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IN'mODUCTION 

" . . t, .. .. ,. 
Th.er are considerablo differences o! opinion among dairymen~ 

reg.ard t.o tb! Qll10unt of coneentratAe that should be fed tor e.conOiJ:11.cal. 

and e.f.'ficient production or milk. The best reoommendatioll.$ at the 

prennt time for the feeding of concentratea to lactatipg dairy cowre tor 

maximum production -or milk aro thoee of orri•on (49). 

The variationa in t,he advocated •thu.J;btt, .rule eystema 0£ feeding 

lactating dairy con (6., 7, ll, 11.t, 18,- 21, 29, 40, 43, S7) indicate tht 

lack of agreement among dairymen u to what constitutes eeonOil'.ical and 

e!i'iai.ont .t'eeding. 

Du to the i'act that feed is the largest •1agle item or coat in 

milk production (25, 31, 37, 40., 47) and feeds in a JIU'lre cone ntrated 

rorm are no~ higher in price, additio~ data need to be obtained 

relative to the optimum levels of concentrate .feeding for eoonomiC*l 

and efficient milk production. 

The purpose of tha study was t1:>- secure additional data Nlative 

to the optimum level of concentrate feeding tor efficient milk produc• 

\ion by stqing the eftecte of three level.9 of grain feeding on milk 

. producti~ am the effect of ~and grain ·:t.-ding upon ~th9 COJlB'lJI.P

tion ~ 'digeat.:i.billty of roughage . 

. .. -~ 

•.' 



REVIE OF. LITERATURE 

GRAIN FEEDOO LE.'VEIS AS REI.Am:> TO EOOOOJIICAL 
AND PFFICIEMT MI.LK PRODOOTIOB 

Etticiency in milk production is large.q concerned with the effi

cient utilization of the feed supplied in excess of maintenance {l) . 

It is often asswned that roughages provide largely for maintenance and 

concentrate• for production {2$) . 

Various research workers C5r 17, 19, 30, 48, 49, 67) have shown 

that COW' can produce from 60',( to 9G%' as much milk on roughage alone a8 

with supplemental grain feeding. It is generally recogrdzed, hawewr, 

that .high producing cows cannot consume enough roughage to furnish ade

quate amounts of nutrients needed. and there.fore m1.1Bt be supplied in a 

more concentrated form (20., 21. 29, 37, 49, 52, 59, 6.5) . 

Dickson and Kopland (12) in a study of milk productio:i. at three 

different levels of feeding found that. cows ted ·an all- roughage ration 

were most efficient in comerting feed into m:ilk. A group or ten Hol

stein cmrs, during thei: first lactation, were fed grain at the rate of 
' . 

1 . 0 lb . per J .O lb . milk pr<><:'uced• P;~ the s~cond l.actation. an al.l-

roughage diet was fed, and during .the third lactation grairo was i'ed at 

the rate o.f l .Q lb. for each 6-~0 lh; <>£ . milk produced. Considering the ... . ,, ... 

production aade on the full grain ration as maximwn, the aD1ount of milk 

produced on roughage alone and on limited grain feeding were 77 .1% and 

94 .2% of the maximum, respectiwl.y. The groups fed th6 :!.imited and full 

grain rations were 92 . 2% and 77 . 5'1,, respacti:ve,13, as efficient as the 
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roughage fed group in converting feed into milk. The roughage fed 

group lost •ight rather s teadily" until the. etKkof the .fifth month of 

lactation, aft r whlch they gainl!td conttiatently," for the remainder of 

the lactat.i.on per.i.od. , '!'he full~grain ~ed g:roup and thm limited grdn 

fed group had alight losseti in be<trnight in th9 earq part or their 

lact.-tiom,, but had ma.de eoivd.d.era'ble gains over their ini Ual weights 

by ths end of the lactation period. 

Autrey et al. (3) repc,rted that the addition of grain to the ration --
enharlced the total nutrient consumption but decreased censid.erably the 

amount of digeatible nutrients e~d f r om the roughage portion. Cmnt 

on an all roughage diet and thon fed grain at the rate of 1 . O lb. per 

B.o lb. milk produced corunned insufficient· nutrients to meet tbei.r cal

culated ~quiremnta and a.s a result lost wei ght. COll'I! receiving 1. 0 

lb . grain per 4.o lb. milk praduced showed a consiai:A'!nt b~ight gain. 

Tbs ave-rage daily rates oi' bq coruNJ11ption par cow ffl'.lten fed an ll

roughage diet, ar.d grain at the rate of 1-.0 lb . per 8.o lb. and 4 .• 0 lb. 

of milk produced were 14.5 J.b • .1 13. 7 lb_. and ll. 2 lb .. ,, respectively. A 

statiatd.aal analya,is of the efficiency ratioJt of tat-corrected milk pe.r 

unit of digestible nutrients consumed above maintenanoe showed the 

dif.t'erence- betwee.n the rations to be. highly signitteet and in favor ot 

the lOff grai.tl .l•vel&, of feeding. However,. the groat.er efficiency tl>f thlt 
~. .. .. / ~ . .. .... - . 

' ): • ' ( A: •• • ~ 

low grain rat1.cna ·decreued considar*1,ly AS· the 1t.ge of. l.actation ad- · 

vanced so that after 16 ll\leka of observation t,~. m · ~ry litt-J.e 
... ~ -. . . . 

. ,r ' .f. . .. . .. ·~ t .. ~ ~~ . 

differen0$ bet ... en thl!t ratililllll witb napect to efficiency o.t milk pro-

duct.ion. 

Headley (19) states that apparentlJ' the &Vf!lrage efficiency in con

verting food into butterfat ia not ma.teri-117 af£ cted by grain feeding 

and that the full bene.:tit deriwd t grain feeding 11 not d.1.ate. 



He found that when cows nre fed 1.0 lb . of grain !or each $. O lb . milk 

produced, 22% ore milk and 18% more butterfat were obtained than when 

a sj m.ilar group .of cows were fed an all•ro~ . ration. Feeding 

records indicated that each pound of' grain l"IJ(iuced ~ intake by- approx-

imatel.y one-halt pound. 

Johnson and Strange],and (30) atate that limited concentrate feeding 
. -- ' 

usu.ally stimulate~ tha appet.i te 101 that Dl01'8 forage ie COn8~d ~aait 

when no concentrate, are fedJ but, that if appreciable amount.a of con-

centrates are fed, forage consumption declines . 

Sherwood and Dean (S6) reported that COlfB fed grain seemed able to 

utilize reed more efficiently than those not _ fed grain. This conclusion 

was based on data secured by feeding one group of grade Jersey cows or 

average productiviV an all-roughage diet and a eomparable group or 

cows hq plus concentrates for tour lactation periods . A l1mi tA,d ~ount 

of pasture was available the laat two .swmzers . tl'l0 cows which were fed 

solely on hq conl9\lll8d 31. 7 lb . or hq per cow per dq during the fir.st 

two years and 26. l lb, per eow per ~ llhen puture wu available . The 

group that received hay and concentrates conawned an average ot 29 .B lb . 

~ and 5.0 lb . concentrates daily dulng t.he f'1rst ~ 7eare, and 24.2 

lb. hay and 4. 0 lb . concentrates daiJT when pasture wu available . The 

TmJ required to produce one pound of butterfat wu 18. 2 lb . and 17 .2 lb . 

for the all- roughage and the hq- concentrate groups, reapect.i vely . 

llcintyre and Ragsd~e (46) f ound no significant difference in total 

prP\iuc~o1:1, as rel,:t,.ejl,_ to previous prod~ti.on, of two groups ot cows feel 

at different rates of grain feeding . One group oa fed during the entire 

lactation period at. the rate of 1. 0 lb. grain. for each 6.o lb. milk pro

duced. The second group was fed 1. 0 lb . grain per .3 .0 lb . !Jdlk produced 



5 

during the first 100 d:qs, 1. 0 lb . grain per 6 .. o lb . milk produced dur

ing the sectmd 100 dsyB, aJJd no grain for the remainder of the lactation. 
. -

Baker and Tomha:ve (4) fed five groups of MolJrtein cows at main-

tenance levels plus allowance.a ~t TDlr. for mil~ prpduction ·at 62 •. 2%, · 
\ r I .~ ' 

looJ;, 10$.Ji, l22 . L$ and l)l..0% of the Haecker Standard• respectively. 
< 

SUbstantJ.al increuea in production •re ootai.ned, b1 .te.dipg in exeeaa 

ot. the Haecker Stand.ardJ how8wr• the •ount of milk produced tor each 

pound ot TDN fed was greatest at the lowest feeding lewl. These find• 

ings are 1n agreement with those · or Hilton et al . (2J) who state tha't --
the Haecker Standard ie apparently inadequate u a means of adjustment 

of nutrients required to maintain milk production and bodyweight. These 

workers alao found that the milk output pe;r pound ot TDN consumed aboye 

maintenance req~mente wu apparently larger for lesa liberally fed 

cows . 

Jensen et al. (28} used a total of JJ.t6 individual °COJf8 over a --
tlu'ee-year period to obtain 469 yearq records of milk production and 

feed intake . They reported 15'% to 20% more milk from cows fed high 

levels of grain than frC>.lll c01f8 fed according to the Haecker St·andard., 

and 45% more milk than from. con fc,d at 7CII, to 80% ,of the Haecker Stand

~d. The average . dall7 prod~~on oi' 4% FCM for con fed 1 . 0 lb. grain 

for each 2' lb • .Uk;-pr~ed w..-· 4$.6 lb. An nerage of J9. 2 lb . 4% FCM 

per day wp obtained when covra were fed at. the rate of 1 . 0 lb. grain for 
.-! . 

.... .. . 
each 6.o lb. milk produced. The trend downward from. the peak or pro-

duct.ion was much the same and very uniform !or all groups., regardless 

of the intensity of grain feeding . A .fairly constant increase in body

weight occurred as the level ef grain .reeding increaaed. 
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These workers observed that if the cows YftU'e f'ed .all the good 

quality roughage t.hey would eat, the average decrease 1n ba.T ·consumption 

i'or .each lOO lb. ineNue in grain appeared to lie between 50 lb·• and 

70 lb. 
. ' 

Kitchen et al. ( .38) obtained 15. '8% and 22 .6% more milk when cows ........... 
were fed concentrates at the rate of 1. 0 lb. per 6.o and B.o lb. milk .. . 

produced, respectively~· than when· fed 'solely . on rougbate .. · ~ughago 
, • ,0 ' C 

con8llllpti.on appeared to be do-creased rut grain feeding increased. 

Lush th4) stated that gr ain feeding apparen~ tends to maintain 

or increase bodpeigb.t and checks decline in milk produc t1on. His con

clusions 11ere based on data aeeured fran feeding a limited grain ration 

to a gr.oup of eight cows~ four of which had been previously !ed a low

grain ration and rour which had been fed a hi,gb...grain rati.cn. Tmdr 

respective production was lll.!i% and 109 .. .3% of ~t ~ the previwa 

year, and the average gain in ~ight wu 2 lb. per cow. 

