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..‘B_elai"ive Effects of Con‘finuggsf

and interrupted Growth
on BEEF STEERS

By C. B\

INTRODUCTION

1t 18 commonly believed that beet
wlves utilize feed wmore efticiently
when growtlt iy confinuous than
when ot s interrupted.  Morrison
(14)7 advizes that beet calves be ted
to gain at least half o pound daily,
(ruilbert and associates (6). on the
bagis of a study of growth of beet
calves during the dey seavon in (al-
rfornia, stated : ~From the stand-
point of total feed vequired to pro-
duce g unit ot product, greatest of-
ficiency ix obrained from a high
plane of nutrition with continnous
erowth and development.”

Nevertheless, svstems of manage-
ment that invoive periods when
growth of yvoung cartle is refarded
by varving degrees. or even periods
during which the animals gain uo
weight, are fmrly common.  Prob-
ably mnst beef cattle undereo ut
feast some growth retardation dur-
ing their ive=. T'nder many con-
ditions, continnous growth van be
maintained during the winfer, or
during or following o drought. only
at great expense.  To the beef pro-
dueer confronted with a problem
that involves the phystological in-
fluences us well ax the economie of-
iects of periods of retarded and in-
tervupted growth, the question as
to what possible arnt may be dane
the animals by interraption of
arowth is of importance.

Because the levels of puoteiw,

Titalic numbers e parentheses refer
te Lirerature Cited, po 33.

WINCRESTER, witimal physiologist, and Dave 5. Hown, wutrition consultam
Animal und Pauliry Hasbandry Kesewreh Brawceh,

Jgrivwitnral Researeh Service

carotene, and phosphorus in range
gritsses decline as the plants ma-
tuve, runge forage becomes an in-
creasingly less satistuctory feed for
cattle as the season advances.
Cruantity and quality of the feed
dectine simuitaneousty, Theretore,
it is of gveat importance to know the
relative disadvantages of the re-
striction of feed nurrments, at least
the mjor nutrieats, te varvious
levels for ditferent periods of time.
Such knowledge wonld enable pro-
ducers to evaluate the feeds nvail-
able, and to plan feeding programs
1o bring about h.\tlsi(wtmy 1'ecOvVery
from the eflects of vetardation.

In the rvesearclh reported here,
weight gaing of beef steers were re-
rarded between the ages of approx-
imately 6 and 12 to 16 months by
vations fhat vavied i energy value
from u level that maintained body
weight up to one that provided fou
about 1 pound of gain o day. Be-
eause protein. envotene, und min-
erals wope fod at levels adequute
for vapid gains, retardation of
arowth may be assumed to have
been dne ro the low-enerey value of
the ruttons rather than to a de-
licieney syndrome such as one that
may ecccur when winter forage, de-
icient in nutvients other than those
supplying energy, is consumed by
cattte over a peried of several
smont s,

The research reported here was
widertaken to deteninine some ef-

fects of o deluy in growth on subse-




quent performance of beef cattle.

efficiency of feed utilization, quality

© Data were compiled on the effectsof  of meat, and proportion of the
growth interruption on subsequent

carcass represented by lean meat.

EXPERIMENTAL METHODS AND MATERIALS

Animals used

Since both membeis of a paiv of
identical twing possess the same n-
hervited characteristics, the use of
identical twin cattle in veseareh
{one cotwin being used as the ex-
perimental animal aud the other ag
the control) eliminates genetie dif-
terences between experiveontal wid
contrel antmals and greadly veduwes
the number of individuals vequived
for developing reliable informaation
(3,5,7). However, tdentical twins
are born to cows of the heef hreeds
perhaps no oftener than onee in
every 1,000 to 2000 births, and the
accumudntion of even a smad! herd
of identical £wing is diflicult.

Although 9 pairs of male twin
calves were purelused for thix
study, only 6 pairs were found fo
be of the identicad tvpe: the other
3 pairs were Teafernsd twins, Data
obtained with the identical twins
are reported heve, whereas those
obtained with fraternad twing are
not. Information compiled on a
given pair of fradernal twing, by it-
self relatively insigailicant, would

add little to the present report and
tend fo ohscure such conclusions as
might be drawn from the data ob-
tained with the identical twins,

Whether or not the members of a
given pair of twins were identical
{of one-cgw origin} was delermined
Frst by crvitical physieal examma-
fion.  Later, blood samples were
taken from those sets of twins that
appenred to be definitely identieal,
angd the originl dingnosis was con-
firnied by mieans of o blood test ot an
antigenie type {70 /(). Resnlts of
such s hiood test ave considered
wholly reliable when the analysis
indieates that the twins are not
ilentical. and 90 percent veliable
when it indicates that they prob-
ably ave identieal,

The six paivs of fwins nsed in this
study  were, Dhevond  reasonable
donbt, identical bwins. Five of the
ix pairs were purebred Aberdeen
Aogus and the other pair (Nos. 5
and 6 were Flereford X (fuernsey
crosshreds,

Rations and feeding procedures

Table 1 shows the rations used in
this study. These rations were
designed to provide Tiberal allow-
ances of all nutrients, other than
those that supply energy. that are
fmown to be requirved hy cattle. QOue
member of ecach pair of twins (ex-
perimental animal} wens subjected
to growth retardnlion by feeding it
one of the low-cnergy wations,
whereas the other membey {contiol
animai) was fed the liberal ration.

