|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




TART

=
ra
w

L2
lllll%

iz i

.y
lu
o

""""””’IEIE
EEE
SR E

& I

MICROCOPY RESGLUTION TEST CHART
 NATIOMAL BUREAL OF STAMDARDS-1563-4

I':'IElE
[~}
[++]
-]
I.M
th

LE. _wlm .
- e ;‘,I.

o
i

2.0

22

122

= =
12 Mt s

FERERE

E
H
e

MICRGCOPY RESOLUTION TEST CHART
NATIONAL BUREAL OF STANDARDS-1963-A




DITEOSITORY

- 2l

H

" Tecknical Bulletin o. 900 o September 1345

"Relation of Feed Consumed te Food
Products Produced by Fattening Cattle’

By Asnox G. NeLsow, agriewltural economist, Bureaun of
Agricullural Econonticy®
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INTRODUCTION

To meet the needs for food during the war and immediate post-
war periods, all of our productive resources must be used effectively.
It is important that every possible effort be made to obtain the most
effective utilization of available feed supplies. This involves dis-
tributing wise proportions of them to the classes of livestock and sys-
tems of management that convert feed most cfficiently into food
products, so. far as this distribution is consistent with the War Food
Program as a whole. At the same time, every effort must be made
to increase production efficiency in the conversion of feeds into essen-
tial livestock produets,

1y In meeting this challenge, cattle feeders particularly are consider-
Sing such questions as the following: TTow do cattle during the fat-
—tening period compare with hogs or dairy cows in the efficiency with
Vwhich they convert feed grains and high-protein feeds into food?
D Are some systems of management now used in fattening cattle more
=desirable than others, considering the total contribution of each to
%he wartime food supply? How much of the total supply of concen-

1 Suhmitted for publicatlon May 15, 1945,

2the mnthor, is indebted to many persons connccted wlth the DBurean of Andmal
Industry, the Sinte Agriculturnl Colleges, and publle stockyards whoe lhave contrlbuted
to this wtudy. C. W. Crickman, I, D. Jennings, A, V. Nordquist, and C., L, Harlan,
DBureau of Applenlturel Lronmnies, pssigted i oullining the problems coansiderad and
in maklng thesestimetes of the number of cattle graln-fottened and the length of tlhe
feedlog porlod,
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trates should be used for cattle-feeding operations? Should the total
number of cattle fed be increased or decreased !

This bulletin brings together the results of research on three phuses
of cattle fattening in the Corn Belt. Ifrom these results it attempts
to diselose: (1) A picture of the cattle-feeding enterprise, mcluding
the number of animals that are grain-fattened annually, the quantity
of concentrates that is utilized, and the guin in live weight produced
during the fattening period; (2} the relationships between the quan-
tity of feed utilized in fattening caltle and the quantity of food
produced in terms of live weight, edible weight, and edible nutrients;
and (3) the implientions of these relationships in connection with
cattle fattening in the Corn Belt.

Estimates of the number of cattle that were grain-futtened and the
length of the feeding periods during the five feeding years from
Qctober 80, 1938 to September 30, 1943 are based on muarket vecords
and survey informafion obtained from cattle feeders in the Corn
Belt States. The estimates of guin and feed requirements. which are
so constructed as to be consistent with the kind of cattle fattened and
the Jength of the feeding period are based on: {1) Records obtuined
from cattle feeders by State agricultural experiment stations and
the United Htates Departinent of Agriculture und (2) data obtained
from experiments conducted by State agricultural experiment sta-
tions and by the United States Department of Agvicultuve.”

All of these records, in turn, were supplemented by the judgment of
specialists in the agencies referred to and of other persons who are
fumiliar with the details of cattle fattening in the Coru Belt States.

Experimental data were used chiefly us a hasis for the section deal-
ing with relationships between the quantity of feed fed und the
quantity of food produced. A 3-year experiment conducted by the
Towa Agricultural Experiment Station and designed to analyze the
relationships between feed and Jive-weight gain during the fattening
period for calves, yearlings, and 2-year-olds, provided the duta on
feed-gain relationships wsed in the analysis, This experiment also
furnished datn on grade, dressing percentages, and composition of
the carcasses at the acginning and end of the fattening period, for
representative animals used in the experiment. With the cooperation
of members of the staff of the Burean of Animal Industry engaged
in meat investigations, estimates for these items at certain interven-
ing points during the fattening period were derived from other
studies. The procedure is given in detail in the Appendix (p. 27).
Further experimental worlk is needed tc furnish more complete and
relizble data on changes that oceur in the animal during the fattenin
period but the estimates used here appear fo be congruent an
specialists in the Bureau of Animal Industry feel that they are fairly
satisfactory.

The scope of this study is limited to physical relationships involved
in producing human food by the fattering of cattle. Costs and returns
are important to the individnal feeder but in periods when food is
searce and such production resources as feed and labor are likely to
be inadequate to meet all requirements, it may be necessary to make
adjustments in the economie relationships. This may be done through
the development of price programs to facilitate maximum production
of essential food in accordance with physical relationships. This
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. maximum is clearly indicated through an analysis of the physical

relationships.

CATTLE FEEDING AN INTEGRAL PART OF
CORN BELT FARMING

Many farms in the Corn Belt are Jarge and a relatively high pro-
portion of the Jand is’ used to grow the so-called fattening grains
(corn and_barley) compared with the acreage used for high-protein
grains and roughages (such as oats and alfalfa). This resalts in a
substantial surphis of fattening grains over the quantity needed on
the average Corn Belt farm for fattening the litters of the number
of brood sows that can be handled to advantage and for feeding the
poultry flock and the farm work stock.

Cattle feeders in the Corn Belt feed part of this surplus, together
with a considerable quantity of ronghage, to feeder cattle that have
been raised on western ranges and farm pastures. Many of the cattle
raised on these rongh feeds, for which often there is no good alterna-
tive use, arve not fat enough to yield beef of desirable quality if they
are slaughtered without being finished by the feeding of concentrates.
Cattle feecders make an important addition to both the quality and
the quantity of our food supply by fattening those cattle that are
of feeder grade. Moreover, the fattening of cattle facilifates a more
even distribution of the slaughter of cattle and therefore of the supply
of beet threughout the year.

Four Miruion CATTLE GRaiN-FATTENED AnNvarLy v CorN BELT

In the 11 Corn Belt and border States about 4 million cattle were
annually put on geain feed preparatory to being marketed, from
193839 to 194243 (table 1). The exact number varies from year to
year, of course. It is estimated that in the feeding year that began
Qctober 1, 1938, slightly less than 4 million head of cattle were ted
in the Corn Belt, whereas more than 4.6 million head were fed in
1942-43,

About 29 percent of the cattle that weve grain-fattened in the Corn
Belt during that period were so fattened in Towa, 16 pevcent in Illi-

Tante 1 —Ffstimated number of caftle put on grait feed in the Corn Belt
and border States, I038-39 fo 1942-43 (year beginning October I

\ 1038-39 l 103940 -[ TH0-41 1 T I~42 1942-43

1000 head | 1,000 kead | 1,000 feald | 1,000 head | 1 000 head
100 136
225 o

T2

| 4,403

IThese cstiinates are consistent with he cestimaies of the numbers of eattle and
. ¢alves on fecd by Blates nn of January 1, published by _the Burean of Agrieultural
Ecenomics, January 12, 1945,
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‘nois, 11 percent in Nebraska, 9 percent in Missouri, 9 percent in
* Minnesota, 8 percent in Kansas, and 5 percent in Indiana. The re-
maining 13 percent were fed in Ohjo, Michigan, South Dakota, and
Wisconsin. | :

Approximately 22 percent of the cattle weighed less than 500
pounds each when put on feed ; 37 percent weighed 500 to 750 pounds;
and 41 percent weighed more than 750 ponnds,

The average length of the grain-fattening period for all cattle
fattened in the Corn Belt during that period was about 200 days.
The best inclications are that about 38 percent of the cattle fattened
in the Corn Belt were “short-fed” (averaging about 120 days);
about 44 percent were “medium-fed” (averaging about 225 days);
and about 18 percent were “long-fed” (averaging about 300 days).

