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Relative Effec,ts/ of Continuous 
, 
i 

and Interrupted tlrowth 
on BEEF STEERS 

By c" b~, WINC(lESTER, Iluil/wl phYSiolOgist, :mel PAUL E, HOWE, nu.trition consultant, 
..il/ill/al (Llld POIIUr!J lI/l~IJ(/Jl(lru /tC8('1//'('/I B/'(l1/c/l, .1griclllt,u'al Rcscarch SCI"vice 

INTRODUCTION 
It JS eomlllQllly \)('lic\"('c1 that beef 

cnh-es lltilizl' feed lUore efficient h· 
when !rl'owtlt is eontinuou::; thail 
when it is interrupted, ~I()l'l'i.son 

• 

(i.n 1 a(h-ises that beef l'llh"es be fed 
to p-uin at least half a pound daily, 
Uuilbel't and associates (U), Oil tlll' 
basis of a study of !rl'(),,"th of beef 
('a1W5 dUl'in!! tile dl'" ~E'n~OIl in ( 'al
i fomia, stnt(;'d: --Fl'olll tIll' ::.:tnncl
point of tobtl feed l'equil'ed to pro
duee a unit of PI'O<lllet, greatest ef
ficiencv i~ obtnillP{l from it hiQ'h 
plnne elf Illltl'ition with ('ontillU()U::i 
!!1'o\\"th alld clewloplllent.'· 
, Xevel'thelp;;;;. 8\';:;t(;,l11;; of I1mllH!re
ment that ill';oiVE' pE'riods ,yllPJl 
QTolvth of \Conll!! eattl(' is l'etanlE'd 
by Y;\I'ying'tlep'ees, 01.' E'\"~'n pl'l'iolls 
(tllrill!r whi<-h the <llliIlWI;; !'!'nin no 
wpi!.!,'lit. HrE' fall'l v ('OIllIllOll.' Pt'Ob· 
ll.1>I\' most bt'ef '('attl~' 1I1I1ll'I'!!!) ttt 
lea~t ~()Ill(' !!l'o",th l'l'tn ['(latim! tIllI'
ill!,!' theil' IJvE':', {~Il([el' IlUlIl\' ('Oll

clition:';. ('ontitl\\Ou:o !!I'owth :n.11 be 
lIlaintained dlll'ill!! 't!lP wlntt'I'. 01.' 

dn rin!! or follo wili!! a (ll'OlI!rht. olll r 
at p-l'eat eXj)('IlEe, "1'0 tlw {weE ]ll'(). 
dueel' confronterl with n pl'obll'1Il 
that ilH'olves tl!p ph'y!"lolu7i('nl ill~ 
!lll~'llepS tiS \\'('II as the ecollomic ('f
fe('ts of periods of rpt:u'ded and in
tel'l'llpted /!l'Owth, the qupstion as 
to what possible hal'llt may be. done. 
the an.imal5 by illten'll[ltioll of 
gl'Owth is of inlportanc<.', 

BC'('lll1S(, the- lp,"et;.; of [ll'ottYlll, 

1 rtllIi(' ulllulwrs ill parentheses ['efer 
to Litemturc Cited, ll. :{3. 

e<ll'otene, n nd phosphot'us in range 
gt'a,,~es decline as the plants \lla~ 
('lire. l':lll!!e fomge becomes an in
t'I'(,:lSillgly less satisfactory feed for 
{'attle as the sen.son advances. 
quantity and qual5ty of the feed 
(leeline simultaneously, Therefore, 
it is of gn'nt importance to know the 
I'ei:ltin' clisadnl11bt!!es of the re
:,tl'ietioll of f{led lIu'trients. at least 
the major lIutrients, to - various 
1(,\"p1s fol' dilfel'(>nt periods of time" 
Snell Imo\Y1E'dge would enable pl'O
(IUCel's to enthl:tte the feeds Rvtlil
ahlp. alld to p];w fee(ling programs 
to hl'ing about sntisfnetol'Y recovery 
'[rom thE' E'tl'E'cts of retardation. 

III tIll' resE'llrch reported here, 
wpj"ht o'ail1::; of beef steers were re
tlu'(h'd Gdm:>en the ages of approx
imately (j and l~ to IG months by 
l.'lttion~ tlmt nll'ied in energy vtllHe 
from a Ip\"pl that maintained body 
'wight IIp to one that provided for 
lLhout 1 ponnd of ::r;lin (t. day. Be
(';llIS~' pl'otl.'i Il. C:ll'otelle, and min
pl'als were fE'd ;It Jeyels adequate 
for rapid g:\ins, l'cttllxhtion of 
!,!Towth nm\' be n~::;llmed to have 
'been dlle to'the low-energy value of 
tllt' mtiolls mtlwt' than to tL de
liei('lw\- svndl'olll(' such as one that· 
llIay o(.ell'i., whell "'inter forage, de
fiei(,Ilt in nutrients other than those 
;illpplying energy, is consumed by 
cattle over it period of several 
mouths" 

The rCBP[lrch reported here was 
1111.l1el't:lken to determinc some ef
fect~1 of a dellty in growth on subse
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quent p.eriorll1ance of beef cattle. efficiency of feed utilization, quality 
Data were compi.led on the effects of of meat, and proportion of the 
growth interruption on subsequent carcass represented by lean meat. •EXPERIMENTAL METHODS AND MATERIALS 

Animals used 

Since both members of tl p:ti r of 
ic1entical twins possess the same i ll

herited characteristics. the use of 
identical twin cattle' in resenl"C11 
(one cotwin being llsecl as t1H' ('X
perimentnl animal Hnc1 U)e other as 
the control) elimillntps gel1l'tie elif
fel'ences between expPI'in;_lltal llllcl 

control nninmls ;llld l,!1'C'ntly l'educes 
the number of indiYllluals'require(l 
fOl: developing 1'0linblp in"i'ol'lnation 
(3,5,7). Ho\Y(~ypl', i(lentieal t\\'ins 
are born to cows of thp bpC'f l)l'('eds 
perhaps no oftpnl'l' than oncC' in 
every 1,000 to ~,(}OO bil'tlls~ and thl' 
accumulation of en'll a small hel'd 
of identical h\'lllS is diflkult_ 

Although D pail's of mall' t\\'ill 
calves "were ]lul'chasl'd for tlli" 
study, ou]y 6 pairs WP1'e found to 
be of the identical tYJl(': thl' olhp1' 
;3 pairs were fl'atcl'llnl t\\'ins. Datu 
obtained with the id('nticnl t\\'illO:: 
are reported lll're, ,yhl'reas thosE' 
obtained with fraternal twills :trp 
not. Information ('olllpi led on n 
given pail' of :fi':ltel'llal twins. hy it
self relatively insignitktLllt, ,,-ollhl 

:Hld littlp to tIle present report and 
tpnd to obseure sll('l1 conclusions as 
mil,!ht b(' drawn from the dahl Ob
tnilwd \\'ith th(' iclPlltictti twins, 

,Yhpther or not the members of a 
gi"en pail' or twins were ic1elltieal 
(of one-pgg origin) was dptel'mined 
first by critical physical examina
tion. LateI'. blood samples '\'(,I'P 
takpll from those sets of twins that 
appl':ll'ed to he definitoly i(l('ntieal. 
and the ol'il,!inal (Linl,!nosis was eon
lil'll1l'tlln' nlPnns of :tblood j"psl- of an 
antig"('lli~' I"ype (t. /0), Hl'slIlts of 
sll('h a blood tpst an' eOl1sidl'l.'pd 
",holly l'('liablp \\'hell I-he anlllysis 
i mlic:! tes t Iml the twillS a 1'(> Ilot 
idpntiea 1. alld !)() percent rei iabk 
\\'lipn it illc1i(':ltrs that they prob
ably are idt'llt-iea1. • 

'i'he six pHi)'s 01' twillS used ill this 
study ,,"pl'e, ht'yom1 l'l'asonllbh' 
dOHbt. idplltical tn-ins. Fin' 01' tht' 
"ix I);;il's \\'('1'1.' [lurl'bl'ed .\.1JPI'(ll'l'll 
.\.Il§.rus all(1 the otlter pail' (Sos. ii 
and (j) we1'(, Hereford X Guel'nsey 
(' I'Ossb reds. 