In ovder to insure an adequale
protein supply, Biaxter and Mitch-

ells 23 relatively Jiberal protein
allowances for dairy heifers were
approached or exceeded. The Tow-
energy rations fed in these experi-
ments were (hiferent, insofar as the
proportions of the various nufrients
are conertned. Trom o radion con-
sisfing solely of unsupplemented
fornpe such as is consumed during
winter senzons by sowe cuttle on the
range.  Forage plus sintalde sup-
plements. however, wonkd be simi-
P i nitrient content to the rutions
fed in the trigls, The level of en-




TasLe . —Nulritive requirements for gr owtlz and compasition of the rations used in these trials (based on reqmrement&
of 400-pound calf)

NUTRITIVE REQ (Tl RIS \l]aN'[‘%

1 Total
Amount of Dry ; - . " Phos-
1 feed malter (x\}::\?;;i'lxi\)l]g Protein Caleium phorus !

; .Poﬁﬁrls Pounds Pounds - Pounds G}m;s” Grams Milligrams " -
For normal growth (1) e 0. 1-11. 4 7.2 0. 870 20. 0 15.0 257
Tor Hol:t(‘m hmfm (Z)N..u_-,,u. ,,.“”-V[-__“__--- 11. 3 7.4 . 925 21. 8 14. 4

R: \’l‘]ON.S ITSI' D IN TITESE TRIALS
50 powem of a hbornl xmmn in energy conlont f
Maintenance ration (): : |
Linseed oil meal ., o0 Lol . 0. 91 0.76 . 297 1.
Barley - e ] : .25 .22 .19 . 025 L1

Alfalfa ha\ (. N, No. 2, Lo afy) . 5.5 4. 98 2.77 . D78 36.

Totl ... . 67 6n|  s72] 0900 38. 4

[tem of comparison Carotene: . -

62 percent of a liheral ration in energy content: y
Maintenance ration T S, 3. 7i 6. 11 3.72 . 900 38. 4
Corn_ . . T S . L 01 . 86 . 071 .

Total o Ll el il LR 702 4.5 . 971 38. 5

73 percent of a liberal ration in energy content: i :
Aaintenancee ration o e e ——— LT 6.11 . : . 300 38. 4
COTI . e e e e e s e e . 26 1. 92 | 181 . 149 .

Total e 8. 03 553 0 1049 38.

100 pereent of a liberal ralionin energy content:
Maintenance ration. . ... .75 6. 11 3. 72 . 900 38. . 3
Corn ; .53 3. 85 3. 62 . 299 . .5

.28 9. 96 7.34 1 1,199 . 38.8 15. 8

! Steers had free access to rock salt and to monosodinm phospbate. The salt was kept:in the paddock, the phosphate in the indi~ :
- vidual hox stalls.
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BODY WEIGHT (POUNDS)

Fieore L——lnersy allowances in pounds of fotal digestible nubrients ted daily to
stoers through o size tange of 280 Lo G890 potls,

ergy allowed the control animuls
waus ‘1[)])10\&!!1(1161\ equal to Mor-
rison’s (14) “more liberal allow-
ances.” Feed nllowances varied
with the three-fourths power of
body weight. (4, /7).

Figure 1 shows the energy allow-
ances given animals through « size

rnge of 280 to 69¢ pounds at vari-
ous energy levels.
The experimentul unimals were

given rations supplying approxi-

mafely 75, 62, and 50 percent of the
energy supphed by a liberal ration.
The animals fed the 62- and 50-per-
cent rations were placed on these




vations at about 6 months of age; at
12 months of age they were again
fed liberal rations. Two animals
were placed on the T5-percent en-
ergy ration—one at 6 months of age
and the other at 7. One was kept on
the latter ration for shout 10
months; the other for about $
months. The control animals
throughont the experiment, und the
expernmental animalg after the pe-
viod of rvestricted feeding cended,
were allowed to eat as mach as they
could consume without digestive
difficulties.

Although the rations were rich in
cavotene, additional allowances In
amounts considered adequate fo
meet  the animals’ requirements
(74), were given in the form of a
concentrated solution of vitamin \

in oil. This was done in lieu of
maliing carotene analyses of the
fead,

Some of the steers were kept in
box stalls from which they had di-
rvect aceess to individual paved pad-
docks. The others were kept in box
stalls withoat individual paddocks
from Iate affernoon until morning
and, execept during inclement wea-
ther, were kept during the remain-
der of the day in a yard free from
grass and weeds. The steers were
fed in the box stalls morning and
evening under the supervision of an
experienced herdsman.  All uncon-
gumed feed was weighed and ac-
counted for. The animals were
slaughtered  when they reuached

about 1.000 poinds.

Measurements of body size

The animals were weighed al
weekly intervals, usually bebween
Oand 11 a.m., following their mom-
ing feeding., Ordinarily, they wore
weighed only once, but if the result
was much greater or less than was
expected on the basis of earlier
welghings, the weighing was re-
peated.

At the beginning of the perviod of
tow-energy allowances body meas-
urements were made of all the
animatls except Nos. 1 to 4, which
were about ) months of age when
first measured.  Body size of both
cotwing was measured at the end of

the returdation period and again
when the unretarded steer reached
slaughter weight (L0080 pounds).
The retarded steer was measured
when it in turn atésined 1,000
pomkis.  Nineteen measurements,
similar to these described by Lush
({1}, were made in triplicate,

Both members of each twin pair
were photograplied at the begin-
ning and at the end of the low-
energy feeding period, and when
the wireturded  colwin  reached
slaughter weight.  The retarded
animal also waxs photographed just
prior to slanghter,

Determination of carcass grades and meat quality

Careasses  were  graded, both
prior to and following slaughter,
by committees made up of three ex-
perienced graders.  Although per-
sonnel of the commiltees varied
from time to time, the grades are
alt of approximately equal relia-

bitity.  {(hemical analyses were
nude of the round and of the 9th-
[0th-11th-rib cut; and palatability
tests, as well as mechanical shear
tests of tenderness of mend, were
eipried out.