- Calves were fed the longest period, averaging around 265 days. A
large proportion of the calves were fed more than 300 days and some
were fed more than a year. Such long-fed calves earry a high degree
of finish when they are marketed. Feeders that had an initial weight
of 500 to 750 pounds were fed an average of approximately 200 days.
Although not so large a proportion of this group were fed for so
long a period as ealves, about 50 percent were fed an average of
995 days or more which indicates that they had a high degree of
finish. when they were marketed, Feeders that weighed ‘more than
760 pounds when put on feed were fed an average of about 150 days.
About one-third of the feeders that had weighed more than 750
pounds when put on feed were fed an average of around 200 days or
more, which indicates that a Iarge proportion are fed to a high degree
of finish. : :

In general, the grain-fattening period is longest in the central puré
of the Corn Belt. In some areas on the fringe of the Corn Belt, cattle
are fed for a Jong period, but considerable roughage is used with the
concentrates during part or all of the time, hence the total gain in
live weight is not so great as for a comparable length of feeding in
the central Corn Belt.

About half of the annual number of cattle put on grain feed in the
Corn Belt normally “go on feed” during the months of October

TaniE 2.~ FEstimated average proportion of caftle put on groin feed in given
periods of the jesding year in the Corn Belt, by Stabtes, 1938-39 to 1948-43
) {wear beginning Oclober 1)

1038-30 to 1942-43 average

Jan—Mar. | Apc—Tuby |

Percent

10
1t

Jowd. . eaaaan
Bouth Dnkota
brask

—
FO e QO (D =) O 21D

[epey

(=
=
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through December (table 2}, About one-fifth go on feed from Janu-
ary through March, one-tenth from April through July, and the
remaining one-fifth during Angust and September:.

Estimated numbers of grain-fattened cattle that swere marketed
from the Corn Belt during the calendar years 193943 are given in
table 8. These estimates are congruous with the estimates of the
number of cattle put on grain feed to be marketed later, and of the
length of feeding period. Normally about 25 percent of the grain-
fattened cattle are marketed daring the period January to Mavch;
40 percent during April-July; and 35 percent during August—De-
cember.

Tarrte 3—Fstimated number of groin-faitened cattle marketed
from the Corn Helt, by Bivtes, 1939-43

1939 1940 M1 12 1943

1,000 head | 1,000 head | 1000 head | 1,000 head | 1 000 head
134 173

aa7
T00
, 49

Wisconsin a3 A
Blinnesctn. - 42 as2
1,261
1G7
463
130
388

| 4,385

ANNUAL TOTAL GAIN OF FATTENING CATTLE

The annual total live-weight gain made by cattle that were fat-
tened averaged about 1.5 billion pounds during the peried 1938-39 to
194142 (table 4). About 28 percent of the gain was made by cattle
that weighed less than 500 pounds each when put on grain feed, 38
percent by cattle that weighed 500 to 750 pounds when put on grain
feed, and 34 percent by cattle that weighed more than 750 pounds at
that time.

The greatest gains per head occrrréd among the cattle that were
fed in the central Corn Belt. The grain-feeding period there is

Tante 4. —Fstimated total gein in live weight, during the fatlening period,
of cattle put on grain feed in the Corn Belt, during the feeding yewrs 1938-39
to 1041-42, by States, (veur beginning October 1)

1938-39 1939~ 1041 104142

Mitlion paunds | Million pounds | Million pounds | Miltion pounds

o4

56.
85,
274,
37.
32.
141
493
56.
154
Lia
118

1,596,

Michigan
Wisconsin,
Minncaota_

Lyimisbe s Mmoo
L DO LI M 0o

....
o | Dremmiae oo
o ks ial

tn
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longest and a larger proportion of the feed is in concentrates, than is
true elsewhere in the Belt. For example, about 29 percent of the
cattle that were fattened in the Corn Belt during this period were fed
in Towa, but approximately 31 percent of the gain in weight was pro-
duced there. In general, calves are fed longer and make greater gains
per head than do the heavier feeders, Only 22 percent of the cattle
that are fed in the Corn Belt are calves, whereas calves produce
about 28 percent of the total gain,

QUANTITY OF GRAIN USED FOR FATTENING CATTLE

Abont 11 billion pounds of grain (equivalent to 200 million bushels
of corn) and about 275,000 tons of protein supplement, were required
annually during the period 1938-39 to 104149 to fatten the cattle
that were put on grain feed in the 11 Corn Belt States (table 5).

Tante 5—Estimaied total quantities of grain and protein supplement used
to fatten cattle put on grain feed during fhe feeding year in the Corn RBelt,
by States, 1035-89 to 1951-42 (year bepinning October I}

Grein Protein supplement

103535 1330-40|194041154142[1035-30 (1930-40: 194041 [1941—42

Afillion| M iTlion | Millien | Million| 1. 1,000
pounds | pounds | pounds

Michigan_
Wisconsin,

b |
DnDMism®mnowRD

@
b | oo ®us

| Dwoictsmietaban,
| mhD -t Wb g

9,820 11,755 {11,795

E’l

About 25 percent of the grain was fed to calves, about 40 percent
went to 500-750-pound feeders, and about 35 percent went to feeders
that weighed 750 pounds and over at the beginning of the feeding
period. Calves are usunlly fed more grain per head than are the
older feeders. About 22 percent of the cattle fattened were calves
.but they consumed about 25 percent of the grain.

The quantity of protein fed is more difficult to estimate than the
quantity of grain. There is appavently considerable variation in the
quantity of protein used in the rations. Some cattle feeders do not use
any protein supplement. Feed records indicate that relatively less
protein per head is fed to calves than to heavier feeders; one reason
may be that a relatively larger proportion of the calves are run on
pasture for a part of the fee%ing period,

FATTENING CATTLE IN WARTIME

In wartime, feed and food generally are inadequate to meet all

- demands. Moreover, there is special need for livestock food products
which ean be produced with relatively small quantities of feed per
unit of food produced. Milk, eggs, and pork are examples. Large
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quantities of cori and other concentrates beyond those usually needed
are required for producing these commodities as well as for essential
industrial purposes.

To focilitate meeting these needs during this war it has been sug-
gested that a considerable part of the 5.5 million tons of grain and the
275,000 tons of protein supplement which Corn Belt cattle feeders
use annually, in adding about 1.5 billion pounds to the live weight of
cattle slaughtered, bhe shifted to more essential uses.

In general, cattle that are being fattened have been rated below
some other kinds of livestock in efliciency when converting feed con-
centrates into food. The reasons are that too frequently when this
rating is made (1) full consideration is not given to the change that
takes place in the food-nutrient content of the beef carcass during the
fattening process and (2) the “long-fed” steers are compared with
“whole milk” dairying. Usually only the gain in live weight of a
steer is considered as the contribution of the fattening process,
whereas, in fact, the dressing percentage has been increased and the
finished carcass has been considerably improved in food-nutrient con-
tent. For instance, a comparison of the food-nutrient content of the
carcass of a Medinum to Good grade 600-pound feeder steer with that
of the same kind of steer after it has been fattened to 950 pounds,
indicates that although the fattened steer increased only 58 percent in
weight, the increase m total calories was 149 percent; in fat, 196 per-
cent; and in protein, 54 percent.

Taking account of the improvement in these phases that is made
during the feeding process, a comparison of fattened cattle with other
kinds of livestock in regurd to edible product and food nutrients
produced per 1,000 units of feed is given in table 6.

Some systems of cattle feeding, however, ave not so-efficient in the
use of feed as the one discussed. When cattle are fed for a relatively
long period to obtain a high finish and when they are full-fed on

TanLe G—Comparison of edidle product and food nuirients produced
per 1,000 feed wnits by foltened catile and other livestoek?

Yield per 1,000 units of feed consumed 2

Class of liveatock and kind of product
LEdible
praduct Caloriea Fat Protein

Pounds Thousands Pounds Pounds

Fatiened cattle:
Food producta 2 76 157 36 8

Drairy cowa:
r{\'hole milk_... 76 3t 31

0o 2

Hogs:
_asl"ork and lard 135 349 80 13

113 18 20

Chm%ens:
103 83 iz 1a

1Datu are bazed upan an wnpublished report by I, D, Jennings of Lhe Bureau of
Agriculturnl BEeonomics; alse CrrisTessas, [ 1, USING NESOURCHS- 10 MERT FOUD
NEEDS. U. 8. Bar, Agr. Tocon,, T1 pp. 180438, [Lrocessed.]

2 The term “feed unlt™ as oied here 13 1 pound of corn or equivalent quantitles of
other feeds having the some feed value as o pound of coru,

¥ During the Fattenlng perlod, assuming n Medium to Good prade 003-pound feeder
gterr fattened to 0530 pounds, An allowance for pork and nred produced on foed wasted
by cattle and consumed by hops Tollowing them is ineluded.

