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Malnutrition of Young Cattle: Effect on .., 
Feed Utilization, Eventual Body Size, 

and Meat Quality 
By ('I~AHBSCJ'; F. WlNCIJBSTl'}H,l lL E. D.\ \"1S,2 alJd lL L. HI.'IBI!,3 Allimal 

HuslJtIlHlry Rr:.;rarch Divisioll, Agricultlll'al Rrscareh Scn'ic(' 

SUMMARY 

The cffeet;.; of lllldet"lluLrltlon and lllu1nuLriLion of cltUle belween 
the nges or (j IHontlui nnd 1 yeHr ,,'crc studied wiLh 17 plli!'s \If mono
zygotic twin becf-type ('ILLtle, Low, mediulll, !tnd relatively liueml 
level;.; oj protein werc iIl('orpOl'llled in 11 scrics of rill ions t1ltlt provided 
l()w, mediulll, Iwd ,libel'll! 11UO\\"IltH'CS of encrgy, The 1enst libernl 
allowancc;.; or protelll und cncrgy were about 1(j Imel 40 pet'cent, 
lespcetively, of the IlUO\\'ILllCCS ('omnHHJly Il('('eptcd as the require
men l;.; for rttpidly growing {'uttIc, 

At It ('!doric inttLkc somcwhat above thc mnilltenltllcc 1c\-01, weight 
gain \niH direl'tly felt.led to the in Lake of protein, Animnls 011 the 
lowest level of protein intnkc lost \\'eight. 

AnillHlb \\'(,I'e sltlUgltLerccl when they rcachcd all aruiLl'Itrily dcter
mincd dcgrce of fatness, WHltll1y within tlte "choicc" rangc, The 
OVCl'llU eflidelll'Y of ('o-lwins \\"IIS ~imilar despite the extremely drastie 
restridiun;.; in fecd imposecl ott. one member o[ the pHir. Carcass grade 
Ilnd mclll <[ uality of C'o-l \\"in~ tlt lime of slaughtcr also \\'ere similar, 

Although tlte :iludy shomo; tlltLt cttttle CtLtl 1'cco\"cr :iuccessfully from 
It pcriod of dmsti(' nndm'lllltrition, tile rcsults of rcscn,reh reported ill 
the lilemLlll'c shOl\' that cattle hlwc been unable to rccover fully [1'0111 

prcsullll'lbly grcillcr lIutritional sLl'ess than that imposed in oUl"study. 
When dt'llsti(' Hlldel'lIutr'ition of cattlc i;.; tlll!L\-oidl~ble, lhe sitllfttioll 
t:lll\ be aUevillLed to SOIltC extent by pn>\'iding rough shelter !tlld 
libernl qUlllltities of the required lIIincmls, (,I1I'otclle, and l\'Idcl', 

INTRODUCTION 

:-icllsllnlti dccline in the quality Ilnd q ulllltit,Y of pasture 01' f oriLge 
IWllilllble for fal'lIl livcsto('k I csulls in young tLlIimahi failin~ to gllill 
tLncl evon l(jsin~ wcight in tlte fall and \\'intel' 01' in the scnSOlls that 
[ollm\" 10'" l'Il,inrall ulliess suppl~mcnts Ill'C feel' Fn~lcrr~ulrition frollt 
these <:llUSl';'; IS nelldy It \\"or\chnde pl'oblelll:1 I'll(' (cechug of sllpple

\ Formerly allimal hushalldllllLll; lIO\\" lecturer, Howard l:lIh'crsity. ""ashinf.(
tOil, D,C', 

~ Formerly assistant chief, Beef Cattle Ite~l'tll'ch Branch; now r<'tir('d, 
a Ttesrarch leader, :'Ifpat QUltlity Laboratory, 
I III lhis hulletin the lr:'I\1 lIndNnulriUon mean» deficicnl lIutrition dll(' to all 

illad(~qu(lt(' intakr of feed, nlthoup;h the quality lIlay 1)(' high, :'Ifalnutrition means 
faulty nutrition dll(' to Ill! unbalanc('d intake' of f('('d, although th(' f/unntity 1ll11,\' 

br ndcqual(', 
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ments ordinarily is expensive and many producers have long ques
tioned whether or not, the practice is economically justified. To obtain 
some basic information on this problem, studies of interrupted growth 
were started at the G.S. Depiwtment of Agriculture, Agricultnrnl 
Research Cenler, Beltsville, ~1d., in 1950. Monozygotic (one-egg, 
or identiclll') t\\-in cattle were tlsed tl:trotl~hout these studies been.use 
of the statisticlil ndvantage or using pairs of n.nimllL; that have identical 
inherited ehI1l:11cteristics.5 

In early studies at Beltsville, experimental animals were led r,ltions 
that \vere deficient in energy but otherwise met all the known llutrient 
L'equirements while their co-twins were fed full rations. In later studies 
some aniwals were fed raUons that were defki,ent in both energy 
and protein or in either of these alone. As a rule, the period of under
nutrition was (j mouths, buL in some cases it exceeded G months; 
in others it was as short as 3 months. 

Without exception, these early studies showed that animals re
covered rapidly from the regimens of underfeeding. This phenomenon 
was ubserved in rats by Osborn and :Mendel (15)6, who pointed out 
that growth of l'ealimented animals frequently exceeds llormall'n.tes. 

When differences in energy intake were great, animals that received 
the poorer rn.tions usually reached slaughter condition later thlln did 
their co-twin:;. However, when the energy intake of co-twins was 
similar but the protein intake dissimilnr, both co-twins invariably 
reached slaughter condition simultaneously. At time of slaughter, body 
size of the pair-member that received the poorer rations usually was 
similar to that of the better fed animal, and the quality of meat of 
co-twins seldom differed greatly. Differences in within-twin-pair hide 
quality \\'erc found to be insignificant. Overall Ieed requirements 
of co-twins per unit of gain in weight were nearly equal despite the 
wide difference:; in feeding. Apparently, animals gained weight more 
efficiently llfter the period of undernutrition than did their continu
ously well-fed ('o-twins. 

'1'his report deals with II contillllt1tion of studies to determine 
whethCL' undesirable efreds, including stunting, detectable at time 
of slaughter result hom lln interruption of growth caused by under
nutrition or from extremely wide nutritive ratios similar to those 
of some [oL'!1o'c:-; during the winter season (12). In addition, through
out this study we glWC l1.ttention to the question of whether or not 
several mouth/;> of undernutrition result in a lowering of the overall 
lev'el of efficicney at which eattle utilize their feed. 

EXPERIMENTAL MATERIALS AND METHODS 

Animals and Rations 

~lo11ozygotic twins were used in these trials because the llbsence 
of genetic' differences between such eo-twins greatly reduces the 
number of I1nimllls required to develop reliable information (19). 
The mono"ygotie origin of the animals was determined by n. critical 
physical examination, confirmed later by it blood test of an anti
genic type (7). The cattle were purebred, crossbred, or grade cattle 

5Tlw blood :lllalysC's to determine 1Il0nozygosity were lIlade by M. R. Irwin 
and aS8oeiatt'l:), J)('partment of Gpllotics, University of Wisconsin. 

a Italic ttllmbcrR in pnrcnthcscs rofer to Litcrature Citcd p. 25. 
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of beef-type br'~eds plus two half.-Guernsey pairs. The quarters 
occupied by the animals and details of their care were described in 
an earlier publication (20). 

Restricted rations were fed when the animals were between 6 and 
12 months of a~e; at the end of this period, each was fed as much 
of !I. liberal ratIOn as it could consume readily. Each animal was 
slaughtered when members of a panel agreed that it had reached 11 
grade either in or above the "choice" range or else at the highest 
grade the animal could be expected to reach within a reasonable time. 

To insure an ample intake of vitamin A, each animal was given 
the minimum requirement of this yitamin in oil in additioll to the 
carotene it obtained in the rations. 