·Villard (67) found that cows fed barl f3 u tbe sole concentrate at 

the rate of 1 . 0 lb .• per S.o lb .. milk produced gal& 18% more mUk and l.3~ 

moN butterfat., on a ,mature equivalent ·basi•• than when fed an all

roughage ration. The cow;e fed grain sb~d a greater pe:rsistency in 

milk yield. 

Lindsq and Archibald (42) sec.ured a 14.4% inereue in milk pro

duction from. a group~ high grade Holst:.e;i.n QOW fed a l.c,w roughage-high 

gr~ n.tion O"Ver a simil:41' gl'OUf of con fed a high roughag.e•l.mr grain . . 

ration. The ·1ow ~Ug)'lage~high grain ·group recei.wd 1. 0 lb. of c.on.cen

trates containing J.7. 9% digestible prote-1n tor each 2.$ lb. of milk pro

duced.. The high roughage-low grain group wu fed a concentrate mixtt1re 

.containing 12. &% digestible pr-ot&in at the rate ot 1 . 0 lb. per 4.5 lb. 



milk produced. The high roughage-low grain group was slightly more 

per$istent in milk flow a;, evidenced by an average lactation period 

7 

two . weeks longe·r than the average for the low ~oUgbage• high graip group~ -

It was concluded that in order to keep cows looking well and pr9dueing 

near the limit 0f their ability that reasonab.l1' liberal grain feeding 

must be practiced. 

lfy'lie and Beel ( 71) concluded that good cows r.u,y produce reasonably 

well with a limited amount of grain if adequaw pasture and roughage 

are provided. Over a four.year experimental. period# a group of sewn 

cows on a l1m1 ted grain rat.ton co.nsumed approximatel,' ane- hal.£ as much 

concentrates, 5.54 lb. less ruq .. and 65$ lb. less corn silage per cow 

than did a similar group o.r cows fed a full grain ration. The full 

grain fed group produced slightly more milk and butterfat ~ut ·the dif• 

ference was too small to be coneidered of atf1 significance. The income 

over feed coat was $8.6) more per eOII' per yee in favor of the limited 

grain feeding . 

Moseley et al. (SO) found that cows were more profitabJ.e wban fed ----' 
a limi:ted grain ration than when fed an all-roughage ration or a full 

gr~ ration .• . ' : ... 
I .. , 

Thompson and Hold.away · (59) found. ihat · th/t feeding ~ a lim1 ted 

aaount of g.r,a1n to cows _propucing 20 l);>! to ?-0 lh. of milk per dq on 

good pasture was pr-o...."i t.able. 

Hewitt (22) reported that eon praduced milk and 'butterfat more 

economically on pasture that was ,nq,plemente4 with graea-c.l;oYer hay- than 

on paature that was suppl.e•nted With concentrates. 
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Hoglund (24) and J.awetz (27) maintain that the point of moet econom

icAl e f £i~iency- is reached Vhen the C<?St Of tbe lat input Of feed juet, 

ecr.J.alo the vaJ.ua o! the additional mill, produced. 
~ - ' . 

OIDEST!BILiff AB AF'FEC'rED :at THE OuM?OSITJ;ON 
AlfD 'QUABTM QF THE RATION 

Armaby (1) ~ated that it seeDllJ all eetabliahed that tbe percentage 

of digestibill t..y of mixed rat,.i.ona deereaaes more or leas a:s the quantity 

conRmed increases •. . He attritbuted th1.a l ,OWBr d1~at1bilitq of heavier 

rations to tb!iir greater buJ..k &rd relative]¥ more rapid passage through 

the digeat.tve tract., and 11) part to the reaul.ting decrease in the degree 

or the bacteri,al fermentation&. 

Aceording to Bull { 8), a full-feed r•tion containing a fm.rly large 

proportion of roughage to concentrates is not digested as ·thoroughly a& 

a aroaJler r.ation. 

}"o:rbes and Swift (15) conolui;}.ed tliat coni>ina.tions of .feedlng stuffs 

did not dil'ee-tly affect apparent digeatibill.ty, b:it af fect.!d the action 

of the alimentary mioroorganiems tha~ grow a!, ~ e)C}?ei,ee o.t' food nutri• 

enta and are then digeste~ by the animal • . 

Uwnford !!..!!..• (51) maintained that the differences in the ~un:ta 

of £eed eaten inf lwmce dipstibili v onl¥ wben the quanti:ty of crude 

fiber in the ration is · large • . 

At the. Missouri Agricultural Experiment Station, Eckles (13) found 

that wllen two Jerny con re produeing at their maxilmJm capaoi ty and 

fed • full ration thq digested YJ. 27% and 66. 95% of their total ration. 

The •ame oon when dry and fed a maintenance ration dige.sted 7 3. 79% and 
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72.19%, respectiwly, of the entire rat.ion. 

atson et ai,, (6$) concluded that the digestibility or barlq was _ ,...._ 

sheep and steers. 
f· ~, ••• 

hen grad9 Shorthorn steers •re fed a mixed ration of J-4 kg •. oats 

, .and 5-7 kg . 11q, Wat,-on !::~·· (62) ~ound~ e~ept for nitrogen and ether 
' 

extract,. \hat. the eale:ulateci values were signi.ficantq leaa than the 

values .obtained when oate 'Wltl"e ted alona. A drop in tbs feeding valu 

in the order of 5% wu n,ported. 

It was concluded by Wat.son !i .!!• ( 63) that there wu no ef'fect of 

aaoeiatiw dig atibil1ty between hay and wheat, bran, gluten feed, ::>r 

soybean oil al when i'ed singly or in a mixture ot equal part.a with a 

basal hay ra'ti on to grade Shorthom atee:re . The sama workers ( 61) 

found no aSBOCiative ei!&ct of digestibility bet.en bay: and barley or 

oat& w•n led singl.1' or in se<Xllbination with basal hay ration. 

Swift. e,t al •. ($8) found that the addition of 34 g . of c~rn oil per .......... . . 

day ' to the rat.ion of eheep fed 420 g. mixed hq, 420 .g. oar:uneal and 

48 g. of llnso d oil meal c•. d an increued digestibillq of e.ach 

f d conatit~nt. Additions o.f 66 g . of corn oil per ~ reaulted in 

ti. opposite effect. 

V.~ the nutritive ratio from approximately la2 to· 1:9 1n mixed 

rations of timothy hay, barley and eoyb :,,_n oil meal did not affect the 

digestibility of mixed rations (66).; 

~ataon ~ !1- (64) fed 1.0., 2.0, J.o~ 4.o and !t .6 kg . of oats with 

basal hq rations of J.o kg. to grade Shorthorn steers and totllld that 

the digeatibil.i ty of the TDN ot the oats decreased in tM order of S 

absolute per cent from tba l.snst to the b1ghe•t level o! ,o ts . A 
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. reaae in the digestiblli ty of protein occurred but the earbol\Y~ate 

fraction of the ration acccnmted for most of the decrease. 

CHROMIUM OXIDE TEX:HHIQOE OF DETERllllfINO DIOESTIBILiff 

It ia· m<:essary that an indicator or index material ue din digest

ibility studies be completely .indigea:tible_. tmd. it is ~dlletr•J.e that it 

be ·evenly mixed with the ingest& and uniformly excreted in the feces 

(54) . 

According to .Sc~h ~ !!• (55),. the use of chromium oxide (Cr2o3• 

chr0JD19 ~en, chromic oxide., chromium aeaquioxic\e) as an index me.teri~l. 

in tl:IB ,dete!'mination at d1ge8tiWl:ity was first proposed by F.din in 1918. 

Sohurch et al •. (SS) stated that the ma1n advantage in tm me of --
tbe chrol!ti.um oxide technique is that it is a lfimp~d experimental 

procedure whi.oh avoid• the neceasi. ty ot a quantitatd. w record of ei the-r 

feed intake or fe~s output.. fftllffl}v:er, the chemical work ia increased 

by the necessary determination of chromium oxide pf the feed and feces . 

Kam !!:. !!• (36) llsi.d. tba following adY&ntago& of the ehNmiWll 
' ~·.. . ,. ;. 

~ .. _., 

oxido technique in determining dipatibilft,1 . (a} eliminates the nece•• .. 
si.'Q" of total collection of faces .• (b ) pend.ts digea!ftion triale to be 

conducted. in oi-dinary barn ' Stalls 1 .~ ·f:C ) e!f e:e~ . a saving of time, 

labor and expense. Xb&ee worker• stated that the accuracy of this 

method depends on the validity of the assumption thata (•) the inert 

substance becomes 4"9enly distributed with the 1ngeeta, and {b) that it 

puses thrO'\lgh the digentive tract in a mamer similar to that of the 

ingested nutri nw. 
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'£he ma.in problem in chromium oxide determination appear:, to be in 

am.""ln colleetion. Al olysis of variance b7 Kana et al. (.34) revealed a 
:t"""" --

sempl&B . Direct comparisort showed that digestion coo.f.fieie:mt.e obtained 
·;--; 

with t.b! chromium oxide technique ·were .1n·, ~11~nt ~ement with those 

determimd by the standard total fe-eal colloction root.bod. 

Hardison and Reid (16) foum extromely variable results in tJ.»: 

chromium oxide .content of feces voided at various intervals of the~. 

Lancaster !1.!1.• (41) ound tha:h afternoon "grab" sample teixl.ed 

to cont.ain less obrood;um ~ tnan d;Ld mo.ming aQJilplos . 

Woolfolk et ·al . (70) .fo -- chroodum o:xi.de to be inaccurate ru, a 

referenee material fOI.' detormining digestibility due to the variation in 

SOhurch et al. (.5$) otated tha.t the aucceaaM use of cbroiliur.t --
oxide ae an index of tho digeatibili if' of a. Qiet demands that only ran-

. dom samples of !ecos na d be retaimd for analyoia of too concent,:.~aticm 

o.f the index. 

Kane et al . (32) obtainmd comparable digestion coofi'ioiontH with --
~ · atand&lrd total coll ct.ion miBthod and tho chromium oxide technique 

~" 
\ ,• .... 

when etslculated ,Ii th both total coll&otion aamples and averages 0£ 

three-day partial eollection or '*grab aamples . " 

Mahaffey et al. {45) collected t.otal faces from 'our Jora y steers --
at two hour intervals .!or the laat three of sewn days i.nw-hi.eh feed 

intake was stabilized and 10 g . of chromium oxide were given daily. 

Each steer re.ceiv d ! our di.ffePent roug,h.agos, four different f'eedine 

schedules, and chromium onde i n four di.i'forent .form,,,•!J. 'l'ho gr ateat 



range of chromiUt"ll oxide concentra~.on in the feces occurred when tho 

• teers WGre fed six times daily and mnnllest when fed once ~.aily. 

12 

When chromiun o,d..da lftts given in the pure form. or dried with eollodio~ 

t:he r~ of .t'60al con~. ntl'~tion was mnallel' than when it vrns gi. wn oa 
.· .. ·,, 

e. gelatin imspension .or as a baked. .flour paste mixed w1 th tm grain. 