4 Ineclodes an allowsnee for pork and lerd produced from skim milk,
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concentrates throughout the feeding period to increase the daily rate
of gain, the feed concentrates are used less efficiently. Moreover, the
greater part of the increase in weight obtained b feeding cattle to
the higher slaughter grades is in the form of fat. guts from carcasses
of animals that have been fattened heyond the Good slaughter grade
contain more fat than usually is eaten by the average person, as indi-
cated by several studies and the opinions of several specialists in the
field of nutrition. (See  Appendix, p. 35.)

RELATIONSHIPS DETWEEN QUANTITY OF FEED
CONSUMED AND FOOD PRODUCTS PRODUCED

The efficiency of the utilization of feed during the fattening period
is indicated in several ways. Some of them are the relationships be-
tween the quantities of feed consumed and the gains in live weight,
the gains in edible body, the gains in edible body nulrients, and the

2ins in calorvies, Related data on the feed consumed, the gains In
ive weight, the slanghter grade reached, the dressing yield, and the
grade and composition of becf carcasses of steers, are avallable for
setting up all of these relationships. Analyses of these relationships
will indicate approximately the efficiency with which feed is ntilized
in the production of food and nutritive valaes at various stages in
the feeding period.?

RELATION OF SLAUGHTER GRADE To Gamn aNp Feep ConsUuMED

Choice feeder steers would yield careasses of Common to Medium
grade if they were slaughtered withont being fattened. A Choice
Feeder-steer calf requires about 400 pounds of gain to produce a Good
or A carenss and an additional 200 pounds of gain to produce a
Choice or AA carcasst A Choice yearling feeder steer requires about
270 ponnds of guin to produce a carcass that will be of Good grode,
and an additional 170 pounds of gain to produce a Choice carcass.
A Choice 2-year-old feeder steer requires about 200 pounds of gain to
produce a Good grade carcass and an additional 150 pounds of gain
to produce a Choice carcass (fig. 1). Txperimental data indicate thai
there is consideruble variution in the grade of carcass that Choice
feeder steers would yield before being fattened and in the gain re-
quired by Choice feeder steers to produce Good grade and Choice
grade slaughter animals, The report of the experiment that was used
as o basis Tor this section specifies that: “The steers were graded as
Choice feeders, or 2s Common to Medium steers for slaughtering. . . .
The fattened steers were graded as Choice beef steers.” (7, p. 304}
The report also gives the gain made by Choice feeder steers in becom-
ing Choice slaughter animals. The judgment of animal husbandry-
men from the Corn Belt States was relied upon to a considerable
extent in arriving at congruent average figures for the gain required
by Choice feeder steers in order to become Good grade slaughter
animals.

T fracther Informntlon regurdlng the dain nsed !n this amalysis, togelher witk a briel
deseription of the anplytieal procedope followed Is given In the appemsdly {p 20V

+Throughout this tdetin the degroe of fintsh indlcated by the grade nwmes Chelee,
Goaod, ete.) is that eaerled by the animal when §6 has renchoed the middie or average
of the speeified srade nnless olberwise fndignbed. At gevers! ploces n the digcusalon,
however, it svemed desirabie to deflultely speclfy the degree of Bolub og the Bverage

of the grade to lusure ¢larlly.
t btaite mumbers in porentheses refer to literature eifed, p. 47,
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The younger feeder cattle gain more in live weight per unit of feed
than do the older feeder cattle, but they require more feed to reach
comparable slaughter grades because they grow more during the fat-
teiing period. When fed a standard Corn Belt ration in dry lot,:
calves require about 3,33C pounds of total digestible nutrients,
yearlings about 2,840 pounds of total digestible nutrients, and 2-year-
old steers about 2,335 pounds of total digestible nutrients if they are
to be fattened from Choice feeder grade to Choice slaughter grade.
The increase in slaughter grade from Good to Choice requires 43.4

LIVE I
WEIGHT

fpouNpsy | 2.YEAR QLD STEERS

1.235

STEER CALVES

T i T
. 1600 2,400 3,200 4,000 4,800
i TOTAL DIGESTIBLE NUTRIENTS { POUNDS)
O CHOICE FTOIA GRADE & GOOD SLAUGRIIR QAADE S OHOICE SEAVGNIEN QRALE

Frauxe 1—~Reluation of live weight to total quantity of feed consunted
throughout the fattening period.
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percent of the total feed normally given to calves during the fatten-
ing period, 486 percent of the total given to yearlings, and ‘546
percent of the total given to 2-year-old steers.

* RepaTioN oF GaN 1N Live WeIGHT 10 FeED CoNsSUMED

The efficiency of feed utilization, as measured by the gain in live
weight per 100 pounds of total digestible nutrients, declines from the
beginning of the feeding period. Two measures of live-weight gain
related to feed consumed are shown in figure 2.

GAIN T
{POUNDE} 2-YEAR OLD STEERS

/ Average

Additional

|
YEARLING STEERS

|..._/ Average

T
STEER CALVES

/ Avarage
: _ |
|

-~
.
-
-

e
i
]

3
Additional

o

g 800 1L.EQO 2,400 3.200 4,000 4,800 .
TOTAL DIGESTIBLE RUTRIENTS (POUNDS)

Fioure 2,—Gain in live weight per 100 pounds of total digestible nutrients
consumedl {tirvughoul the fattening period.
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Both measures indicate that the gain in live weight per 100 pounds
of total digestible nutrients decreases as the animal grows and fattens.
Axiomatically the additional gain per 100 pounds of total digestible
nutrients decreases more rapidly than the average gain per 100
pounds of total digestible nutrients. The gain per unit of feed is
areater, and the rate decreases less rapidly throughout the fattening
period of calves than it does in the case of yearlings and 2-year-olds,
as indicated by the curve showing the additional gain per unit of
feed. During the fattening period of calves when they are at the stage
of Good slaughter grade, they increase about 16.56 pounds in live
weight for each 100 pounds of total digestible nutrients compared
with about 11.4 pounds gain in live weight when they are at the stage
of Cloice slanghter grade—a decrease in efficiency of about 31 per-
cent, '

Comparable figures for gnin in live weight of yearlings are about
15,1 pounds and. 10 pounds, respectively, or a decrease in efficiency of
about 34 percent, For 2-year-old steers, the decline in efficiency in the
utilization of feed is even grenter. Comparable figures for gain in'live
weight of 9-year-olds are about 152 pounds and 9.4 pounds respec-
tiveﬁ’y, or o decrease of 33 percent in efficiency.

But gain in live weight is probably not the most aceurate measure
of efficiency of feed utilization, As shown later, the efficiency of feed
utilization, measured in pounds of edible nuirients and calories pro-
duced per unit of fecd, probably increases during the first part ot
the feeding period. *

REramion oF Bopy CoiPosSITION TO FEED CONSUMED

In ficure 8 the estimated weight of the component parts of the live
animal in the case of ealves, yearlings, and 2-year-old steers through-
out the fattening period is compared with total feed consnmed at com-
parable points. The edible part of the body (edible carcass plus
edible offal) is the same thing ag the edible lean mieat and fat. Not
quite half of the live weight is edible at the beginning of the feeding:
period; a Jarge part of the gain in live weight that takes place during
the feeding period oceurs in the edible portion. Because of the greater
growth in calves, a smaller part of the total increase in their live
weight is edible compared with the increase in the older feeders, but
a larger proportion of the increase in the edible portion is lean meat.

ReLaTioN oF GAIN 1¥ Epise Bory To FEeEp CoNSUAMED

The decline in the efficiency in feed utilization throughout the feed-
ing peried, mensured in terms of pounds of edible body produced per
100 ‘pounds of total digestible nutrients, is smail during the first
part of the feeding period (particularly among calves) but the rate
of decline is most rapid toward the end of the feeding period, espe-
cially among older cattle (fig. 4). Comparison of figures 1 and 4
suggests that the decline is relatively small until the animals become
approximately Good slaughter grade.

An examination of the efficiency of producing edible lean (edible
carcass Jean plus the trimmed edible organs) and also of the separvable
fat (edible fat physically sepuruble from cavcass and orguns plus
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killing fats) indicate that the effciency in producing edible lean
meat declines rapidly from the beginning of the feeding period, and
that the decline 1s more rapid in the case of older feeder cattle than
in the case of calves (fig. 53). On the other hand, the efficiency in the
production of fat increases during the first part of the feeding
period for calves, yearlings, and 2-year-olds, The most eflicient point
i terms of separable-fat production is at about the time the animal
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Fieuse 8.—Pelntion of welghts of body constitvents to total guantity of feed
consumed throughout the fattenlng period. {The curves for live.weight and
edible body weight occupy the same relative posltions also on the two lower
grapha.)
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is-of Good shughter grade in the case of 2-yéar-olds, about on the-
border betsreen (Good and Choice for yearlings, and on the border
‘between Choice and Prime grade for calves. .

