Oilmea1: 75 , 1: 68.29 • 25.82 5.99 27.38 . 5.06: 4.03 · . 
Alfalfa: 527.9: 480.86 77.86 :166.82 · 183.71 : 10.93: 41.55 · 
Silage :2111.6: 635.06 42.30 :153.24 • 3'71.53 :27.38: 40.66 · 

Total . . :1591.02 :194.44 :345. 4: 4 · 881.31 :69.09:100.79 .. · 
TABIJE 26 

. No. 62 

NUTRIENTS CONSUMED DURING MAINTENANCE PERIOD OF 180 DAYS 

Feed : Amount: Dry Matt8r: Prote:i.n: Fiber · N. F. E. : Fat • Ash · . 

Corn • 300.8: 272.08 26.93 5.49 :21Q.86 :15.50: 4.46 · 
Bran 150.4: 135.05 21.73 13.91 78.98 :10.32: 10.11 

Oilr.'\eal: 75.2: 68.35 25.84 • 6.00 27.41 . 5.06: 4.03 · . 
Alfalfa: 526.4: 480.69 , 78.14 :165.48 :184.21 :11.09: 41.78 

q·l :2116.6: 647.60 · 49.27 :159.25 :372.82 :24.29: 42.00 .... 1 age · 
total .' :1603.77 :201.91 :350.13 :883.28 :66.31:102.38 · 
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TABLE 27 
No.4 

1T£JTRIENTS CONSUMED DURING MAINTENAnCE PERIOD' OF 150 DAYS 

F ,Jeq. , : Amount: D. M. :Protein: Fiber: N. F· E. · Fat Ash · 
, ' 

Corn · 293.7: 265.06 26.16 · 5.32: 213.83 :15.36 4.41 · · 
Bran 146.8: 131.86 21.20 • 13.49: 77.01 :10.25 9:.9l · 
Oi1meal: 73.4: 66.81 25.26 • 5.87: 26.71 • 4.94 · 3.92 · • · 
Alfalfa: 514. . 468.20 • 75.82 :162.42: 178.87 :10.64 :40.45 . · 
Silage :2066.4: 621.28 42.35 :150.38: 362.54 :26.17 :39.88 

Total • :1553.21 :190.79 :337.48: 858.96 :67.36 :98.57 · 
TABLE 28 

Cow 63 

NUTRIENTS CONSUMED DURING MAINTENANCE PERIOD OF 120 DAYS 

-- - -- -
Feed :Amount: D. M. :Protein: Fiber : N. F. E. • Fat · Ash · · 
COII~ 202. 182.30 17.99 3. 66 :147.06 :10t56 .-3.03 · 
Bran ' · 101. 90.72 14.58 9.28 • 52.98 7.05 • 6.82 · · · 
Oi1mea1: 50.4: 45.82 17.34 • 4.02 • 18.35 · 3.38 2.70 · · · 
Alfalfa; 353.4: 321.91 • 52.13 :111.67 :122.98 • 7~32 :27.81 · · 

- " 

Silage :1425.6: 427.99 • 32.40 :105.16 :246.65 :15.97 :27_83 · 
Total :1068.74 :134. 4-4 : 27)3.79 :588.02 : 'k4. 28 :68.19 
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Tables 29, 30, 31, and 32 showing the digestible nutrients 

and energy values were prepared in precisely the same way as 

tables 16 to 20 except that ' different factors were used in re-

ducing the average digestion coefficients to the actual. 

Following are the fac tors used: 

Number of cow Protein Carbohydrates Ether Extract 

27 .9349 1.0671 .9120 

62 .9100 1.0427 .9214 

For Nos. 4 and 63 an average between 27 and 62 was employed. 

TABLE 29 
Cow no 27 

Digestible nutrients and energy, values on 

maintenance 

Feed :Protein: Carbo~.,:" :Ether : Total : Digestible 
drates Extract eTude Albuminoic1s 

l'iber -
Corn • 17.01 · 221.67 • 13.75 • 5.49 • 15.27 · · · · · 
Bran • 16&83 · ' 64.87 · 6.72 • 13.90 • 13.13 · · · · · 
Oilmea1: 20.55 30.23 • 4.46 • 5.99 • 20.11 · · · 
Alfalfa: 53.88 • 206.11 6.25 :166.82 · 37.94 · · 
Silage • 21.74 • 392.0C · 19.99 :153.24 · 14.77 · · · · 
Total • · for 160:129.01 · 914.88 • 51.17 :345.44 :101.22 · · days 
Fo:r one: .81 • 5.72 • .32 · .63 · · · day 
For 365:294.30 :2087.07 :116.73 • :230.90 · . 
days • · 

::Energy 
value Therms 

• 288·.46 • 

• 77.15 · 
• 1 •• 61.77 · 
· 169.12 · 
· 422.70 · 

:1019.20 

· 6.37 · 
:2325.05 
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TABLE 30 . 
Cow l ;O 62 

DIGESTI BI;E NUTRIENTS AND ENERGY VAIJUES ON MAINrrENANCE 

Digestible-- -; --- Energy 

1
protein:carbo- :Ether fTotal :Digestible :value 

_________ .....;h;.;;..J .... rd_r~a.j;~ Extract( crude fiber albtuninoids TherE1 s 
Feed 

Corn 16.67 216.56 : : 13.93 . 5.49 14.93 : 283.12 . 
Bran • 15.43 63.44 6.82 13.91 12.72 75.84 · 
Oilmeal: 20.03 29.57 4.51 6.00 19.59 60.71 

Alfalfa: 52.59 . 201.07 6.41 :165.48 36.69 · 1'3.61 . · 
Silage · 24.63 : 388.41 . 17.90 :159.25 · 17.66 407.78 · . · 
Total · ' .. 
for 180:129.35 899.05 49.57 : 3~().1~ 101.59 · 991.06 · days 
For one: .72 4.99 .28 .56 5.51 
day 
For 320:229.96 :1598.31 88.12 : • 180.60 :17~1.88 · days 

TABLE . 31 
Cow .1Jo. 4 

DIGESTIBLE NUTRIENTS AND ENERGY VALUES ON MAINTENANCE 

. IJljv3~ . Total 
Feed Protein: Carbo- :Ether Cr ude :Digestible : Energy 

h dra t es Extract Fiber 3,lbUJnino ida value ThG yn:s 
~--. 