TasLe 2.-—Inergy consumption and weight gain by six pairs of identical twin steer calves
PERIOD OF REDUCED ENERGY INTAKE

Age of calves Body weight linergy consumed

nergy Tength During period  {Per pound of gain
Animal N con- of AL he- :

sumed U At be- | At end | period { £
ginning

s | Atend
ginning Digest- Digest-

TDN ible TDN ible -
calories « Calories ?

| ! Thou- Thou-
Percent’ Days  Pounds| Pounds | Pounds| Pounds| Pounds | sands - | Pounds
308 360 838 478 1. 2, 808 5, 680 5.9

308 366 689 323 2,104 4, 313
211 340 | 676 336 1, 657 3,339
211 342 570 228 1, 248 2, 558
183 360 690 1, 554 3,115
183 354 460 854 1,775
183 | 576 1, 348 2, 793
183 370 681 1,410
183 618 1,610
183 340 556
183 ! 747 0¢ A 1, 668
183 | 336 - 568

Control

Experimental

Control

Experimental . ...
Control__.. . .
xperimental . . .
Control. ... ...
Experimental

laksSealsS ot ula
OV 00 i Ut e O
O OJTow;
QO = k= 1 DN (O i 2

ek i b
~INUITOC O Od d —= 1D




PERIOD AFTER REDUCED ENERGY INTARKE UNTIL SLAUGHTER

Control P® 509 0623 114 838 1, 008 167 1. 46 1, 494 2, 949
Experimental & . ] ® 509 609 ) 689 1, 006 317 1. 67 2, 384 4, 685
Control i ™ 432 674 4 676 1, 022 346 1. 43 2, 791 5, 501
TExperimental .. L., . ®) 432 674 : 570 1, 024 454 1, 88 3, 075 6, 087
® 365 521 1506 690 1, 002 312 2, 00 1, 996 3, 932
Experimental ; 3 (") 365 507 2 460 990 530 2,28 2, 828 5, 569
Control. .. ..o u. ® 359 560 ) 576 1, 005 429 2,13 2, 555 5, 105
Experimental ] ™ 359 652 203 370 1, 002 632 2. 16 3, 612 7,126

] ® 363 564 201 618 1, 005 387 1.921 2,715 5,329
Experimental . .. ..... Ex 3063 634 271 340 1, 008 668 2. 46 3,301 8, 476
Conitrol ® 367 481 105 747 1, 000 253 2. 41 1, 445 2, 856
Experimental *) 367 619 243 336 1, 000 664 2,73 2, 810 5, 518

+6GEECE

fp—

-—2

(43

B U N OO ST OV ) 00 NI GO
WJOOTOWE MO

!+ Expressed as proportion of that supplied by liberal ration, and 2 Digestible Calories=grams of digestible protein x 5.65-grams
for an animal of given size, The allowances varied with tfnrcc— of - digestible fat X 0.3+ grams of digestible carbohydrate X 4.1,
fourths of body weight (fg. 1), Also see-parts 1) of figures 2 to 7, The Calorie {written with a capital () is equal to 1,000 calories.
. “Energ,}y intake of cotwins expressed as percentage of a liberal 3 Fed the liberal ration, :
ration. :




RESULTS

Growth during peried of reduced energy intake

The caloric maintenance require-
ment of an animal of given size
may be defined as the energy cost
of mnormal, nonproduactive, meta-
bolic processes. s the texm is used
in this stedy, however, maintenance
represents the level of encrgy re-
quired by a growmmg animal that is
neither ]osmu nor gaining weight.
This 1mphes that energy e\pulch-
tures for walking and chewing,
- equal to perhaps 5 percent of the
total maintenance requirenient, ave
part of the energy cost of mainte-
nance. The latter cdefinition is
satisfactory for the purpose of the
present study because these same ex-
penditures ave involved in the main-
tenance of cattle under held condi-
tions. The energy requivements of
beef calves for mmintenance were
dealt with in an earlier paper (J33)
In that veport it was shown that
the energy requirement for main-
tenance os determined with 16 pairs
of identicul twin beef animals
weighing  between 200 and 800
pounds was nbout 33 percent of the
totul energy required when the ani-
mals were making saing of 2 pounds
a day, and that the maintenance
requirement, varied with the twao-
thivds power of body weight.

As shown in table 2 (page 8),
when energy intake was around 62
percent of that provided by « liberal

ration weight gains were abont half
a pound n (LL\'- when energy intulke
as wbout 75 pmwn{ of that pro-
v:ded by a Diberal vation weight
gains were about 1 pound a day.

Growth evrves (figs. 2 to T) show
that the response to mcreased en-
ergy allowances on the part of the
anmimalg that had been on restricted
rations was rapid. This vesponse
suggests thut even the calves thur
had been on maintenance rations
for as long as 6 months had re-
mained m good heazlth. Conirols

10

on Jiberal rations gained between
1% and 214 bcuunci:s daily during
this period when their cotwins were
on restricted intule.