GAIN T !
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Figune 4.—Gatn in edlbie body per 100 pounds of total digestible nutrients
consumed throuvghout the fattening period.

Thus it would appear that when cattle are being fattened to im-
prove the quality and nutrient content of the meat, the greatest effi-
ciency in producing fat is obtained when Choice 2-year-old feeder
steers are fattened to about Good slaughter grade; when choice year-
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- ling feeders are fatiened to High Good, or Low Choice slaughter
grade; and when Ghoice feeder calves are fattened to Choice slaughter
grade. However, if a part of the large quantity of edible fut produced
by fattening animals to the higher slaughter grades is not consumed
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F1eukE 5.—Gain in edible lean awd fat per 100 pounds of total digestible
nutrients consutued throughout the fattening period,

as human food but is wasted, it would appear advisable, particularly
when feed is scarce, to feed only to the slanghter grade at which the
fat produced will be consumed by retail customers, ¢ven though addi-
tiona] finish could be efliciently produced.
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As an indicator of efficiency in the utilization of feed, the gain in
weight of the edible body per 100 pounds of feed consumed is more
accurate than the gain in live weight because the clouding effects of
digestible fill, hide, bone, and nonedible offal have been removed.
But the edible body contains a large degree of moisture. Hence, a
third and still more accurate measure of efficiency in feed utilization
is found in the weight of the dry matter in the edible body.

Rerarion o¥ EpieLe Bopy CompositioN To FEep CoNSUMED

The estimated weights of the chemically determined constituents—
crude protein, ash, ether extract (fat), and water—of the edible body
of Choice grade feeder calves, yearlings, and 2-year-old steers,
throughout, the feeding period, are shown in figure 6. Tkis chart indi-
cates the large proportion of the edible body that is water, particu-
larly when the animal is in thin condition. Edible bodies of younger
feeders have the highest percentages of water. About two-thirds of
tire edible body of a Choice feeder calf is water at the beginning of the
feeding period compared with about halt when the animal has been
fattened to Choice slaughter grade. The water éontent of the edible
body of a Choice 2-year-old feeder steer is about 60 percent, and it is
reduced to about 46 percent at Choice slaughter grade. The quantities
of protein and ash in the edible body do not increase much during
the fattening process, but the increase is relatively greater in young
than in older animals.

RevaTion oF Garw IN EpieLE Bopy NUTRIENTS To FeEp CONSUMED

The efficiency in feed utilization throughout the feeding period, as
indicated by both live-weight gain and edible-body gain per 100
pounds of total digestible nutrients consumed, declines from the be-
ginning of the feeding period, but the efliciency in feed utilization
as indicated by gain in edible body nutrients increases during the
first part of the fatteming period and then declines (fig. 7).°
The point of greatest efliciency, as indicated by pounds of edible
body nutrients, occurs in a 2-year-old steer just before it becomes of
average Good slaughter grade; in a yearling when it goes just beyond
the average of Good slaughter grade, and for a calf when it is about
. Choice slaughter grade.” As was shown by using the other two

measures of efficiency, the efliciency in feed utilization is here shown
to decline more rapidly among the 2-year-olds than among calves,
after the maximum is reached.

¢ Lacking more sdequate terminology, the term edible body nuirients fs used through-
ont this bulletin te metn edible crude pretein, ash, and ether extract. Support ng
evidence regarding the cfleicney In feed ntllization threughout the feeding period as
here discubsed is given In the appendlx, p. 35.
TThe polnt of greatest cfficiency, at which the largest r[uuntiSy nf edible body
nutriente Is prodeeed por 100 pounds of tetal digestible nutrleats fed, !s reached when
. the curve sbowlng the nverage guuantity of noutrlenys produced per unit of feed used
ctossey the curve showing tlhie ndditienal guantity of nutrients produced per umit of
additiona)l feed uged. Before this point is reached, each additiona]l unit of 100 poundas
of total dlgeatible puirients fed produces more edible body nutrlents than was produced
on the average by all previous units of feed; this enuses the average guaptlty of
edlbie nutrlents per 100 pounds of feed to Increase. After the curves cross eneh other,
ench additlonaj 100 pounds of totn! digestible putrlents fed produces a smaller additional
quantity of edible body nutrients, ennslng a decline in the average gquantity of edible
bedy wutrients produced pec wnlt-of the feed used,
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Considering the protein and ether extract individually, the quan-
tity of crude protein produced per unit of feed declines from the
beginning of the feeding period, as does the quantity of lean meat
(fig. 8). The efficiency in producing ether extract increases during
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Fraure 8—Gain In edible erude protein and edible efher extract per 100 pounds
uf toral digestibie putrients consumed throughout the fattening period,

the first part of the feeding period and then declines, as in the case
of separable fat. The maximum efliciency in terms of ether extruct
for the 2-year-olds occurs just as they go beyond the average of the
Good slanghter grade. Yearlings are close to the average of the
Choice staughter grade before the point of greatest efficiency of pro-
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~ ducing ether extract is attained, and calves beyond the average of the
- Choice slaughter grade.

L:zLATION ofF CaLories Propuces To FEEp CoNsSUMED

As a choice feeder steer fattens the number of calories produced by
the animal per 100 pounds of digestible nutrienis consumed increases
during the first part of the fattening period and then declines, about
as do the pounds of edible body nutrients produced per 100 pounds of
total digestible nutrients consumed (fig. 9). But the greatest efticiency,
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conspmed throughout the fattening period.
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when measured in calories, is reached a little later in the fattening
period than when the efficiency is measured in pounds of edible body
nutrients. Maximum efficiency, measnred in calories, is reached by
a 2-yeur-old Choice feeder steer at about the thne the animal is of
Good slaughter grade. Choice yearling feeder steers have reached
. Good to Choice shiughter grade, and Choice feeder steer calves have
become Choice to Prime slaughter grade when they have reached
their maximum efficiency in feed utilization as measured in calories.

Once the maximum ecfficiency in food production, measured in
calories, has been reached, the efficiency declines more rapidly for
the 2-year-old steers than for younger feeder animals. This has been
demonstrated by using other measures of efficiency as well. Until they
are highly finished, however, the older feeder steers produce more
calories per unit of feed than do younger animals.

Discussion oF EFFIciENCY MEASURES

Although gain in edible body nutrients—protein, ash, and ether
extract—and in calories, per unit of feetl consumed, more accurately
portrays what is produced with the feed utilized than do either live
weight gain or edible body gain, it still may not be entirely adequate
as o measure ot efliciency. The various constituents produced may
not be given the proper weight when pounds of each are added or
converted to calories, to obtamn o total. Possibly protein should be
weighted morve heavily than ether extract; were it given a heavier
weight, the point of greatest efliciency in producing edible nutrients
or ealories would be shifted toward an earlier point in the feeding
period (indicating an advantage in “shorter feeding”) and the de-
cline after the maximum is reached would be move sharp. Moreover,
calves would compare more favorably with older feeders in respect
to eflicrency in utilization of feed. As no one measure is entirely
adequale it 1s important that the efliciency in producing each con-
stituent be considered closely, along with the efficiency in producing
the total edible nutrients or calories. It must be remembered, further-
mote, that the constituents are joint products; one cannot be produced
without the other even though they ean be produced in varying pro-
portions at the same time.

RELATIONSHIP BETWEEN GAIN IN LIVE WEIGHT
AND FOOD PRODUCTS PRODUCED

‘The gain in Tive weight only partially and someshat inadequately
indicates the gain in food products produced by a given quantity of
feed. In addition to the gain in live weight during the fattening
period, there is a considerable inerease in the food-nutrient coutent
of the beef carcass. In tuble 7 estimates of the gain in live weight and
selected indicators of food production are given for Choice feeder
steer calves, yearling steers, and 2-yeur-old steers, from the beginning
of the feeding period until ihese animals have reached the average
of Good grade and the average of Choice grade slaughter animals,

This facilitates n comparison. The percentage increase in lean
meat and crude protein is slightly less than the petcentage gain in
live weight but the percentage increase in fut is considerably greater
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than the percentage gain in live weight, From the beginning of the
feeding “period until the animals reach the average of the Good
slanghter grade the percentage increase in pounds of edible nutrients
ranges from about twice the percentage main in live weight for the
steer calves to nearly three times the percentage gain in Tive weight
for the 2-year-olds. Animals fed to the middle of the Choice slaughter
grade show an even greater disparity in the same dirvection between
the increase in edible nutrients and the increase in the gain in live
weight. The percentage increase in calories is greater than the per-
centage incrense in edible nutrients. The average animal, when
placed on grain feed in the Corn Belt, is thinner and therefore is
graded lower than a Choice feeder, and an cven greater percentage
increase in nutrients and.calories than in gain in live weight would
be obtained by feeding.