Rations and feeding procedures 

Table 1 shows the rations llst'd ill 
this study. Thl's(~ rations \\'e1'(' 

designed to pro\'id(> libl'ral allow
ances of all nut l'iPllts. othel' than 
those that snpply ('nt'I:!!Y. that an' 
known to bercquired byeatl"le. Olll' 
member of enc'lt pail' of twins (ex
perimental animal) was SlIhjl'd('(l 
to growth l'ebll'(]nt ion by \'('('(li ngi t 
one of the 10\\,-Pllt'l'gy rations, 
wherefls the otllPl' IYlPlltl)P)' (('olth'o] 
animal) ,Yltsfe(] the libl'l'fllmtioll, 

In 01'(1.::1' to i milll'e an ad(lq Utlt(' 

pll's {.!) l'elati\'(,I), lihl'I':il IH'oteill 
allo\\-:\I1('('s -f01' tin iI'V Iwifl'rs wen' 
appL'oa('hed or ex('(,(:\lNI. The lo\\,
l'lwrg"Y l'atiOllS fpd in till'S\' pX]1l'l'i
IIwnts \\'(>I'P (li If('l'l'nt, ill"ofal' as tlw 
})l'opol'tioIlS of thl' Ylll'iollS lIutrients 
an~ (:Olll'Pl'Ut'l1. fl'oll\ a ratioll eOI1
sisting solpI.\' of 11l1supplelllPnted 
fOl.'aw' f)l!ch as is cOllsullIed during 
\\'i liter spasnns bv SOIl1(' ('attic on the 
ra'nge. FOl'ngt' ·plus suitahle sup •plell1t'llts, hO\\,('I;('I', would he simi
Inl'illllutrient eontent to the mtions 

protein supply, Bhtxtel' anel ~[itch~ fed jn the trials. The level of en

4 
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TABLE l.-Nutritive requirements for [Jrowth, (L'Iul cOInposilion (~f the 1'(l,l'ions 1l,sed in these trials (based on requirements:· 
oj 400-1I0und Ntlj). . 

NP'r RITIVE REQITI REM ENTS------------------ ~ ....._-,-------;------,-----,-----
Total 

Item of {'ompnrison Amoull t of I Dry c1ip;estiblc I Protein Calcium Phos Carotene
f('cd ma! l('r phorus I

Illltripnts---------_._-_......_-_._...... 

Pounds Pounds I Pounds Pounds Grn.m.s I' Grams \lIlllliUram8".· 
For norma] p;rm\lh (14)----- ..... 0.1-11.'1 7,2 O. 870 20. 0 15. 0 25, 

,025For Holstein heifC'r (21. •. _ ... ._.___. 21. 8 14,4 , _________ :. ... ·.. ~..~'I- ---------1. JL 3 7. ~I 
RATlONH FSE]) IN TTTT·:::m TRIAL8 

..~-.~..,.-----.---~----;------;,-------' 

50 1)('J'('pnl of u li\)pral ralion ill I'IH'rp;y eonlpnt: 
:\IaintplH1lICP mlioll en: 

l.il1~N'c1 oil 1I1C'1~1 •.. ___ , I. 00 0.76 I O. 297 !3. ~ 1__________ 
BariP\' , .25 0.91.22 I .19 ! 1: ~ I • t> __________.025 
Alfalfa ha.1" (t-. :-;. No, 2, 1.l'llfy) . .i.50 4. 9R 2.77 .578 36.7 6.0 62.7 

.. "'-":,"'.
Total 6. (" G. II I 3.72 I O. 000 38.4 j 10.3 I 62. T 

62 percl'nl of u li\J('ral mtioll ill ('lIprg}, ronle'n!: 
:\ rai 11 I('lIan[;(' m! iOIl 6.7;i G. II 3.721 0.000 38. 'J I 10.3 62.7 
Corn I. 07 .91 . 86 . 071 . 1 1.3 1.2 

...--- 1--------
TOlal .. , ......... 7~ ~2 i, ()2 .1. liS I 0.071 38.5 I 11. 6 63. !l 

r.. ~ . =1 .. 1======= 
75 percPllt of Illihpml rntioll in ('n('r~r rOlltl'nt: \' I 

~Iaintellancp mtion . - _______ ,, __ jl G.7,) Ii. II 3.72 i O. 900 10.3 62.7 
I 

38.41Corn __ _ _ _ _ _ _ __ _ ' .. _ ______ - .. _ 2. 2(\ I I. lI2 I. 81 . 1·10 .2 2. 8 2.6, 
·---~--,-----~I-----

Total __ .... _ _ _ _ _ ... _. __ _ ___ .. ____ J 9. () I 8. 03 i ;;. [i3 J. 049 38.6 I 13. 1 65.3 
=--=--=1=-1,"0.. ,i~·,~-==I======= 

100 percent of Illiberal rill ion ill ('nel').(r content: 
;-'TuintclIllllce ration. .. __________ • ______ _ 6.7ii 6.11 3.72 O. 900 38.4 10. 3 62. 7
Corn ____________ .. _... _.. _.. ______ ... ___ • _.. _.. __ _ 4. li3 3. 85 3. 62 .299 .4 5.5 5.2 

Total.. ___________________________________ ! .11. 28 I 9.96 I 7. 3'~ I 1_,_19_9-L..___...:..38.8 15.8 67.9· 
1 

I Steers had froc acee~s to ~~"cks~.lT~-;;dt~;~71_;;;;71-i1;-!~; ·pl;-o~ll1tte. Tho;lli t-~~M-'k~rt;~l tbe paddock, the phosphate in the indi"
\II vidllal box stalls. 

'. 
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FIGUHI;: 1.--Bner~y allowances ill pounds oj' tlltal di~t'~tihlc lIull'it'II!:;; rl'd (laily to 
;;tN'rs through :1. ~izc r:1ugt' of :!HO to uno pOtll\(1;<. 

ergyallowed the eonb'ol allimals 
was approximately equal to ~ror
rison's (14) "more liberal allow
ances." Feed allowances varied 
with the three-fourths pO'wer of 
body weight, (4, 11). 

"angl' of ~n{) to GOO poullds at vari 
ous ellergy IC\"els. 

The experimental animals were 
given ratiollfi slIpplying approxi
mately 75, ()2, alld liO pel'cent of the 
energy supplied by a liberal ration. • 

Figure 1 shows the energy a Ilow Thl' animaL-.; fed (he G2- and nO-I)el'
ances given animals through :L size cent rations were placed on t leSt! 
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. 'rations at about 6 months of age; at hl oil. This was done in lieu of 
12.1l10nths of age they 'were again makitlg ClLl'otene analyses of the 
fed liberal rations. Two animals feed. 
were placed on the 7'5-percent en Some of the steers were kept in 
ergy ration-one at 6 months of age box staDs Jrom which they; had di
and the other at 7. One was kept on rect access to individual paved pad
the latter ration for about 10 docks. The others were kept in box 
months; the other for about 8 stalls ,,·ithont individual paddocks 
months. The con t r 0 1 animals hom late afternoon until morning
throughout the experiment, and the :wd, except during inclement wea
experimental animals after the pe ther, were kept during the remain
riod of restricted feeding ended, der oJ the day ina yard free from 
were allowed to eat as mllch as they 

1.!,T1ISS aIHl weeds. The steers were('ould consume without digestiv(' 
:f'edin the box stalls morning anddifficulti e::l. ' 
e\-eni ng under the snpervision of anAlthough the rations ,yere rich in 
experienced herclsman. All unconcarotelll', additional a110wances in 

amounts cOllsidered adequate to sumed feeel \yas weirrhed and ac
meet t]le animals' reqni rel1lents cOllntecl Jor. The ;{nimals were 
(14), were gi \Ten in the ,form of a slaught('I'pel ,,-l1('n they reached 
concentrated solution oJ vitamin A abolll' 1.()()() pOllnds. 

Measurements of body size 

• 
The animals were weighed at lhe retanlation pE'l'iocl and again 

weekly int(,I'vals. usually bebwE'n when the 11 111.'(' 1.' a J'(led steer reached 
!) and11 a, Ill" followilll! their 11101"11- slaught('l' weight (1,000 pounds). 
ing feeding. Ordinarily, they wel'r The r('lal'(lpcl sle('[' WllS measured 
weigheel only once, but jf the result when it in turn attained 1,000 
was much I!reater or less than wn~ pounds. Xi neteen measnrements: 
expected Oil the basis of earli('1' !-;imilal' to 1-1105(' described by Lush 
weighings, the weighing ,vas re (].f), were made in triplicate. 
peated. Both JIll'llIlJel's of each twin pair 

At the beginnillg oJ the period of were photogl'a plied at the begin
low-energy a11o,,"all('es body HlPas Ilinl! aJld at the ('1)(1 of the low
urements \\'(,I'e made oJ all tit(> Pllel'iry f('eding" pt'I'iod, and when 
animals E'xc('pt Kos. 1 to -~, which the' ulIl'('tal'<lpd ('otwin reached 
were abollt n Illonlhs of ll!,!.'e wlH'1l slaughlPl' \wight. The retarded 
first meaSlll'(,(1. Body si%e' of })oth anilllal a I!-;() was phologn!phed just 
cot",ins was I1H':tsllre<l at the pnd of prim' to ~Iallght'el" 

Determination of carcass grades and meat quality 

Carcasses were gm<ll'(l, both bility. Chemical analyses were 
prior to and following slallghtpr, IWHlp oj' the round and of the 9th
by committees IWLde tip of thl'(,(, ex. 1O( h-llth-I'ib cut; and palatability 
perienced graders. Altholl~h per tcsts, tiS well as 1lI(,l'hullical shear 

• sonnel of the committN's \'ttl'ied t(';-li's 01' tencl(,I'lIcSS of meat, were 
from time to time, the !.!,Tarlps an' ('tuTied out. 
all of approximately ('qual l'elin

7 
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'l'A HLl~ 2.-EnO'(J1/ consllmption and weight ga,in by Si.l: pa,irs oj identical twin steel' calves 
P]~HlOl) OF REDUCED ENERCn- INTAKE 

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

, .\gc of cnl\'c Body w('igh t; Enerc(y consumed 

. I-----~-
: 1 I 

Twin' EIlPI'/!.\.,!. Lrll/!th Daily DUring pnriod IPcr pound of gain 
Animal No rOIl- of GainAt be- ~aill ~--~-~-'-'- ------;--" . slIlllcd 1 l~t I~e- I ,\ t CI )Jf'l'iod At endginning-I Cfll1tl1llCf i Digest... ,., Digest

TDN I iblc TDN ibleI I ealorirs Calories 2 
I 

-. - - . -........----
i --'-T;~=----- Thou~ 

I 
Percell/' J)(l1JS 1 Da.1J J)(IJI.~ : Pounds Pounils p01(,nd,~ Pounds sands Pou.nds sandsIp01~;:~!