Cumulative energy intake for the
contrel and experimental animals
(figs. 2 to 7, #) from the beginning
of the trinls wuntil the animals
weighed around 1,000 pounds was
about the sane.  In some cases the
animaui that grew continuously von-
sumed the greater amount; in other
cases the experimental animal con-
sumed more.

Digestible Calories were calcu-
lated as follows: Figures for di-
gestible protein, fat, and carbohy-
drates (in grams) were multiplied,
respectively, by the factors 5.65.
9.3, and 4.4, and the results were
added togethier.  While the values
abtained h\ multiplying grams of
TDYN by the factor 4.38 01.(1111411])
did not coincide with the calenlated
vilues, the differences were not
great enough to permit the use of
sepur: ate curves.

Lnergy allowanees were based on
hody \\Dl(rh[ therefore the energy
intnke of (he animals nme‘lf;ed as
they gained weight {figs. 2to 7, (/).
The maintenance rations increased
slightly ~with the small increments
in body weight (figs. 2 and 3, €).

An interesting comparison ean be
made between the growth curves
(ligs. 2 to 7) and the curves repre-
senting four measurements of body
size (ligs. 8,9, and 10},

Hven tlwuﬂh weight grains were
neiriy or enlnely arrested during ;.
the feeding of the maintenance ra-
tions, a definite tendency tor con-
Einued sieletal growih on the part
of animals Nos, T and 18 was ob-
served,  [n general, this observa-
tion confiems the resulis of some-
what similar experinents veported
by enrlier workevs (/5, 18, 1%,

S0, and 31),
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Fieure 6.—Curves showing weight gained and emergy lngested by twin steers
Nos 2 teonirely and 1.
A, Growth eurves from 24 weeks of age antil time of slaughter. .
B, Cummiative energy intnke: In pounds of tolal dizestible nutrients, and in
digestible Calories,
¢, Daily energy infake: In powmls of TDXN, and in dizestibie Calories.
D, Energy intazke of cotwins expressed ug perceniage of a liberal ralion.
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Ficure 7.—Curves showing weight gained and encrgy ingested by twin
Nos. o teatitrol) and G
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A, Growth eurves from ase 31 woeeks until fime of slanshter,

B, Cumulative onevgy intoke: In pomods of wtnd digestible natriens, sl in .
digestible Calorices

¢, Duily energy intake: [n pounds of TDXN, amd in digestihle Cialaries.

D, Epergy intake of cotwins expressed ay pereenrage ol i lheral ration.
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Figone 8.~1our hody measttreiucnts of two privs of Iwins, Steers Nos, 17 and 8 were
the controls; sieees XNos. 195 and 7ot een Bept on mnintonaiee rutions for 6

wonths hebween Che ages of G and 12 moid

HER

Growth following period of reduced energy infake

Subsequent weight gtins were not
retarded by the ¢ months low-en-
ergy regimen. Figwres 2 to 7
{part 4} show thai weight gains of
the rvetarded calves for some time
after restricted feeding  ended
either equuied or exceeded those of

BUBAD0 . GHaen. T

the controls. This appears to be a
confirmation of Waters’ (J2) state-
ment that “an animal that is below
the normal size at a given age,
throwgh poor nourishment, appur-
ently has the capaeity, when ]i]bet"-
aliy fed, to compensate for this loss,
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Frauke 9.—Four body measurcinents of two paivs of steers,
Nos. 10 and G woere fed anly shout G2 pereent of (he eneegy allowanee

the controls.

Steers Nos, 15 and § woere

provided by & liberal ration between the ages of 6 and 12 months,

in a measure at least, by an in-
créased rate of gnin.”

Skeletal growth of the experi-
mental animals, after the period ot
_limited energy intake ended was
" either as rapid as, or more rapid

than, that of the controls (figs. 8,
9, and 1),

Photographs of the steers were
taleen at virious stages of growth;
figure [1 showing the identical twin
steers Nos. 17 and 18 is an example,
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Irrores 10.—EBomir hody measurements of {wo riirs of steers.

werg the conirols,

The pictures show that even {houph
No. 18 guined practically no weight
between the nges of 6 months and 1
year, skeletal size did increase
somewhut during this time.

Four body mensurements of the
contral and retarded anbmals, !
about time of slaughter, are com-

pared in fable 3. These data not

Steers Nos. 2 and 4
Bteer No. 3 was on T3 pereent of a Yiberal rafion for 7 menths
Botween Lhe ages of T and 14 months, steer Noo 1 for 10 wonths between the ages
i 6 nnd 16 mounths,

only show that differences in body
prensurements were small when the
cotwins were of about equal weight
ab time of slaughter, but alse that
neither the retarded animals nor
their cotwins invariably excelled so
far as o given measurement is con-
verned,




Control animat No, 17 Experimental animal No. 18
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Age: 6 months. Age: 6 manths.
Weight: 340 pounds. Weight: 324 pounds.
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Age: 12 months. Age: 12 months,
Weight: 618 pounds, Weight: 340 pounds.

H w 47 f4 i e i
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Age: 19 months. Age: 19 months.
Weight: 1,000 pounds. Weight: 832 pounds.

FraUis 1h--ddentienl) win sieors Nos, 17
feontroly and 18, ab varions stages ot
arowll.

Age: 212 months.
Weight: 1,000 pounds.