Rations 1, 2, and 3 had equal energy yalue and dry matteL' coutent 
1m!; differed in protein value (table I, at end of report). Ration 3 
appeared to cause some bloating in one animo.!; therefore, to ILvoid 
11Ily flu·ther bloating that might be ascribod to alfalfu, the alfalfll 
content WllS ['educed from three-fourths to less thllU one-fourth of 
the mtion, ILnd the mtion contnining the smaller amount of alfalfa was 
designated ;3A. 

Ration 4, similar to the one designated by that number in an earlier 
trial (22), W!U-; formulated to pet'mil animals to gltin 11 POlllld per d11Y. 
The t"'0 rations related to l'lltioll 4, 111lmely 4A and 4B, provicled 
energy equal to thaL of mtion 4 but contained less protein thfill the 
itltter. Ratioll 4B had IL nutritive mtio of 1 :17 and provided only It 

third of the pl'otein Illlo\\'ed [1 mpidly growing calf nccording to the 
:\ationl11 Rcsel1l'ch Council Committee on ~utrition (14). Ration 7 
\\'[lS simih1l' to ration 4 but wns formulated to be fed more liberally 
thllIl the bLUer. Rations 7 A and 7B provided restricted levels of 
protein in take with fl libel'lll calorie allowance. 

Measurements of Body Size 

AninUllti were weighed at weekly intervals after the morning feed 
allowallce IHUl been consumed. Body mensurements of both pair
members were lIll1de at. the beginning and nt the end of the period of 
restricted feeding and at time of slaughter. If Olle member of the pail' 
WIlS :;lttughtered before the other, body measurements oi both wet'e 
made when the first animal "'as killed. Kinteen measurements similar 
to those deseribcd by ]jush (.9) ,,'ere mnde of each nnimal in triplicate. 
Each tLnimal was photogmphed "'hile standing before II gridboal'd at 
the begin ning llnd at the end of the period of restricted Jeeding and at 
time of slllughter. If one animal \\'ns slaughtered (\llrlim' than its co
l win, both \\'me photographed when the first \\'as killed. 

Determinations of Meat Quality 

Gmding of the lLnimals befol'e slaughter and of the carcllsses WIlS 

done by 11 eommittee of t;hrce experienced judges. 
Independent ehemiClll aIll1lyses were made of the longissimlls dorsi 

muscie and of the remaining edible portion of the 9th-l Oth-ll th-rib 
ClIl. Orp1l101eplie tests of mellt quality \\'ere carried out to determine 
flavor and tenderness of the fnt lLnd lean lIlent of the rib ellt. 

EXPERIMENTAL RESULTS 

Weight Changes During Undernutrition 

Rations I, 2, IUHl :3 had eqtll1l caloric vnlue bllt \"aried greatly in 
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protein content. The animals fed ration 1 lost ILn avemge of 0.10 of IL 
pound per tillY, \\'hereas thosc fed rations 2 nnd 3 gained 0.13 nnd 0.:31 
of 11 pound per day, respectively (lable 2). Protein intakc \nlS the 
fn.ctor that limited gain. Every cali gained \\'eight on rations ill and 
7B, which \\'ere reln.tively 10\\' in protein content but wm'e libemlly 
:mpplied \\'ith energy, Gains in weight for calves fed rations 4.A, 4, 7 A, 
nnd 7 ,,'ere ('ompllrable to gnins expected of nnimals fed l'l1tions similar 
in energy vnlue to these rn.tions but more libern.lly supplied with 
protein. None of these four l'l1tions pro\'ided as much protein llS is 
recolllmended by the Nntionnl Research Oouncil. Of these, l'l1tion 7, 
the most libel'lll, provided less protein thll,n the genel'l111y Iwcepted 
1111l0unt required rOt· n. cilif to gain 2 pounds n day if the cnlf cOl1sumed 
the full Illlo\\'ltlIcc. Ration 7 hus previously been reported as lllwing 
l'e~lllltcd in gltim; eq uI1I to those of animals thnt had been fed libel'l1.! 
protein all()\\'tuwes (22). Hence in ~he experiment. reported here, none 
of the l'I1Lions fed \\'I1S more libern.lly supplied with protein thnn WlUi 
mtion 7. 

Aberdeen-Angus co-twin steers numbered 75 and 76 used in the 
study are shown in their reluth-e size and condition at various stages 
of growth n.nd feeding in figta'es I, 2, 11nd 3. 

Steer No. 75, which recei\'ed littlc more than enough energy for 
mllilltCl1lUlCe and a low allowance of protein, lost 0.12 of n, pound 11 

day for 6 months (fig. 1). Steer No. 76, on lLIl cnergy n.llownuce equal 
to tbn.t of its brother bu' with IL l'eIn.ti,'cly libel'l11 n.mount of protein 
in thc l'lLtion, gained 0.2<] of 11 pound 11 day. At 1 YCllr of nge (fig. 2), 
the hcight of No. 75 wns ncarly as grClLt 11S that of its co-twin, and 
its body length WIts only IL little less, lLithol'gh thc former l1.nimn.l had 
lost 22 pounds [llId thc In,tter had gained 52 pounds in G months 
timc. 

These findings, togcthcr with iuformlLtioll 011 IldditiolHLl pllirs of 
identical t.win cattlc, recently hayc been cvn.luated by 'Winchester lLud 
Haryey (23) by use of multiple regre..<;sion procedmes to dctermine 
relation!::hips Itltlong protein intn.ke, energy intnke, nnd growth. Their 
study showed that lor each le\'ol or ingcsted cncrgy, there cxists 
11 ,leycl or protcin thn.t. is conduch'e to .l1lllximUIll wcight gain. Pro
tem 11nd energy reqlllrerncnts for IlHlllltcnancc of growl11g cn.ttlc 
were ILlsu dcLel'luined. A 1l111.thematicn.1 relationship muong energy 
intilke, nitrogen intn.ke, and nitrogen retcntion WitS demonsLrn.tecl. 

Feed Economy and Growth After Undernutrition 

The (i-month period of undernutrition did noL impn.ir thc ILbility 
of (,Ill\:es to mllke rn.pid, ecollomiCll1 gains (tablc 3). 'When encrgy 
intllke during rcstrietioll WllS similar, co-I,wins I'ClLChecl slu.ughter 
condition simultaneollsly despite wide difi'crcnce,q in protcin intake 
dlll'ing the period of underfeeding. 

Pair-membcrs differed "CIT little ill ()\"ern,ll cfficicncy of ellergy 
utilizlltioll wit It Lhc cxccption of PiLiI' Nos. 73 IlneI 74 (tILble 4). Ani
mid No. 7:~ consumed 11 grel1Lel' ovemll ILtnounL of cnergy than did 
its eo-t,will, but Wits unique in hllxin~ madc rell1th"cly In.l'ge ~lLills 
on t,be feed it ('onsllmec1 dming the pcdod of rcstricted feedin~. 

Body Size and Carcass Composition at Time of Slaughter 

:\inelcl'll lll('nsll['cnH~nLs or body size \\"cre made of cILeh ILnilllnl 
jusl priol' to SllLll~hLc['. The;;c IllCnSlll'ClllCnls did no! inclieillc LIll1t 
ulLimalc body size Ol' ('odol'malion were influcneed by carly \lndcl'
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FWl"Rt: l.~Co-twiIlS nt agl' of G months \\'lw\I they WCrt' placed on rcstricted 

rntion~. Animal :\0. 75, weighing 252 pounds, WtlS placed 011 I'atioll :\0. J; 
XO, 70, wpighillg 238 pounds, was placed 011 I'ation :\0, 3. 

nutrition. Some of thcsc mellsurcmClll:-; logcther with body \\-eighl:-; 
llre given in Lltbic 5, 