COllI 1'01. __ ..... ____ - .. _'1' 2 1)3 ' 170 ; 47 308 360 838 I 478 I 1. 55 2, 808 5, 680 5. 9 11. 9· 
Exp('rill1cnlaL __ .. _ . 1 75 17ll 47 308 366 6SI), 323! 1. 05 2,104 'J,3]3 6.5 13.4 
Can 11'01- _... ,. , _ . _...... 4 \10 221 43 21J 3·JO 676 I 336 ! 1. 59 ], 657 3, 339 4. 9 9. 9 
Exprrilllcntal .. . .• 1 3 73 221 ,13 211 342 570 ! 228 I 1. 08 1, 248 2, 558 5. 5 11. 2 
Can troL .. _.. .."".I 5 1)5 ]82 36 1S3 360 (1)0 I 330 1. 80 1, 554 3, ] 15 4. 7 9. 4. 
ExprJ'irnf'ntal I 6 62 ! 182 36 183 354 Mlfl ' lOll O. 58 854 1, 775 8. 0 16. 7 
ControL __ ... 15 lll2 176 ' 35 183 270 1. 67 I, 348 2, 793 4. 4 9. 1 
l::xpcri men tal_.. .. .... 16 61 176 I 3.5 183 j 280 0.49 681 1,410 7.6 15.7 
Can trol. _"" • _ ..... " __ .. 17 ]01 ISO 36 183 : 340 1. 52 1,510 3,0]2 5.4 10,8i 
Experimell tal ... ,. __ 18 ·18 ]80 36 i IS3 , 324 _______ 556 1, 165 
COlllroL ________ _ 8 105 IS·1 367 183 338 ! -4- 1 'JOn 2. 26 1, 668 3, 332 4.1 I 8.1
Experi mell tal ________ _ 7 ,.15 184 3(i7 183 3,10 I ~3~ I -4 _______ 568 1, 198 

1 

• • 
i 

.'~.,. "." 



• .~ .RRAT\.JM • 
PERIOD APT]~R TUmFCFD gNlm,GY INTAKE lTNTTL HLAUOH'.I'Ell 

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

I) 1 1'7:6.., Con troL •••.... _...... l -
, 
\ (:I) 50n I 623 i 1I'l 

I 

1,005 16i 1. 4.6 1,494 2, 949 8. 9
838j..., Exporimcn till •. __ • _. __ 1 1 (3) 50n GOn 100 6SO 1,006 317 1. 67 2,38'j. 4, 685 7.5 14.8 ..,." Control • ______ • ____ . (3' 242 ()7G 1,022 3·16 1. 43 2,701 5,501 8.1 15.9·1 '132 Oi'l'''' '<; l:\1xpcrimcnlnL. . _•• __ 3 (3) 432 074 2'12 570 l 1,024 45'1 1.88 3,075 6, 087 6~ 8 13.4",,:': 

I COli t.roL . ________ • _. 5 (3) 3u5 521 156 600 .1,002 312 2. 00 1,906 3, 932 6. 4 12.6 .,. Expcriment/Il '''_'' __ ' G (3) 305 507 232 ·160 090 530 2.28 2,828 5,569 5:3 10.5 
Con 1.1'01. _. •. _., _.. 15 (~) 350 j 500 201 570 ! 1.005 429 2.13 2, 555 5,105 6. 0 11.9 
J.!:xpl1rirnc-J\tnL ••• _____ 16 (:1) 359 652 293 370 1,002 032 2.16 3,612 7,126 5.7 11.3i

,t" ControL."", ____ • __ 17 (:\) 363 56·1 201 6lS 1,005 387 1. 02 2, 715 5, 329 7. 0 13.8· 
Experim('nllli •• _____ IS (3' 363 I 63,1 271 340 1,00R 068 2.46 3,301 H,476 4.9 9.7 
Control..... ____ .__ S (3) 30i 1 481 105 i·17 1, 000 253 2.4] 1,445 2,856 5. 7 11. 3 

330 1,000 HO,t 2.73 2,810 5, 518 4. 2 '8.3 
Expt'rimoJ\lnL __ ~~~::.~ ____7__~~_.- .. _~~__~~~_~~1. 

1 Expressod as proporl,ioll of that supplied by liiJoral J'!1t.iOIl,lllld 2 Digestible Clllories=grams of digestible protein x 5.65+grams 
for all animal of giYoll size. 'rho allowalll'e:; I'aded with t Iree- of digestible fal; X !l.3+ gl'l1l1ll:; of digestible cllrbohydrllte X 4.1. 
fourths of hody woight (fig. 1). Also see pll1'ts j) of fignres 2 1;0 i, 'l'he. Calorie (written with a capital U) is equlll to 1,000 calorie!!. 
"Energ1 intake of coLwillS expressed as pcrcelltnge of it liberal 3 Fed I,he liiJeml ration. 
rntion.' 
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RESULTS 

Growth during period of reduced energy intake 

The caloric maintenance requil'l7 
ment of an animal of given size 
may be defined as the energy cost 
of ·normal1 nonproductive, meta
bolic processes. As the term is used 
in this study, however, maintenance 
represents the level of energy re
quired by a growmg animal that is 
neither losing nor gaining weight. 
This implies that energyexpcncli
ttu'es for walking and chewing, 
equal to perhaps 5 percent of the 
total maintenance requirement, are 
part of the energy cost of mainte
nance. The latter definition is 
satisfactory for the purpose of the 
present study becn use these same ex
penditures are i n vol wd in the mai n
tenance of cattle II nder field condi
tions. The energy requirements of 
beef calves for mnintrnance were 
dealt with in an earlier paper (J,3). 
In that report it was ShO'Yll tllltt 
the energy requirement for main
tenance as determined with 16 pairs 
of identical twin beef animals 
weighing between 200 and HOO 
pounds was about 38 pel'ccnt of the 
total energy required when the ani
ma:ls were maki ng g:lins of.2 pounds 
a day, and that thc llHllntenance 
requirement val'ir(/ with the two
thirds power of body weight. 

As shown in table :2 (page 8), 
·whe11 energyintakr wns around G2 
percent of that proyi(lt>cl by a liberal 
ration weight gains were ab()l~t half 
a pound a day; whl'1I e>ncrgy Illtakc 
was about 75 percellt of that pro
v.ided by a, liberal l'HJion 'H'ight 
gains were about 1 pound a, <lay. 

Growth Clll'ves (figs.:2 to 7) show 
that the response to illcreased Cll

erb'Y allowallces 011 the part of the 
animals that had been on l'cstl·icted 
rations was mpid. Th is rcspollsc 
suggests that even the calves tlHLt 
had been on )nn i ntcn:tllee I'll tiol1s 
for as Jong liS G months had '·e
mained in good hea,lth. Controls 

on liberal rations gained between 
I1jz and 214 pounds daily during 
this period when their cotwins were 
on restricted intake. 

Cumulative energy intake for the 
control and experimental animals 
(figs. 2 to 7, lJ) from the beginning 
of the trials until the animals 
weighed arollnd 1,000 pounds ,yas 
about the same. In some cases the 
anima 1 that grew continuously con
sumed the greater amount; in other 
cases the eXJlerimental animal con
sumed more. 

Digestible Calories were calcu
lated as follows: Figures for di
gestible protein, fat, amI carbohy
drates (in grams) weremllltipliecl, 
respectively, by the. factors 5.65. 
!).;j, and 4-.1, and the results '.vere 
addr<1 together. ·While the values 
obtained by multiplying grams of 
TUX by the factor 4.38 ordinarily 
did not coincide with the calelllat·cd 
vallles, the elifferences were not 
gl·eat enough to permit the usc of 
separate ("U1Tes. 

Energy a11ow:ln('('s \\"ere based on 
body \\"eight; therefore the energy 
intnkr of t1~.e 1lnima,ls int"l"eased a~ 
they gn.ineclweight (ngs. :2 to 7,0). 
'l'he l11aintenan('e rations increased 
slightly with the small increments 
ill body \\"pight (ngs. :2 and :3,0). 

An int·erestillg cOll1parison can be 
!lltHle between the gl'OWn, cnr"es 
(figs. :2 ("() 7) and the CII L'\'eS 1"ep1'e
senti Ilg foul' n,eaSIll'eml'llts of boely 
size (figs. H, n, and 10). 