Tasre 8.—Body measuréments at time of sloughter

. i
Animal Thwin

Height at
withers

Circumfor-
ence at
forceflank

Tengih of
body

Width at
hips

LTS T L2 B b D

P

Centimeler s Cantimeters) Coniimeiors| Centimeters
49

114 124 187 4%
i3 133 181 48
118 134 185 45
114 130 154 44
121 1 144 177 46
119 . 138 176 45
117 135 183 46
115 139 ; 182 46
118 136 183 47
1i7 . 134 178
120 | 144 176

141 1758

Mean:
{lontre)

182
182

Relative economy of gains madeby unretarded and retarded animals

Energy intake and weight gning
during the entire trial are smma-
rized in tuble 4 in which @ compari-
gon js made, in the last 2 columns,
of the relative energy utilization
per pound of gain by the returded
and the unretarded animals. The
difference is not striking in any case
and, although mean energy intake
per unit gnin of the retarded ani-
nials was prenter than that of the
controls, the difference was only 8
percent.

The retarded animals with one
exception were slanghtered later
than their cotwin controls. As is
shown by table 4. little more energy
was regrired fo produce o 1,000-
pound animal when growth was re-
tarded than when it was continuous.
The explanation may be that the
animals whose growth was returded
for & time gained more econamically

after vestricted feeding ended than
idd the control animals during this
sasme time (fips, 12 and 13, parts A
and 7). DPerbaps a comparison
wove logieal than that shown in 4
and B is that shown in ¢ and D
where energy costs of gains, above
nutintenance (34}, are plotted. A
comparison on a still different basis
is hede 1 /7 and F. wherein rela-
tive energy vegquivements are com-
pared at equal body size, but at dif-
fevent ages. The retavded animals
tended to wain more cconomically
than did the controls until the steers
approached slanghter weight.

In Bgtres 12 and 13, numbers rep-
resenfing energy values Increase
from top o bottom of ench figuve,
therefore the nearver the top of the
fipure n point is, the greater the
cconomy it represents. -

Effects of reduced energy intake on dressing percentages and
quality of meai

Carcass grades of the controls
and their retarded cotwing were,
with a single exception, the sume;

and in the exceptional case the dif-
ference was not Juege {table 5).




TaBLE 4.——E’11,ergy consumption and weight gain during entire trial

e

Age of animal Body weight Energy consumed

During entire Per pound of
of Amount trial gain
[.;l\l?n]:ﬁ;“ Atend | period m\lfn?g-g At end of gain

of trial  °f trial ‘of trial | O trial

Length
Animal

Digest- Digest-
ible Cal-{ TDN |ible Cai-
ories ! ories !

Thou-
Pounds-| Pounds | Pounds | Pounds | Pounds | sands | Pounds
360 1, 005 645 1. 3 8, 629 3.
366 1, 006 640 1. 4, 4 8, 998
340 1, 022 (82 ¢ 8, 840
342 1, 024 ! 682 8, 645
360 1, 002 642 7, 047
354 990 636 7, 344
270 1, 005 735 7, 898
280 1, 002 722 4, 262 8, 545
340 1, 005 665 4, 225 8, 341
324 1, 008 (G8: 3, 857 7,641
1, 000 662 3,113 6, 188
1,000 ! 660 3,378 t 6,716

Control

Experimental

Control

Experimental

Control

Experimental ... __..

Control.

Txperimental ..

Control

Experimental

Control . ..o o

Experimental . ......:
Mean: :

SRS -~ R F=3

LS U DU e =W

bl alabalatatabels

P oo

: L e o 672 3,023 1 7,824
Fxperimental . . . 671 3, 998 7,982

OW R D WA O]
O NWNNBNTTNTODNNOCOHE

S

1" See-footnote 2, table 2.
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TaBLE 5.—Grade and physical composition of carcasses of control and vetarded sieers

. Carcass composition

. Tnergy Area of cye
i intake muscle
! during | Carcass grade (longissimus Fercentage hasis 2 Pound basis #
. restricted cdorsi) of
period v ! rib cut

Twin
No.

i Muscle Fat Bone | Muscle Tat Bone

Percent l Sq. in. Percent | Percent ; Percent | Pounds | Pounds | Pounds’
93 i . 10. 6 2. 33.5 14 322 206 B - Y A
75 ¢ Prime eioaaon . 12 49, 35.9 | 316 228 92

90 | Prime (low) 10. 9. 24, 369 154 99
73  Prime (low) 114 . 27. 347 | 102

05 10. 57. 25. 323 145 96
62 | Cood , 10. 1. 28. 302 158 98

98 | Choice (high) 12. 50, 32. 308 202 104
61 | Choice (high) 10. 6 . 30). 320 187 101

Control___ . i : 101 ¢ Choice (high) 14, - 58.5 25 363 163 99
Experimental .. . 48 | Prime 13, .8 26. 374 163 88

345 141 - 93
402 134 108 . -

o

DLW IS GO N

Controlo .. . ... __.._ 105. ¢ 10. . 24,
Experimental, .. ______ 7 45 | Good 12. . 20.

7%
6
7
3
9
7
9
[
3
3|

—
[o o ot §

! Expressed as a proportion of the energy supplied by liberal Separable fat of dressed carcass = 3.54 + 0.8 of percentage
ration. . of separable fat in 9th—10th~11th-rib cut.