TWhen comparing feeder cattle of different ages less difference is
found in percentage increase in live weight and in edible body
nutrients and calories in calves than in older animals. As calves grew
more during the fattening period than do clder animals, a larger
part of the gain made while being fattened is in the form of bone
and other nonedible products. Morveover, a larger proportion of the
gain is protein which has a lower culorie content per pound than has
ether extract.

Tanrk T.—Estimated percenioge increase in Hre welghi, edible body, and edible
body wudrients of Cholee feeder steers fatiened fo rewel the veerage of the
' tfood anrd the arerage of {he Choire sltughter sgrades

-

Eslimated inerease of Cliolee foedor pieers fnlioned to:

Ciood slanghter grade Choiee sluughier griule

2-yont B-year
Calves | Yeurlings akly Crlves | Yoeorlings

Pervent ! Fercent Percent Porcent Percent

Five werghioo - o 42 2 150 £9
Edibie bady: iy ' bt 47 ki) LLEH
Lenno .o . 3 i ; i27 i)

Tat ... . i : 19 0243 28
sEdible-fanly nuirienls R i1 s : 375 187
Cride protein 2 3 122 50

120 3

gir . e e e M : B S
Etherextmet . o000 31 i R Gt o- T
Cndoriey v edible produaed .o . ... 3 ! 185 233 !

» Cnienlated op the basis of 18044 enlories por pound of crude protein, ond 4,082.4
cirlories per peund of elber extract.

POSSIBILITIES FOR GREATER FOOD PRODUCTION -
IN CATTLE FATTENING .

In normal times considerable feed is utilized in the Corn Belt in
the production of high-quality slanghter eattle. Ascattle are fattened
to a high degree of finish the quantity of feed consumed per unit of
gain increases. Of the 1.5 billion pounds of gain produced annually
on cattle that were fattened in the Corn Belt trom 1938-39 to 104142,
an estimated 1.2 billion pounds, or about 80 percent, was produced
before or by the time the animals reached the average of the Good




22 TECHNICAL BULLETIN 900, U. S. DEPT. OF AGRICULTURE _

slanghter grade; the remaining 20 percent was produced on those
animals that weve fattened beyond the average of the Good slaughter
grade after they reached the average of that grade. Some of the
cattle that were grain fed for market were not carried to the average
of the Good slaughter grade, and the gain they produced is a part of
the 80 percent. The 80 percent nlso includes that part of the gain
on the highly finished cattle which was Froduced before they reached
the average of the Good slanghter grade. -

These estimates are based upon the assumption that as an average
for cattle fattened to or beyond the average of the Good slaughter
grade on farms in the Corn Belt, the feeders wei hing under 500
pounds at the beginning will become of Good slaughter grade after
they have gained about 415 pounds; feeders with an initial weight
of 500 to 750 pounds, after they have gained about 300 pounds; and
feeders weighing over 750 pounds, after they have gained about 285
poungls.

" EarLy Gamns Most EFFICIENT

It is caleulated that the estimated 80 percent of the gain in live
weight produced before or by the time the average of the Good
slaughter grade was reached by cattle fattened in the Corn Belt re-
quired about 70 percent of the total quantities of grain and protein
supplements that they consaumed during the fattening period. The
other 30 percent of the feed was vequired to produce the 20 percent
of the gumn in live weight in the highly finished animals after they
had passed the middle of the Good sluughter grade.

Although the 30 percent of the concentrates, equivalent to about
60 million bushels of corn and 85.000 tons of protein supplement,
utilized m fattening cattle in the Corn Belt beyond the average of
the Good slaughter grade during the period studied produced sbout
300 million pounds gain in Yve weight, a relatively larpe part of this
gain probably wuas not consumed as human food for it was largely
fat in excess of what the average person consumes along with the
lean meat.®

Probubly about 45 percent of this gain in live weight produced
hefore the avernge of the Good slaughter grade was reached was in
the form of edible nutrients (edible erude protein, ash, and ether
extract), and nbout 90 percent of the edible nutrients, or 40 percent
of the gain in live weight, was consumed direetly as human food in
the form of beef {table 8). For Corn Belt cattle that were fattened
beyond the average of the Good slanghter grade, about two-thirds of
the gain produced after that point was in the form of edible body
nutrients but probubly only about 30 percent of the edible body
nutrients, equivalent to about 20 percent of the gain in live weight,
wis consumed as human food in the form of besf. The percentagre
of edible nutrients that is consumed in the form of beef is small be-
cause Httle increase oceurred in edible crude protein and ash and the

#This statoment is based upen stndies summarked in the appendix, p. A5, The
quantity of fut relished nlongr with Jenn varles considerably arcording to Individan!
tnstes, Tn making (hese coleninilons it was ostimaied that  titile more fat would Ix
consumed plon wilth the lean in mesl from n highly uished enrenss than in ment from
o mediom fnished carcess. To the extent {hat {he Tatter wef Is served in piaces which
wiater to dndividusls who have ahove-nverspge tostes for fnt on Bighiy tintshed beef, n
larger proportlon of the galn may be consumed ns food than i indicnted by thesce
cstitintes,
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quantity of fat deposited within the lean tissue is 1ot very great even
in the final stages of the fattening period. Most of the gain that is
made after the middle of the Good slaughter grade is reached is in
the form of fat that is in excess of what the average person will con-
stme along with the leun meat. Some of this excess tat (killing fats,
etc.) is utilized, however, in mixtures along with other lean meats.

Tanie §—Fsfimaied quantitics of food nutrienis prodqueed from sormal

duantilies of conventriutes wsed for foailening cottle in the Corn Belb, swith

norimal fultening practices, ond oith the praclices udjusied so (et wo caltie
wonld be futiened bryond the avcrage of the Good sluughter grode

wormal futlening praclices
Adfusted
Before the | After the (nltening -
Ttem Unil averape of | avernge of prietices f
the Good | the Goomd Total .
slongshtee | slanghiters
prade foude
Cattle fattened ... _ . . ... _,!.\Iillicm hend|mmm e 4.0 5.7
Perd ntilized: !
Grmin_._..._ . . .. ... . [ Rillipn s, 7.7 3.3 11.0 11.0
Protein sapplement, Lo L0 1,000 tons 190.0 85.0 2753.0 275.0
Gain in weight: i
Liveweghi.._ . ... _._ . . : Million b, 1,200.0 300.0 1,500.0 1,700.0
Edible notrfents._.. © __ . . do.. .. 0.0 200.0 710.0 Tha.0
. Edible untrients tonsumed 2o L oL Ao 180.0 £0.0 540.0 680.0
Gin per bundredweight of grnin:
Live weighe_ . ,.._.__.} Pounds 15.5 9.1 13.6 15.5
Edible midrients.. . o0 Lol dou. oo .00 G.1l 6.7 7.0
Lddible putrients consunud 3--_]:_.“:!0 ..... G.2 1.8 4.9 G.2

1 Esthe <l assuming pormal {10385-%9 (o 1941423 entile-fattening pattern and proe-
tice:]; excep  that ng enttle would be fattenced beyound Lhe ayveenze of the Good slaughier
gradae,

= Consumed divectly ns food 1o the form of Deef,

Assuming that only a small proportion of the additional nutrients
produced when cattle are fattened beyond the Good grade is con-
sumed divectly as human food in the form of beef, then only a small
quantity of additional human food is produced per unit of feed dur-
mg this later period of feeding. After considering the normal dis-
tribntion of caltle nmeng the slaughter grades, as the animals come
from feed-lots of the Corn Belt, it is estimated that in the gain pro-
duced before the avernge of the Good slanghter grade js reached,
about 6 pounds of nutrients that will be consumed divectly ns human
food in the form of beef nre produced per 100 pounds of grin,
whereas after the average of the Good slaughter grade is reached,
only about 2 pounds of nutrients are produced per 100 pounds of
gran fed.

More Beer From SamEe Quantity oF FEED

If the 60 million bushels of corn equivalent and the 85,000 tons of
protein supplement that normally are used in the Corn Belt in a year
to fatten cattle beyond the average of the Good slaughter grade were
uged to fatten additional cattle, about 1.7 million more animals colild
be fattened, assuming normal feeding and muanagement practices
éexcept that none of the cattle would be fed beyond the average of the

ood slaughter prade).