Kane et al. (3.3 ) have sugg stied four collections during a 2h• hour 
; .......... 

period oi h-6, a:m., 8-10 a:.m. , 1- 3 p. :ra. , and 7-9 p .. m. to avoid errors 

due to diur.na.1. variation of clU"omium oxide excretion. 

Kane et al. (JJ, 35 ) found. that too determination o.f digestibility --
by the chromium oxide technique was .equal4' valid with t~ atRndard 

total collection procedure wbiJn ehromium oxide was combined with flour* 

mixed to a stii'.f dough, baked hard, reground and. added to tile concen

tr te portion of the ration so that the intake par animal wa.a 15 g . 

chromium. oxido per d~. The chromium oxide conwnt of the feces w B 

rutt41'1W'lGd by titration 05) . 

Schurch et al. ( 55 ) have modified ·the methods of Palohe:i. o and --
Palohoimo and Barniooat which are the colorimetric determinations of 

chromium orl.de . The colorimtric method is quicker and le.ea e..xpensiw 

than tm titration method of Lme et a.1 . (."iS) .. .-. ..... 
All workers are not in agreeimnt rega...T'O.i..l'lg the rate of recovery 

of chromium oxide in the fecee . Kane ~ &• (J5) '"i•oported ~c'°very 
........ . . 

ratoa of 100.o,t, 100. l.it , 99. 3% and 99. 7%. Lat.or 1,rork by Kane ot al • - -
(33) reported the average recovery ra.tea to be 98. 11;. 

Lancaster !,:!::. !1• (li.l ) administerud 7 .5 g . of cl'l_romium o.xido by 

capsule daily to three caws. and obtained n,covery rates o.f 1.02%, l~ 

and 102%, respectively. 



Wool.folk et al. (70), using a odi! ication of Barnicoat•s and --
Barnicoat• s method of analysis, !o'Wld tho average recove17 rate in 

trials 1d.tb calved to be 99.6J%, and with sheep t o be 97. ll%. Chanda 

et al. (9) found the recovery rate in goats to be l00. 0%, 99.1%, 99.1% --
and 96.()%. With human subjects, Irwin and Crampton (26) found. that 

chromium oxide was uni.fo~ miJo3d with the .fe~es follOllling the fi.rst 
. . 

defecation after chromium oxide ingestion,. and reported reeover.r rates 

or 95%, 102% and lOJ%. 

Crampton and Lloyd (1.0) state that with an unground, all-roughage 

13 

ration, chr.omilllll oxide administered as such tenda to be retained in the 

digestive tract thus leading to unreliable and low estimates ol digest-· 

ibilitg. They found the average recovery rate on an all- roughage ration 

to be 92%. 

Administration of chromium oxide in gelatin capsule .form proved 

inconvenient, W1certa1n and l.abori.ous (lO). 



Fifte;Gn purebred .Ayrshir e and Holstein cows were selected from 

the. Okfahoma Agriculturai an<l Mecbanieal College dairy herd to etudy 

the'. .ef,f"ect of rate of concentrate feeding upon the efficiency of milk 
' 

pz<oduction. 

The cov,s ~-ere divided into three groups of !ive cows eaeh in such 

a manner that all three groupa were as nearly balanced as possible with 

respect to breed, size and previous lactation histo~. After reaching 

her peak of production under norm.al herd conditions each cow was placed 

on trial for the remainder of her lactation period... 

The cowu were milked twice daily under the same system of manage-

ment as the regular herd. Daily milk weights were recorded. Butter-

fat percentage 1vae det6rmined once monthly by the Babcock test. 

The cows were stanchioned in the main dairy barn in individual 

stalls which wore equipped with dri.nld.ng cups and bedded with straw. 

Each animal was fed indi viduaJ.1¥ in a solid-partitioned, box- type 

manger. The cows received approximately five hours exercise daily in 

an outside lot. 

A grain mixture consisting 0£ one- balf ground oats and one- half 

ground mi.lo was fed wit.h alfalfa hB3" and sorghum silage . Steamed bone

meal., finely ground limestone and salt were added to the concentrate 

mixture at the rate of 1% each. 

Grain was fed at the rate of 1. 0 lb. per 3. 0., 5.0 and 8.o lb. 

milk produced in groups I., II and III,. respectively. Hay and silage 

were offered in a ratio ot l:J.9 with the total amount of roughage 
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consumed being determined by total silage consumption. 

Weekl.¥ adjustments in the .levele of concentrates wre made ach 

Saturday in accordance with the previous, ek• s production. liq and 

silage were 0£.:Bered to each ~ .in such ounts that maximum roughag 

consumption was obtained. 

After goi~ on trlal each , co• w-aa weighed on the succ eding Satur• 

Wf1' morning and ·Weekly· thereafter until COJRpl ti.on of hti;r lactation 

period. ill weights were taken at approximate.:cy-. the same time each 

Saturd~. 

Another group of five Guernsey dry cows were Nlected to study the 

effect of grain feeding upon the conaumpt.1.on and digeatibility of rough-

age . Four digestion trials were conducted using the chromium oxide 

technique . 

The rations fe.d during the series o! digestion trials were as 

f ollows, Trial I, alfall"a hay aloneJ and during Trials II, III and :rv 

grain was f.'ed at the rates of 1. 0, 4,.o and 7 .o lb. per day, respectively, 

in addition to alfalfa hay. l:£q was ottered in amounts which would be 

eaten read.Uy. Rations were .fed in approximately equal pGrtions twice 

daily. 

The concentrate mixture wu the .aame as that used during t:he feed

ing trials . 

Chromium oxide wae mixed thoroughly with flaur and water to make a 

eti!.! dough 'Which was baked until completely dry. After baking• the 

chromium oxide-bread was ground through a medium mesh screen in a Wi.l.ey 

Mill and mixed with the concentrate portion o1' the ration so that each 

cow re.cei-wd 15 g . chrondum oxide per day. In Trial r, the chromium 

oxide-br ad was mixed m:t.h approximately 1/4 lb. of ground alfalf'a hay . 
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Each trial consisted of a 5-day collection period preceded by a 

10-day preliminary period, with the exception of the preliminary phase 

o:f Trial IV which needed to be 12 days in order to establish a constant 

hay intake. Daily feed intakes were maintained as nearly constant as 

possible throughout the preliminary and collection periods of all four 

trials. 

Fecal collection consisted of composites of four daily "grab" 

samples for the duration of the collection period. The "grab" samples 

were collected from 6-8 a.m., 10-12 . a.m., 2-4 p.m. and 7-9 p.m. and were 

placed in 2-quart jars with tight fitting lids with teymol crystals added 

for preservative and refrigeratf!d at approximately 37°F. 

Prorlmate analyses of feed and fecal samples were conducted accord-

ing to A.O.A.C. official methods {2). Chromium oxide contents of the 

feces and coefficients of digestibility wer~ determined by the method 

of Schu.~eh et al. (55). -·-



RESULTS 

GRAIN FEEDOO IEVEIS AS REJ'4TED TO WICIENCY 
OF Jil1K PRODUCTION 

The aver~ daily production of 4% FOM per 1$-day periods for each 

group of cows as related to the level of gru.n feeding is presented in 

Figure 1 . Data relative to total and average dail3' production, prior 

to and while on trial, are presented in Table 1 . The rate of production, 

calculated on a cOW"- day basis, i n the group fed 1 . 0 lb. grain per J.O 

lb. milk produced was 27 .5 lb. 4% FCM per d.:q . The production of the 

cows fed 1 . 0 lb. grain per 5.0 lb . milk produced was 23 . 1 lb . per dq, 

or 84.0% aa much as in group I . The production of the cows fed gradn at 

the rate of 1 . 0 lb . per 8 . 0 lb . milk produced was 25.7 lb . per da;,y., or 

9.3 .5% as much s in group I . Due to mechanical injuries as indicated 

in Figure 1, it waa necessary- to remove one cow from gr~up II, and one 

from group III. 

The data relative to feed and TDN consumption· for the cows fed 1 . 0 

lb . grain per 3.0, s.o and 8.o lb . milk produced are presented in 

Tables 2, .3, and 4, respectively. The high- grain fed group consumed an 

average of 9.5 lb. of grain, 9.9 lb . hay and 35.0 lb . of silage per 

day. The cows fed grain at the rate of l . O lb . per 5.0 lb. milk pro

duced consumed an average of ,.o lb . grein, 10. 2 lb. hay and 40. 0 lb . 

of silage daily. The average daiJ.s feed consumption for the 11mi ted

gr.rl.n fed group was J .6 lb. grain, lJ. 6 lb. hay and 44.9 lb. of 

silage . An average of 10. 7% and 34. 8% more TDN f rom roughage was con-



Figure I 

Milk Production As Related To Level Of Groin Feeding 
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'!'ABLE 1 . 

MILK PltODOOTION~ -~DEIOBT .CIWIJE AND BE OVER FEED 
COSTS FOR CO , FED DIFFERENT LEVELS OF aRAIB 

Dq• Returns 
Age l(i.lked Oqe 4% F h% FCK owr F' 
at before on before on Bwt. Coats Per 

Cow No. Calving !rial Trial Trial Trial Cbf9:'a! cwt. 4% FCM 

Iear- Jlo. .lb. lb. lb. 

GROUP I 

3 7-ll 39 265 19$9.J 60:,o.o ,fl 
4 .,,_ 0 60 2h3 2h70.6 4265.J .f.$4 . , . 

8 6- 3 30 27S 12$6. 8 89$8.0 i 44 
ll 7- 6 35 270 1463. 2 7216.2 -l6 
1.$ 0.. 1 JS 226 1654.s 6633. 9 f 98 

Ave. 7- 7 40 2$6 1760.9 702$.l +41 $3.31 
Ave. D!9l h4. 2 z,.5 

GROUP II 

1 6- 9 62 273 1768.1 .3392. s ,t12, 
2 ~- 7 so 2$6 2.389.3 6658.o .Jl6.3 
9 7- 9~· 27 243 us.3.7 $004 . 0 -45 

10 8- l 34 211 l98J.2 6728.6 ,f86 
12* 10 35 174 1124.0 !,302 . 9 - 1 

Ave . 6- 8 42 243 1683.7 5617 .2 i66 J.46 
Ave. Daily h.o.s 

I 
23.1 

GROUP III 

5H 2 53 1)4 3)87. 6 5302.$ -1 
6 6- 9 39 2>1 llah0. 8 !&276. 0 ,fUO 
7 7- 9 38 257 2080.3 7362.6 +101 

1.3 3-U ~ 26.3 1798.1 6690.l • 54 
l4 8- 9 37 268 12$0. 0 6623.1 -128 

Ave. 6- 8 h2 236 1993.0 60$0.8 +26 3.49 
Aw. ¥9 47.7 2s.z 

*Ile 0 d £ram trial due to multiple le-aioM of exterior g nitali . 

**Remowd rrom trial due to leg injury. 
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TABLE 2. 

FEED ABD TDN CONSWlPTION OF COWS FED l . O LB. OBA.IN · 
PER J .O LB. MILK PRODWED 

qs 
Milked Dqs Feed Consumed TDN Consumed* 
before on Dai 

Cow Ho-. Trial Trial Hay Silage Eguiv. Cone . Roughage C9nc. 

lb . lb. lb . l b . lb . lb. 