Corn · 16.40 , 213. 23 13.75 5.32: 14.70 2128.72 · • 

Bran · 15.24 62.54 6.73 : . 13 .4g: 12.~O 74.81 · 
OJ.lmeal: 19.85 • 29.1D . 4.38 5.87: "I \') L 'j · 59.82 · . J..., • _ f..J • 

Alfalfa: 51.79 198.29 6.12 :J.62.42: 36.27 · 161.48 · 
Silaee · 21.47 · 378.53 19.18 .: 150.38: 14.65 • 398.08 · · · 
Total 
for 150:124.75 · 881.78 50.16 :337.48: 97.64 · 972.91 · · 
days 

.65 6.49 For one: . 83. 5.88 .33 . . . . 
day 

:12,2.06 :237.59 :2367.39 For 365:303.56 :2145.66 
days 
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TABLE 32 

Cow No.63 

DIGESTIBLE NUTRIENTS AND ENERGY VALUES ON W.LAINTENANCE 

Digestfble - -:-
Feed :Protein:Carbo­

hydrates 
:Ether Extr~ct Total :Digestible :Energy 

crude a1bumi-noicls value 
!1ber Thermo 

Corn 

Bran 

11.28 : 146.65 

10.48 43.02 

' Oilmoal: 13.63: 20.04 

Alfalfa: 35.60:: 136.33 

Silage : 16.43 259~64 

Total 
for 120: 87.42 605.68 
days 
For one: .73 5.05 
day 
For 366:265.76 :1841.27 
days 

: 

. . 
9.45 

4.63 

3.03 

4.21 

11.71 

: 33.03 

.28 

:100.41 

3.66: 

9.28: 

10.11 

8.66 

4.02: 13.34 

:111.67: 24.93 

: 105 .• 16: 

:233.79: 

. . . . 

11.73 

68.77 

.57 

209.06 

191.76 

51.47 

41.13 

111.03 

270.98 

666.37 

5.55 

:2026.85 

In the following tables are given the digested nutrients and 

energy values available for milk production. The maintenance 

requirement of No. 43 is considered to be an average of the .other 

four. 
TABLE 33 

Cow No. 27 

NUTRIENTS AVAILABIJE FOR PRODUCTION OF MIIJK 
Dig6stednutrienta , , 365 days 
Protein: Carbo- :Ether :Digested :Energy 

hydrates :Extract Alb~~inoide value 
. Therms 

To'F"" ma i n t enanc e 
and milk 

:758.04 :4762.43· 270.25: 564.27 :5273.86 

For maintenance :294.30 :2087.07 : 116.7Z: 230.90 

For milk-8522.9 Ibs:463.74 :2675.36 

For 1 Ib rnilk-5. 5%: .0 1 54 : 
fat 

.314 

186.23: 333 .. 37 

.022 .039 

:2325.05 

:2948.81 

.346 





Cow 62, 
'320 days. -.----.. ------~---~-.. ----.-.---~.---- ._- ._---... __ .---

For mainten-
ance and milk 399.67 2465.93 123.37 299.88 2697.71 
For mainten-
ance 229.96 1598.31 88.12 180.60 1761.88 
For milk-
3188.9 Ibs. . 189.71 867.62 35.25 119.28 935.83 . 
For 1 1b.milk-: . . 
5.3 fo fat .053: .272: .011: .037 : .293 

Cow 4, 
365 days 

.. 
For mainten-
ance and milk 710.87 4302.44 221.08 532.27 4643.82 
For main-
tenance 303.56 ' 2145.66 122.06 237.59 2367.39 
For milk 
6773.6 1bs. 407.31 2156.78 99.02 294.68 2276.43 
Forl Ib.mi1k 
5.5% fat .060: .318: .015: .044 : .336 

- . 
Cow 63, 
365 daye 

For mainten-
ance and milk 711.92 4329.61 222.29 532.71 4662.67 
For main-
tenance 265.76 1841.27 100.41 209.06 2026.85 
For milk 
6033.9 Ibs. 446.16 2488.34 121.88 323.65 2635.82 
For 1 Ib.mi1k-: 
6.1 % fa t .074 : .412: .020: .054 : .437 

Cow 43, 
365 days 

For mainten-
ance and milk 759.71 4382.45 231.14 573.36 4782.03 
F'or main-
tenance 281.05 1974.65 :. 109.50 219.00 2182.70 
For milk-
7939.5 1bs. 478.66 2407.80 12.1.64 354.36 2599.33 
For 1 1b.Mi1k-: 
4.9%-fat .060: .303: .015: .045 : .327 
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TABLE 34 

YIELD OF MILK AND AVERAGE COMPOSITION 

No.27 

Period: Lbs. Milk: % Fat:%Ni trogen:Protein: :S"1cwr Ash 
N x 6.38 

1 • 181.3 4.20 .52 3.32 · 5.00 .745 · · 2 · 292.6 6.20 · .52 3.32 4.70 .744 · · 3 • 310.4 5.60 · .52 3.32 · 5.30 .745 · · · 4 325.5 • 5.25 : .55 3.51 5.00 · .723 · · 5 · 314.3 5.30 · .56 .. 3.57 3.55 · .736 · · .. · 6 • 289.2 • 5.10 • .58 3.70 · 3.76 .731) · · · · 7 · 287.6 5.60 · .59 • 3.76 · 4.40 .764 · · · · 8 .. 283.0 · 5.40 · .58 • 3.70 • 4.86 · .698 · · · · · · 9 • 272.3 · 5.10 .61 : 3.89 · 5.03 · .762 · · · · 10 • 274.9 5.60 · .62 · 3.96 · 5.30 .691 · · · · 11 • 266.7 • 5.10 · .64 : .4.08 4.30 .721 · · · 12 240.5 • 5.60 .62 · 3.96 • 4.98 .677 · · · 13 243.1 5.80 .64 · 4.08 • 4.83 .750 · · 14 • 234.6 · 5.75 .64 4.08 4.35 .727 · · 16 • 245.6 · 5.60 .66 · 4.21 5.08 .776 · · · 16 • 243.9 5.75 · .65 4.15 4.66 .812 · · 17 • 244.2 5.70 • .65 4.15 · 3.90 .775 · · · 18 · 235.0 5.70 .67 4.27 5. 30 · .'771 · · 19 231.6 · 5.60 .68 · 4.34 4.96 .789 · · 20 : 242.3 • 5.60 · .66 4.21 4.60 .787 · · 21 : "243.9 5.50 ., .67 4.27 4.90 .737 · 23 · 236.6 5.55 • .S8 4.34 4.50 .758 · · 23 • 218.4 • 5.50 .66 · 4.21 • 4.50 · .754 · · · · · 24 .' 222.2 5.70 • .65 4.15 3.60 .852 · · 25 • 204.0 5.90 • .62 · 3.96 • 4.70 .841 · · · · 
26 • 191.1 • 5.70 : .64 · 4.08 4.50 · .767 · · · · 27 • 173.8 : 5.70 · .61 3.89 4.67 .711 · · 28 • 194.3 · 5.50 • .68 4.34 · 4.69 .660 · · · · 29 • 189.3 · 5.40 : .63 4.02 • 4.80 .704 · · · 30 182.8 5.40 .63 4.02 : 4.08 .655 
31 183.5 5.00 • .65 4.15 4.50 .672 · 32 182.2 5.30 · .67 · 4.37 • 4.93 • .646 · · · · 33 • 173.7 5.70 • • 62 · 3.96 · 4.58 · .597 . · · · · · 
~~ , • 184.9 • 5.60 · .67 4.27 · 4.93 .660 · · · · : 161.6 5 .60 • .71 • 4.53 · 3.79 •. .705 · · · · 36 • 162.6 .- 5.80 : .70 4.47 · 4.33 .703 · · · 
37 · 149.4 6.00 • .69 · 4.40 4.3G · .689 · · · · 