This would result in the production of about 200 million more
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pounds of gain in live weight of cattle, or about 140 million more
pounds of nutrients to be consumed directly as food in the form of
beef than were produced annually from 193339 to 194142 {table 8).
The increase in live weight would be about 15 pevcent and the edible
nutrients to he consumed as beef would Le increased by about one-
fourth.

If additional feeder cattle of satisfactory grades were not available,
the feed that could be saved by not feeding any animals to a finish
higher than the middle of Good slaughter giade probably should be
used for feeding other kinds of livestock which would mulke more
efficient use of the feed, if the nim is to get the greatest quantity of
sutisfuctory human food from the supply ot feed.

The relative quantities of fat and protein produced during the
fattening peried can be adjusted somewhat by varying the age of
cattle to be fattened and by adjusting the feeding practices. As
culves procduce more protein per unit of feed during the fattening
period than de the older cattle, more protein can be obtained by
fattening a relatively Jaurge nunber of ealves. Ilowever, calves re-
quire more fecd to produce a carcass of satisfactory slaughter grade.
Therefore, when concenirafes ave scurce, more calories ean be pro-
duced, or more animals can be improved in slanghter grade, with a
limited quantity of feed it older cattle are used for fattening.

Feeding practices play an important part in determining the rate
of gain and therefore the composition of the gnin, during the fat-
tening period. Ixperimental dain indicate that animals that are
given limited feedings of concentrates during part or all of the feed-
ing period continue to grow but put on less Tat than if given a full
feeding of concentrates, with the result that a greater proportion of
the total guin is in the form of protein.

Other possibilities of producing more food for humans with the
feed available fov fattening callle have been demonstrated by feed-
ing experiments and by the experience of farmers. These have been
adequately covered in other studies und ave too numerous to discuss
here. They fall into two broad and somewhat overlapping cate-
gories—adjustments i making up the rations and more eflicient
feeding. Where roughage and pasture are avuailable, considerable
quantities can be substituted for concenbrates in the fattening of
cattle, particularly in the case of the larger animals. In this way an
incrensed number of cattle can be fattened und n larger quantity of
heef for consunmers obiained from o given quantity of concentrates,
Morcover, still more ¢iitle could be Tattened with the same quantity
of concentrates if the clliciency used in feeding and management is
increased.

Ecoxonic aNp Puysicar RELATIONSHIPS

The foregoing analysis of relationghips between the quantity of
feed utilized to falten caitle in the Corn Belt and the guantity of
hurian food produced considers only the physiceal relationships in-
volved. Relationships in terms of cests and returns inyvolve a broad
field, not touched upon in this analysis. But they must be given con-
sideration when caitle-fattening progruns ave developed. When
conflicts arise belween physical and economic considerations, adjust-

*
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ments should be made in accordance with the size of the supply of
agricultural-production resources relative to the total food needs to
be met. In wartime, feed is likely to be scarce reldtive to requirements
for food, and every effort should be made to adjust economic rela-
tionships and incentives in such a wuy as to facilitate the maximuym
production of essential food products on the basis of the physical
relationships involved.

SUMMARY

Fattening of cattle is an integral part of Corn Belt farming. Corn
Belt farmers who fatten cattle from the wesfern ranges and from
farm pastures make a substantinl contribution to the food supply.
Normally, about 4 million head of cattle are fattened in the Corn Belt
each year and about 1.5 billion pounds of live weight is added to these
cattle. About 11 billion pounds of grain (cquivalent to about 200
million bushels of corn) and 275,000 tons of protein supplement are
normally utilized annually in this fattening process.

The food for human consumpiion that is produced from the feed
utilized in fattening eattle is grealer than is indicated by the gain in
live weight. During the fattening process the percentage dressing
yield and the percentnge nutrient cantent of the whole carcass is
materially increased. This fact is frequently overlooked when com-
parisons are made between the efficiency of feeding cattle for fattening
and the efficiency of feeding other kinds of livestock.

Efficiency in feed utilization in fattening cattle varies considerably.
It varies nccording to the age or weight of caifle at the beginning
of the period and according to the degree of finish they carry at the
end.

Efficiency in feed utilization during the fattening period, measured
by the aggregate quantity of edible protetn, ash, and fat produced
per unit of feed, increases slightly untit approximately Good slaughter
grade is reached. The maximum efliciency of feed utilization tor
animals that are henvy when the feeding begins, 1s reached at a lower
slaughter grade than for calves. The point of maximum efliciency, as
indicated by pounds of edible body nutrients, occurs in a 2-year-old
steer just before it becomes of average Good slawrhter grade; in a
yearling when it goes just beyond the average of the Good slanghter
grade, and for a calf when it is about Choice slaughter grade.

The gains made per unit of feed as an animal becomes highly
finished iz smaller than at earlier stages of the provess and a4 con-
siderable part of the edible product produced by this finish is not
eaten by the retail customers. The excess fub in the careuss of the
highly finished animal is likely to be wasted (leit on the plate) or
* diverted to other less essential uses. _

Cattle that are fattened in the Corn Belt to Choice or Prime
slanghter grade gain an average of about 6 pounds of edible protein,
ash, and fat (that is Jater consumed in the form of beef) per 100
pounds of grain fed during the part of the fattening period that
comes before the animals reach the average of the Good slanghter
grade. During the rest of the futtening period they gain an average
of about 2 pounds of edible protein, ash, and fat (that is later con-
sumed in the form of beef) per 100 pounds of grain consumed.
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Of the total gain in live weight during the normal fattening period
of cattle in the Corn Belt about 80 percent is produced before and
about 20 percent is produced after the animals reach the averape of
the Good slaughter grade. The 80 percent includes the gain to average
Good slaughter grade on higher finished animals, the gain on those
that are carried just to that point, and the gain on those that are not
carried up to that point. Normally, about 70 percent of the concen-
trates used in fattening cattle in the Corn Belt is required for the
80 percent of the gain produced before the animals reach the average
of the Good slaughter grade, and about 80 percent is used for the
90 percent of gain produced after the average of the Good slaughter
grade has been reached.

If no cattle were fattened in the Corn Belt beyond the average of
the Good slaughter grade {the point at which the carcass contains
about the maximum quantity of fat that the average person will con-
sume aiong with the lean meat), about 1.7 million additionai head of
cattle could be fattened annually with the concentrates normally used
to fatten eattle in the Corn Beit. This would result in an estimated
increase above normal production of about 15 percent in live weight
and of about 25 percent in the aggregate quantity of protein, ash,
and fat prodnced for human food—which would be consumed directly
in the form of beef.

When cattle-fattening programs are being made the costs and prob-
able returns should be considered as well as physical relationships.
But in tinie of war when supplies of feed ave not likely to be adequate
to produce all the livestock products that are urgently needed, the
economic considerations and incentives should be adjusted, so far as
possible, to facilitate the maximum possible production of essentul
food products. This muximum is clenrly indicated through an analy-
sis of the pliysical relationships.

APPENDIX

Source oF DaTA UUsEp AxD METHODS OF ANALYSIS OF RELATIONSHIP OF
¥FeEp CowsumEep To Foobp PropUCED IN THE FATTENING OF CATTLE

A Svenr zeries of feeding experiments with ealves, yearlings, and 2-yenr-old
steers, conducted at the Towa Agrienltural Bxpeviment Station, is the principal
busis fur the analysis in this study of the production of foed as related to the
consumption of feed. The State report of the experiments eentning complefe
data by memthly perinds on feed-live-weight gain relationships and these data
form the proundwork for this analysis (4 and 7). Two ohjects of these
experitnents, as stated by the authers (4, p. 247 7, pp. 303-304} wern:
“1. To find euf the relative econoniy of feoding fwo-yvenr-plls, yearlings, and
enlves for murket. 20 To note the feed consumption, gains of the cattle, feed
requirements, finish . . . and yield and character of the cihrcasses of cufile
of differenl. ages.” .

The steers used in the 3-yvear series of experiments showed n preponderarce
of Hereford hiood and were graded s Choice gride feeder steers or as Conmtion
to Medium grade shughler steers. They *wore put in dry lot late in the fall
and were hand-full-fed twiee daily, the ration heing shelled corn, linseed vil
meal, and alfalfa hay the fiest 2 yenrs; comn silage was ndded the third year.
At tho close of the fecding peried the anlinals were graded s Choies grade
slaughter steers.