X ot oJl <'0-[ \\'ins were of cqultl grade ILt timc of ;;laughlcr, but the 
11nilllitiH that had bcen on thc poorer' rtltiolls had the higher grndc 
ertrcmiH n.bout Iltilf thc Lime (tnbie 6), Dressing percentnges and 
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FIGURE 2.-Co-twins at age of 12 months uftcr having been 011 restricted rntions 
1 and 3 respectively, the prcviolls G months. At 1.2 months, No. 75 weighed 
230 pounds; Ko. 7G, 290 pounds, 

carcass composition of co-hdns were similar. Photogl'llphs of animals 
numbered 75 n.nel 76 sho\\' tho.t they were almost identical in nppeM
Itnoa n.! Lime of sltltlghter (fig. ;l). (',Hensses of both \\'el'e gl'llded 
"n.verllge e hoice. " 
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FlGnn: 3, - CO-( wills at ngl' of 2.1 lIlonths aftpr having been 01\ good mUoll8 LlH' 
11I'!'dou!> 12 IIlUl1ths, At lhis agt', Xu, 75 w(~iKhNI !lOO JlUllllds; Xo, 7li, !l32 
Jl(llllld;;, Both lluimals \\'('1'(' gl'ad!'d "IW!!rtlg(' l'huic('," 

Meat Quality 

Sevel'lLl Ol'l!tltHlICplic lesls \\cr('. llU1de of the IIICILl in the \}l,h-1 Oll1
llliH'ib ('ut by ::;pccialists Ilnd It ~r()llp of expel'iellcee! lllCIL! .iud~cs 
llsing met hods ('(,COlli lllPIl<ied by the ('ollunittcc Oil ~ ['elhods of ('ook
ing- ILncl T('stil1~ ~lreltt fOl' PI\\n,tability of the Nn,tiontti Coopel'n.tin. 

:J61·8~~ 0 fi7 :! 
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yleat Investigations CommitiJee (1S). Results of some of these 
tests show that me,"" quulity "'US not greatly affected by the very 
unfavorable nutritional regimens to which some animuls were sub
jected fm G months during the eurly part of their lives. At sll1ughler 
time, the I1rel1 of the rib eye (longissimus dorsi muscle) from it returded 
auimul ""US approximately equal to that of its co-twin (table G). 

'I'h e longissimus dorsi muscle in the 9 th, 10th, and 11th ribs of 
,,;ome twin pairs I\"US chemically analyzed together with the remainincr 
edible portion of the 9th-10th-llth-rib cut (table 7). ""' 

DISCUSSION 

Compensatory Growth After Undernutrition 

The results reported here together ,,"ith those reported ill earlier 
publications demonstrate that young cattle can survive and recover 
from It seaSOll of reliLth-ely se\'ere undernutrition lusting as long ItS 
G months (:20. 21. 22). In 1915, Osborn tl.,ud Mendel (15) repurted 
thltl mts possess It remarkable n.bility to recover from undernutrition. 
)'Iore recently, )'lcCILI1ce (10) reported similar recovery in pigs and 
cockerels. llellLlively grelLt ellieiency in feed utilization follo\\-ing 
undernutrition has been reported by Crichton et al. (2, 3, 4) and by 
\Viison l1nd Osbourn (18). In our trials, underfed animals utilized 
their 'feed witb an overall elliciency equal to that of their eo-t\dns. 
:-;imilal' results llltYC been reported by Carroll et al. (1). 

Results of' the research reported here and of those reported earlier 
(;2U, 21, 22) fltil to show thllt 11 season of undernutrition affects the 
qualily of the meat unfayombly. In contl'ilst "'ith this finding, Carroll 
et a1. (1) reported more intramuscular fat in the longissimus dorsi 
muscle of eontinuously \\'ell-fed cattle timo in cattle subjected to 
re:;trietion of protein Ilnd energy early in their lives. Our chemical 
Ilnalyse:; did !lot demonstrate that the composition of the men.t of 
nnunahi fed the poorest mtions used in the experiment differed greatly 
fro In that of ('o-t\\-ins fed relatively flwol'ilble rations. 

Significance of Data 

In the continuous growth studies, e\"en though tret1tments given 
the animlll:; hll\'e differed greMIy, co-twins inynriably grew to the 
same body size lmd condition by the end of the experiment. Feed 
intllke pel' IUlit of gain was likewis~ similar despite the dissimilarity 
of eildy treatment. For these reasons, statistical treatment of the 
experimenttll results W!l.S !lot carried ouL The plan of the experiment 
wa:; bllsed upon an illcom plete block design lor identical twins thlLt 
('ould have clemonstl'!l.ted significant differences hl1d they existed. 

The f!tct llmL nndernuLritioIl early in the life of cattle does not 
11ffer't ovemIl efIieieney.in the utiliztt"tion of feed, e,"entual body size, 
or meltt qlllLlity represents IL finding of more thall 11cademic intel:esL 
Before st lldies of compensn.tory growth were started M YilrlOUS 
experiment stlLtions in recent yen.rs, the possible hlU'mful effect of 
interrupted growth occurring periodically in mnge cattle was It 

('ontro,-ersinl subject. At present there l1ppears to be general agree
men t tbat IL period of nutl'itionttl stl'es::; early in the life of cattle, 
followed by 11 period of reeoycl'y hits but little effect on the o'"emll 
eHicienry of utilizing feed or oil the quality of the final product, 
nn.mely mCILt. To demonstmtc the Ittt tel' point, the quality of meat 
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of five pairs of twins is compared in table 8. One of the twinG in each 
pair received a very low protein ration while its co-twin consumed 
a liberal amount of protein. Despite this difference in early feeding, 
Illeat of co-twins was similar in chemical composition. 

Malnutrition Should Be Avoided 
AltilOugh Ollr experiments failed to demonstro.te o.natomimLI CilllUges 

in co.ttle llfte1' 0. period of undernutrition o.nd complete recovery, 
the results do not imply that it is desirable to winter cattle in 11 

semistfLl'ved condition if it can be avoided. Undernutrition cu.n be 
disastrous if it is too severe. Wu.tel's (17) u.ud Joubert (8) have reported 
thu.t prolonged undernutrition can cause stunting. Hart (6) has 
stated buat after wintering tUlder unfavorable conditions, cattle 
lllay lose their n.bility to recover fully, resulting in their being ml1l'
keted l1L lL filltU1ciu.lloss. Schultz (16) has l'eported 11 similar fnilure 
of rut,,; to recover fully from malnutrition. Thus, it has been amply 
demonstl'llled that animals should not be subjected to severe under
nutrition if it can be avoided. However, situations arise in which 
cattle must be cl1rded for se,'e1'111 months on unsupplemented range 
forn.ge. Under such conditions, some ll11eviation can be u.ccomplished 
by providing rough shelter n.nd ample quu.ntities of the required 
minerals, carotene, and water . .. 
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'l'ADLE l.---Rations 'Used during period oj restricted feeding 1 ~ 
Low-energy ration I Medium-energy raUon 2 High-energy ration 2 

I-~~~\~-l l\Ied~- High Hi~~- Low l\Iedi- High Low l\Iedi- I HighHntion constituents 
protein UUl protein protein protein um protein protein um protein 

:j protein protein protein 
I
j 1 . 2 3A, 3 I -iB , -iA.. 4- 7B 7 A I 7 
1 j i ! 1 

~~-~·-l-·---l·-·--------·~·----l--··---'-·--I--~-------------

D · -'·'11 . t· 3 • t; .) 4 ~ 1 10 1 10 - I 3!J ' (j ') ! 6 6 3 3 4 !J 6 6 Jgescl) e pI 0 em _. - - -. - _percen - -' -. .J. . • ( I' . - . . . . 
Dail" allowance for a 400-1b. calf 1 I

- pounds--l 5. 1 5. 2 5. 3 5. 1 9. 6 9.4 9. 1 13. 6 13. 4 13. 1 
Ingredients by weight: .