TABLE 35 

YIELD OF' MILK AND AVER ;,GE COMPOSITI on . 

(By Periods.) 

No. 62 
-------.------.-----~------

Pe.r1od: Lbe. ~,a lk: % Fatj~ ~ N1trogen~Protein: 
n x ~ . 3 f 

B6c..~~ Ash 

1 115.9 5.14 .63 4.02 5.08 .763 
2 139.6 5.80 .63 4.02 4.85 .764 
3 147.3 5.20 .93 4.02 5.30 .761 
4 156.4 ·5.00 .62 3.96 3.42 .770 
5 150.2 5.30 .62 . 3.96 6.48 .765 . 
6 137.5 5.10 .63 4.02 3.41 .750 
7 135.2 5.60 .63 4.02 3.93 .761 
8 138.4 5.55 .63 4.02 4.61 .702 
9 134.9 5.10 .65 4.15 4.55 .768 . 

,10 123.2 5.20 .62 3.96 5.00 .7 00 
11 119.4 5.60 .62 3.96 4.23 • '150 
12 11 ~ .. 5 5.40 .63 4.02 4.43 .757 
13 112.0 5. 55 .62 3.96 3.93 o 0 .754 . . 
14 .. 104.7 5.45 .65 4.15 3.52 .759 . . 
15 104.8 5.65 . 66 4.21 6.18 .700 
16 103.8 5.30 .65 4.15 4.48 .712 
17 98.8 5.20 .63 4.02 3 .88 .735 
18 96.5 5.50 .64 • 0 4.08 4.85 .778 .. 
19 87.9 5.10 .66 4.21 4.51 .785 
20 90.9 5.40 .60 3.83 4.30 .720 
21 84.4 4.95 .58 3.70 5.00 .657 
22 77.6 5.45 .64 4.08 4.70 .837 
23 72.6 5.30 .61 3.89 4.40 .800 
24 79.3 5.50 .60 3.83 3.50 .916 
25 73.0 5.30 .62 3.96 4.50 .723 
26 68.0 5.20 .64 4.08 4.20 .732 
27 65.5 5.30 .63 4.02 4.40 .655 
28 64.6 5.20 • .60 3.83 4.61 .713 , 
29 56.2 5.20 .59 3.76 4.58 O' .686 0 

30 49. 2 5.10 .58 3.70 4.55 .688 
31 45.6 5.00 .60 3.83 4.50 .690 
32 41.0 5.10 .60 3.83 4. 25 .689 
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TABLE 36--

YIELD OF MILK AND AVERAGE COMPOSITION 

No. 4 

30 days :Lba. Milk % Fat . % IJitrogen % sugar % Ash • 
ending 

Nov. 24 :*1366.4 5.18 .~63 . 4.97 .842 • 

Dec. 24 631.5 5.67 .64 3.83 .768 

Jan. 83 643.6 5.80 .62 .800 

Feb. 22 623.2 5.95 .62 4.00 .760 

Mar. 23 · 622.4 5.97 .65 4. 20 ... .791 • . .. 
Apr. 22 524.3 6.10 . • 63 4.70 .792 

May S2 454.3 5.72 .66 4.60 .702 

June 21 : . · ..• 56.7 · 5.40 .67 4.10 .661 • 

July 21 48'.9 5.17 .64 4.41 .737 

Aug. 20 • 475.5 • 4.67 .65 4.36 .684 . . • 

Sept 19 426.1 5.00 .68 4.16 .732 

Oot. 5 :# 161.7 5.20 .70 4.36 .731 
---- -----------'--'-- - '-- --------

·48 days 
116 daye 
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TABLE 37 

YIELD OF MILK AHD' AVERAGE COMPOSITION 

No. 63 

30. days:Lbs. Milk · % Fat · % Nitrogen · % Sugar · · · ending . · . · 
Oot. 25: *500.2 5~90 · .69 · 4.70 · · 
Nov. 24: 641.4 • 8.22 • .72 • 3.83 · • • 

Deo. 24: 579.0 6.58 · .69 • · · 
Jan. 23: 563.3 • 6.40 · .67 · 4.08 · · · 

. Feb. 22: 523.6 6.43 · .70 · 4.35 · · 
Mar. 23: 520.9 • 6.35 • .70 . : :4.60 • · 
Apr. 22: 590.0 · 6.60 • .70 .. 5.05 · · · 
May 22: 463.3 · 6.28 · .68 · 4.50 • · · 
June 21: 470.6 . • 5.77 · .65 · 4.40 · .. · 
July 2l: 419.9 · 5.57 • .68 • 4.10 · • · 
Aug. 20: 420.l 5.20 • .66 • 4.,53 · • 

Sap. 19: 323.0 · 5.40 • .6'9 · 3.66 · · · 
Oo~. 2: #ll8.6 • 5.56. • .67 · 4.28 • · · 
*22 days 
Il3 days 

· % Ash · • · -- ----.--
• .778 · 
· .780 · 
· .741 · 
• .740 · 
• .741 • 

· .771 · 
• .795 · 
· .744 · 
· .713 • 

· .707 · 
· .684 • 

• .783 · 
• .696 · 
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In estimating the combustion value of the milk in table 

38 the followinz values of the milk solids in oalories per 

gram are used: fat 9.23, protein, 5.86, sugar 3.95 (24). 