To facilitate the compitrison of feed used und gin made during the fatiening
period all feeds were converted to n totnl digestiblenutrient basis, using
factors glven by Morrison (I16).
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The data from the experiments are reported as averages for the varioug
lots of cattle. The number of head per lot for esch of the 3 years is shown
in the following tubulation:

Bieers periot
Z-year-olds  Yeerlings Jalves

1925-26 experiment_ . _____ . _eeaa. 7 3 8
102627 experiment_ . . oL 7 3 10
192728 experiment . . .o meo o 8 8 12

The method here used In ftting the curves {(for figure 1, page & of this
bulletin) to the experimental dain is given in detail in the 1932 Year Book
of Agrienlture, €6, p. 465). The equation is 1 — A — e — # in which:

w is the live weight after amy quantity of feed, f, has heen eonsmmed; A s
the maximum live weight attainable as i result of growth, but not as ¢ result
of futtening; B is the tolal guin in live weight made in reaching the muximuin
live weight: e is the base of thie nubural systein of logurithms; & is a constunt
which is a measure of the rate of decrouse in the efficiency of feed utilization;
and § is the quantity of feed that is required for attaining any live welght, w.

The enuations of the curves for (he three nges of Choice feeder steers arve:

Tor coives, w — 1440 — 1040e — -0002if

For yvearlings, 1 = 1440 — 80dg — -G6038L/

For 2-year-okls, 0 == 1440 — G10¢ — 00092/

In arriving at the estimated dressing yield and body composition, the author
used several svurces of information. Iowa Agricuitural Hxperbment Station
Tulletin 272 (7} contuing sone dutn on dressing yield and body composition
at the beginnibg und end of the feeding perivd for the three uges of steers
reported in Iowa Tuiletin 271. These data were utilized in estublishing the
estimates of dressing yield ni the bepinning amd end of the feeding peviod. The
estimates of dresking yield and body composition af varions points during the
fattening period were made on the busis of unpublished duta of experiments
made by North Dukotn and Michigan und en dutu in the Journal of Aprvicyl-
tural Tesearch (9), DMlineis Bulletin 501 (5}, Unifed States Depurtment of
Agriculture Cireular 544 (3), a bulletin published by o lnvge packing Com-
pany, (12}, unpublished datn frowm one of the large puckers en yields of
odible offul, and the judgment of research workers in the Duresu of Animal
Industvy.

In the study here reported, the (ressing percentoge (warm carcass) was
assumed fo be represented by a curve divectly correlnted with live weipht.
This relntionship was indieated Dy unpublished Norih Dakota aad Michigan
dnta. The wart-earcass (dressing perveninge was used becanse all of IHopper's
equiriirns on velationships in fuctors of composition ure based upon warm
dressing percentipes {(9).

The percentages of edible offal are based vpon unpublished data from o large
packing company, and upon {datn frem a bulletin published by another large
packing company in April 1943 (12). In making eateulitions based on dafn
from these sourves a straight-line relatlonship with live weight throughout
the feeding perind was assumetd. The percentage composition of the edible
organs, ete., is the weighted average of the composition of the tongue, tripe,
liver, and heart, as given in Unlted Btates Department of Agriculture Clreulayr
540 (3Y. The weights of the cdible organs nt the beginning und end of the
feeding period are based upon the duta from the two packing ecompunies
mentioned above. In the author's caleuvintions, the change throughout the
feeding period was assumed to be a struight-iine relationship with empty body
weight. The proportional reiationships of edible offal to live welght at the
beginning and at the end of the feeding period were assumed to be the same
for calves, yearlings, and 2-venr-olds beeouse there were insuficlent data to
allow for estimates for each; any error introduced by this assumption would
be very small, -

The assumpilons of the author, the method of caleulating the body com-
position thronghout the faftening perind, und farther notes on the source of
date are outlined below. The estimufes of feed vonsumption, slaughter grade,
dressing vield, and body composition at specified Hveweight intervals during
the fatteniug period are piven in the tables that follow.

Physically seporable fat in corcuss was estimated by the suthor, with the
assistance of certain workers in the Buresu of Anlmal Industry, on the busls
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of slaughter grade, dressing percentage, and body composition, Separable fat
was assumed to be a stralght-line relationship with live weight, This relatlon-
ship was indicated by unpublished data from Michigan experiments.

Bther extract in the carcuss was caleulated by the author from separgble fat
in the carcass, using Hopper's eguaiion 2, fable 5.

Crude protein, moistire, and ash in #he carcuss were caleulated from Hopper's
table 9 for given age of onimal and were changed from ether extrant free
basis {0 include efher exfract. The ash wis adjusted sliphtly by workers in
the Bureau of Apimal Induastry to improve congruity,

The figures for crude protein in the animal may be siightly low for the flrst
part of the fauttening period and may be slightly high for the latter part of the
period, because of the ages of animais Hopper used in his analysis. In his
summary {(of the Missourt data which formed the basis for his table 9),
Hepper included the composgition of some steers that were less than 7 or 8
months ¢id, Before critie have reached chemical minturity the protein aad ush
content of the body is relatively Iow, compared with the content after chemicul
maturity has been reached at abowt 7 or 8§ woonths of age. The inclusion of
the chemically immature apimals would influence the slope of Hopper's
regression line of protein content of the body on age of the animal, and
would resulf in a relstively lower figure for protein content for younger
ammals and & relatively highev figurn for protein content for older animals
in his fable 9.

Were Hopper's data recaleulated to exclude the chemicaliy immature ani-
mals, the resuits probably would not be sufficiently different to alter any
conclusions in o study of cattie fnttening gs related to food production. Since
the actuat protein content of the animal would be slightly higher at the
beginning and slightly lower nit the end of the faitening period than ealcninted
by Hopper, a curve showing the actual guantity of protein produced per 140
pounds of total digestible nutrients fed would deciine siightly faster than is
shown hy the Bgures which werse used here, and this would tend to accentuate
riather than negate the conclusions reached.

Bone was caleulated from ash, using Hopper's equation {(unpublished):
Bone, (carenss) — 3.67314 x Ash, (carcuss} 4 85825,

Lean is the residual between 100 und physically separable fat and bone.

Ether exiract in the edible coreass was onleulated from ether extruct in
carcass, using Hopper's eguation {unpublished) : Bther extract {edible car-
cuss) = 114424 v ether extract, {earcass) — 3.29418.

FPhysically sepuarable fet in the edible carcuss was caleuliated from ether
extract in edible carcuss using Hopper's eguution (unpublished}: Fat, (edible
careass) = MB126 x ether extract (edible carcass) - 92522

Crude protein, moistuve, ond ash in the elible carcass was caleuiated the
same ag for the carcass, as indiented above,




TABLES

Tarie 9.—Choice feeder steer erlves: Estimated fecd consumption, slaughter
grade, dressing pield, and body compogition al specified lreqweight indervels
during the fatiening period

Average live weight per head in pounda

400t 600 700 800 900 | 1,000 2

FPounds Pounds | Pounds Pounds | Pounds
Total digeatible nutrients eon-
Bt 1,326 2, 541 | 3,328

Carcags:
Weight—wnrm . 7o, 526.5 | 611.0
Physically separable:

231, 291.3 | 321L.8
. . . Bi. 150.0 | 195.5
Bone . 686.5 85.2 93.9
Chemically separable:
Ether eXUMetaae v om e s . . . 47 .4 172.7
Crude protein___ . a . 60,6 76.4
Moisturtee oo - 204.2 255.4
Asl 10.6

17.2] 19.4)] 22.0

Edible pertion of curcass: 3
Weight_ .. . 312.9 441.3
Phyaically scparable fat. ... . . 78.0 144 .8
Chemicnily separalie:
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Edible affal: !
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1 Cpmmoen to Medium sluughter grade.
2 {Cholee sioughter grade.
* Carcass mioup the bone.




Tante 10.—Choice feeder sleer calves: Estimated dressging wield and body
composition at gpecified liveweight infervala during the fattening perind

Average live weight per head in pounds

SO0 500 o0 800 900 1.00¢ | 1.100

Percent Percent | Percent | Percent

2]
b
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1 Percentage of live weight.

T Constituents equal 100 percent.

! Crreass minus the bone,

t I"ercentage of empty Lody wealght.




PRODUCTS PRODUCED

TarLE 11.—Qhoicc feeder yearling steers: Egtimated feed conswumption, slnughier
prade, dressing yicld, und budy composition. at specified Nve-weight intervals
during the fallening pcriod

Avorage live weight per head in pounds

D40 1040 %

Pounds

§
E

Total digeatible nutrients eonwnaed. ... L.

