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- Estimation of the Composition of Beef
Carcasses and Cuts

By 0. Q. Magxkins, senior animal husbandman, and Pavl I Howe,® principal
chemist, Animal Iusbandry Division, Bureaw of Animal Industry, Agrieuliural
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g INTRODUCTION

Stud# of the development of meat animals as affected by breeding
and feqfing are primarily concerncd with changes in fat deposit,
the mugpuler system, and skeletal structure, The proportions of
fai. leap, and bone &b any given stage of development are of interest
fr tite producer, packer, retailer, and especially the consumer. Fat-
noss affets greatly the neceptability of meat to the consumer, and
it is well known that the futiening period is the most costly phase
of animal feeding, 1t is imporbant, therefore, that rapid, economical
methods lor ostimating the physical and chemicnl compesition of
earcasses atd euts he available (o workers in the field of hvestock
and meat vesearch. .

The most accurate method for determining the composition of a
meat animud is to make o chemical analyvsis of the entive body alter

I Received for publicalion April 2, 1940, o

* On military leave.

5 The authors give eredit to N. R, Ellis, R, L. Hiner, W. R, KaufTman, [1 15
MeClure (resigned), J. M, Bpadola (resigned), and X, F. Warner of the Dureau
of Animal Industry for analytical work, and to Fedua V. Bleely also of the Buresu
for stalistical work, in conneetion with the study,
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having first eliminated the contents of the digestive tract and bladder,
Probably the next best method is to analyze the diressed carcass. -
However, .cither of these undertakings is time consuming and expen-
sive. Consequently, research workers have long been interested in
simplified methods that would enable them to cstinate composition—-
at least itz more important components—with satisfactory accuracy.

RE\{.‘E.EW OF TITERATLRE

A few investigators, in recognition of this intefest and need, have
worked on the probletn and several methods relatling to beel hnve been
developed.  Murrny (6).7 for example, stated that ussuming the [af-
frec animal body to be constant in composition, the chemical compo-
sition of the live animal gould be estimated provided the {atneas wus
known. ‘TProwbridge and Moulton veacherd the conelusion, as reported
by Lush (8}, that the composition of “the wholeenle rib eut ® rather
adequately represented the enreass.””  This worlk by Trowbridge and
Moulton volved fab as determingd by ehemivad means.

Lush (5} alzo reported that Lhe fat content of the entire live steer
could be estimaled rom the diessing pereentage by the use of the
loflowing cquation: Pereentage of fat in entire live animal=1{.782X
deessing” prreentage—=86.40. The  cocllicient. of  correlation  was
4-0.84-:0.04, For sstimating the [at content of the live animal from
the pereentage of eaud fat, hie offered the following equation: Per-
centage of fat in entive live animal=14.55Xpereentage of caul [at
hased on live weight-+5.19.  In this instanee the correlation co-
cfficient wis F0.804+0.03. The most reliable indieator of fatness of
the enlire animal found by Lush was the percentage of fat in the
edible porticn of the whoelesale-rib cut. The estimating equation
was a5 follows: Percenlage of fal in live animal=0.603X percentage
of fal in rib Mesh43.92. The relationship was represented by the
vorselation coellivient ol 4-0.987 4 0.003.

Hopper (4) reported on the analysis of data from 92 endtle to deter-
mine the relations Lhat conld be used for the prodiclion of the physical
and chemieal composition of the emply body, carcass, and cdible
portion of ihe earenss from the analysis of a rib eut. The wholesale-
ey eut nond the edible portion thereof, ns well as the ninth-lenth-
cleventh #ib and the edible portion of that cut, weee studied as in-
dicators of Loth physical atdl chemieal composition.  Numeops
relationships and eslimating equations are presented.  Ln surmariza-
tion ho states, for example, (hal e physieal cotpasition of the whole
and edibie portion ol the wholesale-rib and ninth-tenth-eleventh-rib
cuts s highly correlated with the physival composition of the empty
hody, eureass, and vdible portion of the earcass,  The correlations are
cspoeinlly bigh for (he pereentage of fat,  Likewise, the c¢hemieal
composition of ihe whole and edible portien of the whalesale-cib cut
is highly correlated with the shemiead romposition of the cnipry
body, carcass, and edible portion of the careass.