2 Equations derived by Hankins and Howe (8) have been used Separable bone and tendon of dressed carcass = 5.52 + 0.57
to estimate the physicai composition of the dressed carcasses, of pereentage 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 of percent- 3 Carcass composition, pound basis = composition, percentage
age of separable muscle in 9th—-10th~11th—rib cut. basis X cold weight of carcass,
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Fiouke 12—Relalive ceonomy ol gains oF Lwo paiies of twin steers sfter the end of the
period dnring whicl one member of cach pmir was on restricted cuergy intake.
For 26 weeks steer No. 18 had been restricted {o un energy intake egitl to 49 percent

of that suppliivd by sudibernd eption, Steer No. T b 45 pereeat.
fu L1 chengh £, the apinsis werd af equal age,

of each piiv served as a conirol

The other membes

but not of vaguni weight: in £ and & they were ol equal weight. byl not of sqanl

age.,

Bone usually constituted a simi-
Jar percentage of the carcasses of
pair members, but there were some
appreciable diflerenices between co-
twins in percentuges of fat and
musele. Since in some cases Lhe
control was the fatter individual,
and in other cases the retarded ani-

mal was fatfer, the level of energy
in the rations during the period of
yestricted feeding hurdiy could have
heon the caunse of relative fatness
of the carcasses. 1n 5 of the 6
pairs, the eye of the rib cut was fat-
ter in the animal that had had the
Jinited ration; in 4 of the G pairs
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Prorns 13—LRelative ceonomy of giains of two paies of twin steers after the end

of Mo period during which one memboer of oach paiv
For 26 weeks steer Noo 16 had been restricred to an enevgy intake ‘equal

intidke,

{1 Gl pereent of that supplied by o Uberal mdion. sfeer No. § to G2 poreent.
uther mumber of oneh palr served as a contrd,

ras on restricted cnergy

The
In 4 through 0, the animuls were

of egual age, but not of equal weizht in & and £, they wereof equal weight, but

net of equnt age,

the remainder of the edible portion
of the 9th-10th-11th-rib cut was fat-
ter, as was also the semitendinosus
of the round cut.  While Lhis may
seem to indicate that reduced ra-
tions had o favorable influence on
meat ¢uality, we assume that the
differcnces actunlly were due to
chanee. Aren of the eye muscle of
the  Oth-10th-11th-rih cot was
greater in some cases in the control
and in other cases in the retarded
member of & twin pair.

The dilferences belween pairs
shown in table & probably are due

to inherited characteristics rather - .-

than to wutrition. _\s one would,
expect, these paivs that were pure-
bred aninmls produced the more de-
sivahle careasses, whereas the pair
that carried the least beef blood pro-
duced the least desirable carcasses,
For exwuple, puir Nos. 4 and 3
{purcbred Aberdeen .\ngus steers)
wete graded nuch higher than pair
Nos. 5 and 6 (crosshred Hereford




Control Experimental

Angus

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

Trarrr h—Carepsses af steers fed mainlennbee radions beoween e awes af 6 il
2 amonths compared with enrensses of (el well-fud ddentieat eabwins, ach of
the sninils woeiphed approaximiiely LB pomnds o Hoe of sinnzhiee,

26




. )( Guernsey steers) even thouﬂ’h t.he-_
;eSS'

~-former actually were snghtl

fat than the latter. This differ-
ence in grade was due to » differ-
ence in distribution of fat, In
the purebred animals, desivable
amounts of fat aceumulated outside
the ribs to produce carcasses of very
good conformation ; whereas, in the
crossbred steers, fat tended to ac-
cumulate in greater amounts within
the abdominal cavity,

Carcasses of control steers 17 and
8 are compared with those of their
experimental cotwins in figure 14,

One: memher of each of these palrs
was supplied energy at the mainte-
nance level between ages 6 and- 12
months. The figure shows that the

cotwins, desplte the differences. im=:-

feeding, were similar in conforma- -
tion when the animals reached 1,000 ~
pounds. '

Inheritance appears to have had
an influence on the dressing per-
centages. The crossbred Hereford

X Guernseys {paiv Nos. 5 and 6)

had the lowest dressing percentfures
of the lot (table 6).

Tapre 6.—r e&'s*mq percentrges oj the sim pairs of steers

Animal

Twin

Final

Cweight in
feed lot

Dressing
percent-
age !

Weight,

No. cold

Controlo__ .. _ . _ . . icea.
Bxperimental .. . . . ___..

Control....

Control._.. .. .. ...
Bxperimontal

Control_.._ .. ... ..
Experimental

Control
Experimental

Cantrol
Experimental

Payrnds
alG
636

G622
620

563
858
613
608

629
626

Pounds 'I
1,005 |
1, 006 |

1,022
1,024 |
W
990

1,005
1,002

I, 005
1, 008 -

1, 00D
I, 000 .

579
644

Cold weight

X100

! Dressing pereentage= =~

Final weight in feedloft

2 This reiafively large difference is explained, in part, by the fact that the “GIF’ of
No. 8 at stanghter was 40 pounds greater than thal of No. 7

The only conspicuous within-pair

difference in dressing percentages
was in pair Nos. 7 and 8; the higher
of the two dressing percentayes
was that of the individual that had
been on a maintenance ration for &

months. Counsidered together, the‘se
facts scem to indicate that » pel tod
of restricted energy intake did not
influence the dm&%mg percenfages
adversely, Likewise, total lean

moeat appears not to have been
limited greatly by restricted enero'y -
intake (tab]e 5).