Alfalfa ll1eaL_________pcrcenL_ 3.6 33.9 22.5 74.3 12.5 19.8 27.0 3.7 15.4 27.0
Beetpulp_______________do____ ________ ________ 23.1 __ .. ____ 38.0 32.81 27.7 44.8 36.2 27.7 
Corncobs _______________ do____ 28.5 17.3 -------- -------- -~---~-- --------1-------- -------- -------- --------
CornmeaL ______________ do____ 14.2 15.1 22.4 22.8 ________ 13.4 26.9 ________ 13.4 26. H 
Cornstarch______________ do____ 14.2 8.7 _________ •• -___ 9.0 4.5 ________ 6.0 3.0 -------
Hay,rough,groullcL ___ -_do____ 26.S 16.4 13.7 ________ 29.0 22.7 16.4 34.H 25.6 16.4 
Linseed meaL_. _________ do_____ .______ ________ 16.4 -------- -------- -------- -------- -------- -------- -------
]Holasscs ________________ do____ S.8 5.4 -------- -------- -------- -------- -------- -------- -------- --------Sugar __________________ do____ ________ ________ ________ ________ 8. 5 4.2 ________ 8.5 4.2 --------
Bonemeal, steamed_______do____ 1. 9 .8 .3 ________ ________ .2 .4 ---_____ .2 .4-
Monosodiull1 phosphate___do____ 1. 0 1.4- .6 1. 8 2.0 1. 4 .7 1. 2 1. 0 . 7 
Salt. ___________________do____ 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 1. 0 

---1---1---1 1---1 1---'---
TotaL _____________________ , 100.0 100.0 99.!) 100.1 100.0 100. 0 j 100. 1 100. I 100.0 1 100. 1 

1 Total digestible nutrients (TDN) in ration 3A were 64 percent of dry matter; that of all other rations fed in the experiment, 67 
percent. All rations were fed as %-inch pellets. 

2 If all rations were eonsnmed, the medium-energy ration provided for n possible daily gain of 1 pound per day; high-energy, for a 
gain of 2 pounds per day. 

3 Determined by the equation D=42.64 (P-5)o.2!5, where D=apparent digestibility of thc protein and P=protein content (dry 
basis) as suggested by Mitchell (11). Morrison (12) was source of information on protein content or the ingredients utilized. The equa
tion did not permit the estimation of digestible protein of ration No.1, yarious batches of which ranged from 5- to 6-percent crude 
protein or 2.1- to 3.4-percent digestible protein. 

_ A. __ c...IIt •.. :L .... .. ~... .'}, iii. .. .._ .0. .j. --- . ...i.>.-. 
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TABLE 2.-Rations 'utilized during restl'ictedjeeding and their effect on body weight 

Rations consumed 4 /_____~OdY :Cight__~__ 
----~- Period 


Animal SeX' 1 Breed nations III proi)ortion to of re-

Xo. or~ fed 3 
 libernl fa tions 5 stricted Start EndI 

cross Daily f('('ding of of DUi.ly 
mean per:iod period gam

Digestible Digestible 1 

protein energy
--_--1_.____1_____1---_ ----- -..------ -----------------

Ko. Pound, Percent Pound, Pounds POllnd,46____________ S A I ---;'::':1 r"'~'t~4. 3 14 302 270 -0.1345 0 _____ • _ _ _ _ S A 2 4. 5 3U 298 318 .11 
95____________ S H 1 4.6 16 30 182 370 334 -.2006____________ S H 2 4. 7 30 40 182 370 342 -.15 
91 ___________
02____________ S A 1 -t-. 2 17 3U 189 310 300 -.05 

S A 2 4. 3 28 40 180 292 360 .36 
75____________
76____________ S A 1 3. 6 16 39 188 252 230 -.12 

S A '3A 3.5 53 40 188 238 200 .28 
93____________ 

S A 1 5. 7 16 38 182 494 '190 -.0294____________ S A 3A 5. 7 57 39 182 474 540 .36 
89____________ 
90____________ S A 1 5.2 17 40 182 420 400 -.11 

S A 3A 5. 4- 58 41 182 420 442 .12 
47____________ 

1~ A 2 4. 6 37 40 181 324 352 .HI48 0 ________ -- F A 3 4.6 65 40 181 312 388 .42 
87____________ S A88____________ 2 3.7 27 38 189 252 272 .11 

S A ' 3A 3. 6 50 30 189 252 312 .32 
69____________ .... S A 2 4. 4 30 40 180 300 330 .17 .... Hl'l' foot lIot!'s lit (,lItl of labil'. 



~ TABLE 2.-Rations 'utilized during restricted feeding and theil' effect on body weight-Continued
Nl 

Rations consumed 4 Body weight 
..-,----_. ----Period 

Animal Sex l Breed nations In proportion to of re
or!! fed 3 liberal rations 5 strieted Start EndNo. 

Daily feeding of of Dailycross 
mean period period gain 

Digestible Digestible 
protein energy 

-~------- ............ -~-- ,-------- -------~------ ---~---- ---" .... ~ .......... .---- --------- ~---...,.,..,,--.- -------~-

70____________ 73 4. 2 65 42 180 290 356 0.37S A 

S3________ --- F A 4B 5. 8 24 56 203 290 340 .25 
S4__________ ~_ l~ 7. 8 40 66 203 310 468 .78A 4A 

73____________ 
 216 370 506 .63F IIXG 4B 8.6 31 66
74 ____________ 10.2 46 75 216 380 570 _88F HXG 4A 

65 ____________ 
 F H 4.B 8.3 26 52 208 538 584 .2266 ____________ 

4 12.4 55 70 208 530 820 1. 3U 

72____________ 
F H 

F A 4B 6.3 29 61 175 296 322 .15 
71.___________ A 4 8. 3 60 75 175 290 412 .70F 

68____________ S A 4A 9. 0 42 70 208 324 508 .88
67____________ A 4 8. 9 54 69 208 302 530 1. 10S 

79____________ }? 72 189 270 416 .77A 4A 7. 8 43
80____________ F A 4 7. 5 53 70 189 260 422 .86 

85____________ 48 210 326 400 .35F HXA 7B 5. 6 1686____________ HXA 7A 7. 9 32 64 210 320 496 .84F 
77____________ 175 352 392 .23F AXG 7B 8.4 25 7178____________ F AXG 7 10. 9 66 83 175 334 554 1. 26 



I 

-~ . .,.. 	 ..,.~ ~-." ~ 	 :of ~ .. 

1 Symbols for sex: F, felllulej S, stem'. 

2 Symbols for breed: A, Aberdeen Angus; H, Hereford; G, Guernsey. 

3 See table 1 for mtion composition.


All animals consumed upproximately the full allowances except those on ration 4B, which pro\·ided enough energy for :\ daily 
gain of 1 pound and those all rations 7, 7A, and 7B, which provided enough energy for a daily gain of 2 pounds. .' 

5 Protein lind energy nctually consumed between the ages of 6 and 12 months expressed as a percentage of liberal allowances. As 
used herc, liberal allowances for It 40G-pound animal arc 0.9 of n pound of digestible protein and 14.7 therms of digestible energy, or 
7.4 pounds of TDN per day. Energy requirements arc assumed to "ary with the 0.7 power of body weight, and this factor was used to 
express protcin 	intake in terms of liberal consumption. 

G Some information on these pllirs is given in lin earlier publiClltion (!i!2). 
7 Beclluse ration No.3 had tended to el\use bloat inllnimnl No. 70, ration No. 3A. wus substituted for No.3 cl,:n'ing the final 35 days 

of restriction. Similarly, ration No.3 was fed to animals numbered 76 and 88 for the first 55 and 28 days of the trials, respectively, and 
then was replaced by ration No. 3i\.. 

~ 
~ 



!t TABLE 3.-Feed 1Ltilization and gain in weight dw-ing recovery feeding-age 12 months to slaughter 
------.--"~----~ -.~. +-	 -'--_. 

Feed consumed in 
Body weight recovery period 

Hntions llecovery -mean daily
Animal No. used in feed.ing

restricted perIOd
feeding Start of End of Daily Grain Alfalfa 

recovery recovery gain mixture 2 hay
period period I 

-··~_____·__I-------I______I___·___I_-o____I_-_____I__ 

So. Dav. Pound. Pound. Pound. Pound. Pound.46. _____ . __ ._. ____ • ___ •.. _. __ _ 1 4HI 279 961 1. 63 (3) (3)45____ .•. __ • __ . ______ ._. __ ._ 2 410 318 963 1. 54 (3) (3) 

05__ • ___ .. _._. __ _ 
1 356 334 1,048 2.03 12. 5 2. 806___________ ._ __ _ _. __ •.. _____ . 
2 356 342 OO·l 1. 85 11. 9 2.7 

01. __ ... _. 1 350 300 !J90 1. !J7 11. 3 2. 702.... _... _ 2 350 360 !JM 1.74 11. 0 2. 5 
75._._ ••.__ .76. ________________ ._. ________ _ 	 1 370 230 032 1. !JO lD. 8 2. 1 

3A 370 200 000 1. 65 10.6 2. 1 
93.. __ ..• __ . __ . __ .. _ .04. ________________________ . __ _ 1 293 ·I!)O I, OlD 1.'f7 12. 8 3. 6 

3A 293 540 1,004 1. 58 12.7 3. 6 
89. _______ .. ___ . ____ ., ____ .. 