Chatfield (2) stated that the protein content of the edibic portiow
of fresh malure-heef sides is o ceurvilinear lunction of the fav content

4 Teplie mumbers in purenthioses refer to Litersture Cilesd, p. 20
3 Also hpown as (he standing-rih eng and the prine-rily eut ~ivth te faelfth
ribi, inelnsive.
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and thnt the ash content, as a lincar function of the fat content, can
be estimated for sides or wholesale euts with fair eccuracy. This
worker also reported that the hone content of the entire side or of
certain standard wholesale cuts can be estimated roughly from the
fat content but that there is too mucly variation in bone content to
permit much accuracy in such an estimation; also that for any whole-
sale out there is a close relation between the contents of other extract
“and of visible or sepurnble fat,

Workers in the Burenu of Animal Tndustry, United States Depart-
ment of Agriculture (7}, found that the percentage of bone in the
mnth-tenth-cleventh-rib cut provided a basis for estimeting the bone
content of the dressed boef ecarenss.  ‘The correlation cocllieient was
4+0.834-0.02, and Lhe estimating cquation was as follows: Percentage
ol bone in dressed enrenss==0.6123 percentage of bone in ninth-
teathi-eleventh-1ib cut-4-4.296, :

OBJECTIVES OF THE WORK

When the national project, Cooperative Meat Investigations, was
in cowse of organization, ihe need was recognized for o relatively
small, inexpensive snmple that would furnish a wood representasion of
the composition of the entive dressed beef carcass.  The ninth-teoth-
eleventh-rib cut was proposcid, and in 1927 the Burcau of Animal
lndustry undertook a study of its suitability for this purpose. The
usefulness of the composition of the enlire wholesale, or standing-
rils, cut for estimating thd composilion of the dressed carcass having
previously been established, the first objective of this work was to
doterming the relationship of the Tatness of the ninth-tenth-eleventh
rib Lo the fetness ol ihe standing-rib cut. The thought was that,
provided  close relationship was [ound belween these two, the former
could safely be used as a earcass sample.  The second purpose was to
obtain more definile information on the relationships between the
physieal- and ehemicul-composition fetors of the ninth-tenth-cleventh-
rilr cut and pertinent factors of the dressed earcass and to develep
means for estimating the laiter from the former. A further objective
was Lo determine the velationships of (1) the [atness of the various
primary culs to the fatness of the diessed earcass and {2) the Tatness
of the ninth-tenth-eloventh-rib sample to that of the sixth-seventhb-
vighth-twellth-rih sumple and of each of the primary cuts. The
derivntion of estinuiling equations for some of the relationships
was nlse an objeelive in those instanees,

FXPERVMENTAL MATERLIAL USED

Careasses wore seloetad Trom antmals used in cerlain couperative
anel independent investigations not conneeled with the present study.
The cooperative experiments were conducted with the State agricul-
fural experiment siations of Arkaosas, Colorado, Louisiana, Michigan,
AMissigsippi, Missourd, Montane, Nebreska, Norcth Carolina. Olio,
South Carolina, Toxas, and Wyonnng,  [un Arkansas, Missouri,
Montatn, ind Texas the cattle woere fintished, or produesd and finished,
at the State Agricultural anid Meehanieal College, Jonesboro; Sni-a-
Bar Faems, Greain Vallex: Cnited States Range Livestock Experiment
Station, Miles City; and King Ranch, Kingsville, respectively.  1n
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Louisiana, work was done both. at the Louisiana Agricultural Experi-
ment Stalion, Baton Rouge, and the Iberia Livestock Experiment
Station, Jeanerette. In all other cooperative experiments the cattle
were finished, or produced and finished, at the State agricultural
experiment stutions, The independent experiments were conducted
by the Burcan of Animal Industry at the Agrictltural Rescarch
Center of the United States Department of Agriculture, located at
Beltsville, Md. Most of the animals were slaughtered at Beltsville,
although in some cooperative experiments the animals were slaugh-
tered elsewhere and earenss samples shipned to Beltsvillee The
analytical work, in all instances, was done st that place,