TABLE 38 
TOTAL YIELDS OF MILK AND MILK COnSTITUENTS 

No. of oow: Lbe milk! Lbe. fat: Lbe. pTotein:Lbs sugar:Combuetion . · : value T!lermS . • · . · . 
. .. _-- .-

27 :8522.9 :470.0 : 339.4 :392.5 :3576.2 

62 :3188.9 :169.4 :127.3 :144.4 :1307.4 

4 :6773.6 :372.9 :278.3 :290.2 :2823.3 

63 :6033.9 :367.9 :263.8 :265.4 :2719.3 

43 :7939.5 :387.9 :282.5 :359.7 :3022.0 

(24) Harr.meratelnts PhysioloGical Chemistry. 
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TABLE 39 

COlIPARI SON WITH HAECKER t S STANDARD 

DIGESTIBLE NUTRIENTS FOR 1 POUND OF MILK ' 

Actually used Haecker' 6 standard (7) 
., .' ------- --

Cow No. : % Fat: Protein:Carb9- : Fat :~otein:Carbohydrate6:Fat 
in milk hydrates : 

27 

62 

4 

63 

43 

Average 

5.3 

: 5.5 

: 6.1 

: 4.9 

5.5 

• · 
· · 
· · 
• · 
· · 
• · 

.054 : .314 

.053 : .272 

.060 : .318 

.074 : .412 

.060 .303 

.060 : .324 

· · : .022 i .057 
· : .011 : . • 056 
• · : .115 : .057 · · 

: .020 : .061 

: .015 : .053 
• · : .017 : .057 · · 

Average carbohydrate : .422 : · · 

· · 
• • 

· · 
• · 
· · 
• · 
· · 

.263 

.256 

.263 

.283 

.243 

.262 

: .019 

: .019 

:.019 

: .021 

: .018 

: .019 
,----~-~-

.362 . . 
tM4~Y~\ ~ 1 ---- ~---~------------
Average composition and digestibility: 

• · and deduoting .7 lb. protein,7. carbo-: 
· · hydrates and .1 lb. fat for daily 

maintenance of each 1000 1ba. l ive 
weight 

• • · · · · · · 
27 

62 

4 

63 

43 

Average 

· · 
• • 

· · 
· · 
· · 

1.083 : .292 

: .089 : .133 

: .098 .330 

: .105 : .342 

: .091 : .296 

: .093 : .279 

Average carbohydrat e : .444 
equivalent 

(7) Bul.79 Mi nn. 

: .028 : .057 

: .036 .056 
· · : .032 : .057 

: .036 : .06l 
• · :.028 : .053 
· · · · :·.032 : .057 

• • • . 

· · 
· · 

· · 

.263 

.256 

.263 

.283 

.243 

.262 

.362 

: .019 

: .019 

: .019 

: .021 

: .018 

: .019 
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It will be notioed from the first part of this table that 

the nutrients required to produoe ~i~i~ed ~e ,reauge a pound 

of milk is very uniform for all of the oowswith the exoeption 

of No. 63. No. 63 yielded the riohest ~ilk and her require-

ment was the highest. This would seem to indicate that rich 

milk required more food for ·its produotion than we have or-

dinarily assumed. Definite ooncluaionsoan not be drawn, 

however, from the results obta.ined with this one animal as there 

may have been some abnormality or co,ndition overlooked. 

The carbohydrate equivalent mentioned in the table was 

obtained by multi111ying the fat by 2.25 and then adding the 
") 

three oomponents together. Theae five oows u~ed 16% more 

nutriment than is presoribed by Haecker's standard for the 

production of the same quality of milk. 

In the second l')art of this table it will be noticed that 

the protein and fat are hieher and the oarbohydrates lower than 

in the first part. T~e reason for this is that Haecker's 

sta.ndard for maintenance calls for less protein and fat and 

more· oarbohydrates than were actually supplied to these animals. 

The very low requirement of No 62. is due to the fact that 

Haeoker's standard for maintenanoe prescribes oonsiderably more 

nutriment than this oow aotually used. 
'~In . the . forrnul.~t.ion ~d . J1S~: . of.,. t,pJ_~~,tandar~, f0r. ,~;~~~{, 
.~ .~ ...... " I • • , • • '. _. ' . ,~,. " •• ••• •• • ' ........ _... ..... ... _ "'_ " o\ ~ .. ' _ " _ . • -., . ~. _ - . . ... 

H~ecker no doubt eIIUl:'.;~y~~d." . ~or ~jh:e fe/~.d .'8:,~e .raee: ,£;e1l.reS .0.£ p~?rnp-
. . .... . . ,_. . . _ ,~ • ;.., . , •• . '" ." . • . ~ •• . ... ,.. . ' _ .... ,-.., . . .1 _ ", .... ~ IV .• " 10.. ... -.' ., ~ '... .. -t 

'i~1tion., ~.~, ~~r~~~?~1.~.~~~! ,J~r~~f ~~~acsc~·~ ::~~~~~.~~?~~. "~ir:~·se~t.t~:f~Jhe 
~ -

~~cond ~R.ax:t ,Q~ ,~J;li1~(. ; 1iab.:l~ : i,~ ~o, . ~how Ifv:r.~ther o.~' ~~~~.r Fr~'-~i.~~~r;r:. ~ ~J " .i~ l .c. _, .... ' _. J .... . ..... .. .. d ~ _ .......... ~ .. '- t o _ .... ..... l..... •• • . J ........ '. / .... . 1 , _ . .. .. \...0 ~ o · • • • .. ... .; ~ . \:..... . ... . i ~ . .. ",(" J..e 

standard "is applica.ble ~hen the conditions lmder which it is 

Bupposed to be used. are provided. It will be noticed that the 
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I 
Arrnsby's method presoribes .05 lb. digestib J-e albureinOids 

and .5 therm for the produotion of one pound of 4% ~~lk. (4) 

Sinoe these oows did not yield 4% milk it was neoessary to estab­

lish some basis for comparison. - This was done by first asoer­

taining the combustion value of average 3, 4, 5 and 6% milk and 

then assuming that the nutrient requirement is proportional to 

the oombustion value of the milk. Whether or not we are justified 

in such an assumption may be shown in some of the data whioh 

follows. Table 40 gives the results of this computation. 

TABLE 40 -- - ---.. - ... ....---
--------~---------------~ ABMSBytS STANDARD FOR PRODUCTION OF 1 LB. MILK: 

% Fat in milk Combustion va~ue Digestible Energy value 
of 1 lb. milk albuminoids Therms in -feed 

Therms 
3.0 .28 .040 .24 

4.0 .35 .050 .30 

5-.0 .40 .057 - .34 

6.0 .45 .064 .38 

V"--- ------ ~ 
( 4) Farmers ,. Bul., · 346 
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TABLE 4l 

. COMP ARI SON WIT H AR1lSBY' S STANDARD NUTP.IENTS FOR 1 LB. 