3 J9 26$ 2648.8 9405.4 6072. 9 2669.1 30$3.5 2004 • .5 
L 60 243 2398.6 6.$04.7 li36J. 2 1520.s 2193. 2 lllu.. 9 
6 30 275 .31o6.o ll685.9 '7 3.37 .1 .3050.7 3700. 8 2291.1 
ll 35 270 2228. 2 B!d,.4.8 5241.7 2476.8 2666. 2 1860.1 
15 35 226 2231.l 8728.9 5288.1 2394.6 2719.6 1798.) 

Total 199 1279 12612. 7 4h769.7 2830.3.0 12lll.7 143.3.3.3 9095.9 
Ave. 40 256 2$22.$ 89.53 . 9 5660. 6 2422.J 2866.7 1819.2 

Dai~ Ave . 9.9 35.0 22 .1 9.5 ll. 2 7.1 

*Calculated acco~ to Morrison•s Tabla (49). 



TABLE J • 

.. _FEED AND TDN .CONSU¥n1DH OF COWS FED 1,..0 I.B~ GRAIN 
PER _s.o I.B. MILK PRODOOED 

a 
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Milked Dqs Fee~ Con;,·o~ _t 
TDN Consumpt..ioll* 

be!ore on \~ 

Cow No, Trial Trial If& SUae Equiv. Cone. Roug!18se Cone. 

lb. lb . lb. lb. lb . lb. 

l 62 273 2249 .0 8.$62.0 5507 .6 769.7 2698.0 578.1 
2 50 276 2661.0 10101.0 6477.7 1391..2 3182.0 --ldJ.4.8 
9 27 243 2819.1 12110.1 7121.8 1057.2 3634.1 794.0 

10 34 271 3318.l 1184l.7 7542.l 1900.9 38.36.o 1427.6 
12** 35 174 l.3Lh.J 6090 .. 0 3426.2 978.6 1790.6 734.9 

Total 208 1217 12391.5 48704.8 30075.4 6097-.6 1Sl4o.7 4579.4 
Ave. 42 24.3 2478.J 9741.0 601,._1 121.9.5 3028.1 915.9 
Daily Ave. 10.2 40.0 24.7 s.q 12.4 J.8 

*Calculated according to Morrison•, Tabla (49). 

**Removed fraa trial due to m:..:.l..tiple lesions of exterior genitalia. 
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TABLE 4. 

FEED AND TDN CONStmPI'ION OF COWS FED 1.0 LB. GRAIN 
mt 6. o LB. 1llLK PRODOOED 

. 8¥8 
lti.l.ked D3¥s Fe . d Coxuiumed TDN Consumed* 
before on . Hiii 

Cow No • Trial Trial ff8l Si lap . , Equiv. Cone. Roughage Cone. ... 
lb .· lb. lb~ lb . lb . lb, 

-'** S3 134 1972~3 7357.4 4674.3 809.6 23.38.S 607 .• 3 
6 39 251 2750.0 871.5 •. 9 5940.s 589 .. 0 2978.) 442.J 
7 38 2$7 3925 .. 7 13604. 8 686J.l lo61. 9 1'464.J · 797.5 

13 42 263 3090.3 1026a.9 6695. 9 882.9 34:3.3.6 663.1 
14 37 268 4296.6 1294.3.7 8810.l 927:,.9 4529. 9 697.0 

Total 209 ll79 160.34.9 52890.'7 3496.3 . 9 4271. J 1774h.6 3207. 2 
Ave. 42 2.36 3207.010.578.J. 6996.8 854.J 3548. 9 6hl..4 
Daily Ave. lJ.6 44.9 29.7 J.6 1;.1 2.7 

*Calculated according to ltorrieon•s Tables (49).. 

HRem&wd from experiment due t~ l ei injury .• 



~t- . 
The returna teed cCl8'to ~ potUlo of b~ IOI , ·hl'.11~ 

•31;1 $.3. 46 1>'3. 9 1n high- ai,o lm 

dall1nl!I-, ~ 11'• b fNd ~ 1n cal.cul.a~ 

lll*lrel'l· pound f). ' ltt, 

AB - in lo 6. tho -~ amid· o£ utilUOd r.w tie 

~ ol pound o! "" 

o.)l.24 lb. in gl'ODp8 I. I I and III. -~ DI., mw l'9Q! to 

t• . co.lculaW .to ~ f Tat>laa· (h9);, 

tbe u1nd tar~ gain,. ·r>r ~ tu 

~ , ~ 1n ~ t.b ti. ealcw.ated taoton· 

~ Knatt a· u,>. 
calcmlat»8 tbue ~• ~ Arlrtlfq•• ~ onus, conten\ ot 

l lb. o£ .tat, the ~ .iu.. ot l lb. of U~ht, galn WM -dcrter-

minr,d_. flit 1"'6lat1. . p ~ tho •ouat of TDB requ1Nd to ~ l lb. 

wOQld t1t'odube was tten tb9 ff.I roquil'W»llt ffr pro-

~ l lb. of b~bt caln• 1'b1.e found to be J .SJ lb. The 

ouat. of rop · h tta . . bi a_ . of l • 

n;ct, waa f'Otltl1 w bo 2.7) lb. 

Thi ~ pin or lON' in~ pw FGUp -ie t.ed. 

~alq in 2.,, 1be _ ~!pt gain ~ C at t.bt 

nd ot 32 m trial .., z,:.7 lb., 29.5 lb. -1 .36.S B>. t• ................. .,.,. 

l # II II1- ~wJT• ~pins~ 32 _.. 



TABLES. 

PRICES OF FEED~ USED IN FEED 00 'l'RIAL 

Feed 

Alfalfa Hq 

Sorghum Silage 

Oats 

:Milo 

Price Per Ton 

$2.5.oo 

4.50 

59.40 

,0.60 
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TABLE 6. 

EFFICIEl CY OF illLK PRODUCTION AS RELATED 
TO LEVEL OF GRAIN FEEDOO 

TD}t TDN 
Total Required TDN Available 

TDN l'or for G4in f or 4% FCM Lb. TDN/ 
Cow No. Intake Maintenance* or Loseff Product.ion Produced Lb. llLlk 

lb. lb . lb. lb. lb . lb. 

GROUP I 

3 50.58.o 2Sl.t4.o -3.5 2,10 • .5 80)0.0 0.3126 
4 .3.335.1 2089.8 .190.6 1054.7 l-i285.J o. 2461 
8 5991.9 2667.5 .. 155.3 3169.1 89$8.0 o. J.5.38 
ll 4526.3 24.30.0 - 21. 2 2075. 1 7218.2 o.2B1S 
1$ 1.4517. 9 2,30$.2 -345.9 1866.8 6633.9 0. 28.l.4 

Ave. 46a2.a 2407.3 -143.3 2135. 2 702$.l 0.3039 
GROUP II 

1 3276.1 2566.2 -455.4 254.5 3.392.5 0.0750 
2 4226.8 1971. 2 -575-4 168o. 2 6658.o 0.2524 
9 4!t28 .• l 2.502.9 +122. 9 2048.1 5004.o o.4093 

10 526).6 2764.2 +234 •. 8 2734 .. 2 8728.6 0 • .31.32 
12 2,21 • .5 1200.6 f2.7 1323.6 4oo6.o 0.3304 

Ave. 3943.2 2201.0 -1.34.l 1608. l 5557.8 0. 289) 

GROUP Ill 

5 2945.8 u79.2 +1.9.1 1785.7 4726.o 0 .. 3778 
6 3420.6 2056.0 -383 • .) 981.3 4276.o 0.2295 
7 5261.8 2672.8 -356.5 2232.s 7.362.6 O,.J0)2 

13 4096.7 2182.9 ,- l.90.6 17·23.2 6690.1 0.2$76 
14 5226.9 3028.4 ; t 349.4 2$47 -9 6623.l 0 • .3847 

Ave . !!!90.4 222.3.9 -ll2.4 18~.l . 523~.6 0.3124 

*Calculated according to Morrison' s Tables (49) . 

-computed in accordance with tm calculated factors of Knott et al . (39) --
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are not included in this figure duo to variations in the length of lac

tation of several individuals which caused a lack of unitonnity of numbers 

in the groops beyond the 32- week period. Average gain in bodyweight wu 

most pronounced in the high• grain fed group, beginning after the 18th 

week on t,:ial.. The ~:um-grain fed group began gaining in bodyweight 

betnen tbs ·22nd and 24th week on trial but the gain was not a~ rapid 
' 

as._in the high-grain f ed group. The l~grain fed group did not gain 
... 

materially in bodyweight until after 28 weeks on trial, after which the 

gain was quit~ rapid. 



DIGESTION TRIALS 

The chemical CODlpOaition of the hay and grain fed and Of the weigb,. 

baek samples from the dig sti.on trials are s-hown in Tabl.e 7. The var.1.a

t.ion in hq composition is apparently due to the lack of uniformity in 

the ~ .£ ed. The gr.ain mixture wu prepared in two separate mixes. 

Tb11, also, :ls the only appm:-ent explanation for the differences in the 

composition of the grain mixtures. 

On the average, loaa in bodyweight occurred during each collection 

period of the digestion trial.a with th, exception of Trial II. This is 

quite surprising because there wos a gain in bodyweight for all but one 

cow between each trial. 13od.yweights and net dai)¥ r d intakes are ro

cord.ed in Table 8. The wide variations in the digestion coefficients 

obtained between Trial II and the remaining three trials cannot be ex• 

plained. The digestion coefficients tor each fraction in Trial U, ex

cepting ether extract, was considerably lower than in Trials I, III and 

IV. The reverse situation existed for ether extract. 

Fecal an&cyses and digestion ooefficiente or all trials are pre

~1:nted in Tabl s 9 AM 10,. reapecti:vely .. 

The! data relat1w to the digeatibl.• prote1n and. TDI ot the rations 

are 9resonted in '.table ll.. The apparent digea~bili ty of the protein of 

the total. ration appears to ba"Ve no c•rta1n trend in relsti.on to the 
'"' 

lewl of grain fed in Trials n. Ill and IV. The TDN value-s, except in 

Trial II, appear to increase a• the leftl o! grain feeding incr eases ~o 

a maximum of 7. 0 lb. 



29 

T1'13LE 7. 