»
&

Carcase:
Weight—warm
Physically scparabl
Lran
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Edible poritan of carcass: 3
Weigh

ey

it ki

Fhysically separable at,
Chemically acparable;
Ether extract
Crude protein_
Moisture____
Anb
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Editde Offal:
OQrgany, cle. (Irimmed)
Ether extmset
Crude protoin.
Moisture....
Ash_
Caul, rmffle, and otherfals__ ___ ..
Ether extract
Crude protein.
Moisttre
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1 Common to Medlum sisgghiter prude,
2 Cholee slaughter grode reached at 1080 pounds.
¥Carcass mimm the booe,




Tasiy 12 —Choice feeder wearling sfeers: Estimeled dressing picld and hody
composition at specified live-weight intervals during the fatlening period

Average live weight per head in pounda
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: Parcentage of live welght.

1 Constituents equal to 100 percent.
* Carcaxa mious the bone.

+ Lercentage of empty body weight,




FEED CONSUMED TO ¥FQOD PRODUCTS PRODUCED

Tantre 13.—Choice fecder 2-gear-old stecrs: HRstimaled feed consumption,
slaughter grude, dressing picld, end body composition af specified liceaccight
intervals during the fullering perivd

Avernge {ive weight per head in pounds

935 1035 | 1,135= | 1,235

Pounds | Pounds | Pounds | Pounds
Total digestibie nutrients eonsmined oo . £70 1,061 1,811 2,854

Carcax:
Wright~—waru
Physically aeparable:
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# Carcass inious the boue,




34 TE_CHNICAU BULLETIN 900, U. S. DEPT. OF AGRICULTURE

Taure 14.—Choice feeder 2-yenr-old steers: Estimated dressing tield and body
composition et specified live-weight intervels during the jatiening period

Average live weight per head in ponnds

935 1035 1,135 1,235

Percent | Percent | Percent
Careass;
D

Phyai

57.0 60.0 53.0
56,1 . 49.1
25.9 .3 35.1
18.0 5.8

Beon

Chem:cany scparable: *
Ether extract oo ooocemaccoaa . 80.1 . 39.5
Crude protein . . 15.3 . 13.3
Motsture._.. e . . 4%.9
Ash, i 4.7

Edidle portion of carcass; 3
Physically separable fat, . 30.4
Chemicaly scparable: ®

Ether extract . 5 31.2
Crde protein . Z 14 .G
Moisture___ . . 7. 53.5
Ash . 7

Edible offalr
Qrgana, efe. (trlmmud) ¥
Ether extract.
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ParataBiLirY oF BEEF As RELATED To SLAUGHTER GRADE

In this part of the appendix pertinent information on palatability and
associated factors of beef of different grades s summarized from reports
on the subject.

Francis, Bull, and Carroll at IDinois Agriepitural Dxperiment Station
{5, p. I37) conclude: “In carrying Choice and Gnod feeders from n Guod fo
it Choice finish, the additional carenss weight was made up lurgely of fat
which, as nlveady noted, Is very expeuasive to pmduce. Furtheriore, while
this additional fat incresses the praude of the careuss and improves the
palatability of the beef, it usuially is not enten and therefore represents an
economic waste of rhe extrit corn uxed to preduce it” It is not clenr from the
report how the determination was sinde of the guantity of fat that is psually
exten.

A report on a study conducted af the Iown Agricultural Bxperiment Station,
althoungh concluding that fatlening the animal improves the palatability, says
that: “In the aromi amil fliavor of the fiuf, however, the conmiftee favored the
roasts without mueh finish., The additienal faf 6n the rougt secmed to
. very pronounced Tatty odur and flavor, which was not plensing fo the
mrtjority of the commirtea” (7, p. 320.} )

A teport of the United States Department of Agriculture?® on palatability
of meats In relation to commercial grades contains consitlerable information
hised upon n study of 728 beef curcasses which were seured by judges on the
bagis of tenderness, richness, nnd guantity of juice, and desir tl‘uhty of flavor
of the lean ment. 'The committes of judges indicated thut more study is

* United States Dopartment of Apgricuiture. HEPORT OF COMMITTER ON PALATARILITY OF
M BAESI:}N) RELATION TG THE COMMERCIAL GHADES. 48 pp., illus. 1037, [T'rocessed.] {See
Pp- ,
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necded on factors of grade and palatability but said that: “For grades Choire,
Gioud, Medimin, and Common the collective opinion of the judges wus that the
liigher the grade the higher were the scores.” The report then makes a store-
ment that partinlly negates this conelusion: it gavs that, “when it is ssserted
Lt the higher the grade the higher were the scores for tenderiess, richness
or quantity of juice, or Haver ot Jeun, on the wrerege is meant.” Considering
the wide range of the scores ns nssigned by the judges and the low coeflicients
of correlutivn Dbetween fuiness and measures of palazability, “little hope I3
held cut that the grides can function as i eertuin aid t consumers who seek
beef of superior guulity in respect to the four items mentivned.”

Trowbridge and Dyer {11, p. 1) at the dissouri Agrienlcural Bxpevinwens
Station state thut “Beef thur grades ‘good’ is highly satisfactory beef,”

An article in the Journanl of Agricultural Science by B, H, Caliow (2, pp, 182,
183), Cambridge University, London, LBnglanmid, on the foed value of heet,
indicates that palatability—ay  judged by texture, flaver. and  juiciness—
incraised until the aninal veached about Good shinghter made, sl 1hen
declingd. “Whe data , . . show that the highest marks for palatability oceur
at a dressing-out perceninge of 50" After considering the conditions under
which the tests were made, and relafing (hew te circumstaoces angd aetivity
of the average consiners. the author concludes: “The value of 38 (Lo
dressing-out percentinge) Is tentutively suggested for war time,™

Erriciency ix Feep UriLizatiox Durine rHE Fatrexine Periop

Efliciency in feed wtilization, as indiented by pounds of edilile nutrienis
and ealuries produeed per unit of feed consunued, by the Choice feoder steprs
uzed in the experinwnt which is the principal basis fur the analysis in this
sludy, inerensed during approxinutely the fivst third of the Gattening periml
imd, thereafter, dectined. This fisdicated relationship is in aecordance with
experimental resulls and judsmenis of leading investigutions of the subjoeer.

Avmsby, (2, pp 303, 3031 concludes Lhat: "On Lhe whole, the results af these
experinents secim o indicnle, if anything, a rather lower pereentage urilization
by the younger imimals sts compitred with the older.” Iliz hypothesis on this
questing s that, *, .. the conversion of feed protein ., o into tissue requires
a eensiderably greater velative expenditure of energy thun does the conversion
of surplug feed into fal, the dilference veprescenting what might be entled
e work of organizadion, ., "

Hogim  and associates ut the JMiszour]! Agricultural Fxperiment Station
(8, pp. 26, 27} investizating Armszby's hypothesis that the pereentiize rerention
of nel energy anay inerease with uge, concluded that for hogs *. ., within
reasonable linmits, cnergy is stored more economicnlly in fhe laiter rather than
in the enrlier monihs of the feeding period.” Thoy also studied aecckers
Minnesota data on cattle and found it L ., in essontis! agreement with ours
and that the more mature animals made going in energy move economically
than those that were younger.” Haecker's dala on caitle fatiening, although
inconcinsive, indicate a gradual inerease in eMiciency in feed utilization upcit
the lalter part of the feading pericd, when eiliclency rewaing eunstant, or
possibly declines.

Morrison (18, p. 151}, when dixecussing the fattening process, says: “The
fact that the proporticn of faf in the gzain made by an animal steadily
increnses during the fatiening period is of much practieal importance. It is
the chief reason why the feed cost per pound of gain incresses ruapidly after
an animal has become fairly well futtened. Suvch flesh contuins mueh more
fut and less water, and is correspondingly more expensive to produce.

“The fat animal also needs a greanter proportion of its feed for waintenance
than the one which is not yet well fleshed, becanse of two factors: First, the
mnintenince requirement of a fat animal per 1.000 1hs. live weight tends to
ke higher than for o thinner one: and second, the fat animal eats less feed
per 1,000 Ibs, Iive weight, consequenily having less nntrients left for meat
production after the maintenance requirements hanve been met.”

These studies and authorities indiente that the more muature animals make
giing in energy more cconomivally than do the younger animuls, but as the
nnimal fattens its maintenance requirements Incrense and the consumption
of feed decrcases relntive to live weight: this leaves less nutrients for the
production of meat. Therefore, it does not appenr improbable that efticiency
in preducing food nutrients would increase during the first purt of the fattening
period and thereafter decrease.
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