OF MILK: 

Aotually required 

I ~ $~ · · % Fat Cow No. · :Digestible :Energy :Digestible :~nergy value · :in milk: albuminoids value :alburninoids · Therms · : Therma 
· · · · • · 27 • 5.5 · .039 · .346 · .060 · .36 · · · • · · · 62 · 5.3 · .037 • .293 .059 · .15 · · · · 

4 · 5.5 · .044 : .336 ·.060 · .36 · · · · · 63 · 6.1 · .054 · .437 .065 .38 · · · · · 43 e , 4.9 · .045 e · .327 e .056 .34 · e · · e .. 
• • · • 

Average · 5.5 · .044 e .348 · .060 · .36 · · · · · · · • · · · Assuming feeds to be of average com- e · · · .. 
position and digestibility and deduot~ 

· · ing • 5 lb. albundnoids and 6 • therms • · • · ~ 

for daily maintenanoe of eaoh 1000 ! 
lbs. live weight 

: . 

e · · . · · · . 
27 e e .065 .418 · .060 · .36 · · · · e · 62 e e .072 • .344 • .059 e .36 · · e · · · · 4 e .075 • .452 · .060 e .36 · e e · · · 63 .082 • .498 .065 · .38 • · 
43 · • • 071 · .409 .. .056 e .34 · · · · · · · 
Average · · .073 e .424 · .060 · .36 • · · · · 
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It rill be seen in the first part of this table that the 

average energy value of the nutrients required to produce one 

pound of milk oheoks olosely with the figures computed as 

desoribed above. This ' does not neoess~ily mean that Armsbyts 

standard for 4% milk is oorreot !10r that the nutrient require­

ment for milk is proportional to the oombustion value of the milk. 

In the seoond part of this table it will be notioed that 

more protein and energy are required than in tlle ,first. This 

shows that Armsby's allowanoe for the maintenanoe of a , milking 

oow when average figures of oomposition and digestibility are 

used is too low. For milk these oows used 18% more nutrients 

than presoribed by Armaby. 

The next table was prepared for the purpose of asoertaining 

whether the nutrients of the ration varied least with the pounds 

of milk~ the pounds of fat~ or the combustion value of the milk 

produoed. 

TABLE 42 

· ~ · I 

Number of oow :27 :62 • 4 · 63 • 43 :Aver-:Varia-· · • 
• · • : age • tion • · • • 

Ratio between the energy • · • • · • · · · · · · • • • · · ., • · · · · · · · value of the feed available: • · · , . · · · · · • · · · • · · · · for milk and Pounds of milk: • • · • • • • '. · · · · 1 . :2.89::3.41:2.98:2.29:3.05:2.92 • 49 • · Pounds of fa.t 1 • : .159 :.181:.164:.140:.1501~159 • 29 • • 
• · • • -. · · · · • · ' · Combustion value of the · • · · · · · · · · · · · · milk 1 . :'1.21 :1.40:1.24:1.03:1.16:1.21 • 36 • · 





74 .. 

No.62 was the most eoonomioal produoer and No. 63 the most 

expensive. The per oent of variation betv/een these two is 

shown in the last oolumn and it will ·be notioed that the variation 

is least with the fat. This would seem to indioate that in 

estimating the nutrients required for milk the pounds of fat 

produoed should be taken as a basis rather than the pounds of 

milk or the : ,: combustion value of the milk solids. Defini te 

oonolusions conoerning this matter can not,however, be drawn 

from this data alone. The combustion value of the milk is 

greater than the energy value of the feed available for milk 

whioh shows that the figures given by Armsby on the energy 

values of protein~carbohydrate6 and fat are not high enough 

for milk produotion. (3) This does not mean that the relative 

values assigned to protein,oarbohydrates and fat are inoorrect 

nor that the methods for oalaulating the relative values of 

the different feeq..s is inaccurate. 

(3) Bul. 71 Pa. 
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The data obtained from cows 206, 400, 304; and 303 is 

presented separately and in an abbreviated form, since the investi-

gation is as yet inoomplete and the results are therefore 

tentative in nature. 

Tables 43, 44, 45 a.nd 46 oontain summaries of feed oon-

sumed and the average weights of the cows. 

TABLE 43 

Cow ·No. 206 (Holst ei-n) 

Sln~IMARY OF FEED CONSUMED 

(Weights in pounds) 

Period: Date : Grain: Hay. :S11~ge • Average weights • 
No. · 1910 · · • of cow · · · · - · .. • 

• · · · 1 • 11-27-12- 1 • 59 "' t 59 • 233 • 1292 · · · · · 2 • 12- 2-12-11 · 116 • 116 · 464 • 1295 • · · · • 
3 · 12-12--12-21 · 120 • 116 · 461 · 1286 _ · · · · · 4 • 12-22--12-31 • 120 · 120 · 394 • 1286 · · · · • 
5 · 1- 1-- 1-10 120 · 116.5: 386 · 1284 · · · 6 · 1-11-- 1-20 · 100 • 94.5: 312.5 • 1236 · · · · 7 • 1-21-- 1-30, : 110 • 110 • 400 • 1291 · • · • 
8 · 1-31-- 2- 9 · 110 · 110 • 400 · 1330 • • · · · 9 2-10-- 2-19 • 110 · 110 • 400 • 1328 · · · · 10 2-.0- 3- 1 • 110 • 110 • 400 • 1311 • · · • 

11 3- 2-- 3-11 • 110 · 110 · 400 • 1340 · · · • 
12 · 3-12-- 3.. 31 · 110 · 110 • 400 · 1353 · · · · · 13 • 3-22-- 3-31 · 101 · 101 · 400 · 1349 • · · · · 14 4- 1- 4-10 · 100 · 100 · 400 · 1340 · · · · 15 • 4-11-- 4-20 · 92 · 100 · 400 • 1364 • · • -. • 
16 · 4-21-- 4-30 • 90 • 90 · 400 · 1367 · · · · · · · p . 