. ANALYSES OF lt\Y I GilAilJ J\ND WEIGllBACKS F® TRIAI.S I.a II a III AID IV• 

'/,. Dpr Ma ter . 
' ;· : 

E_eac.ript.1.on Prote;p1 "'at . Itillef Ash N • .F .E. 
TRIAL I 

Jlsy-421 91.0 19 .• 4 2.37 34.6 B •. 60 JS.o 
Iuzy-- oth,. 91 . 0 17 .6 2. 61 33.6 6.62 39.6 

TRIAL ll 

Bay 92.1 20.9 4.68 26. J 8. 95 39.2 
Grain 90.4 14. 1 4,.57 6.5 6.16 68. 7 

Hq 
Weighbacks 
130$-1 23.7 24.7 4.34 l.~/ . 3 18. 00 35.7 
130,-2 Ll.4 25. 9 4.52 24. 2 19.63 25c7 
1305-3 48 .9 24. 9 3.49 21. 9 18 .. 21 31.5 
1405-1 86 . 2 26. 4 3.49 17. 9 12.58 .39~ 

TRIAL III 

Hey' 90.1 16.3 3.lt5 33. 4 8 • .58 J6.J 
Grain 88. 9 u .7 4 . 22 6.1 11.51 66.S 

Hai.Y 
Weighbacks 
1404-1 91.0 17.4 1.79 34 ,.4 9. 6.3 .36.8 

TRIAL IV 

liay- 91 . 0 18.1 2.85 30,0 8.48 · 40.6 
Grain 89.5 l J ,. O 3. 71 7.5 11.24 64.5 
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TABLE 8,. 

BODIWEIGRr AND Nl!."1' DAILY FEED Df.l:AKE OF (;QWS DURING DIGESTION TRIALS 

Fe d Intake 

Cow No. Cone. 
1 • 

TRIAL I 

421 782 773 16. 0 
1305 0::? I 832 14.0 
1321 ·153 '(47 16.o 
14o4 711.i '.721 16.0 
l.405 741 727 16. 0 

Ave. 763 760 1$.6 ... 

TRIAL lI 

421 821 819 16.0· 1 .0 
1.305 840 841 10. 6 · J .• o 
1321 799 '/91 16.0 1. 0 
ll,.~ 773 770 16.o 1.0 
1405, 759 773 15.5 1 . 0 

Ave. 798 799 14.8 1.0 

TRIAL Ill 

421 856 847 16.o L.o 
1305 888 887 12. 0 4.o 
1321 849 83.l 16 . 0 4.0 
1h04 768 762 13.9 4.0 
11!05 21 820 16. 0 4.0 

Ave. 837 829 l.L,. 8 4.o 
TRIAL g -

R 

421 857 843 10. 0 7.0 
1305 890 673 6.o 7. 0 
1321 .. 873 · 870 16. 0 7.0 
lho4 814 794 14.0 7. 0 
1405 b32 826 12.0 7.0 

Aw. 853 841 11.6 7.0 
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TABLE 9. 

FECES ANAU'SES 

% Dry 
Per~~ntage Coinp~~~t.1.on of £1i 11latter 

Cow No. Matter 
; 
Cr203 Protein, Fat Fiber Ash N.F .E. 

mm r 
421 21.6 o.76o 15.l ~.oo 34.o 15.6 Jl.J 

1305 22.6 0.785 13.5 4.8J. 38.l 16.o 27 .6 
1321 22.0 o.674 13.4 4.89 40.4 1$.5 26.6 
1404 19.8 0.753 13.7 4.·99 37.6 14.8 28.9 
1405 22.z 0 .82-3 13.1 4.22 .32-3 12•I 26.9 

TRIAL II 
L'.21 21.o 0.563 fj.7 J.LB :m.e 1~.j ~-1 

1.305 22.4 0.715 13.9 3.80 36.J 15.8 30.2 
1321 20.2 0.515 14.2 4.90 34.4 16.8 29.7 
1404 18.4 0.718 14.5 4.71 36.C. 18. 8 26.0 
1405 19.7 0.509 13.2 4. ::i.1 :,6 • .3 13·. 7 31.9 

TRIAL III 

421 19.9 0.496 12.4 4.97 36.7 22.9 23.0 
lJOS 20.2 0.927 12.6 5.24 3.3.8 19 • .$ 28.9 
1321 20.9 o.563 13.0 L.66 37.,2 19.6 25.5 
1404 19.7 o.845 13.l S.69 35.4 18.6 27 .2 
1405 19.9 0.637· 13.3 ,5.21 .36.2 17. 8 27.5 _ 

TRIAL IV 

L21 22.1 o.803 11.7 4 • .Sli 35.4 17.4 31.0 
1.305 22.5 0.898 12 .• 2 4 .. 15 .33 .. 9 18.6 31.l 
1321 21.0 0.601 12.0 4.95 33.3 17.5 32.2 
1404 20.4 0.730 13.2 4.77 33.8 16.o · .32.2 . 14~ 21.2 o.zJ:! ~-0 ~-22 ;u.z 1z.6 30.z 
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TABLE 10. 

DlllES'l'IQN .cOEYJ'IClEITS ,OF RATION.S FED JiN mIALS I 1 II1 m UD IV 

Cow No. DQ; ;tte:r :Pratein Ft Fiber - NaF.E. 
' 

' ! % % % % 

TRIAL I 

421 70. 2 76.7 L1 9•S 70.6 73.3 
1305 ' 67 .1 74.7 39.3 62.7 77 . 0 
1321 66.L. 74.4 37 . 0 59.6 77. 2 
1404 70.0 76.6 42.5 66 .. J 78.0 
:140~ 72.$ 79.5 41.6, 61 .z Bl .J 

TRIAL II 

421 58.J 71.6 66.6 1i1 . 9 66.3 
1.305 65.,3 76.2 71.9 49.7 75.0 
132l SB.9 71.4 56.7 44.0 70. 0 
1404 70.6 79.1 70.2 s1.a t l . 2 
l.492 57.2 70.8 62.1 37. 8 66.9 

TRIAL III 

421 63 • .) 71.6 49J. 51.7 80.3 
1305 75.4 80~6 64.h 68.6 8.3.9 
1321 66 .8 74.7 59. 2 58.6 81.4 
lhGi 77.6 81.7 65. 2 70.9 e6 .4 
140$ 71.4 76-.3 58.4 63.0 81.7 

~ IV 

421 73.4 ao.4 · 61.. 9 54.h SJ • .5 
130$ 68.$ 75.1 60.8 u.o 81.7 
1321 73.6 80. 8 57.9 62 .. 0 82.2 
14o4 78.3 82.5 66. 9 67.3 BS.S 
1405 73 .7 18.9 $8.7 59.2 __ e3.6 
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TABLE 11. 

DIOESTIBIE PROTEIN AND TDN OF RATJDNS 

Dry 1.latter D.P.* TD~ 
Cow No. Intake m. % µ; . ! : .. 

TRIAL I 

421 14.6 2.17 13.4 9.87 60.8 
l.305 12.7 1.67 u.a a.51 60.3 
1321 14.6 1.91 11. 8 9.62 59.3 
14o4 14.6 1.97 12.1 10.10 62.3 
1405 14.6 2.04 12.6 10.47 64.s 

GrOUf 71.1 9.76 12.4 48.57 61.5 
II 

TRIAL II 

421 15.6 2.29 13.2 9.29 53.6 
1305 11.4 1.76 13.9 7.63 60.3 
1321 15.6 2.28 13.2 9.39 54.2 
1404 15.6 2.53 14.6 ll.11 64.l 
1405 :i..5.2 2.19 l J.O 8.80 .52.1 

Oro up 73.4 ll ·OS .. 
I) 

13.s 46.21 56.7 

TRIAL III 

421 18. l 2.o8 10.J 11~7 58.2 
1305 14.4 1.65 11.6 10.6 66.2 
1321 18.1 2.17 10. 8 12.4 61.7 
.+404 15.6 1.94 ll.2 11.8 68.l 
1405 18.l 2.22 11.0 12.6 62 .7 

,:· Orou£ . 84.J, ·· l0.26 • u.o 2~-l gJ.l 

TRIAL IV 

421 15.4 . 1.98 ll.6 10.9 63.7 
1305 11.7, i~ 1.35 I 10!4, 7.8 60.0 
1321 20.8 2.79 . 12.1 14.8 64.0 
1404 19.0 2.57 12.2 14.2 67 .3 
1405 17.2 2.20 11.5 12.2 63.8 

Orouie 64.l 10;89 u.z 59-2 64.l 

*On a 10% moisture basis. 
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The data relative to the digestibill ty- o£ grain• determined by 

difference.. when fed t di££erent levels are gi ftn 1n Table 12. The 

values calculated for grain i n Trial II are obviously illogical., but 

cannot be fully G¥l)l.ained on tho basis ot tbia preliminary stuey. Wide 

hlly- grain ratios have been shown to yi ld ab-surd results in this 'tiYPO 
' 

of at~ (1). As~ level. o£ grain t ·~increased.from 4.0 lb. per 

d81' to 7 .o lb. per dsy, the apparent digestible protein and TDN of the 

.grain increded rrom 10. 0% and 72. S% to 1P~3% and 69. 7%, respectivel,y • 

. Total dr., matter. intake wu essentially- the ffamtt in Tril'!.18 III and IV. 

As shown in table 13, very little difference wae !ou.nd between the 

digestible protein and TDN values of the hq when calculated by dif:t'er

ene in Trial IV using the dig stibility of grain ae determined in Trial 

m, and those determined directly. 
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TABLE 12. 

D!.GESTIBILITI OF ORA.IN AT DIFFERENT IEVELS OF FEEDOO 

Dry Matter D.P.* TDN* 
Intake y;. ! lb. !· 

TRIAL II 

Total 73.4 11.05 46.21 
liq 68. 8 u.oo lL..4 46.93 61.J 
Grnin 4.5 o.os 1. 0 -0.72 -

TRIAL III 

Total 84.J 10.26 59.10 
Hq 66 .. J 8.26 u.2 hh •. 6.3 6o.6 
Grain 18.0 2.00 10.0 14.50 72.5 

TRIAL IV 

Total 84.l 10.89 59.94 
liq 52.6 7.28 12., 35.57 60.5 
Grain 31.5 3.61 10.3 24.39 69.7 

*On a 10% moisture basis. 
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TABIE lJ. 

Dry Matter D.P.* 
1S~ 

TDN* 
Intake 1E. % % 

Total f:4.1 10.89 59 .94 

Grain 31 • .5 3.50 25.37 

Hay .52.6 7.39 12.6 34.57 59.2 

~n a 10% moisture basis. 



UISCUSSION 

GRA.IN FEEDOO LEVEIS AS RELATED TO EFFIOIENCI OF MILK PRODWTION 

The management of the i ndi v.idual cows prior. to being placed o.n trial 

•aa the same as that ot the regular college dairy herd. 'l'he average 

dai4' production while on. trial ns highest for the high-grain fed groupJ 

however, the persistency of production was approximate4' parallel ror all 

three groups after the third 1$-day period. During the first three 15-

dq periods after going on trial, the low-grain fed group showed a sharper 

decline from the peak of product.ion which might indicate that higher 

levels of grain feeding during higher levels of production would result 

in an advantage in persistency of production. In regard to the persist-

ency of production, thaae results cooipare very favorably with those of 

Jensen et al.{?~) and with those of Dickson and Kopland (12) . --
Some d.ifficul ty was experienced with sickness and "off- feed" con-

ditions of one or two individuals in each group which not· only affected 

the rates of production,, but bodyweight changes as well . These "off-

feed" conditions were apparentl,y not the result of 81\Y definite level of 

grain feeding . Due to the influence of · cows number 9 and 10, group II 

was affected to a greater extent than the other two groups aa the resul,t 

of "off- f eed" condiUons and ~be subsequent loss in milk yield and body'

weight. This apparently accounts !or the decreased TDN intake of group 

II as compared to groups I and III. It is quitAt evident that the lower 

'l'DN intake in group II is the primary factor responsible for the lower 

rate of production than that obtained by feeding even a lower level o:r 
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grain. A secondary factor might have be n a lower productive capaci\y 

than that of groups I and III as evidenced by a lower level of production 

prior to being placed on trial . 