1 420 -100 1,028 1. 52 12.4 2. !l90 ____________ .• _0'0 • ___ • _____ ._ 3A ·j20 442 1,010 1. 36 12.5 2. !l 
47___ . __________ ..... __ . ___ ._ ..
48____________________________ _ 	 2 378 352 9-14 1. 57 (I) (I) 

3 378 390 040 1. 48 (I) (I) 
87______________ • __ . __________ _ 
88________ • _______ ... _____ . ___ _ 2 -147 272 1,050 1.74 12. !J 2. 0 

3A 447 312 1,051 1. 65 13.0 2.0 
69___ • ____ . _____________ • _____ _
70____________________________ _ 	 2 315 330 035 1. 92 10. 8 2. 7 

3 315 356 !J55 1. 90 11. 4 2. 7 

.. ..... ~_ ii _.!I.e clii; 	 'a. 11 ~ 



.. .. y ~ " ... 

83. ·m 3UI I 3.10 ' UU7 I 1. 08 I 13.0' 1.8 
8·L ·IA 328 r ·1U8 I !)81 I. 5(1 ! 13.5 1.8 

1 

73. ·m 1,037 I. 3U 1·1. I 2.13111 I 50U I 
') ')7·1. ·IA 2!l·.1 570 1,0·18 I. 03 j ).1. 0 

! 
~. ~ 

05. ·IB 237 11 I,OOIl i 2.05 1·1. () 2. !l .,06. J 75 58·1820 " 1,050 I. 35 13. ·1 3.2 
t 1 

72. ·113 255 322 i 733 I. Ul 10.0 2. 0 
71. ·1 255 ·112 I 7·10 l. 31 0.7 2.0 

·IA 273 2.1-1 1-1.7 2. 708. 508\ I. 09l I 
01. ·1 273 530 , I.O!l5 2.07 14.7 2. 7 

I 
7!l. ·IA 322 ·110 !l87 1.77 12.5 2.1 
80. ·1 322 ·122 !l8·1 I. 75 12.5 2. I 

I 
r 
I 

85. 7B 3S,1 ·tOo llSO 1. 53 12. (j 1.8 
81L 7A 321 ·I\J(I 1.018 I. 03 13.5 1.8 

77. .101 all2 I. 7.1 12. ,1 2. 2I, O!lO I'
78. 350 554 1,005 I. .IQ 11. !) 2.2

-I 
~B I . 

,,----~---

1 l?illnl weight in feedlot. 
~ l\\ixturr consisted of the following t'onstiluenl8 by I\'l'ighl: ('01'11, 50 )l('J'ccnl; oals, 3D )l(>rcl'nl; iJl':Ill, 10 pt'l'cent; lind Iins('cd lIleal, 

10 percent. 
3 During the 288 days llllllledinteiy following rcstricted feeding, auillluls numbercd ·15 Illld 'JO tecch'ed 13.7 and H.7 pounds 1Jl'1' 

day, respectively, of a pelleted rution consisting of the following ingredients by weight: alflllfll menl, ·13.0 percent; corn cobs, 2U.2 percent; 
corn starch, 27.0 percent; mOllosodium phosphlltc, 0.5 percent; and slllt, 1 percent. During the finnl 131 days, these animals received, 
respectively, !l.S aild 12.0 pounds of corn; 5.!land 5.5 pounds of alfalfn hllY; lind ·1.8 pounds of grnss hay containing 3 percent digestible 
crude protein (DCI') lind ,to percent totlll digestible nutrients ('l'DN). 

, During til(' 205 days immediately following restricted feeding, llllilllllis n\lmbercd ·17 lind 48 rcceh'ed 15.0 and l5.1. pOllnds ]leI' 
dtl)', respcclh'cly, of the peHeted ratioll described in footnote 3. During the final 173 days, lh(>s(l nnimnls rccei\'(>d 14.2 nlld 13.!l pounds, 
r(>sprctiy(>ly, of thp mixture d(>sctibN\ in foo[no\.\' 2, pillS 4.5 pounds of nlfnlfn hllY. 

~ 
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~ 
a') 'l'ABLE 4.-F'eed 1ttilization and gain. in weight by animals during experiment-6 months to slaughter 

1'lenll. ... .... 558 327 1,000 1. 2t 11. 9 6. l .80 

Animal No. Hation fed 

._-'--- -"'·'-r 
.HL _ • _ . __ , j ,'"0. 
1~ . u ____ .-- 2 

Feed intnkLength of I Body weight 
experimental ----.- , ----

period Start End I' DigestibleDaily gain I I 
energy 

--~-~'-'-'----r------

f)aV' Pound. POl/nd. ! POllnd, . Thtrm. I
.,"".--~.-

S\)8 302 U61 i 1. 09 1 14. 0 I 
508 298 \)63 I. 10 ' 1·1. 3 I 

e per pound of gnin 

TDN 

Pound, 
7.2 
7.5 

Digestible 
protein 

POl/lid. 
0.85 
.93 

c·~O• ____ ..... _ •• 
96 ____ .... __ . " . 2 

538 
538 

370 
370 

1,048 
1)94 

I. 28 
1. 17 

11. 3112.0 
5. 8 
U. 1 

.81 

.90 

9L ___ . 
92. ____ • __ I 

2 
1___ ~ ..... _· .,.. 

539 
539 

__-I_~

310 
292 

~ ..._,.. ___J_ 

990 
1)6·1 1

~-

1. 26 
1. 26 

-----~' ...-- ...----
10.31 
to. 2 

S. 3 
5.0 

--,.-- 
./S 
.76----."..,.-,-

1\1 ean __ • _. 2 558 320 974 1. 18 12.2 6.2 .86 
===I=,=".c=I="'-""==I="''''~

75. ____ •.. _. _ . _'I 1 558 252 932 I. 22 10.4 5. 3 .75 
76_______ ,".'_ 3A 558 238 000 1. Hl 10.6 5.4, .83 

93 _____ ._. ___ . __ ._ 1 -t75 -t94 1,010 1.08 13. !) 7.1 .98
94. ____ .• _•• __ • 3A 475 1,004 1. 11 13.7 U. !) 1. 12H4 
89. ______ .___ ____ 1 602 420 1,028 I. 02 14.8 7. !) I. 07 
90________________ 3A 602 420 1,010 . 00 15.4 7.0 1. 25 

I
1'lea11.. -. -- .. _____ 1 545 389 090 1.11 13.0 U. 8 .93 
Menn_____________ 3A 545 377 971 1. 10 13.2 6.7 1.07 

559 324 944 1.11 13.9 7.1 .88 
559 312 949 1.14 13. -I 6. !) .93 

636 252 1,050 1. 25 12.0 G. 1 .88 
636 252 1,051 1. 26 12.1 6. I .93 

,,L.• , .... <.i. , ".......::~.- .. .. ~ < .... __ c· ,Ii
"~ 



OIL ___ . 2 ·1!}5 ! 300 I 035 1. 28 I 10,.1 1 5. 3\ . 70I' 

70,. _. 3 405! 200 055 1.3'11 10.2\ 5.2 .84 

. ~5G31' '---2021- .. -'0761" -"-1.21 1-- '-'-12.1 1~"--0:2I-~-~MeUIL_._. 2 
:\JPfin. 563 285 985 1. 25 11. 9 6.1 .001":"=.'", =,,="",. -1='-""'==="====·==·_··"·---'=---==I""·:·c.;'·~.,.,. 
83 5!).I I 200 I 007 I I. 10 j L2. 8 6. 5 . 87 
8·1- 531 , 310 1 OR I I I. 26 1 13. I ! 6. 7 . 87 