Even though 'n'ight gains were 
nearly or entirely arrested durin!! 
the feedillQ· of the maintenance: rl~-
tions, a d('finite telltlell<'Y for ('on
tinned skl'lehd grOWn) on the paL"! 
of :Ill imals Nos. 7 and 18 was ob
served. In general, this obsel'va
hon confi.L'llls the reslIlts of some
\\"lw,t similar exprriments reportpcl 
by ('al"li('r workers (15, 16, 1'1, :~.r), 
.)0, and 31). 
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IJ'WUI\E S.--]~Ol1r 1)0(1,\' Jlll'aSur(~lu('nts of two pllirs of twins. Htt'f.'I·s :'\()s. 17 unll 8 wel'e 
tllP controls; s[('prs XOS, lS illHl Thad hl'l'1I Iwpt 011 IlIuintl'lHlIIt(' rntiollS for 6 
months !.wt \\'<:1'1\ tlw ag(IS of G and 1:! lIlonths. 

Growth following period of reduced eners, intalee 

Subsequent weight gains W(lt'l' llot the controls, This appears to be a 
retarded by the (j mont.hs' low-en eOll ri lTllatioll of \\Tatel'sl (.Ji3) state
ergy regimcn, Figul'cs :2 to 7 I1wnt that "1111 animal that is below 
(part.t1) show thatwcight gains of the llol'lllal size II t It gi ven age, 
the l'etal'(led e:tlves tor' sOllle time tlll'ollg-h pO()J' ll()urishment, appal'
a.fter restl'icted feedi nu ended lllitl,r Illls th(' eapacity, when liber~ 
either equaled 01' ex('cN\t'/l th()st~ of tt11y f('d, to compensate for thls loss, 
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]j'IGUltE 9.-Four bOdy 1ll('ltsul'ell1pnt>; of tll'O vail's of' f;t:ppni. St:et'l's Xos. Hi and [, lI'ere 
the contl'ols, Nos. 10 and (; WPI'(' 1'('(1 onl~' about· (;~ 1I(,1'('('nt: of nil' PIH'I'gy allOWIIII('e 
provided by Il lib('I'ul I'ntioll bl'!.wt'PIl tht.' ag;('" of q :1111) 1:! IIIOn t1Hi. 

in a measure at least, by an in than, that of the controls (figs. 8, 
creased rate of gain." 0, nnd 10). 

Skeletal growth of the experi Phof:ogl'ap11s of the steers were 
mental animals, after the period of taken at variolls stages of growth; •
limited energy intake ended was figul'c 11 showing thek\entiCtll twin 
either as l'Ilpid as, or more l'ilpid steers Nos. 17 and 18 is an example, 
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.J<'Hll'ltl~ 10.-]~olll' hody IllP:lRUl'(,U1('nf:s of two /lairS 01' steers. Steers Nos. 2 find 4 
were the eOlltrols. ~ll'l'r Xu. awn>: t)n ,;j nL'reent of a liberal ration for 7 months 
between the agps of , and H t1)ontl1s, :;teer Xo. 1 for 10 months between the ages 
1)1' 6 ami 10 months. 

The pictures show tlult even though only show that differences ill body 
X 0, l~ gained practiealJy JlO weigl1t. lIleaSUl'emell ts were smitH ",hen the 
uetwecn tIll' ages of' (j montl):> auLl 1 cotwins were or about equal weight
ye:u', skeletal size did iucl'ctlse at ti me of slaughter, but tLlso that
sOlnewhat during this tillle. 

neithcl' the ret:lrded tlnimals Jl0rFoul' body measurcrnents of the 
their cotwins ill\'arittbly excelled socontrol :tnd ['etaL'dNl animals, at 

about tillle of slaughter, al'e COIll  £:11' as a gi \'en measurelllent is COll

pared in table ;,l, These data not ('(It'ned, 
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Control animal No. 17 Experimental animal No. 18 

Age: 6 months. 
Weight: 340 pounds. 

Age: 12 months. 
Weight: 618 pounds. 

Age: 19 months. 
Weight: 1,000 pounds. 

Flot·w·; J 'l.--I(lPllt;(,111 l lI'.in .~t(·l'r.'i :\Oli. 17 
«(·(Hli.I'O\) Hntl ,].". at YlIl'iolili "tag!':> 01' 
~rowth, 

'I 

G 

• 


Age: 6 months. 
Weight: 324 pounds. 

Age: 12 months. 
Weight: 340 pounds. • 

Age: 19 months. 
Weight: 832 pounds, 

itl '" 

• 

Age: 21% months. 


Weight: 1,000 pounds. 
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_______________ 

TABLE 3.-Body measu,ri1nents at time of slaughte1' 

Circumfer-Twin 

No.


Animal Height at Lellgth of ence at Width at 
withers body foreflank hips 

ControL _________________ :, 

ExperimentaL____________ 

ControL_________________ 

ExperimentaL___________ _ 

ControL________________ _ 

ExperimentaL ________ "__ 
ControL________________ 
ExperimentaL___________
ControL ______________ ._ 
Experimental. _____ ._ 
ControL. _______________ -
ExperimentaL___________ 

:\rean: 
ControL_____________ 
Expl'rimentaL 

CCllU1I/e/e/ N' CentimeterI' Centimeters Centimeters 2 110 II 12(J 187 .40 

1----------!--
________ 118! 117 

1 113 
4 118l 
3 116 
5 121 
6 119 , 

15 117 i 
16 115 
17 110 I 

IH 117 I 

S 12° " 
7 121 

133 
134 
130 
144 
138 
135 ! 
139 i 
136 I 
130 
14.4 
1401 

137 
137 

lOl 48 
185 45 
184 44 
177 46 
176 45 
183 46 
182 46 
183 47 
178 44 
176 46 
179 48 

182 46 
182 46 

Relative economy of gains madebyunretarded and retarded animals 

• 

Energy intake and weight gains 


during the entire tJ'ial are Stllllnm

l'izecl in table 4 in which a c011l1Hu'i· 

son is made, in the last 2 ('olulllns, 

of the l'elativl~ enE'l'PS utilization 

per pOllnd of gain by the l'eb\l'(led 
and the :mretal'Clecl animals. The 
lli (I'eren('e is Ilot ~t)'iking ill all,Y rasp 
and, n Ithol!gll llH'an PIH'rg,V intake 
per unit gain of the l'ctal'c1('c1 uni
mals was grcater than that of the 
('ol1t1'ols, tllt' diJl'el'ence waS only 3 
percent, 

The retanlec1 all irnals with 011e 
l'.weption weJ'(~ Hlallght('rcd lilter 
than their ('ot:win ('olltl'ols, As is 
Hllown by table 4, litt-Ip IlHlre energy 
was reg ni red to ]>l'o(ll1ee a 1,()[)()
pound anilllal when growlh WlIS )'e
tal'decl thHn wJll'n it: ,,'as ('onl il1110llS, 
The. explanation .may be I'hat the 
aninlills whose growth was I'et-al'd('(l 
fo), It time gaincd mOl'e ('('ollolllieaIIy 

aftCl' restricted feeding ended than 
did the control animals during this 
~llllle time (Jigs. 12 and 13, parts .d. 
and B). Perhaps a comparison 
I\lOl'e logical than that shown in A 
and R is that sho\\'11 in (} and D 
whl'l'e ellergy costs of gains, above 
1I1:lilltcnllnC'c (33), are plotted. A 
,'olllpnl'ison 011 n, stil1 dill'crellt basis 
is Illade in E and F. wherein rela
tin' energy rcquirements are com-. 
llnJ'pd at eqllB I body size, bnt at dif
fl'l'pnl- ngl's, The retarded animals 
{Pll<led to gain 1110l'e economically 
than did tIle ('olltl'Ols llntiJ the steers 
appl'o(Lehed slanghter weight. 

In figul'eH 1~ :lll<ll;~, n urn bel's rep
J'PsPllti ng rllel'gy va I nes increase 
-from I-op to hol'lom of each figure, 
tlterC'fol'(' t·he IWlll'PI' the top of the. 
figuJ'P H point iR, the greater the 
ec'ollolllj' it J'PIH'csents. 