Total · 155 days :1678 :1673 :6250.5 1316 · 





Period: 
No · · 

1 · · 
2 • • 

3 • • 

4 • • 

5 · · 
6 · · 
7 • · 
8 • · 
9 · • 

10 • • 

11 • • 

12 · • 

13 • • 

Total • • 

76 

TABLE 44 

Cow No. 400 (Shorthorn) 

SUMMARY OF FEED CONSma::n 

(Weights in pounds) 

Date 1910 :Grain: Hay · Silage · 
· • • · • · 12-27--12-3l • 35 · 35 • 140 · • • 

1- 1- 1-10 • 70 · 70 • 329 · • · 
1-11-- 1-20 · 79 • 79 · 350 · · · 
1-21- 1-30 • 80 • 80 • 350 • .. · 
1-31- 2- 9 • 80 • 80 • 350 • · • 

2-10-- 2-19 • 80 · 80 • 350 • · · 
2-20-- 3- 1 • 80 • 80 · 350 · • · 
3- 2-- 3-11 • 71 · 71 • 350 • · · 
3-12-- 3-21 70 • 70 · 350 • • 

3-22-- 3-31 • 61 • 61 • 350 • • · 
4- 1-- 4-10 • 60 · 60 • 350 • · • 

4-11- 4-20 • 44 • 60 • 350 · · • 

4-21- 4-30 • 50 • 50 • 300 • • • 

125 days :860 :876 • 4269 • 

:Average weight of 
·oow 

· · · 1134 · 
• 1111 • 

• 1120 · 
· 1144 · 
• 1150 • 

• 1151 • 

e . 1162 · 
· 1173 • 

· 1170 • 

• 1168 · 
• 1174 · 
· 1180 · 
• 1154 · 
• 1153 • 





Period: 
No · · 
1 · · 
2 · · 
3 • · 
4 • • 

5 · · 
6 • • 

7 • • 

8 • · 
9 · · 

10 • • 

11 • • 

Total • • 

77 

TABIE 45 

Cow No. 304 · (Ayrshire) 

SUMMARY OF FEED CONSUMED 

(Weight s in pounds) 

Date 1911 · Grain • Hay • Silage · · • 
• • · · · · • • • • 

1-11--.1-20 • 99 · 95.5 • 304 · · · 
1-21- 1-30 • 105 • 97 · . 305 · · · 
1-31- 2- 9 • 120 · 90 • 294 · · · 
2-iO- 2-19 · 100 .. 85 · 300 · • • 

2-20-- 3-1 ~ · • 97.5: 90 · 265 · • 

3- 2- 3-11 • 82 · 90 • 257 • · • 

3-12- 3-21 • 100 • 90 · 300 · • · 
3-22-- 3-31 · 100 • 90 • 300 · · · 
4- 1- 4-10 • 76 • 75.5 · 259 · · · 
4-11- 4-20 • 69 • 69 • 283 • • • 

4-21-- 4-30 • 70 • 70 · 300 · · • 

110 days • 1018.5: 942 • 3167 • • 

• Average weight • 
• of oow • 

• • · . 
• 976 • 

• 973 · 
• 995 · 
· 972 • 

• 973 • 

· 959 · 
· 965 · 
· 962 · 
· 963 · 
· 953 · 
• 967 · 
· 969 · ----
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TABLE 46 
, 

Cow No. 303 (Ayrshire) 

smvn~!ARY OF FEED CONSUMED 

(Weights in pounds) 
-------------------~---------------

Period: Date 1911 
No. : 

: Grain : . . . . 
1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

· · · • 

· · 
· · 
• · 
· • 

• · 
· · 
• • 

• • 

• · 

1-23-- 1-30 : 

1-31-- 2- 9 : 

67 

96 

2-10-- 2-19 : 100 

2-20-- :>- 1 : 

3- 2-- 3-11 : 

3-12-- 3-21 : 

3-22-- 3-31 : 

4- 1-- 4-10 : 

4-11-- 4-20 

4-21- 4-30 : 

91 

90 

90 

81 

70 

54 

60 

· · 
· · 
• · 
I 

· · 
• • 

· · 
· • 

· · 
• · 

Hay : Silage 

67 

96 

93.5 

89 

90 

90 

81 

70 

70 

60 

· • 

· · 
• · 

· · 
· · 
· · 
· • 

· • 

· · 
• • 

240 

300 

280 . 

295 

300 

300 

300 

300 

340 

300 

Total: 98 days : 799 : 806.5 : 2955 

: Average weight 
· · 
• • 

of cow 

990 

: 1010 

: 1004 

: 1003 

: 1028 

: 1024 

: 1039 

: 1029 

: 1047 

: 1039 

: 1021 

It will be noticed that Nos. 206, 400, and 303 show gains 

in weight while 304 has about the same weight at the end as at the 

beginning. The indioations are that the cows have been amply 

nourished and that on the whole they have been overfed rather 

than underfed. These weights will be reduoed before the investi-

gation ends. 

The next three tables show the yields of milk and fat for 

these four animals. Complete analyses of the milk have not 

yet been made so the oombustion value of the milk as given in 





table 49 is estimated from the average of milks containing the 
\ 

same percentages of fat. 

TABLE 47. 

YIELDS OF MILK AND FAT 

No. 206 II No. 400 

Period: Lbe. 'to Lbs. · . Lbe. % Lba. fat. · . 
No. . milk fat fat · . milk fat '. · . 

, . · . . . · . . 
1. 217.4 3.4: 7 .392: : 105.7 4.4 4.651 

2. 402.6 3.8: 15.299: : 207.7 4.4 9.139 

3. 427.3 3.7: 15.810:: 213.0 4.3 9.159 

4. 432.8 3.5: 15.148: : 228.4 3.9 8.908 

5. 409.2 3.4: 13.913: :, 228.8 4.0 9.152 

6. 372.6 3.4: 12.668: : 227.6 4.0 9.104 

7. 445.4 3.4: 15.144: ! 224.6 : '4.1 9.209 

S. 403.3 3.5: 14.115:: 225.5 3.9 8.794 

9. 427.5 3.6: 15.390: : 220.1 3.9 8.584 

10. 403.1 3.6: 14.512: : 207.3 4.1 8.499 

11 412.8 3.7: 15.274: : 199.5 4.1 8.180 

12 410.0 3.6: 14. 760: : 199.2 3.9 7.769 

13 360.0 3.8: 13.680: : 192.9 3.9 7.523 

14 377.4 3.8: 14.341:: 

15 372.1 3.7: 13.768: : . . , 

16 ' 349.0 3.7: 12.913 : : 

Total 6222.5 3.6: 224.13 .. 2680.3 4.1 108.67 . . 
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TABIE 48 