1 I til 
73. 607l 37°11 1,037,1 1.101 15.0 8.2 1.05

17·1 ....~l----·-~~---~·~--·-~l-·---·I~I---~---~ 
:\Iean_ . 600,i 330 I 1,0171 1.14 1-1.4. j 7.4 .96 
:\fetln .. _•.• 520 345 I, DB 1. 28 13. 2 6. 8 . 87 

..._..~.= =0---. .•,_==::-;-. "·····.,.=I~' .:;:.=/.=_.-,.=======,:-..,""'.== 
65 .. ·\.15 II 5381 1,06!! L 19 13.7 7.0 .00 
66 3R3 530 1,056 1. 37 13.1 0.7 .80 

72_ .1301 2961' 7331 1.021 12.2 0.3 .82 
71. ·130 I 200 7-16 I. 00 12. 5 0. " . 87 

?lleall._._ .---::g~ 1""" --::l~ -'." ~~'t .. --~:'~~ ,-- - g:~ 1---- 8: g1----- Jg
:\[('nll •. __ , "c=t . ~= ,,', .,=1" c'~l=--"; OC"'==I=~"'=:= r. "'-':--'-"";~"-:;";=::::'
68. ,.1 A ·181 324 I, DOl I. 50 II. 1 D. 7 

-
. 7t) 

67. ·IR I a02 I, 005 I. 65 10. 7 I 5. 5 . 7!l" 
7!L ... .. ·IA 51.1 270 \)87 I. .\0 I 11. 1 I 5. 7 . 74 
SO .... _ .j 511 260 08-l I. ·12 11. 0 1 5. 6 . 70 

-----~l·-.__._-------.- ----- ---- --- -.--.- --.-------.~-------
:\feoll ____ _ ·IA .I!)(il 207 1,030/ 1.50! 11.1\ 5.71 .74 
:\fcan. __ . ·1 ·100 t 281 1,0·10 1. 54 ! 10.8 5.6 .70 

"'__-,e",-",==",,"_ ·.,"";=""-''''.,·--·..''=l''''.'-.''-.-,==,.,,';==·=·=-===''='''c:====-~.-::==== 
85 ..... 7B 504 326 OS6 I. 11 13. 1 6. 7 . 87I 
SlL. __ 7A 531 320 1,018 I. 31 12~ 3 U.3 .80 
77 ___ _ 

713 57H 3521 1,090 1.28 12.8 H.G .85
7R .. __ 7 (;25 334 1,065 I. 30 12.1 6.2 .85 

f-' 
-:J 



______ 
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TABLE 5.-Body size at time oj slaughter 
I! Ration , Body IHeight at Length of Circumfer-


Animal No. ! fed I weight 1 I withers body ence at 

, , 

I foreflank
i I :, 

No. I PouniU I CrnJimete.. Centimeter. Centimeler. ,
45_____________ -- 1 ! 961 I 1141 135 182 

.~2 963 ' 114 136 18646---------------1 : !
95_______________ 1 i I
96_______________ ; 1 1, 048 ~ 1241 135 189 I 

2 994 I 124 I 136 184 
91. ______________!, 1 

1 990 I 115 133 18692....___ . _______ ~ 2 964 I 114 133 186 
t 

iMeau ________ .. _J 1 I 1,000 I 118 134 186 
~Ieau____________ 1 J2 974 I 117 135 185 
75______________ .1 I 

932\ 11 I 115 I 127 18576..__ ._______ -- 3A 900 • 113 , 127 182 
93. _____________ ., I 
94_______________ 1 1,010 115 j 134 191 ,3A 1, 004 115 136 191 
89__________ I 

90_______________ 1 1,028 I 120 ! 132 184 ,~ 
, 3A I, 010 ~ 117 ! 132 181 
I 

I ,--- ! 

IMean_ - - - - - - - - - - - i 1 990 f 117 , 131 187 I 

Mean________ • ___ ! 3A 971 I 115 i .[32 185 
47_______________ • 

I I . 

2 ! 944 113 130 180 
48__ --------- ... -i 3 949 1' 113 130 181 
87.. _____________ Ii ! 

2 ( 1, 050 . I 120 122 194
88.------ ________ ' 3A 1,051 i 121 122 194 
69_______________ ! I 1 

70_____________ 2 935 111 I 125 I 180 
- j 3 955 I 112 I 125 I 182I 


Mean __ - _. _- _____ i i 
I 


2 976 I 115 126 185 
~Iean_______ •. _._! 3 985 i 115 126 186

I I 
83____ . __ . __ - ~ .. - 4B ! 997 I 114 128 19684_____ " 

-- ·lA !'l81 I 116 131 194 
..4, 

...., - - I 

73_____ .... 
i 

I 
I ,.j 

I 

~ - ~ - .1B 1, 037 120 138 I 18474__ . ____________ .. 1 i 
, 4A I 1, 048 : 121 138 187

i I i! 
~Iean_____ ... ----1 4B 

I 
j 117 133 1901,017\

Mean------------l 4A 1,014 118 134 190 

65_________ ----J 
f 

4B 1 1, 069 119 136 186 
18466---------------; 4 ! 1, 056 ! 117 136 

I ! ...4B 
I 

733 102 120 170 
4 I 746 103 120 171

72---------------171 ___________ • ___ 
1 Ii 

~lean . _____ 4B 901 110 128 178 
~Iean____________ I4 901 110 128 178

I 
j68______ • ___ .. ____

67. ______________ 4A I 1, 091 122 134 194 .~ 

4 I 1,095 122 134 197 

79____ .. ""_ 
~ .. - "' .... 

J 4A i 114 127 186 ~ 
80_______________ 11 

I I 
987 !

·1 , 984 113 127 187
I 

See footnote :It cnll o[ tnbh'. 
18 
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TADLE 5.-Body size at time oj slaughter-Oontinued 

Hation Body IHeight at il.cngth of IOircu<nfcr-

I 
Animal No. f()d w()ight I withers bCidy cnce nt 

forefiank 

NumbtT " 
Mcnu___ • ___ -- ___I, Pourtd. II CmtimtltT. I

i 
I 

CtlltimeltT. Ctlltimtleu 
wrenn____________ 4A 1,039 118 130 190 

4 1, 040 U8 130 192-- ! 

85----- •• -------- 7B 980 I 118 18986•••. __ •••• _____ 	 132/7A 1,018 120 132 187J 	 1 
77_ .. _•. , _ . _ . _ . ! 
78__ . __ . -' 

! 
7£ 1,090 j 121 141 I 191 

.. ---.- --j, 7 1,065 	r 120 139 - 18,1 
I j_n.-.-...", .- 'C" ".~<~~_~.,...._~_~.~ ,~ ___ ~,~~~~ _c~ --------..- "-",-,,",.,",,,,~--~....,.. . .~~~"'"~-....., 

I Finnl wcight in feedlot. 

.. 
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TABLE 6.---Grade a.nd composition oj carcass and quality oj meat 
~ -e-----~~ 	 _ _._ ______ • ___ 

Meat quality 3 

I 
Carcass 

-~---.-". ~-. --- ------!------- -----i< -.....~-'----~'-j----..-~ ... -....--,."..~---. 

i Desirability I(l r:\dl'Animal nation I 	 Composition! Tender-I of fiayor (rib) I Area of eye-of-rib 
No. fed 	 nes:; ',__,__,., ____ cut (longissimus

DrrRsl'd 1, 	 . 
,~_ 

I dorsi musclc) 
:.\luscll', Fnl : Bone Fnt Lpnn i 

f i I1~'-- --j-' ,-.. 	 '-"-r--·-.-~-
Sq. in.