EHects of reduced energy intalce on dressing percentages and 
quality of meat 

Carcass grades of the ('on troIs anclin the exceptional case the dif
and their' retnl'Cled ('otwins were. fel'cnce was not hu'ge (table 5).
with a single cxception, the slune; 
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TABLE 4.-Energy consumption and weight gain d1Lring entire trial 
/:;..:-, 

Energy constimedAge of animal Body weight 

During entire Per pound of 
Length Amount Daily trial gainT"in
Animal of I At bo ;\ t eml I of gain gain


No. 'I At he .\1; end poriorl i ginni.ngginninp of trial 	 of trial
of trial , of trial 	 IDigest- IDigest

'TDN ,ible Cal- TDN ible Cai
oriC's I ories I 

1-- --.~.~-,- -.--- ···--1 1---- --~--. -'" ---i -·-~~·---I 	 , 
Thou- Tholl-

Days Da.ys Days POllnris Pounds i I)ollnds Pounds Ponnds s(/nrl~ Pounds sands 
ControL_____________ 2 170 592 422 3GO 1,005 G'15 1. 53 4, 302 8,629 6.7 13.4 

4, ,188 8, 998 7. 0 14.0ExperimentaL_________ ] 170 668 498 3GO 1,006 6·10 1. 28 
·1,44.7 8,840 6.5 13. 0 ControL_____________ ·1 221 674 453 340 1,022 (i82 1. 50 

Experi1ll<'ntal.________ 3 221 674 453 , 3·12 1,024 (j82 1. 50 4, 323 8, G.J5 6.3 12.7 
ControL._____________ 5 182 521 331l I 360 1,002 ()·12 1. 89 3, 550 7,0-17 5.5 11. 0 
Expedm<'lllaL ____ __ __ _ 6 182 597 ,115 35·1 990 G36 1. 53 3, 682 7,34.4 5. 8 11.5 
Control _________ .__ 15 . J7G 5GO 38·1 270 I. 005 735 1. 91 3,90n 7, 898 5. 3 10. 7 
Exp<,rin1('lltal IG i 17(j G52 ,176 280 1,002 722 1. 52 4, 2G2 8, 5<15 5.9 11.8 
Control __ _. ___ . __ , 17! 180 5G·1 3S·1 340 1,005 (Hj5 1. 73 ,1,225 8,341 6.4 12.5 

5. 6 11. 2 Exp<'rin1('lltnl 18 I 180 63·1 ·15·1 32·1 1,00S (i8·1 1. 51 3, 857 7,641 
Control ______ . 8 I 18·1 ·J72 288 338 1,000 (j62 2. 30 3,113 G, 188 .J. 7 9.3 
Exp<'rimrnlal ____ .__ 7' l 18·1 GI0, '126 3·10 1,000 6(iO I. 55 

3,37R I G,71G 5. 1 10. 2 

~[~;l\roL ______ .. _____ ...L______________ \' _______________ .__ ..., ()72 	 3, 923 7,82'1 5. 8 11.6 
3, 998 7,982 6. 0 11.9

-ExpC'rin1('ntal , -----1-------- .------- -------- .. -- ...-.. ·------1 G71 
..__ "--__-!-__-.!...__---1___ 

I ~('e footnote 2, lable 2. 
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TAB1:'E 5.-·Gra(/c and phys£cal compo8itiO'll oj e((l'C(l88(,S oj cOl/trol and retarded 8teer.s 

Can'ass composition
Energy 	 Area of eye ....w· _~_~~_.__ 

, Twin i illi~ke mllscle
Animal N rltlrIn!!; Carcass grade (longissimns Fercen lage hasis 2 Pound basis 3 o. 	

J 

i rl'sirictcrl dorsi) or 
--~-----~.--..1 l)('riod I rib cnt 

:\fuscle Fat, Bone Muscle I Fat I Bone 
-._"--,. 

Percent -I'ControL _______________ 1 	 Sq. in. Percent Percent : Percent Pounds Pounds Pounds2 Q~ I Pr~me-----"------ 10.6 52.3 33. 5 ]4.2 322 206 $7Experilll('l1taL _______ " 10 I PrtJ)1e____________1 12. 0 49. 7 35. 9 14.4 316 228 92 
COil iroL______________ 4 90 ! Prime (low) _______ 10.7 5H.4 2,J. 7 15. 9 369 154Experimental. ________ -3 73 i Prime (10\\") _______ 99 

11.4 5S. 9 27.6 16.5 3,17 171 102
ICon lroL_______________ i 

ExperimPlltnL ________ ! 5 95 I(;ooc!. - - - - - - - - - - -	 57.3 25. 7 17.0 323 145 9662 (;oorL ___________ 10. 616 
, 10. 6 5·1. 2 2il. 3 17.5 302 158 98 

ControL ___ . __________ 1 15 98 ! Choice (high) _____ 12.6 I 50.2 32. 9 16. 9 308 202 104ExpcrimPlltnl .. __ ." _.. _; 16 61 Choice (high) _____ 	 52. 7 10.6 30.7 ]6.6 320 187 101I 
jControL___ _____ j 17 101 ('hoier' (high) _____ 1·1.,( I 58.5 25.9 15.7 368E'p"'""","L .. ____I 18 48 Primp ____________ 163 99 

13.6 59. 8 26.0 I ~l. 1 374 163 88 
ControL____ ,. _________ 8 lOS j Coocl ____________ ]0.7 2,1. 3Expprill1<'llial. _________ ,15 Goocl ____________ 59.6/ 16. 1 345 l·n 937 	 12. 0 62.4 20. 8 16.8 402 134 108 

1 

1 Expressed as 1\ proportion of the energy suppliecl by libeml Separable fat of dressed carcass = 3.54 + 0.8 of percelltageratiolJ. of separable fat in Hth-10th-llth-db cut. 
2 Equ1\tiolls derived by Hankins and Howe (8) h:we been usecl Separable bone and tendon of dressed carcass = 5.52 + 0.57 

to estilllat,e the physicai composition of the dressecl carcasses. of percentage of separable bone and tendon in 9th-10th-The equations are as follows: 11th-rib cut. 
Separable muscle of dressed carcass = 16.08 + 0.8 oC percent 3 Carcass composition, pound basis = composition, percentage

age of separable muscle in 9th-lOth-llth-rib cut. basis X cold weight of carcass. 