Within reasonable limits quahty
of the meat is closely related to thie
level of fat in beef muscle. As an
index of the velutive quality of the
meat of the retarded and control:
animals, analyses of two cuts of
meat from each caveass ave given in
table 7

Of the muscles analyzed,
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" Experimental

 Control
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2
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10,
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35.
10.
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35.
40.
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38,
38.

il
49,
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45.
54
16
28.
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those of the steers that were sub-
jected to growth interruption were
not less fat than those of their co-
twing that grew continnously. Thuis
suggests that, by this criferion, the
ment of the retarded animals was
not interior to that of their contvols,

Palatability tests were made of
meat of the 9th-10th-11th-rih cut
by a specialist with the assistance of
a group of individuals, each of
whom had had considerzbie expe-
rience in judging meai (/8). Usu-
ally 2 to 4 months of time sepavated
the testing of meat of cotwins, and
the personnel comprising the test-
ing group varied; therefore it
would be expected that even though
the meat of eofwing were exuetiv
the swne, there wonld be small Jif-
Terences in the scores for the puir
members.  Age diflerences botween
cofwing at time of slaughter varied

from 0 to 138 days. Although a
ditference in age could lave nflu-
enced the tenderness of meat as well
as quality of fat within the muscle,
data given in table 8 show that such
diffevences as existed between meat
quality of cotwing were small. The
mechanical shear test of tenderness
(table 8, column 12) shows that dif-
ferences meusured by such tests, to
which any significauce can be at-
tributed, existed only in pair Nos,
5 and 6 and pair Nos. 17 and 18j
and in each of these cases it was
the meat of the retarded animal
that wag the move tender. Our in-
teypretution of the data in table 8
is that, so fur as meat quality is con-
cerned, rations as low as mainte-
menee for as long as 6 months had
no  aufavorable effect on  meut
guality,

DISCUSSION

The growth curves of cattle on
the runge, with little or no supple-

mentary feed. exhibit a peculiape vy-

clic pattern {fig. 153}, Calves on
Texas ranges gain weight rapidiy
during the spring and early sum-
mer until Jdulve Duving the ye-
mainder of the snmmer, they gain
Jegs rapidly and either barely main-
tuin weight or nudevgo a weight foss
daring the il and winter (7.9).
Knapp (72} reporis thaf prowth
curves of range vattle in Maontana
follow a similar pattern, and poipts
out that “this generai stairstep put-
tern of growth appears to he norinal
for cattle in the Grent Plains aren.”

Is such a growth pattern accom-
panied by lower efficiency in (he
utilization of feed than that obtain-
able under conditions of continuons
arowth? TIs the meat of animals
whose growth has been interrupted
inferior in quality to that of ani-
mals whose growth hius not heen in-
terrupted? Daes the careass of an
animal that did not grow continu-
ously contain a smaller proportion

of lean meaf than that of an animal
that did grow continnously ?

The duta presented here sugzest
that retardation of growth during
the poriod between ages 6 and 12
monthg did nor adversely influence
aubseguent efficieney in feed ntiliza-
fion, qualiiy of meat, or quuntity of
lenn meat.  Iven though the time
regutired by the individuals to reach
shinghter weight (1,000 pounds)
was Inerensed by a period of re-
duced feed infake (in most cases by
2 or 3 months, and in one case by
4 months)y the total amount of
feed vequired o produce a pound of
beet was increased only slightly by
the G-month period of low-energy
allowance.  Appavently an increase
in efliciency of feed utilization after
the period of rettuced energy intake
ended necounts tar the fact that so
little difference was cbserved in the
wnonnts of feed ultimately required
fo produce a unit weight ot beef,

Results reporvted by earlier inves-
Figators indicate that animals fed
rations low in energy but presum-

29
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Tanue 8.—MNeat quality®

Intensity Desirability Tﬁ::aggr-

Animal

y Flavor | Flavor | Tender- | ;| Quantity TFlavor | Flavor | Shear
Aroma | “or'tot | of Tean | ness | eSS of juice of fat | of lean | test?

12
12
12
1
14
1
13 -
14

13
10

13
14

Control
Experimental

Ll
we

Control
Experimental

orgn
G oo

Control
Experimental

e e pow

sro
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Experimental

—
[o22v ]}
g ogn
o O oc oW oS Ww
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CWw oW WL W NN

i
Lo

1 The numbers 1 to 7 indicate the degree either of intensity or of — column under intensity) would indicate cxtremely tough meat;
desirability of factors such as aroma, flavor, or tenderness. Num- number 7 would represent, very tender meat.
ber 1 represents the absence of a desirable facior, i. e, the indica- 2 Pounds of force per square inch required to shear a cylindrical
tions of its presence are of such low intensity as to be impereeptible.  scction of meat having a diameter of 1 inch. Meat fibers were
Number 1 in relation to the test of intensity of tenderness {(4th™  cut crosswise.
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Frooe 15~—Menn weight gains of heef cuttie under differsnt systemns of feeding.
The Texas cuttle were on yer-lony pastuve and received to feed except milk of
their daws vp to weitnimg thne, and 8 very small amoant of suppicmettal feed in

VEry S6vere winteps.,

ing age of ealves refer to al} three curves
to Texas curve oniy.

ably otherwise adequate tend to
mauke more efficient use of feed dur-
ing recovery than do unretarged
controls (2. 16, 29. %),

The performance of adult steers
fed rations equal to about half of
maintenance for about 414 months
and subseruently fed fattening ra-
tions led Benedict and Ritzman (/)
to the conclusion that : “Adult steers
may be carried through the winter
on extraordinarily low rations and
snb{ectecl to beavy losses in weight
without experiencing any perma-
nent damage, and are able to re-
sume their originai weight and, in-
deed, can be fattened for market
with subsequent high feeding.?