Percent Percent I' p',rcent I! J>mml, , i Sq. In./IOO 7b.So. 	 12. 665 52.4 34.1 13.5 6.4 ! 5.8: 6.4 I 1. 314fL ____ • , __ - - 1 Avcrage choice_. 11.6 
45., ______ - -  2 . ___ do___ - .' 07 [',)1. 4 34. 9 I ] 3. 7 5. 8 1, 5. 8 ',: 5. 4 1. 20 

I 	 l!
i 	 10.8

95.• _________ \ l- ____ do_._._ 	 04, 47. 6\ :37. I ! 15.3 5,8 ; 5. II 1 6. () I. 03 10.503 I 49. 0 3·1. 6 I 16.4 5.8 ; 5.4: 6. () I 1. 0096___ • __ - - - - -	 2 I LOll" choicc .. \ \' 1 
1. 21 12. (I

64 II 53. 7 !32. 1 14. 2 \ 6. 8 1 5. 8 I 6. (J Ijl91. _____ - ___ .1 	 1 l' Avcrnge choice." -- I. 20 11.6
92.__________ 2 __ . __ do_______ -----	 (J4 55. 1 I 30. 6 14. 3 (J. 6 j 5. 8 I 6. II----------1--- --- ,-,--- -,- -illr-"·l1. 8 
1\1eall_ ___ _ _ __ ---1--\ __ ..... - - ---=~~~~~~~.~ 	 0·1 I 51. 2\34. -1 1 101. 3, O. ;3 II 5. 5'I, 6. 3\ 1. 15 11. 2 64 51.8 33.4 14.8 6.1 5.7 5.8
l\lean________ 	 2 -------------------- -- --, 

I 
1. 19 11. 1 62 48.1 36.3 15. 5 6.4 6.0 6.6 	\75 ____ • _____ _ 	 =\ I I '= 1 1 Avcrage choicc. - .. - --	 j' 

I. 10 10.476 __________ _ 3A _____ do_____ .. " -, ---	 61 48. 5 34.7 16.8 6.0 I 6.2 I 6.8 I'j 	
I ! 

1. 43 14.4.93 __________ _ 1 !High choicr____ "'_._ 66 48. 0 35.5 16. 5 6. 0 I 6. 0 II 6. 6 11.894_________ _ 3A _____ do..... _______ _ 	 GO 47. 5 38.2 14. 3 6. 8 O. 2 6. 8 L 18 

G. -1 I. 41 14. 5 89 __________ _ 1 __ • __ dO__ • __ .... ___ ._] 	 67 51. 2 33. 1 15. 7 fi. 0\ 6. 2 
6.6 1. 47 14.890__________ _ 	 51. () 32.9 

__ • _ ~A ~~~~~~:~~~~~~~~~~~~~l'- -- :: \'. ---- :::~ -.. ::: 1-- ::: 11~ G:5"I'---"1.34\'-'13:3Mea11 ____ 	 49. 1 35.0 
15. 7 6. 6 	 6. 3 G. 7 L 27 12. 3 Mean _______ _ 3A ________ .•------.--. 64 49.0 35.3 

= 11. 5 47•. ________ _ 	 43.8 I 43.7 12. 5[ G. 0 I 5. 0 I G. 21 1. 22 I 
48 __________ _ 	 2 

44.3 42.8 13. 0 5. 6 5. 0 1 5. 8 1. 02 I 9. 7 
a L~~~~d~l_O!~~~~==:::::! gg 1=== 

,~-"".,", ~ .... "~.- ,10., .. ,,' ,~, 	 ~- ,jt----,,-lii.- ~ .... w."~,, ....~ ~---... 	 ",. -~ 



,. .. ,. ,.. 
" \ 

·) : It' I ·C· > 631 u . . I 3- 0 13 8 'J 11,187. :- . Ig 1 C 101 .\ C__ _ • _ , '-1 1 ' u. . ' . l " u. - i 6.'0 6. 2 1.06 
SS 3A i A"crllgc ChOiCi'"... "j 62 ·18.0 i 37. () \15.0 , 6. -1 I 6.2 I 6.6 .03 0. 8 
69.. _ • __ _ 1 ! Iii II2 I ...do....''''v. 59154.0 29.2'16.8j 6.0i 6.01 6.0 1.49 13.!l 
70 .. 3 /.....do. -- .... ___I 60 I 55.2. 29.8 j 14.0 I 6.2 l 5.8 j 5.61 I. 531 14.6 

-'''~r--''-''-''-'---''-----' _ .. -.------. ---i' --" .... ---.-~---.--

Mcun. . • _ 1 2... -... .. -.' ..•. _I 63 1 49. 61 36. 0 1 14. 41 6. 1 I 5. 7 I 6. J I I. 251 12. 2 
:\ri'IlIl._ .•..• '___3_1............ --- .. -.. -_,.____ 62 40.2 36.5 14.3 6.1! 5.01 6.0 1.16 11.4 


83 ----:03 Lo\\" primL......... ---- 65 42.8 43. 31~1 6.6 I 6.2 ! 6. S 1. '17 I 11. 7 

Sol: _ 4A .. do. ,......... , _ 66 39.0 48.2 12.81 6.2 I 5.4 6.2 L 40 13.7 


73 _ . _ .. _... .1 4B High good._ ... ____ . . 61 ,14.1 41. 8 14.1 I G. D Ii (j.0 6.2 1. 23 12.8
74. _____ ._ . ..1 ·lA Lowchoicc_._______ 59 44.6 40.5 14..9 6.4 6.4 6.0 1.04 10.9

1 
i'llClIll ... . _. 'j ,1B I~~~-~~~~=- -- 63 -- 43.41 42. 6 jl4.01 -6.31 - 6. 1 j" (151-- 1. 20 1- 12. 2 

L 

)r(,lln ..•.• 4A ______ ._ ... _._. ____ ._ 62 -11.8 4.4.·1 13.8 6.3 5.7 6.1 I 1. 21 12.3 

65 I 4B I.owehoicc __ . ____ .• 62 46.7 34.41]8.9 G.8l 5.8 6.2 .81 8.7 
66. ·1 ..".do____________ • 61 47.0 :36.6 16.3 6.0 6.0 6.2 .06 10.1-·---· ... 1 1 _ 

72_ __ .J 4B Averagc choicc. __ .__ 60 45.2 38.0 115.8 6.21.. 6.0 5.8 I. 26 n.2 
71. . ___I 4 Lowchoiec_________ 60 51.4 33.5 15.0 6.0 5.6 5.8 1.31 !l.8 

i\fC!lII __ .. __ " _ -illl=~-~~==-~=l· .. --- -'61--- '16. 0 /36:6n6' . 6. 5 1 - 5.!),I-- 'G.()I-· 1.00-. --!J.() 
i\I(,lln.. _ .. 4 ______________ • ____ . 60 49.2 35.0 15.6 6.0 5.8 6.0 l. 11 lO. U 

g~ .. --. -_ .... 4A LOWChOiCC___ . _____ 61 52.3 20.1118.6 5.8 6.0 6.4 1.06 11.6I
4 ____ .do. _____ ... _ ___ 62 53.0 29.0 17.0 6.2 6.2 5.8 1.30 14.2 

~.-----~.--

70. __ .. _____ _ 4A Topchoicc____ .__ _ 62 53.0 31.5/15.4 5.8 5.8 G.2 1.40 13.880. ___ . ____ •• __2.______do __________________ ~ 53.4 ~~_~_~_~_.~_~_~1 

~ICtlll---- •• --! 4A .j ___ . __ -.. ____ . ___ ._. 62 52.6/30.3/17.0 5. 81 ~. 91 6.3 1. 221 12.7 
• [can________ 4 _____________ ._.____ 62 53.6 30.4 15.0 6.0 u.9 5.0 1. 29 13.4 

f . 
!lee footnotes at end of tnble. 