~ 
W 



1,000 

PAIR 8 AND 7 GALS • PAIR 17 AND 18 .-______________________-. 4 

,z 
oz 
~;;: 
1L'c> S 
~,~ 1 
'0" I
z'o 8 I 
,g~ I 

"- 0 ~_ 
..1,"- 10 

O~ ~:: L..A L__ __L-__L-__ 

-

L_., 
I 
I 
I 

I II._- CONTROl:. 

~~~..J'''GE_D_L__'=l_"_ 
----'----' 28 

3 
, 	 I 

5 	 L_ .. JJ51n
7 1 r : 

C 	 i ,o!.. , 
9 L---L---2t,-0--3LO--4

L
O----l 0 10 20 30 40

0 
WEEKS AFTER END OF PERIOD OF REDUCED RATIONS 

2 r------------'-----~-' r'-~-----------------, 

4 
z 
Oz .... 
lL et S 

"0 C> 

~~ 
zo' 8 
::>z 
o=> 
~~IO 
eta: 
.... '" g"-12 

14 £ 

-' 	

i 
~- / ..........."." 


1 I It-.' 

---CONTROL 
--RETARDED 

1 
-: ~F 

8 

III 

'"a: 
oz .,~' 
-' etet 

12 u C> 
",IL 
-,0 

IS ~~ 
III=> 

"'0 


20 ~ "
0a: 

-'''' 


24 i'! "
o .... 

2111* 
~z 
a:;;: 

S3c> 
<tIL 
uO 

10 ",0-,z 
<D::> 

14 t; ~ 
"'a: 

18 0"-"'''' 

III 
8~ 

•0:: 
oz 

12 ;;:;;:
u'" 
~~ 

IS 	<Do 

j::z 

III::> 

20 ~~ 
oa: 
-,'"

24 <t ".... 
o 

2B .... 
L-_L-_L-_L-_L-_L-_L-~ ,_~I_~_~_~_~_~'~-J 

300 400 500 SOO 700 BOO 900 300 400 500 600 700 BOO 900 1,000 
BODY WEIGHT (POUNDS) 

FiGURE 12.-Rt'lntil'l' N'OlHllIlY uf /-:aill': of twu pail's of twill Hi'(,PI'H a 1'1('1' tilt' end of tllP 
period dlll'ing whic'h Olll' IIIl'llllwl' or ('Heb pail' wn~ on 1'('Htl'ictt'd t'nl'l'~Y intnke, 
For 26 weeks steer No, IS bad lJeen restrictcc1lo Ull energy illtal,e l'qun.! to -IS perccnt 
of that SUllPli!'t1 hy a lillt'ral I'll lioll. st('('l' :'\0, 7 to ·1;; Ilt'I'('PIIL 'I'hl' olilel' llIPlllhcl' 
of each pail' Hen'pt! nH n. ('01111'1)1. ill.1 thl'oul!h D. til(' Hninmls WPl'l' of equal age, 
but not of equal wl'ighl: in E :11l1l /0' thl'y W(,I'(, of 1'111H11 weight. but Ilot or !'lInal 
age, 

Bone usually l'ollstituted a :;illli
hlr percentage of the C:lI.'casses oi' 
pair members, but thel'(' were some 
ap:preci:tblc clifl'cl'Cl1Cl'S b(·t wc('n c()
twms in pel'l'Cntages of I':lt alld 
muscle. Sincei n Home cases tlH' 
control was the :fatter inclividu:tl, 
and in other cases the retarded ani-

II III I \\';\;.; fatter, !'lIP le"el of energy 
in the mtiolls during the period of 
rl'stridl'd fC'cdill/!, 1m1'(11 Y('Oil hl hu\'e 
lJeC'1I the Cal1HC of 1'C'latiYl' :fatness 
of the en J'CltSSl'S, 1n ii of the () 
pail'S, the l'ye of the rib (,lit was fat • 
(l'!' in the animal that had had the 
liltlited ration; in 4 of the () pairs 
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Pf(WIU': ·1:1.-l(·lntin' t'('onollIY of f!llim; of t\\'o pairs of twin HtcerS aftl~r the end 
oJ til(' pt'riod (lurillg which m,p IIIcmiH:!r of (,:Iell pair waR on rl'Htricte<1 energy 
inwkp. I·'or 2G wcpks MI'l'I' Xo. Hi hnd beell rpslTietNl to till pnpl'gy intnlw'equal 
to 61 ]It'I'c('ni: of that: StllWli\'l1 II)' 11 lib('rnl Tatiol1. "t~\1.'1' Xu. G to (;;t pcrc(>11t, The 
othf'!" III!'llllJpl' of caeh ll:lir ~WI"I't,tl as n t'.onll'ol. 1.11 A through IJ, the nnill1llls were 
of pl/lI:11 age, but Jlot or ('qnnl w('il!ht; in R ulld P, the.\' IYcrp'of equal weight, hut 
110t of l'qun 1 :lgP. 

the l'Pllwindel.' of the pdible portion The differences between pairs 
of the 9th-10th-llth-l:ib C'lltwas fat shown ill taillp 5 l)l'obltbly are dne 
(el', :Hi was alSO thp s(>mitpndinosul' to inherited eharllcteristics rather' 
oJ the round cut. 'While this may t han to nutrition. As one would 
seern to indicate that: reduced I'll l'xpect, those pairs that were pUl'e
tions hnd tl 'f'avol'able influence 011 bred animals pl'Oclllecc1 tl1e more de
ment quality, \\'0 assume that the sirable carcasses, wllCl'eas the pair 
difYprel1ecs actually were due to that ell l'I'i('(l the Ipast beef blood pro
chance. .hen of the eye muscle of duced the least desirable carcasses. 
the 9th-lOth-llth-l'ib cnt was For example, pnil' Nos. 4. and 3 ~ 
f,'1'catel' in sOllle CUSl'R ill the control (plIl'('bJ'Pcl ~\b('.J'(ll'en Angus steers) 
and in oUlel' cases in the retarded ,\'el'e graded llllH:h high·el' than pair 
member of It twin pair. Nos, 5 and 6 (crossbred Hereford 

2S 



Control Experimental 

• 


Steer No. 17, purebred Aberdeen Steer No, 18, cotwin of No. 17 
Angus 

• 

Steer No.8, purebred Aberdeen Steer No.7, cotwin of No.8 

Angus 
 •

IPrnnll( ·]']·,-("III'{'a":S('>4 "I' sll'(,I'''' f('c] 1I11Iillll'II(1I1{"p ratiulls hI'IWl'l'1I Ihl' :I~l'~ "r Ii alld 

]:! Jiltlilths I.'lJllI[JIII'P(] willi (':lI'l'a>'i-il'S "I' Ihl'it' II"I'II-I'p(] ic\l'nlit':l1 ('olwini', ]';:ll'h ilr 
til!' :ll1iJl1I1I~ lI'('i~II('c\ aJlPI'lIxilll:tII'I~' 1,1100 p"IIII!!:'; al tilllP of !-'1:lI1~hll'r. 
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·x.G~u¢rlis~y steeJ.:s) '~Y~n thougll the,' One member ~f each of these, pair~, ': 
£ormeractually wel'eslightly .less was supplied energy at' the mllirtte~; 
fat than the latter. This differ nance levelbetween ages 6 and,12' , 
ence in grade was due to I)" differ months. The figure shows thatthe,' 
ence in distribution of fat. In cotwins, despite the differences in,', - ,
the purebred animals, desirable feeding, were similar in conforma~ ,;" " ' 
amounts of fat accumulated outside tion when the animals reached 1;000the ribs to produce carcasses of very 

pounds.good conformation; whereas, in the 
Inheritance appears to have hadcrossbred steers, fat tended to ac

an influence on the dressing percumulate in greater amounts within 
the abdominal cavity. centages. The crossbred Hereford 

Carcasses of control steers 17 and X Guernseys (pair Nos. 5 and 6) 
8 are compared with those of their had the lowest dressing percentages 
experimental ('otwins in figUl'e 14. of the lot (table (). 

TABLE ().-D1'e88in.q percentages of th.e 8iw pairs of steer8 

Final DreSSingTwill Weight,Animal weight in percent-No. coldfeed lot age 1 

PO'llnels Pounds
ControL _____ ... ____ .• _. ___________ 2 1,005 616 61ExperimentaL _______________________ 

.' 

1 1,006 (j36 63 


ControL__ .. __ . ______________ . ___ . 
 4 1,022 622 61 
ExperimentaL _______ --_.- _-- --- ___ -. 3 1,024 620 60 
ControL___ • ______________ • ___ . __ 5 !JU3 563 5,7
ExperimentaL __ 6 9HO 558 56' 

--------------~-----

ControL____ - .--- 15 .1,005 613 61._-- - ... ---- -~--ExperimentaL ___ ... ___ • ___________ . __ 16 1,002 608 61 
ControL__ ., .. ______________________ 17 1,005 629 ! 63
ExperimentaL_. ____ . ________________ 18 1,008 626 I 62 

I
ControL_____ 8 1,000 258
ExperirnentaL____ . __________________ ,7 1, 000 ~~~ J 264 

. Cold weight 
1 Dresl;lIlg percen tage= P' I 'I t· flIt X 100J' lila welg 1 \II ee( 0 
2 This relatively large differelll:e is explained, in part, by the fact that the HfiIJ" 'Of 

No.8 !J.t slaughter was 4.0 pounds grea.ter thaI! that of N"o. 7. 

The only conspicuous within-pair meat appeal's not to have been 
difference in dre<;sing percentages llmitecl greatly by restricted energy· . 
was in pail' Nos. 7 and 8; the higher intake (table 5). . 
of the two dressing percentages Within reasonable limits quality 
was that of the individual that had of the meat is closely related to tlie 
been on a maintenance ration for G level of fat in beef muscle. As nn 
months. Considered together, these index of the relative quality of the 
facts seem to indicate that a period meat of the retarded and control 
of restricted energy intake did not animals, analyses of two cuts of 
influence the dressing percentages meat f1'ol11 each l'lll'l'nSS are. given in 
adversely. Likewise, total leiln btble 7. Of the muscles. tl.nalyzed, 
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.. 'irheniidk~ composition ·of~he. };emiterl/iino8u8. oj ·the.·roundand. 
. ........ .' 'of the Bth-l0th-l1th-r'ib aut' - -

Twin·Ani~al No. 

2 


1 


4 


3 


5 


6 


15 


16 


17 


18 


8 


7 


Items. compared 

Ash____________ 
Protein _________ 
Ether extract ___

ateL _________ 
Ash ____________ 
Protein _________ 
gther extract___

ateL_________ 