In California (6}, one group of
steer calves was fed range forage
plus concentrates from JSuly to Jan-
uary in amounts sufficient to enable

The Minnesutn steers were fod sl the grain they would lean
up quickly and all the roughage they wonbl e,
untke goad gaing without any eonsidersble ot of fatiening,

‘The Missouri steers were fed to
Months indicat-

; wonths indiented by nbbreviations refer
f o U Normal Growth of Hinge Cattde™ (73) ). .

them to gain 1 pound of weight
daily, whereas a second group of
steers, allowed only forage during
this tune, lost weight. Krom Jan- .
nary to June, when growing pas- -
tures were wvailuble, the first group
was fed ne supplement, wherens
the second group was given sup- . .
plementary feed. The second group- - -

made greater gning during this time. - -

than the first greup. Finally, from
June to early September, both
Zroups were given concentrates on
4 full-feed basis on the range.

Whereas the total cost of concen- LA

trates for each of the two groups
was similar, the first group refurned -
considerably more profit than the

second because of the grenter gains
made by the former and a somewhat?

higher selling price per pound.”.’

This research amply demonstmtes"_




_the usefulness of high-protein con-
“centrates to suppiement protein-
deficient forage.
. Workers at the Oklahoma sta-
tion also have demonstrated the
value of protein supplements when
fed with native grasses duaring
seasons of the year when deficiencies
appear in range forage (27, 23. 5.
28). However, in one series of
trials, greater profits were venlized
when 8-year-old steers were fat-
“tened on grass alone from early
May to mid-Septemher (136 duys)
than when they were fed grass plus
supplements and marketed after
they had grazed 106 days. Drofits
also were greater when grass was
fed without supplements for 136
days than when this pracfice was
followed for only 106 duys (27). In
general, the practice of feeding 3
pounds of outs per head per day to
“cattle on cottonseed cuke plus fos-
age or hay was found not to be
profitable {79, 20. 22, 24). llow-
ever, when fed in 2 trap, or holding
pen, the feeding of puts did yield n
profit {25). Protein pellets fed
with grass during the sunmer in-
creased weight guins and nel pro-
fits to levels above those made with
grass alone, but steers fed ground
shelled. corn insteadl of the protein
pellets gained more weight and
yielded n greater net profit than

did the steers that recerved the pro-
tein supplement (538%.

A mathematical velationship be-
tween infake and weight gains
has been shown to exist when ex-
perimental conditions are such that
intake of enerey is the factor limit-
ing growth {33). On the basis of
(his relationship, the lhulings re-
viewed here, and the original data
reported in this publication, it may
he concluded that if feed prices are
low enongh to enable beef pro-
dieers o feed for rapid, continu-
ous gains throughout the year, this
methad is the more desirable sinee
it makes possible the iarketing of
beef aninuls at the earliest age
possible,  [Towever. it somefines
happens that prives of feeds, other
than forage. are 2o high during a
part of the year ax to preciude the
possibility of prolits when such
foeds are used except in limited
amounts, 1o cases of this kind, ve-
arded o oven tnterrnpled growth
of eattle may be more prolitable
than continnous growth. It seems
evident that voung growing cattle
can he carried for as long as 6
months ot an energy level ag low
as maintenance. il the known nu-
irittonal needs aside From energy
requirements for growth are wet.
without loss ater either in eficiency
of feed utthzation or in meat
yualily.

SUMMARY AND CONCLUSIONS

A study was made, with six pairs
of monozygotic ({identical) ftwin
steers, of the relative cifects of con-
tinwous and of inferrupted growth.
The criterion of “one-egg™ origin
of the twins, upon which fial ve-
liance was pluced, was a blood test
of an antigenic type,

One member of each pair of twins
was subjected to retardation of
growth and the other was fod lib-
erally. Two experimental aninmlis
were fed at each of the following
energy levels: (1) Maintenunce, or

32

aboul 30 pereent of a1 Tiberul ration,
{23 62 pereent of a liberal ration,
ancd (3) 73 pereent of a liberal ra-
tiem, The twe lower allowances
were Ted the steers for 6 months,
Letweon the ages of Gaind 12 months.
The 75-percent ration was fed for
a period somewhat Tonger than §
months. At the end of the period
of reduced teeding the retarded ani-
mals were fed a hbersl vation: the
controls were given Tiberal aliow-
ances throughout the experiment.
The low-calorie rations were de-




ficient, so far as is known, only in
energy.

The steers gained 1 pound u day
on the 75-percent ration, 0.5 pound
a day on the 62-percent vation, and
neither gained nor lost much weight
on the maintenance nllowance,

After the period of veduced in-
tuke ended. all the retaided animals
gatned weight vapidly and economi-
eally.

[oach steer was slaughitered when
it reached a welght of about 1,000
ponnds.  Althougl it most cases
the vetmrded ammals reached
slanghrer weight from 100 20
woels later than did Fhieir cor wing,
the former aftained this weight on
approximafely the same intake of
energy as the later. This vather

surprising result s explained by the
feeding:

Tact that after rveduced

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

Careass grades, and meat quality
of the retarded animals were not
lowered appreciahly by the period
of low-energy intake. The quan-
tity of leun meat in the cnveass was
not decreased by intercuption of
growth.

It is concluded that under condi-
tions of feed scrreity beet cabtle be-
tween the ages of 6 and 12 months
can be carried at an energy level
as low as muintenance, it the nu-
tritional needs other than those for
energy are snpplied, without loss
Inter in elliciency of feed utilization,
meat quality, or in the proportion of
tean menl. as compavred with faf
aned hone, in the cavcass.
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