YIELDS OF MILK AND FAT 

No. 304 , No. 303 

· · Period: Lbs. • % . Lbs. .. Lbs. :'fo Fat · Lbs. fat · • • · milk Fat Fat • milk · • • • • · · • • 
1 • 366.8 • 4.3 • 15.772: 238.1 · 4.1 • 9.762 · • • • • · • 
2 • 389.2 · 4.0 · 15.568: 307.5 • 4.1 • 12.607 • • • · · · · 3 · 397.6 • 4.1 • 1'.302: 312.9 • 3.9 • 12.203 · • • · · · · 4 · 388.2 • 3.9 • 15.140: 293.4 · 4.1 • 12.029 • • • · • · · 5 • 344.9 • 4.0 • 13.796: 297.2 · 4.0 • 11.888 · · • · • · • 
6 • 326.5 • 3.8 • 12.407: 297.2 · 3.9 • 11.591 • • • · • · • 
7 • 336.9 • 3.8 · 12.802: 284.3 • 4.0 • 11.372 • • • · • 

• • 
8 • 322.1 • 308 · 12.240: 270.8 • 4.1 • 11.103 • • · · • 

• · 9 • 260.5 · 4.1 • 10.672: 264.3 • 4.0 · . 10.572 • • • • • 
• · 10 • 276.8 • 3.6 9.965: 254.2 • 4.1 • 10.422 • · • • 
• · 11 · 264.3 • 3.9 • 10.308: • • • • · • · • .. -· · Total : 3673.6 • 3.9 :144.97 :2819.9 • 4.0 • • 113.55 • • • • · • 
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TABLE 49 

TOTAL YIELDS OF MILK AND FAT AND THE ESTIMATED 

COMBUSTION VALUE OF THE MILK 

Number of :Pounda of : Pounds of :Co~buBtion value 
oow · milk fat · of milk · · · · 

206 · 6222.5 • 224.13 • 2003.64 · · · 
400 • 2680.3 108.67 • 951.51 · • 

304 • 3673.6 • 144.97 • 1260 •. 04 · • • 

303 • 2819.9 113.55 • 986.96 · · 

In preparing the next four tables the average figures for 

digestible nutrients and energy values are used since .complete 

analyses of the feed are not available. The maintenanoe rs-

quirements are calculated acoording to Haeoker and Armsby. 
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TABLE 50 

Cow No. 20'S 

DIGESTIBLE NUTRIEnTS AND ENERGY VALUES OF FEED 
CONSUMED 

· Digestible · · • 
• • • • · • • .. 

• • 
Feed : Amount :Protein : Carbo- :Ether Ext.:Digest1ble :Energy 

· : hydrates :albuminoids:values · ,Therms_ 

Corn • 958·9 • S8.47 • 634.02 • 47.66 · 65.11 · 851.89 • · · · · · 
" 

Bran • 479.4 • 57.58 197.66 · 13.76 · 48.95 · 231.21 · · · · · ... 
Oilmeal: 239.7 · 73.32 · 92.81 · 6.95 • 70.14 · 178.98 • · · · · 
A1falfa:1673.0 :177.00 · 624.53 · 23.09 • 115.94 • 575.68 · · • · 
Silage :6260.& : 75.63 • 910.07 · 55.00 · 5LOD :1035.08 • · · 
Total ' for main-: 
tenanoe ~milk :452.00 : 2459.09 • 146.46 · 355.14 :2872.84 • · 

, , 

Total for main-: 
tenanoe :142.79 :1427.86 · 20.40 • 93.00 :1116.00 · • 

• • 
Total for • · milk 6222.6 lbs:309.21 :1031.23 · 126.06 • 262.14 :1756.84 · . • 

• · For 1 lb. • · milk · 3.6 %rl .050 • .166 • .020 · .042 • .282 • • • · · 
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TABLE 51 

Cow No. 400 

DIGESTIBLE NUTRIENTS AND EUETIGY VALUES OF FEED 

CONSUMED 

Digestible · · · · • • · · · • , • 

Feed : Amount :Protein: Carbo- . :Ether Ext.:Digestib1e :Energy 
hydrates albumino1ds value 

• • • · : Therms • , · · 
Corn · 491.4 · 35.09 324.91 • 24.42 · 33.37 • 436.56 , · · · · 

o Bran • 245.7 · 29.51 · 101.30 · 7.05 · 25.09 · 118.50 · · · · • • 

Oilmeal: 122.9 · 37.60- • 47.59 · 3.56 • 35.96 · 91.77 • • · · • 

Alfalfa: 876.0 • 92.68 • 327 0.01 · 12.09 · 60.71 · 301.43 · · · • · 
Silage :4269.0 • 51.65 • 621.57 • 37.57 · 37.57 · 706.95 · · • · · 
Total for main-: 
tenanoe..&l milk : 246.53 : 1422.38 • 84.69 · 192.70 :1655.21 · · 
Total for 
maintenanoe :100.89 :1008.87 • 14.41 • 68.75 · 825.00 · · · 
Total for 
milk 2680.3 1be:145.64 · 413.51 · 70.28 · 123.95 · 830.21 · • · • 

For 1 lb. 
milk 4.1% fat : .054 · .1.54 · .026 · .046 · • 310 · · · · 





TABLE 52 

Cow No. 304. 

DIGESTIBLE NUTRIENTS AND ENERGY VALUES OF FEED CONSUMED 

Feed : Amount 

· • · · 
Digestible. 

Protein:Carbo- :Ether 

· • 
• · • · 

Ext. : Digestible :Energy 
hydrates albuminoida value 

: Therme 

Corn 582.0 41.55 . 384.82 :28.93 39.52 517.05 . 
Bran 291.0 34.95 :.119.98 8.35 29.71 140.35 

Oilmea1 145.5 44.51 56.34 4.22 42.57 108.64 

Alfalfa 942 99~66 351.65 :13.00 65.28 324.14 

Silage :3167 38.32 461.12 :27.87 27.87 524.46 

Total for mainten-
anoe and milk :258.99 :1373.91 :82.37 304.95 :1614.64 

Total for main-
tenance . 74.61 746.13 :10.66 53.90 646.80 . 
Total for milk 
3673.6 lba. :184.38 627.78 :71.71 151.05 967.84 

For 1 lb. milk 
3.9 % fat .050 .171: .GaO .041 .263 
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TABLE 53 

DIGESTIBLE 11JTRIENTS AND ENERGY VALUES Of FEED CONSlU!ED 

Cow No. 303 
· · l'l1gestible. 
· • • • · · . . 