~ 

I~-- . 

http:29.2'16.8j
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TABLE 6.- Gl'ade and composition of carcass and quality of meat-Continued 
,~-,~,~, ~-.~- ,.~~...,-,~-...----~-.-------

i Carcass l\Ient quality 3 

I--~-- .. ----.. --~~-,---- --
Animal Bation Urad!' 1 Desirability 

f1'd I Composition ~ I Tender-' of fln vor (rib) 1 Area of eye-of-rib No. 
DJ'l'S~l'd 1 ;________..__~! nes~ i_._____~___ cut (longissim)usI' dorsi muscle 

...___d ....__ ~_l_.. _... __ .____.__ ....._, __..,, __,_1. __ !tl~~~~~L_ .. -L--:!~~-j-~~-;Muscle1 I I 
87. ill./JOOlb Sq. in.Percent Percml Percenl PercentI S"mber80 __________ .! 7B Low choice ______ ....! 64c 45.3 41. 1 13. 5 6. 0 5.8 ! G. 4 L 31 12.n 

5.6 5.6 1. 39 14. 2 80_. __ ... __ • .t 7A Average choice ... _-., 63 45.7 39,4 14.9 O. 0 

15.4 l 1. 13 12.377_•... - _..• _; 7 B Lo\\' choice ...... - -- -- -Ii 60 . 51. 3 33.3 5.S 4.8 j 6. 0 
6.4 6. 0 6. 4 1. 05 11. 3 78 _.... __ .. _..... -I 7 Bigh good .. - - - .... - - .. 58 52. 0 32,9 15. 1 I 

1 1 
-----'-~------~----. 

I cold weight 
Dressed percell tage fi I . ht' f dl t Xl 00.nn WClg m ee 0 

2 Computed through lise of equations derived by Hankins llnd Howe (5), llS foUows~ (a) Separ!\ble muscle of dressed Cllrcass= 
10.08+0.8 of Ll percent of separable muscle in the 9th-10th-11th-rib cut; (b) separable fat of dressed carcass=3.54+0.8 of a percent 
of separable fat in the 9th·l0th-11th-rib cut; find (c) separable bone and tendon of dressed carcass=5.52+0.57 of tl percent of the sep
arable bone and tendon in the 9th-10th-11th-rib cut. 

3 Numbers 1 to 7 represent degrees of tenderness and desirability of flo.vor. In rating flavor, number 1 means that Il desirable fla\'ol' 
is absent or that it is of such low intensity us to be imperceptible; 7, that the meat has a highly desirable flnvor. In Tegnrd to tenderness, 
number 1 means the meat is extremely tough; 7, that it is very tender. 

.l. ... --, ~ ...... ~.-" .lo."., ....J...._, .... .. J. ~"' iO.i.. , "'..... ~ _"Jr.."". ...... ". " ~.4iI." d 

http:carcass=5.52+0.57


TAB.LE 7.-0hemical composition oj meat in the9th-l0th-l1th-rib cut 

I Rib eye (iougissillllls dorsi Illuscle) 
RI\Liou 

Animal No. fed " 
'Nlller ! Ash j Proteill Ether 

! 
i 

extract 
~.- "-- "- ·_··---1---; --- 

. No. --';':~:::~--j -;':;-I-;.:;~-- PtTcem
40. "'" .. __ ... 1 70. 7 I 1. 1 20. H 7. H
45........... _ . _ .. _.! 2 
 70. 0 ; I. 1 i 20. 8 8.1 

i!l5••. _.. 09.3 t 22. 7 7. ()I. () I!W._ •. 2 Oil. H ! .Il 21. 8 7.7 

9L.. __ . I Oil. 5 : 21. 1 8. '102. ___ . __ 

J 

I. 0 i2 00. () I 1.0 20.7 8. 0 

Meau. __ •._. I 
i 0\).8 I 1.0 21. 5 7. 7

Meau._ 2 1.000.7 21. 1 8. 1! 
75. __ .. _ , 00.0 1.1 21. 1 11. 270•• ___ .. 00. I) , . Il I 20.3 .1 1. !J! , 
!l3._ . __ _.• -- I I 71. 1 1. 0 ! 21. 0 li. 3 
I)IL. _.' _" ..... r 3A 70.8 1.1 22.0 H. I 

, i .. ' I , 
J. 0 H.370.51 22. 1 

. "_!~___31_\_ 09.2 1.0 22. 0 7. 2 

Meall.• __ __.. .. _, I I 00.41 1.0 21.0 7. fj 
Mean. ___ .... -- -- "1===31=:\= Oil. 0 1.0 21.H 8. 4: 
,17. ___ ..... ___ .. _.1 2 I 08.8 f 21.2 9.0
48•• _... _._ ....•. _.: , 1. 0 I3 08.3 1.0 21. 3 I). 4 

87__ _ _ 2 00.2 
I 

1.0I 20.8 12.088•. ___ _ 3A 00.71 1.0 20.5 11.7J ,
),leau. __ 2 07.5 I 1.0 21. 0 10.5
Mean. 3 07.5 I 1.0 21. 0 10.0-""-'-'i====I4B .800.81 19. 5 18. !J 

4A 59.2 i I. 0 20.5 .I 9. 3 
t 

·w , 
05.0 ; 1 0 j 21. 11 12. Iij4A 07.8 J 1: 0 ! 20.5 10.7 

Meall._. 4B I 02.9 I 1.0 20.4 15.8Meau. ___ . 
- '1 4A 1.0 20.5 15.0I 03.5,1====li5. __ 1 i.J,B r 09. 3 1.0 20.2 9. 500. _ ,I f 70.0 . 21.0 7..21. I rI

79. __ ! 09.0 • I) 1 20. li !l. 4
80. _ i 

I 
09.0 1. 0 ! 21. 7 7. 8 

85•• __ _ 7E I 00. 7 .!l j 20.4 12. ()80. _ _ 7 A 00. 0 1.0 20. !I 11. 5 
,i 

77._ 7B 08.0 .!J I 21. 11 9. 7
78._ 7 I 08.3 l. () f 20.0 IO. 1 
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TAi3LE 8.-Protein intake of 6 pairs of twin cattle and the composition of 
their meat 

Low Protein Intake 

Item Values obtained Mean 

Animals I (co-twins shown below)
No. ___ 7fi I 93 89 65 77 

Ration Jed_ •• __ •.. ______ .No. ___ 1 1 4B 7B1 IRib-eye muscle: ~ 
Water_______________pereent- 66.6 71. 1 70.5 69. 3 68.0 69. 1 Ash_.,,________________ do____ 1.1 1.0 1.0 1.0 .9 1. 0 Protein________________ do____ 21. 1 21. 6 22. 1 20.2 21. 4 21. 3 
Ether extracL _________ do____ 11. 2 6. 3 6. 3 9. 5 9. 7 8. 6 

Hemaining edible pnrt: 2Water________________ .do____ 27.8 32. 9 28.0 39.3 32. 6 32. 1 Ash ______ • __ • _________do____ .6 .5 .4 .6 .6 .5Protein_______________ .do____ 9.6 9. 8 10.5 11.0 11.0 10.4
Ether axtrncL _________ do____ 62.0 56.7 61. 0 49. 2 55.9 57.0 

..---~+----~-- .-.---~-.-~------_._-----
Adequate Protein Intake 


-.. ---..--.~ ..- ... 

AnimaI1_____ •____ • _______ .No. ___ 76 94 90 66 78 

Ration fed. _____ . _____ .•_No. ___ 3A 3A 3A 4 7IRib-eye muscle: 2 
Water.._____ . __ . ___ .percenL. 69.9 70.8 69. 2 70.6 68. 3 68.9Asl1. ____ . _______ • _____ do ____ .9 1.1 1.0 1.1 1.0 1. 0 Protein________________ do____ 20.3 22. 0 22.6 21.0 20. 6 21. 4 
Ether extract___________do ____ 11.9 6. 1 7. 2 "I. 2 10.1 8. 5 

Hemaining edible pnrt: 2·Water _________________ do ____ 30.6 29. 6 33.3 33. 3 33.5 32. 1 ____________do____Ash______ .5 .4 .5 .5 .5 .5
Protein_______ , ________ do ____ 10. 4 8.8 11.6 10. 3 10.6 10.3 
Ether cxtrncL__________ do ____ 58.4 61. 2 54.5 56. 0 55. '1 57.1 

1 The pairs of twins nrc animals No. 75 and 76, 93 and 94, 89 and 90, 65 
and 66, and 77 llnd 78. 

2 Ment nf the Ilth-lOth-llth-rib cut. 
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