The experimental material was studied in three groups. In the
first group, on which studics of the relation of the fatness of the ninth-
tenth-cleventh-rib cut to that of the standing rib were made, 77 enttle
were represented.  Of this number, 2 were purebred Aberdeen Angus,
2 purchred Shorthorn, 10 grade Aberdeen Angus, 12 grade Brahman,
32 grade Hereford, 14 grade Shorthorn, 2 Hereford X Aberdeen Angus,
1 scrub, and 2 unreported with respeet to breeding.  There were 53
steers and 24 heifers. In age at time of slaughter the 77 cattle varied
from approximately 9 to 35 months and in final feed-lot weight from
580 to 1,417 pounds. The weights of chilled, dressed carcasses ranged
from 308 to 858 pounds.

The second group of material, on which studies of the physical and
chemical composition of the ninth-tenth-cleventh-rib cut and of the
entire dressed carcass were made, represented 120 cattle.  There were
4 purcbred Aberdeen Angus, 69 purcbred Hereford, 30 purcbred
Shorthorn, 9 grade Hereford, 4 grade Shorthorn, 2 Hereford X Aber-
cleen Angus, and 2 serubs.  Of the total number. 84 were steers and
36 were heifers,  In age at time of slaughter the cattle varied from
approximately 10 to 21 months and in final feed-lob weight from 550
to 1,037 pounds. The weights of the chilled, dressed carcasses ranged
from 284 to 628.5 pounds.

The third group of experimental material represented 22 of the 120
cattlo that comprised tho above-described second group. The
smaller number of individunls provided the basis for determining the
relationships of the fainess of the various primary cuts to that of the
dressed careass, as well as the relationship of the fatness of the ninth-
tenth-eleventherib cut to that of the sixth-seventh-cighth-twelfth-rib
snmple and to that of each of the primary cuts.  In breeding, 4 of the
22 catble were purebred Aberdeen Angus, 1 purcbred Hereford, 9 grade
Hereford, 4 grade Shorthorn, 2 Hereford X Aberdeen Angus, and 2
serub.  Twelve were steers and 10 were heifers,  These eattle varied
from 11 to 15 months in age, from 357 to 985 pounds in final feed-lot
weight, and from 284 to 569 pounds in weight of chilled, dressed

CRICass,
PROCLEDCRE

In the carcass studies, the procedure involved (1) weighing the
warm en:easses about one-hull hour after dressing, (2) shrouding the
earcasses, and (3) chilling them at a temperature of approximately
34° I, for 48 to 72 hours.  Only tha right side of each carcass was used
for analysis. The carcasses, sides, and larger, heavier cuts were
weighed on & scule with a sensitivity of 0.5 pound and the smaller
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cuts to 0.1 pound. In the physical analysis of the various cuts, the
differont components were weighed to 0.01 pound.

The following dircctions adapted from the outling of the national
project, Cooperative Meat Investigations, were observed in cutbing
the chrcasses:

The ris are numbered 1 to 13, No. L being next to the neck.  CQuiting methods
are similar to those of the '"Chicago-style,” the carcass being divided as follows;
The forequarter is removed between the fwelfth and $hirteenth ribs by o line
thae erowds the twellth rib tts full lengih,  This cut severs the flank 4t s point
IE‘FI’ with1 the union of the sixth and sevenlh vertebrae, cutting dowu from the
petivic nred,

The shank is removed just above the bony rise (lateral condyle of Lhe humerus)
in Lhe middic of the arm on a line parallel to the brisket.  The plale nnd briskat
are eul off on s line joining the shank eut with s point on the twelfth cib that ig
removed from the backbone a distance eqnal to two-thirds the Iength of the rib.
The lollowing is a uniform method of separaling the plate from the rib. It is
Iuetedd on skelelsl messurements and therefore Is more or less fixed.  Two instru-
ments are necessary, novardsiick and a earpenter’s try sguare, Point A {in figure
11 is Lhe point of ithe body of the split vertebra. Point B is the eartilage or
“hutton” of the thirtcenth rih. The distance AB is messured and the distance
from paint A to poink s 61.5 percert of AR, measured to the nesrest eighth of
an ineh, At point (" a perpendicular is erected by means of the square.  Where
this ling Interseeta the external eireumference {(point D) Lhe separation is made,
Lhe cut being perpendicular to the external surface.