On the basis of the feeding conditions of this trial, decreases in 

the _hay' equivalent intake appeared to be between o.6 lb . and o.8 lb . for 
_, 

each additional pound of concentrate fed. . The minimum lJS.Y decrease ob

served in this stud¥ was essentially the same while the maximum was con-

siderably- higher t that reported by Headley (19) . The range in 

amounts of hay reduction associated with grain feeding increases was com-

parable to that reported by Jensen et al . {28) . --
Calculation of average efficiency ratios of 4% FCK per pound of TDN 

available for milk production, after adjustmentB for maintenance and 

bodyweight changes had been made, revealed only slight differences in tm 

efficiency of production at the three levels of grain feeding . It could 

not be determined with m:\Y degree of accuracy whether or not the efficiency 

of the utilization of TDN available for productio~ was affected as the 

stage of lactation advanced. This is n:>t in accord with the findings of 

Autrey et al. (3) who found that the relatively high efficiency of high --
roughage-low grain rations decreased as the stage of lactation advanced. 

However, this disagreement could be explained possibly on the basia of 

the d.U'.t'eren't,, rates of feedir.g prior to the peak of production in the two 

inwstigations . 

Al though the calculated average ratios between groups in this st~ 

showed oaly slight differences, the range between individual.a of the same 

group was more variable . This was especially- true of group II in which 

the range was 0. 0750 to 0. 4093 lb . TDN per pound of Li% FCM. The cause of 

these variations appears to be rel ated to the level of production and the 
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gain in bodyweight. 

If the average daily TDN intake had been. the ea.me in the medium and 

low grain !ed groups as in the high grain fed group, the averag daily' 

production of 4% FCM should have been 33.4 lb. and 31.9 lb. 4j FCM, re

specti. vely. If such" had been the case production would have been 16. °" 

higher in the medium and lcnr grain fed groups, respectively, than in t he 

high grain f e.d group. This is based on the assumption that the require

ments for maintenance, adjustments for bocyweight gain or loss, and the 

calculated efficiency ratios would remain the same at highnr levels of 

TDN intake . 

In terms of economic efficiency, the lower grain fed groups showed a 

gr at.er return over .reed coat per 100 lb. 4% FOM than did the high-grain 

fed group. Had a higher pric d concentrate mixture been fed, the returns 

over feed cost would have been even ·m.o~ in fawr of the low-grain fed 

groups.. It should b borne in mind that no certain level of grain feed

ing will always result in greater economic :returns, but will be ini'luenced 

by the .nay- grain-milk price ratio and the inherent capacity of the cows. 

During periods o! low grain and high bay priees,. and f vorable milk 

prices, it seems only logical to assume that increased grain feeding with 

a subsequent increase in milk production would yield greater profits over 

feed cost. 

On the basis of the r<Bsults- secured in this stu~ and t,!'le comparable 

results of other workers (3,. 28), it appears thai the most, critical 

periods concerned with reeding the lactating dairy cow for maintaining 

persistenc.y of production is prior to and inmediately following the peak 

of production. Therefore, it seems apparent that dairy C01'18 of moderate 

productive ability may maintain equal e£.ficiency and persistency of pro-
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duct.ion, and. have grti a ter economic efficiency when fed a full grain rat:lon 

unt.U after reaching their peak of product.ion and then a limited grain 

ration for tho remainder of. the lactation period. 

Recovery- in boeyweight appeared to be somewhat slow at lower levels 

of grain feeding . · 

. , · DIGESTION TRIALS 

The digestibility of grain added to the basal hay ration at the r: te . . 

o.f 1 . 0 lb. per dq, when determined by di.fferenc and assuming that the 

digestibility of the hay remained the same, yielded unreasonable results .• 

According to Armsby (l) absurd digestion coefficients are often obtained 

when determining tm digestibility of grain by difference when rations 

which have wide hejy-grain ratios are us d. As the level. of grain feed,.. 

1ng increased .from 4.0 lb. to 7 .. o lb. per dq., it appeared that tbs TDN 

value of the grain deer ased somewhat • 
. 

The wide variations in tbl, digestion coefficients obtained betwe.en 

Trial II and Trials I , III, and IV carmot be explained ae the same thods 

and procedur~s were used in all four trials, with the exc ption of the 

preparation of the cbromiwn oxide-bread used in Mal I . Chromium oxide-. 

bfe.a, was prepared in dai}¥ portions and bMed in 600 ml. bealcer5· for use 

in Trial I . In ':l'rialu II, III and IV, the cllrom.um oxide- broad wa-s pre

pared in quantities aue:h ·as to provide 20 to 25 cow-day samples o! 15 g. 

each. However, in Trial II the bread was over• b.aked to the extent that 

charring occurred. The possibility exists that this charring may. have 

affected the recovery of chroolium oxide and thereby cau.a:ing errors in 

tho eoefficients or digeat.ibill ty obtained in Trial II. It is b<Plievoe:d 
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that with the experience gained in the conduction of digestion trials 

involving the chromium oxide technique better results would be obtained 

in a repetition of these observation.a . 

Or>. the baais of this study, it appears that there are no definite 

trends in changes o:: protein digest.ibili ~ and TDN v"1ues of ~ when 
. . '. 

f ed alone or in canbinati.on with grain at the rat& at 1 . 0, 4. 0 or 7 .o 

lb. per day. . . 
While it ·was vi.dent that r011ghage intake was decreased as- grain 

i ntake increased in the digest.ton trials, there "ftere no definite t rends. 

Further stud.}r of the optimum feeding levels of hq and hay- and grain 

combinations for the determination of digestibili tv, and the effect of 

i ncreased grain feeding on roughage consumption will be necessary before 

final conclusions can be drawn. 



A feeding t.."ial waa conduete.d. to study the oi'ficiency of milk pro

duction at dif.f'or ent, lewl.B o! concentrate fe ding with tbree groups 01' 

five cows each. Each cow us placed on trial alter reaching her peak of 

· ·· production under regular herd cond.i tiona and remained on trial foJ;"J. the 

remainder ot_ her lactation period. 

A grain mixture consisting of one-half oats and one• hal.i" milo was 

f ed wit~ alfalfa~ and sorghum silage . ·st amed bo meal, fine]¥ 

ground limestone and salt were added to the grain mixture at the rate of 

1% each •. 

Grain was f d at the rates of 1 . 0 lb . per J.o, 5.o and 8.o lb . milk 

produced in groups I, II and III, respect.ively. Ha;r and silage were 

ottered 1n a ratio ot l :3. 9 with the total amount being determined by 

total silage coneumptton. 

Digest.ion tri al.a wre conducted w1 th 1'1 ve Guernsey dry cows· to 

stuey the effect of variable grain feeding lewls upon tbe consumption 

and digestibility o.r roughage . 

The rate or production, calculated on a eow-dq basis, in group I 

was 27.5 lb . 4% FCM per day. Group II produced an average of 2J.l l b . 
\ .. 

4% FC per dq, or 8.4. ~ as much aa in group I . The average dally pro-

duction of ~.% FCM in group III was 25. 7 l b ., or 9.J.5% aa much as in 

group I . 

On the basis of the results obtained during the feeding trial, de

creases in the hay equivalent intake appe.ared to be between o.6 lb . and 

o.8 lb. for each additional pound or concentzates £ed. 



Calculation of average efficiency ratios of' 4% FCM per pound of TDN 

available· for milk production, after adjustments for maintenance and body

weight changes had been made, revealed only slight differences in the 

efficiency of production at the three levels of grun feeding . 

In terms of economic ef...iciency, the lower gra1n fed groups showed 

a .greater return over feed cost per 100 l b. 4% FCM than did the high grnn 

fed group. 

On the basis of the results of the feeding tria.l it -.ppears that 

feeding concentrates at relatively liberal rates to dairy cows for a 

period after the peak o:r lactation would favor persisteney of production. 

Thie may also be adv,mtaget>us in promoting raster bodyweight recover,;. 

When determined by difference with the assumption that the digesti

bility o.r the hay remained the s:.tll\e, the di~stibili ty of gra:in when 

added to the basal hay ration at the rate of 1 . 0 lb . per day, yielded un

reasonable results . As the level of grllin feeding increased from 4.o 

lb . to 7. 0 lb . per day, it. appeared that, the TDN value of grain decreased 

somewhat. 

On the basis of the results of the digestion trials, it appears 

that no definite trends in d.i..ffere.nces or protein digestibility .md 1'.IJN 

values of ha¥ re~ted Jrben fed. alone or in combination with grain at the 

rate of 1.0, 4.o or .7.0 l b . per day. 

Although no definite trends were shown it was evident that the rou.gh• . 

Qge in~ke decreased as grain intake increased in the digestion trials. 
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'l'ABLE I 

FEED CONSUMPTI ON AND MILK PR~DUCTI0?-11 COt'i NO. l _.* 

Feed Consumption 
L% 

Month-Year Hay Silse Hay Equiv. Cone. FCM 

l b . l b . lb . lb . lb . 

11-$3 270.4 980 • .3 689.6 153.2 633,7 
12-53 2.52 .9 1261.1 792. 7 1,, .0 651.6 
1-54 292~0 1238. 2 798.8 112. 3 478.J 
2- 54 264.7 1028. 2 685.5 78.6 367.0 
3-54 291. 4 1127 • .1 6QS.6 74.4 373.8 
h~S4 266.3 926 .3 584.9 72 . 0 .345.3 
5-54 272 .. 9 967.6 609.0 68.8 Jll .5 
6-.54 282. 0 873 .0 620. 9 t19.h 20J . 2 
7-54 56.4 160.0 121 . 2 6.o 28.1 

Total 2249 . 0 8562. 0 5507 .6 769.7 3392 .5 

*Ayrshire, Group II, 6 yr. 9 mo. at calvi.J:Jg., 9- 2- .53. 
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TABLE II 

li t.ED CO~twPI'1P¥ AND MlUC ~ODUCTION1 CO. tro. 2.* 
F'e OonBU1;1ption - li% 

nth-I ear HEg Silap H& !JU!v. Cone. FCU: 

lb. lb. lb. lb, lb. 

l li-.SJ 260. 0 864.4 6Jo.o 2ll. J Ulj. 7 
12- 53 322.4 J.208. 2 839.7 205.2 1022. 2 

1 .. 54 322.4 193. 7 000. 7 
S4 29 r t~.a 147.li 793 .S 

A Sit .}22. 6 ~. , 15.3. 8 (U:,-.l 
54 4• JU. c 1:;!.1 l!!L .o 736. 2 

I! · -· . 0 7&~ 9 126.8 609.6 ~· ~ JU..,o ?lk. J 91 .. 4 41.7 .4 
t l .o Y/.6 169.J 

~rt ::."661.0 10101.. 0 6477.7 1391. 2 66S8.o 

*Ayrshire, Group II, L. yr. 1 mo. at calving, 9-15-53. 