Feed : Amount :Protein:Carbo- :Ether Ext. :Digestib1e :Energy 
· · :hydrates · :a1buminoids:value • · · Therms 

Corn · 456.6 32.60 · 301.90 · 22.69 · 31.00 • 405.64 · · · · • 

Bran 228.3 • 27.42 • 94.13 • 6.55 • 23.31 • 110.11 · · · · · 
Oilmeal: 114.1 · 34.90 · 44.18 · 3.31 · 33.39 • 85.20 · · · · · 
Alfalfa: 806.5 • 85.33 • 301.07 · ll.13 · 55.89 · 277.52 • · · • · 
Silage : 2955.0 · 35.76 · 430.25 26.00 · 26.00 · 489.35 • · · · 
Total for ma1n-
tenanoe~milk :216.01 :1171.53 • 69.68 • 169.59 :1367.82 · · 
Total for 
maintenance · 70.04 • 700.41 · 10.01 • 49.49 • 553.88 · · · · · 
Total for 
milk 2819.9 Ibs:145.97 • 471.12 • 59.67 · 120.10 • 813.94 • · · · 
For 1 lb. 
milk 4.0 10 fat · .052 · .167 • .021 • .043 • .289 • • • · · 
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TABLE 54 
e 

COMPARISON WITH HAEKER'S ,. STANDARD 

Digestible nutrients for 1 lb. of milk 

~ERIS STANDARD 

} 
NO. of oow:% Fat:Protein:Carbo- : Fat :Protein:Carbo- • Fat · in milk hydrates · hydrates · · · 206 :3.6 · .050 • .166 :.020: .044 • .200 · .015 · • · · · · 400 :4.1 · .054 · .154 :.026: .047 • .217 .016 · · · · · 304 : 3.9 • .050 • .171 : .020: .046 • .210 · .016 · · · · • • 
303 :4.0 • .052 · .167 : .021: .0'17 • .210 · .016 · · · · · • 
~ 3., .o:S-;" • .7~lj : .02.2.: .04' · .Z()f · .O/~ · · · Average oarbohydra te 
equiyalent · .265 . • .291 · · . · · 

These oows used more protein and fat and leaa carbohydrates 

than ~ presoribed in Haeokert 6 standard. The standard oalls 

for about 10% more nutriment than these cows reoeived, and it 

should be remembered that they were overfed rather than under­

fed. This data take,n in oonnection wi th that in table 39 

admits in the writer's opinion of only one concluaion--­

Haeoker's standard does not call for as muoh differenoe between 

the nutrients required for milk of medium and high qualities as 

was fo~d in this investigation. 
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TABLE 55 

COMP ARI SON WIT H ARMSBY f S STAUDARD 

Nutrients for 1 lb. milk 
Armsb 's Standard 

No. of cow: %Fat :Digestible :Energy »±ge's ti ble :Energy value 
: Therme :in milk :albuminoids:value albuminoids 

Therms · · • • · · · · 206 · 3.6 · .042 : .282 · .046 · .28 · · · · · · 400 • 4.1 • .046 : .310 · .051 • .30 • · · · • · 304 · 3.9 · .041 : .263 · .049 · .29 · · · · · · 303 • • 4.0 • .043 : .289 · .050 • .30 . . · · · · · • • 
Average • 3.9 · .043 : .286 · .049 • .29 · · · • 

It will be observed that the en~rgy value of the feed 

used by these oows . corresponds a~most exactly with Armsby's 

standard. Take n in connection with the latter part of table 

41, it is evident that rioh milk requires more nutriment for 
I . 

its pr9"duotion than the combustion value of the milk would in-
I 

TABLE 56 

_ __ 7oVaria.-
Number of oow 

Ratio between the energy 
value of the feed avail­
able for milk and 
Pounds of milk, 1 : 

Pounds o·f fat, 1: · 
Combustion value 
of the milk, 1: 

: 206: 400: 304: 303:Aver-:Average:tion be-
: : : : : age 0 f 5 : twee n the 
: :: : Jerse ys: two 
: : : : : under : averages 
: : : oomparable aond±ti6nS! · 
:3.54:3.23:3.80:3.46:3.51 : 2.36 : 49 
• . 
: .128: .131-: .150: .140: .137 : .129 

:1.14:1.15:1.30:1.21:1.20 : 1.00 

• · 
• • 

6 

20 





This table shows that the four cows yielding milk testing 

an average of 3.9% are more economical producers of milk, 

butterfat and milk solids than are the Jerseys, the milk of 

which teats 5.5% on the average. The data oonoerning the 

economy of production of fat runs contrary to the general 

opinion"" of dairymen. Jerseys have been found to ~e more 

economioal producers of fat than are the OOWS of the other 

breeds. This has been commonly explained on the basis of 

the composition of the milk. Jersey milk oontains more fat 

in proportion to the other milk oonstituents. It is barely 

possible that we shall be compelled to seek some other ex-

planation. It seems to the writer that this matter CDuld be 

explained upon other grounds. Jersey oows will produoe mo~e 

butterfat in proportion to their size than will the oows of 
-- -

the larger breeds. The food of maintenanoe, therefore, per unit 

of butterfat produoed is lese than with the other breeds, whioh 

would make the produotion more economical. 

The last column shows un~istakably that the nutrients 

requi:red per lb. of milk varia s to suoh an extent that the 

amount of milk produced is in itself an unsafe guide to follow 

in praotioal feeding operations. The quality of the milk L1USt 

be taken into acoount when it varies to any oonsiderable extent • 
• ¥ooI .t . ... 

Feeding in acoordanoe with the produotion of butterfat is the 

most accurate method. 
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data presente.d will adr'ltt of the 

following conclusions: 

. Milking cows when ted just short of the lirni t of ·their 

appetites will digent a smaller percentage of their rood I 

I 
'( than when they are d~r and receiving a maintenance ration. 
I 
J.-...-.~-.-.-. ___ -c 

The amounts of difjestible food components required for 

the production of rich ~ilk an suggested by Haecker wore 
\ 

less than these Jersey cows used; for the production of 

medium quality milk the results check ve~r well. 

A:rmsby's allowance for the production of a pound of 

four per cent milk corresponds closely with what was found 

in this investigation when average figures of composition 

and of digestion coefficients '''Tere employed in making the 

computations. With actual coefficients his standard would cal] 

for rnore than was used. 

The food requirements do not vary in the srume proportion 

as the combustion vnlue of the product. Butterfat requires 
., 

more food for its production than its COMbustion value 

would indicate to be necessary. 

Feeding ope~ations based upon the amolmts of fnt pro­

duoed more nearly meet the actual reqUirements thnn do those 

basad upon the amolmts of milk or milk solids produced. 
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