Ash ____________ 
Protein _________ 
Ether extract __ 
Water_________ 
Ash ___________ 
Protein________ 
Etlwr extract ___ 

Ash ____________ 
Protein. ________ 
Ether extraet__ 
'Vater__________ 
Ash ___________ 
Protein _________ 
j':ther extract_ _Iater__________ 
Ash ___________ 
Proteill _________ 
Ether extract ___
WateL _________ 
1\sh____________ 
Protein_________ 
Hither extract. _ 

... ~~~----Ash _________ 
Proteill __ .. 
gther extmet ___ 

Semiten
dinoslls of 
the round 

Percent 
73. 6 


1.1 
22. 4 


2. 8 

71. 8 


1.1 
21. 0 
5.9 

73. 9 

1.1 

22. 4 

2.0 

73. 6 

1.1 

22. 6 

2.3 

73. 8 

1.0 

21. 9 

2. 5 


74. 2 

1. 1 


20. 5 

3. 9 


74. 6 

I. I 


21. 1 

2. 9 


73. 7 

1.1 

22.2 
2. \) 

73. !) 
1.1 

22.7 
2. 4 


74. 3 

I. 1 


21. 7 

2. 6 


75. 0 
1. 1 


22.2 
1.9 

-.-------

9th-10th-ilth-rib cut 

Remainder of 
edible portion 

of rib cut 
including 

separable fat 

Percent Percent 
70. 4 33.6 

1.1 .5 

22.1 	 10.5 


fl. 6 55. 9 

66.7 	 36. 5 


.9 .5 

19. 8 10.6 
11. 9 51. 8 

71. 9 45. 6 

1.0 .7 


21. 6 ]3.7 
4. 9 39. 7 


71. 7 35. 8 

1.0 .5 


21. 8 10.6 
5. 0 52. 8 


73. 5 49. 0 

1.0 .7 


22.2 14. 8 

2. 8 35. 2 


74.0 40. 2 

1.0 .6 


22.0 12. 5 

2.4 46. 6 


72.7 45.4 
L.O .7 


21. 2 14.6 
3. 9 38. 4 


71. 6 38. 6 

1.0 .5 


21. 6 11. 1 

5. 2 40. 7 


73. 5 47. 2 

1.1 .7 


22. 8 15.2 
l.3 36. 3 


73. 1 44. 5 

1. 1 .6 


22. 1 13.8 
3. 4 41. 0 


73. 6 40. 8 

1.1. .6 


23.3 13.4 
2.3 45.6 

72. 5 54. 4 

1.1 .8 


22. 2 16.0 
'1. 2 28.5 

• 


• 
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those of the steers that were sub
jected to growth interruption were 
not less fit than those of their co
twins that grew continuously. This 
suggests that, by this criterion, the 
meat of the retarded animn.ls was 
not inferior to that of their controls. 

Palatability tests were made of 
meat of the 9th-10th-] Hh-rib cut 
by a. specialist v',ith the assistance of 
a group of illdi,oiduals, each of 
I\-hom had had considerable expe
rience in judging mcat (18). 1. TSU_ 
ally 2 to 4 months of time separatcd 
the testing of meat of cOtwillS, lUHI 
the personnel comprising the test
ing group YRried; therefore it 
1\"(1I1lcl be expected that eyen though 
the meat of <.:otwins were exactly 
the StU11e, there would be small eli'f
fel'ences in the scores for the pail" 
members. ~\.!!t' di Il'el"cl1('es bet\\~eel\ 
cotwins at tirilP of slallghtpl' loaded 

from 0 to 138 days. .Although a 
difference in age cou.ld have i.nflu
enced the tenderness of meat as well 
as quality of fat withiI'l the muscle, 
data given in table 8 show that such 
eli Iferences as existed between meat 
quality of cotw.ins were small. Th.e. 
l1lechanical shea)' test of tenderness 
(table 8, COlUI1l1112) shows thatdif
fpl'ences measured by such tests, to 
,...hich tUlY significance can be. at
tributed, existed only in pair Nos. 
5 and 6 and pair Nos. 17 llu(118j 
and in ench of these cases it wab 
the meat of the retarded anima.l 
that was the more tender. Our in
ter}>l'eUltion of the datl,t ill table 8 
is that ~ so Ja r as meat quality is COl1
('(,I"I1('(\. rations as lOll" as mainte
Il:lIH'e for as lOll!! as 6 months had 
no nnftl"o rabie' effect on meat 
quality. 

DISCUSSION 


• The growth ('u)'ves of cnH k on 
the range, with little or 110 slIpple
IJlental"Y :Jh'd. exhibit· a peculiaI' (".1'
('Iic pattern (fig. 1.5). en.lyes 011 

Texas ranges gain weight rapidly 
(Illring the spl'ing and pal'l.\' SUIll
1ll(,I' lIlItil Jul\'. 1)urino' nIP I'll_ 

Illui ndet' of the Slllllll1l'r, tlwv !!a i lJ 

Jess rapidly and either llllrely'niain
ttlill weight or undergo it w('ight Inss 
dlll'ing the fa 11 and wi ntl'l' (LJ). 
Kn~lpp (lJ) rl'pol'ts that gJ'owth 
t'ltl"\'('S of l'Hngp cattle ill "[ontana 
follow a silllil:!l' pattel'n, and ]Joints 
out tllt,lt "this gPllPl'al stail'step pat
tern of growtll tlppears to be llOt'ma 1 
for ("attIc in the Great Plains tu'(>a:' 

Is such a gl'owth patt-el'n aceOJ11
panied by 10\\"(>1' elIieieney in tIlt' 
lltilization of f(,N1 Ulan t'hat obtain
nble. under conditiol1s of eOl1til1UOll~ 
growth? Is tIl(> meat of animaIs 
\\'llOse growth has ueen interrupted 
inferior in qunlity to that 01: ani
mals whose growth has not bec'n in'.i 
tm'I"upted ~ 'Does the carClLSS of :Ill 
animal thnt did 110t grow conti n!l
ously contain It smaller proportion 

(rl' lean meat than t1mt of an animal 
that: <lid f!.TOW ('olltinnously'! 

I'll(> data prps('nte<l here suggest 
that l"Pi:tu'dntioll of growth during 
the pel'iod uptween ages () and 12 
Illol1ihs dill not adl'el'sely influence 
su\)sl'f]l1eni dlit-it,llCY in feed utiliza
tion, (lIlHlity of Illpnt, or quantity of 
1(':1.11 lIl(>at. r':I'ell though the time 
1"t'«lli.I'{>(l by i:l1P indiyidllals to reach 
slallghtel' weight (l,O()() pounds) 
\\,:lS' intl'pased lJ)' a period of 1'e
dU{'N] fep<1 intake (in most cases by 
~ 01' ;3 nlollths, lllHI in one case by 
~I·\/~ 1I101lt1lS) the i:otal HlIIollnt of 
fpp(i required to produce a. pound of 
bl'P/' II-as il1(,I'P:lRC'd on Iy slightly by 
niP (i-Il\Ollth pC'I'ioll of low-energy 
a lIowtll\('e, .\.ppal'cntly an increase 
in pllieiC'Il<''y of feed utiliza.tion after 
file I Jl'riocl of reduC'ed energy intake 
PlvIed n.ceoullts for the tact that so 
little dil!'el'ell('e was observed in thp 
ltlllOllnts of feed llltimately required 
t·o produce II unit weight of beef. 

HesuHs l'epor1ed by earlier inves
tigators j lIdren te that t111 imals fed 
rations low in energy but prcsmn
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TABT.E S.-illeat q:uality 1 

I 
T9nder-

Intensity ·nessDesirability 

Animal 	 Twin INo. 
Flavor I Flavor Tender- Quantity Flavor Flavor Shear 

Richness AromaAroma of fat of lean ness of juice of fat of lean test ~ 

....... - .. '--- ......------- --,.....--.. +'--_.-. ~-.-.... 
~-- ~-------. 

Control _______________________ 	 5. 2 5. 6 5. (i (i. 0 5. S 6.6 122 4.8 4.0 5. 0 
Experimentlli. _________________ I .j. S 3. S 5.•1 6. 2 6. 0 5. 8 5. 8 6.4 6. S 12 

Con t 1'01. ____ .. __ • __________ - - - _\ 4 5. 0 3. 2 5. 2 5.6 5. 4 5. R 6. 2 5. S 6. 2 12 
ExperimentaL __________ .. _____! 3 5.0 3. 2 5.4 5. 6 5. 6 5. 6 6. 0 6. 0 6. 4 11 

Con t 1'01. ____________ ... ____ - - -- 5 5. 2 3. S 5. 0 5. '.1 ,j.6 5. 0 6. 7 5. S 6. 0 14 
2.6 5. 4 5. S 5. 6 5. ·1 5. 8 6. 2 6. 6 11

Experi men taL. _____ - __ - - - - - - --J 6 5. 0 
I 13 ,...ControL ______________________ 1 ,'i.O 3. S 5. 2 o.- ?~ 5.6 5. '.I 5. 6 5.8 6. 415 6. 0 6.2 6. ,1 14Experi mCIl tal __________ - - __ - - -- 16 '1. 6 3. 8 4. 8 6. 2 5. 0 4. " 

6. '1 13
Control _______ • ___ -_ - - -------- 17 5. 0 3. 2 5. 0 5. 0 5. 6 5. 2 6. 0 6.2 

~Experimental .. --......... - ... 18 5. 0 3.6 5. 0 6. ? , 5. 8 5. 8 6. 0 5.8 6. " 10 

,~ 

Control ..... 	
i 

S 5. 2 4. 2 5.•, 5. () I 5. [) n.6 6.0 5.8 6. ,I 13 
- ? 	 6. 2 6. d 14

Expcri mell tal. . 7 5.0 1 
I 

4. 0 5. 3 o. ~ 5. 0 5.3 5. 8 

eoltlllln under intensity) would indicate extremely tough meat;
1 The numbers] to 7 indil'llte t hc dcgrce cither of intensity or of 

nUlllber 7 would reprcscnt, very tendcr mcnt.desirability of fadors such IlS aromll, flavor, or tcnderness. Num
2 Pounds of forcc pCI' square inch required to shear a cylindrical. ber 1 represents the ubsence of Il desinthle fador, i. e., the indica

section of mcat having a diameter of 1 inch. Meat fibers weretions of its presence arc of sllch low intensity as to be impcrceptible. 

Number 1 in relation t.o the test of intensity of tenderness (.It:h cut crosswise. 
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/ \ TEXAS STEERS AND HEIFERS 

6 12 18 24 30 36 
: NUMBER OF MONTHS : " 

SEPT. DEC. MAR. JUNE SEPT. DEC. MAR. JUNE SEPT. DEC. MAR: 

l;'I/lUIt~; IJ,-)felln wl'ight gains /)f heef cattle uuder ditIerf'nt systems of feeding. 