TABLE III 

FEED CONSUMPTION AND lW.J{ PROD\X:TION1 COW NO. 3•* 
. , J 

Feed. Consumption 
t ' 4% 

Jlonth-Year Hq Silage Hay Equiv. Cone. FC 

lb . lb . lb . lb •. lb . 

11-53 245.2 856.2 61l.7 413.6 1372.1 
12-53 320.5 1120.2 788.9 457.1 1324. 7 
1 ... 54 318.4 1242. 1 826.7 421. • .) 1184.2 
2-54 280. 0 1093.a 598 .2 303.2 898.1 
3-54 310. 0 1193.5 642.7 294. 9 900.1 
4-54 300.0 ll00.3 680.6 255.4 765 .6 
S-54 J(YJ .2 1136.6 704.0 233. 2 725.4 
6-54 300. 0 970.2 676.7 168.8 551.1 
7-54 265.5 686. 5 543.4 121.6 308.7 

Total 2648. 8 9405.4 6Cf{2 .9 2669.1 80.30.0 

*Ayrshire, Group I, 7 ·yr. 11 mo. at calving, 9-2.3-53. 
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TABLE I.V 

,r 

FEED CO:NSUMP:rION AND MILK FRODUCTION1 ·COW NO. 4.* 

F ed Con8't.ion 
L% 

Month- Year H.g si15e· Hg Equiv. Cone. FC.M 

lb . lb . lb . lb . lb. 

11.- SJ 213. 2 745.3 .532.3 304.9 889.2 
12 ... .53 264.3 927 • .5 652 .2 310. 0 909.h 
1-54 273.6 943.6 659.6 285.6 768 .l 
2-54 217 .8 794.1 448 . 8 194.4 564.0 
J-54 235.6 857 .6 474.7 · 177.6 494.0 
4-54 228.0 761.8 490.1 i.28.'8 381. 5 
5-54 235.6 754 .5 497 .7 38.4 213.9 
6-54 279.9 576.3 503. 27 . 2 .59 . 3 
7-54 45.6 144. 0 103.9 J .6 5.9 

Total 2398 .. 6 6504.7 4363 .2 1520. 5 L285.J 

*Ayrshire, Group I, 7 -yr . 9 mo. at calving, 9•3-53 . 
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TABLE V 

FEED CON0UMPTION AND MILK PRODUCTION1 COW NO. S.* 

Feed Consumption 
4% 

Month-Year H& Sil5e ff& Egui V • Cone . FCU • C 

lh. lb . lb. lb . lb . 

11- 53 380.0 ll20.6 8.59 .. 7 217.7 1su.o 
12- 53 L69.1 1666. l n6S.7 254.2 .i.317.4 
1- 54 446.4 1797.6 1182.l 174. 9 1082. 8 
2-54 403.2 1637.8 879.6 101. 0 870.8 
.3-54 273.6 ll35.J .587.2 60. 8 .520.5 

Total 1972.3 7357 .4 4674.3 809.6 .5302 .5 

*.Ayrshire, Group III, 6 yr. 2 mo. ~t calving, 9- 10-53. 

Removed from trial due to leg injury. 
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TABIE VI 

.FEED COISUMP'l'IOl ·ANl) .MILK PRODUCTION, COW NO. 6.* 

feed Consumption 

' 4% 
Month-Year ' Hsf; SU , II&. :f:9ui'r? Cpnc. FOK ,. !I! Y 4 

lb. lb . lb . lb. lb. 

11- 53 314.4 943.4 718.3 119 •. 9 88S.5 
12- 53 399.3 1210.1 905. ) 117.8 836.5 
1-54 365.8 1399.0 938.3 99.5 770. 0 
2-54 279.4 l.l.Wt. 1 612.5 72-.8 5.30.5 
J-54 303 .8 lll2.4 613.9 6.$. o 473.1 
4-54 294.0 6)4.J 581. 0 54.4 395.a 
5-54 JOJ. J 6,36. o 593.6 40. 0 229 . 0 
6-$4 294. 0 771.1 ,93.4 15. 2 l.36 . 0 
7-54 196. 0 464.9 364.2 4.4 19.6 

Total 2750. 0 8715.9 5940.5 589. 0 4276.o 

•Ayrshire, Group III" 6 yr. 9 mo. at cal ving, 9-23- 5) . 
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TABLE VII 

FEED CONSUMPTION AND mLK PRODUCTION a CO. NO. 7•* 

Feed ConeureP:tion 
L% 

Month-Year Hay: Silage Hay Equiv. Cone. FCM 

lb . l b . lb. lb . lb . 

ll- 53 40).J 1356.6 984. l 190.4 11)6. l 
12- 53 SlO.l 1723.4 1230. 7 . 198.4 1.366 • .5 
1- 54 477.4 1777.1 1204.8 155.7 1097.J 
2-54 418.5 1595.a 882.6 119.6 867 .7 
3-54 465.o 1826.7 974.2 124. 0 1000.J 
4-54 450.0 1679.3 1027.7 114.4 867.8 
S-54 459.6 1676.0 1041.7 95.6 670.7 
6-54 h5o.o 1342.5 971.3 54.0 316.0 
7-54 291.8 627.4 54.5.a 9.8 40. 2 

Total 3925.7 13604.8 886).1 lo6L,9 .7362 .6 

~Holstein., G:i.·oup III, 1 yr. 9 mo. at calving., 9-27•53 • 

. , 
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TABLE Vlll 

FEED CONSUMPI'ION AND ,ULK PROD~Ip.N1 C . • 8.* 

Feed C~on 
!i% 

lbn'th-Year Ho( ' Sil9 i. !s v. Cone. FC.U 

' 11>.. lb. lb. lb. lb. 

ll•SJ 202. 9 781.7 537.5 2a1.o 856. 2 
12- 5.3 322. s 1229.1 836.4 46S.o ll67.S 
1-54 3$9.6 l.381. 9 ;:12$. 2 38$. 7 u70 • .5 
2-S4 324. 6 1249. 0 688. l 317. 2 976.) 
J-S4 .359.6 ll.i.85.9 773. 8 3$1.6 1139.6 
4-S4 .346.0 lh42.2 B.36.6 .331. 2 958. 7 
5-54 3SS.$ 1502.l. 682.6 Jll. 2 924 .• 3 
6-54 )4$. 7 1245.2 829.2 289.2 ~n9.6 
7•54 356.1 965.6 747.0 233.4 702.0 

$4 l)l. J 110.). 2 280.7 as.2 26J.J 

Total 3106. o 116~5-9 7337 .1 3050.7 8958.o 

~Holstein, Group I, 6 yr • .3 mo. at calving, 10-9- $3. 
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TABLE IX 

~"EEO CONSUMPTION AND 1m.K PRODOO'l'ION1 COW NO. 9•* 

Feed Cons':15?1'.+0n 
4% 

Month-Year H3Y: sua,e • Rq E!W1v• Cone. FCM 

lb. lb. lb . l b. lb. 

12-53 332.9 1278 • .3 867.4 194.5 979.3 
1-54 L21.6 1704.7 lll9.3 211.2 927 .0 
2 ... 54 31J.6 1558.6 767 .0 154 .• 0 733.8 
3-.54 347.2 18<:i> .7 a so.a lhl.l 733.6 
4-54 .336. 0 1602.6 887 .3 126. 0 571.0 
5-54 339.8 1641.o 909. 8 112.6 563.5 
6-54 336. 0 1332.3 8$3.3 8). 8 370.0 
7-54 3L7.2 .l0),5 .2 766.J 32.4 . 121.4 
6-54 44.a 150.7 100.6 1.6 4.4 

Total 2819.1 12110.1 7121.8 1057.2 Soo4. o 

*Holstein, Group II, 7 yr. 9 mo. at calving, 11-7-53. 
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TABLE X 

FEED CONSUMP'l'ION AND Miq PRODUCTION, COW NO. 10.* 

Fettd Consumpt:i,.on 
4% 

Month-Year Hay Silage Hg: Equiv. Cone. FCM 

lb •. l b . _;l.b . lb. lb. 

12-53 1B1.o 682 • .) 466.3 158.4 864.3 
1-54 )81.6 1387._1 949.3 329.5 1362.6 
2-,4 345.2 1300.9 723 .6 245.8 1213.!i 
3-$4 383.6 1494 .• 3 000.1 2$8.4 1232.6 
L-54 369.9 1383.9 846.o 231.2 1030.5 
5-54 379.8 1448.6 B8J.o 217.2 930.8 
6-54 360.2 1260.0 49.4 18$.8 769.8 
r(-54 374 •. 6 l lJ0.7 832.J 126 .. ,6 564.3 
8-54 381.0 1173.4 815.8 106.4 559.8 
9-54 161.2 580 • .s 376. J 41.6 200.5 

Total 3.318.1 11841. 7 · 7542 .1 1900.9 0728.6 

*Holstein, Group II, 8 yr. l mo. at calving, 11-1.3-53. 
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TABI.E XI 

FEED CONSUMPTION AND MILK PRODUCTION1 COW NO. ll .* -
Feed Consumption 

4% 
Month-Year Hay Sil a&!? fflV Equiv. Cone . FCM. 

lb . lb . lb. lb. lb . 

12- 53 142. l so1.o 351.6 189.6 616.6 
1-54 291.4 1084. o 735. 0 41.4. 9 u53.4 
2-S4 229 . 0 950.1.t 505.5 31.3. 8 882.2 
3-54 248. 0 1064.4 544.7 305.4 919 . 8 
4-54 240.0 999. 3 583,8 279.6 783 . 0 
5-54 245.7 1024 .. 5 601 .5 277.8 e30.9 
6-54 240. 0 894.7 587.J 244.9 1cti . 1J 
7-54 248.o 771.3 560. 2 207 . 0 559.2 

54 24a_.o 799~ 544.1 176.6 572 .3 
9-54 .96.o 3.56. 2 228 . 0 67 .2 196.6 

Total 2228. 2 8444.8 5241.7 2476.8 7218 . 2 

*.fl3rsbire, Group I, 7 yr . 6 mo. at calving., 11- 9- 53 . 
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TABLE XII 

FEED CO Jb'UMPIION AND MILK PRODUCTION,_ GO\'/ NO. 12 .* · 

Feed Consumption 
J-1% 

.Mont h-Year #el ili.l .3ge Hp; Equiv. Cone. FCU ,. 

lb. lb; l b . lb. lb . 

12- .SJ .i.05.5 Lo6 2 ,.,75.3 149 .7 532.5 
1- .54 :c,,41.8 1076.0 682 .2 213 . J 943.4 
2-54 218 .4 1032.2 518.7 161.6 725 .7 
3-54 241.8 11L8~1 561. 8 156.0 719.4 
4-54 234.0 1048.9 594 .8 138.4 609.5 
5-.54 240.4 1091a 619~4 132 . 4 627 .1 
6-.54 62 .4 287 .5 174.0 27 .2 145.3 

Total 1344. 3 6090.0 ~26.2 978. 6 4302.9 

~.Ayrshire , Group II ., 8 yr. 10 mo. at calving, 11-9- 53 . 

Removed frm trial due to multiple lesions of exterior genitalia. 
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TABLE XIII 

FEED CONSUMPTION fJJD MIL.l{ PRODl1CTION 1 COW NO.. 13 ~* 
Foed Consuraption 

1,% 
.Month-Year Ha;r _Sila~e He, Equiv .. Cone .. F 'M . . 

< ,· .1 

lb . lb . · lb . lb. lb . 

1- 54 J6J . 2 1388.5 ?31. 5 171.3 lllJ.6 
2-54 330.4 1250. 2 694.l u 9.6 B.52. l 
J...54 365.8 1395~ 754.8 12.4.o 1136.l 
)~-54 351.3 1289.7 794. 9 103. 2 es2.s 
5-54 362. J 1308.4 .816 . 8 101. 4 796.8 
6~.54 353.5 1021. 1 7S2. 3 91.6 662. 8 
7-54 364. 2 891. 8 725.3 76 .6 518. 7 
8-54 363.6 983 .1 727 .9 62. 0 482. 8 
9-54 236.o 734.7 508.3 33. 2 274.7 

Total 3090.3 10268. 9 6695 .9 882. 9 6690.1 

*Ayrshire, Group III,· 3 yr. ll mo. at calving, 11- 17-53. 
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TABLE XIV 

FEED CONSUMPTION AND MILK PROD00TION2 COW NO. 14•* 

Feed G~nsumP,tion 
11% 

1tonth-Ye ar Hay Silage Hq Egui'[:, Cone . F•'l~ v ... 
. . ,, ... 

lb. lb . lb . lb. lb . 

1-,4 1189 . 2 1793.8 1223 .4 l 7li. 7 1087.3 
2- 54 ~53 .6 17L,2.5 960.5 .122 . 0 u32. 9 
J-54 502 .. 2 1957.7 1047 ... 9 ll7 . 8 ?24. 4 
LJ- 5h !186 . 0 1662.J 1057 .9 114. 0 o4J.4 
S-54 479.4 1699.0 1c69.5 117. 8 626 .. 2 
6-54 484.l ll90.J 946.J lOJ.6 708 .6 
7-54 L94 .9 833 .3 832.2 62 .. 8 620. 0 
t-54 502 . 2 968. l 861 . 0 .51. 2 473 . 0 
9-54 405 .0 1096.7 811.4 44.o 307 • .3 

Total 4296.6 12943.7 8810.1 927 . 9 6623.1 

*Holstein, Group III, 8 yr. 9 mo. at calving, 11-22-SJ. 



6b 

TABLE XV 

Fr:EO CONSUMF.'rION /JUD m:LK PR.ODHCT.ION1 COW NO. 1.5»* 

F0ed Conen.1motiClr1 
4;(, 

·ront.h- Year Ht-'!;y:. . SU, g Y,: .Equiv .. l one,- .{<'\)M 

l b. lb . lb . lb . lb . 

l -5h JlO. O 1263. 2 827.1 477 .0 1352.5 
2 ... 54 280. 0 u 12.7 621.. 2 375. 2 1174.2 
3-54 310. 0 1.336. l 682 .s 394.6 1116 .. S 
J..i-54 298. 9 121.~8. 'I 728 . !J 365.4 l(ll!,.8 
S-54 296 . 0 1258.5 733.l 354.0 :60 .. 8 
6-5h 288. '{ 1027.6 6t37 .7 277 . li 650.2 
7-5li. 307 .5 979.0 70) .8 139.0 302.5 
a .. 54 140. 0 41.i. ".> -.) .• .L Jo4.2 12 . 0 2i .4 

Total 2231 .1 8728.9 5288.1 2394.6 6633 .9 

*Holstein, Group I, 8 yr . 7 mo . at calving, ll-24-53. 



TABLE XVI 

WEEKLI BODYWEIGHTS OF ALL COWS ON FEEDOO TRIAL 
lb. 

-
Cow Number 

Week 1 2 ~ 4 :i 6 1 8 2 10 11 12 lJ !la 12 

l 1226 925 1216 1103 1138 1006 1365 1275 1364 1345 ll.47 860 1035 1520 1322 
2 1225 985 1245 1090 1125 1025 1380 1228 1355 1337 .u36 648 lo60 1505 1327 
3 ll89 976 1265 1100 1129 1023 1366 1300 1354 13ll 1167 860 106.3 1490 1326 
4 1215 989 .t.247 1090 1160 1027 1370 1284 1366 1307 1196 857 1026 ;· 1495 1266 
5 1245 1000 1292 1107 1195 1093 13$1 1242 1381 1305 1164 869 10.34 . 1450 1328 
6 1233 992 1235 1080 116S 1046 1317 1217 1L07 1210 1096 818 1026 1445 1301 
1 1218 1048 1260 1082 1206 1058 1385 1292 13$0 1228 1110 834 1000 . 1445 1292 
8 1238 1017 1266 1087 1203 1066 1385 1276 1276 1235 ll.42 825 1022 1443 1270 
9 1231 1020 1293 llOO 1200 10$8 1400 1291 1284 1216 1082 822 974 1h29 1286 

10 1238 1017 1292 1086 1216 1058 14ll 1275 1286 1219 1101 816 1039 1400 1312 
ll 12$0 1018 1245 108$ 1209 1040 1380 1251 12B4 1187 1080 8o6 1018 . lL.02 1296 
12 U82 985 1202 1048 1175 1010 1357 1241. 1281 1164 l o62 819 1060 1468 1351 
13 1209 1000 1223 lo62 1149 1018 1316 1237 1270 ll73 1070 822 989 1395 1230 
14 1215 964 1200 1040 1150 1010 1315 1240 1283 1236 .L.l32 .643 1069 1499 1380 
15 l.192 97S 1205 1033 1140 1000 1321 1239 1281 ll26 1109 B?.9 1072 1451 137.5 
16 U55 981 1200 102.5 1116 1000 1307 1241 1299 1267 1126 8.50 1074 1491 1383 
17 1157 972 120.3 1039 11.54 1008 1274 1239 1214 1239 ll25 852 1077 1460 1371 
18 1148 96.5 ll91 1054 ll04 1000 1281 1222 1301 1277 1170 866 107$ 1470 1380 
19 1160 981 1207 1032 1114 970 1248 1277 1311 1279 1149 847 1053 · 1471 1355 
20 1204 1023 1241 1078 * 1021 1346 1218 1296 124.3 il34 841 lo66 1491 132.5 

*Removed f rom trial due to leg injury. s·-
V-\ 



TABLE XVI (concluded) 

WEEK.LY BODYWEIGHTS OF ALL COWS ON FEEDING TRIAL 
lb . 

-
Cow Number 

Week l 2 3 4 ~ 6 z 8 2 J.O 11 12 lJ l4 15 
21 1155 935 1208 1026 977 1312 1311 1266 1242 1103 847 1071 1450 1326 
22 1213 1023 .1.269 1097 - 1018 1.360 1337 1260 1274 1148 656 1067 1435 1345 
23 1211 1049 1268 1101 ----- 1016 1.349 1332 1276 1270 1135 857 1046 1423 1346 
2!i 1225 1052 1282 1105 - 1021 1380 1351 1260 1256 1142 1346 1061 1437 1383 
25 1260 1073 1276 1079 - 1029 1412 1348 ·1282 12$3 1132 862 1074 14.30 1358 
26 1252 1069. 1278 1090 - 101.4 1400 1358 1310 1296 1167 * 1067 1422 1345 
27 1249 1069 1262 1090 - 1015 1383 1335 1301 1246 1200 1054 1418 1.339 
28 1271 1064 1282 llll ---- 1026 1426 1338 1345 1263 1177 --- 1072 1425 1392 
29 1274 1079 1270 1102 - 1041 1457 1.340 1.341 1245 1163 - 1047 1356 1398 
30 1290 1076 1263 1117 ---- 1()56 1Lh3 13$4 1280 1238 1157 :::: 1070 1344 1437 
31 1309 1102 1257 114.0 ----- 1030 1449 1373 1290 1236 1158 1073 130$ 1383 
32 1325 1138 1285 1144 ......... 1081 1474 1331 1330 1249 1161 --- 1083 1330 lk29 
33 1340 1106 1262 1142 ---- 1075 1480 1307 130, 1227 1140 ....... 1090 1340 1457 
34 1332 lll6 1243 1148 ......... 1078 1463 1JS2 1308 1239 1165 --- 1101 1370 
35 1355 1132 1256 1167 - 1138 1485 1365 1326 12$7 ll.61 - ll02 1391 -
.36 1l47 1251 ---- lll6 1498 1326 1276 1166 ---- 1095 1362 ----
37 ':-- 1122 1246 - - 1130 1429 1333 - 1252 ll52 - 1100 1359 -
38 - 123.3 - - 1305 - 1251 1155 - 1125 1369 -
39 - - - - - - 1308 - 1233 1160 - 1404 -
40 -------1324- -- -___ ......... ___ -------

*Removed f'rom trial due to multiple lesions of exterior genitalia. o, 

°' 



VITA 

Eddie .1,ee Thomason., Jr. 
candidate for the degree of 

Master o! Science 

Thesis , THg EFFF.CT OF LEVEL OF QM~ FEEDOO UFON THE EFFICIENCY 
OF IIILK PRODUCfION 

jor: Dairy Production 

Biographical and Other Items , 

Born: October 4, 1929, Olustee, Oklahoma. 

Undergraduate St~a Cameron State Agricultural College, 1947-
1949; O.A. Jf.O • ., 1949- 19$1. 

Graduate Study: 0 ~A.M.0 • ., 1954-19.55. 

E:x:peri nee : Veterans• Institutional On-Farm Training Instructor, 
Holbrook, Nebraska, Sept. 1951-Jan. i 9S2; ArlrJ¥, Jan. 19$2-
Dac . 1953. 

Member oft American Dairy Science Association., Association of 
Southern Agricultural Workers, Farm HouBe Fraternitq., Phi 
Sigma Bi?logical Society., Oklahoma Holstein Breeders • Ass•n . , 
Inc . 



THESIS TITLE : THE EFFECT OF LEVEL OF ORAIN FEEDOO UPON THE 
EFFICIENOl OF MILK PRODOOTION 

AUTHOR : Eddie Lee Thomason, Jr. 

TH&SIS ADVISER : Dr. !4agnar Ronning 

The content and form have been checked and approved by the author 
and thesis adviser . Changes or corrections in the thesis are not 
made by the Graduate Scho;0l oi'f'ice or by any committee . The copies 
are sent to the bindery just as they are approwd by the author and 
faculty adviser . 

TIPISTa (Mrs.) Ann Hobbs McCaslin 