'L'he 'I\'xas cattle wt're Illl rear-loll~ pastun' and recei\'ed l\() f('et\ t'xcel)t milk of 
t1H~il' dams up to weaning' time, and It n'IT ;:111:111 amount of supplplll\'ntal feed in 
very :;evere winters. The :\lillllesota stepr» we\'{' fNl all the gruin tbey would clean 
up ql1iekly and :III the mllglJ:l;.!e tllt'y \\'oliid (':lL ~L'he Missouri stt-'(~rs were fed to 
lIIake good gnillS without :Ill)' cOllsidt'rabl\'- <lIlIOllllt of fattening. Mouths indicat~ 
ing agl' of call'es refer to nil thrL'l' CUI'n's; nlomh;: indi('ated by abbre\'iations refer 
to ~r{'xas ellr"e Hilly. (From HNorllla I (: rowth of Ita IIge Cattle" (13». • 

auly otherwise adequate tend to 
mak(' more elJicient use of feed dur
ing recovery than do unretul'(led
contJ'ols (t), la, jf). .):2), 

The perfol'lllan('(' of adult steers 
i'ed rat"ioHs e'llllll to about half of 
maiutenance for about 41/z months 
and subseC)uelltly fed fattening ra
tions led Bl'I1l'dict and Ritzman (J) 
to the conclusioll that: "Adult steers 
m:ty be calTied through the winter 
011 extraordinarily low mtions and 
subjected to lleavy losses 111 weight 
without experiencing any pel'm:l
nel1t damage, and are able to re
sume their o6ginal weight and, in
deed, can be fattened for market 
with subsequent high feeding." 

In CaliforniR (6), one group of 
steer c:t]ves was fed range Tl)r:tge 
plus concentrates from .July to .Jan
uary in amounts sufficient to enable 

thell\ to gain 1 pound of weight 
daily, whereas n, second group of 
steers, allowed only forage dUl:ing 
this time, lost we,ight. From Jan
lIary to .Tunp, when growing pas
tures wel'e lLnlilable, the first group 
was fed no supplement, whereas 
the second group was given sup
plementary feed. The second group' 
made greater gains during this time, 
than the first group. Finally, from. 
.hme to early September, both 
groups were gi,'en COllcentrates on 
a full-feed basis on the range. 
'Whereas the total cost of concen-' 
h'ates for each of the two g,rOUP$ 
waS similar, the first group returned.. 
considerably more profit than the 
second because of thegrenter gains. 
made by the former and 1\ somewhat!..i 
higher selljng lll'ice per pound.' 
This research amply demonstr!1te8;' 



tl~e usefuln'ess of high-protein con
centrates to snpplement protein
deficient forage. 

Worket·s at the Oklahoma sta
tion also hn,ye demonstrated the 
value of protein supplements when 
fed with native grasses during 
seasons of the year when deficiencies 
llppear in range forage (21 ~ 'ln~ 25. 
fJ8). However, in one series of 
trials, greater profits were realized 
when 3-year-old steers were fat
tened on grass alone Trom early 
May to mia-Septcmber (laO clays) 
than when they werc feel gr:ls:l plus 
supplements n.ncl marketed after 
they had grazed 106 days. Profits 
also were greater when grass -mlS 
ieel without supplements for 1;3G 
days than when tltis pnt('tiee was 
followed for only lOG days (;!7). In 
general, the practice of feeding 3 
pounds of oats per head pel' day to 
cattle on cottonseed (lake pIllS fo ,
age or hay was found not to lll' 
profitable (19, '20. 2;2. 24). How
ever, when fed in :t tJ'ap, 01' holding 
pen, the feedil1g of oats did yic1d a 
profit (f35) , Protein pelll'ts feel 
with grass during the Slllllllll'l' in
creased weight gai ns an<1 lwt pl'O
fits to levels above thOSE;> nUllle \\"ith 
grass (llone, but steers fl'd grOlllld 
shellea~ corn instead of tllc pl'Otpin 
pellets gained more' \n'ight nnd 
yielded a, greater net l)l'ofit than 

(liel the steers that received the pro
tein supplement (f36).

A mathematical l'e1ationship bc
tween il1blke and weight gains 
has been shown to exist whell ex
perimental conditions are sueh that 
intake of PI1(,l'gy is tIll' factor limit
ing growth (33), On the basis of 
this rclationship. tlH? findings re
yil'wed hpl'(;'. ttlHl tlH' ori!!ina1 data 
rpporl:('<1 in this publication, it may 
he conclllded that if feed pl'icps arl' 
10\\' l'nollgh to Pliable h'?et pl'O
dll(,Pl'S to fecd 1'01' rapid, continu
ous gains thl'Oughout- Ill(' ,n'al', this 
Illl'thod is tIll' 1ll0l'P dpsil'ahll' sinC'c 
it IllHkcs pos.qihlc th(' IIlal'keting of 
beef allimals at the ('arlit'st agp 
possib](', lIo\\'ewl', it sometimes 
hapl)(,ll~ that pl'i{'('''; of I'('('<ls. other 
than fora!!t', aI'(' :"0 hi!!h <ltll'ill!! n 
pnrt of tl1(, ypar as to 'prpC'lu(lp 'the 
p()ssibili(~' of pl'ofitR whcn such 
fpe(ls art' llspd ex('('pt ill limited 
:t1110UIlt':;, I II ('as('s of thi,.; kind, l'l'
taniPd or ('\'(l1l intt'lTllptpd ~rowth 
of ('attlt' 1l1H,\" I.w 11IOl'P pl'()fihtbl(' 
than ('ontilltlOllS growth, It seems 
l·\'idplIl that ,"Ollll!! !!l'owill<r catt1p 
can IJP ('a rri(~d ri)l" as 101l~ as (j 

1I10llths at Hn ('IIP!'!!\' 1('\'('1 HS low 
as lIlaint('llallcP. it'tlll' known lIU
tTitiolln I Ill'pds nsidl' 1'1'0111 PIlPrgy 
l'pquin'IIIPlltsfOl' growth ttrp JlIet, 
without loss l:lt(,I' ('1thp1' ill eflicieney 
of h'(I(1 tltili:;mtion 01' in mettt: 
quality, 

SUMMARY AND CONCLUSIONS 

A study was JIlatll'. with six pairs 

of monozygotic (identical) twin 
steers, of the l'elativ(' ('11\'('\"s of ('on
tinuous and of in!:el'mptetl growth. 
The criterion or "olli.'-egg" origin 
of the twins, upon \\"hieh finnl l'(, 

Hance was p1aecc1, was it blood test 
of an antigenic type, 

One Inembel' of each pail' of twins 
was subjected to rcf:flJ'(lntioll of 
growth and the other was fe(] lib
erally, Two experimenhd allima1s 

about :j() P(,I'(,(,lIt of nlihl'ra1 ration, 
(~) (j~ 1)(,ITl'1I1 of a lilwI'1I1 ratioll, 
alld (;~) 7:> Pl'I'Cf'nt of 1I liIJ(,l'al I'a

dOlI. The twolo\\"('l' a llowanel's 
\\'PI'P I'pt! til(> stcpl'S for G llIonths, 
lwtWl'('1l tIl(' ages of 6 Hlld l~ months. 
Tlw 7!i-pl'I'('PlIt rat-ioll was fC'd for 
a. pl'l'iod sOlllPwhat longer t.han G 
months. .\J till? cnd of thc peril)([ 
of reduced f('('(ling the' )'etal'llpd ani
llIa1s wel'e fl'<l a 1ibl'ml rntion; tll(' 
('olltJ'ols wcn' ginn 1iberu1 allow

• 


• 


• 

were feel at each of (-he following ances t.h 1'01lgholl t the l'xperi ment. 
energy levels: (1) Maintenance, or The low-ea1ot"ie rations were cle
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ficient, so far as is known, only in 
energy. 

The steers gained a pound a, day 
on the 'i5-percent Tation. 0.5 pound 
a day on the 62-percent ration, and 
neither gained nor lost much weight 
on the maintenance allowance. 

After the pel'iod of reduced in
take ended. all the l'('hll'dC'd anil11r.Js 
gn ined \YE'ight rapidly :1nd et'onomi
cally. 

J<:nch steel' \YftS slnu~htel'('<l when 
it I'eache(] n wright o~f about l,OOll 
pounds. 4\lthough in lll()~t cases 
thp L'C'blnkd anillwl;:; rcar'hed 
slaughter ,,"pight 'l!l'OlLl 10 tel':W 
\\'l'eks Jutl'L' (han did (itt'ir t'ot\\'iJls. 
the f01'l11el' aitainl'd tbis \\'('i!!llt or; 
a pproxi ilIa (ply thl' sun1l' i III ;dn\ of 
PIlP!'!!V as till' latpl·. Tit is l'atlwl' 
::Hll'r)I'Jlii Ilg l'l'slll ( is pxp I a illPd by Hll' 
fact that afteL' L'(I(luCNl f('P<iinp: 

ended, the retarded animals made 
more economical gains than did 
their cotwins, 

C:tl'enss grades, ancl meat quality 
of the retarded animals were not 
lowered appreciably by the period 
of 10w-encl'f..'Jr intake. The quan
titv of IE'Hn meat in the carcass was 
not (l('cl'eased by interruption of 
!!l'owth, 
. It i~ concluded that ullder cOl1(li
tion5 of l'C'C'd scarcity beef cattle be
l\W('ll til(' Ilg('S of 6 and 12 months 
eH Il bc' l':ll'l'i eel a t an energy level 
as low as IIIa illtelmnce, if the l1Ll

tl'itionnl needs othel' tl1an those for 
pm'l'gy al'p sllpplied, without loss 
la('Pl' ill (>iliciPl1cyoJ fcpd utUizatiol1, 
lllPH! quality, ol'in HlP Pl'OPOl'tiollOf 
IPHl.l nH'at. as compaL'ed with fat 
a lJd bOlH'. in the Cal'eaSS, 
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