The prinie-rity cut i removed belween the {ifth aond sixth ribs by o line that
crowds Lhe filth rily the entire distanee.

&

e
ND

TITIHYTT 7Ty

LSa——)

Fraves L= Merhod of loeating point O atl which the plate is separated from
thee pib eut: L1, Point of hody of split vertebra; {, eartilage or “button' of
thirleenth rib; ¢4 point of erecling pecpendicular by means of try square,

The cliine hene and spinul procvss<es sre left on the wholesale-vib eut,  Thig

praceduce i+ not only 1o give uniformity in the weights but also to insure uniform
cooking.,  The chine bhone is especially necded fo support the roast in the rongling
L,
: The kichney i3 removed and the (al thoroughly trimmed oub of Lhe inside of the
loin.  The Nauk is removed by o line thal crowds the stifle joint just close enough
to ent slight's into (he lean and crosses the thirteenth ril ab a poinl coineident
with it plate caf,  Serotum fal and wdder fad wre friimined ol the Tace of the
round and inebiled with ihe flank cut. The lein ig cut. Chicago style, which is
o line aboul one-hail Ineh forward from Lthe peivie bone just forward of the
trochanter major of the frinvr. This line crosses the fonrth sneral verteben and
ruts a small pivee off the hesd of the femur in ihe coxofemarnl joint,  The under-
side of Chiz ewl shoukd Nare o little toward the round and be peeallet with the line
of the thirteenth rib,

Thie rung i removed from the round puradlel to the pelvie bone and ns close
fu it ns Uwe koife will enl. This eul removes o small picee from the head of the
fenur, The oin I3 divided into two parly: the loin end, which iz eut off just in
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front of the hip bone {fuber coxae of the ilinum), and the short loin, which is the
piege remmining,

The prime-rib cut is divided by ribs, cueh ent crowding the rear sidle of the next
rih. In cutting out the sample {ninth-tenth-eleventh ribs) from the prime-rib
eut {sixth to twelfth ribs, inclusive), the knife crowds the rear edges of the eighth
and cleventh ribs, #s in making the corresponding cut from the Jeft side for cooking.
In the separation of the eye muscle, the longizsimus dorsi is taken without the
superficial fascin or muscles.  The eye sample represents only lean or lean with the
fat of marbling. Particular eare must be exercised neot osly in preparing the
anmples but also in mixing before analysis and in the temperabures at which
weighlugs are made,

The vaval cnd, often designater] as the plate, g divided from the hrisket by a
Une thint crowds the rear side of the 8fth rib.

After preparation of the cuts, bhe next step was the soparation of
each into lean tissue, frb bissue, nud bone, and the prompt weighing
of the theee portions,  After thie physical analysis had been completed,
the resulting components of standing ribs and the ninth-tenth-
eleventh-rib  and  sixth-seventh-eighth-tweiith-rib  portions  thereof
were trerbed cithor as three or two samples for determination of
chemienl composition.  That is, they were breated either as oye lean,
remaining fean, and fat, or as eyer lean amd a composite of the
remaining lean and fat.  In the instances of the other ents, from the
22 panimals mentioned above, cither a lean and o [at sammple were
anelyzed or a composite of the two was used.  From the 98 remaining
animals in the group of 120, a composite was made, from each animal,
of ali cuts exeept the rib and one sample taken from suelr composiie
for chemieal analvsis,

The material for each semple was ground three times in o grinder:
the first time by the use of o plate with weles one-fourth inch in
dinmoter and the subsequent times by the use of a plate with holes
five sixty-fourths ineh in dinmeter.  After the first grinding the mass
was thoroughly mixed by hand and then quartered.  After the third
grincling Lhe sample was taken at random, placed in a glass-top fruit
jar, and kepl in the refrigesator or frozen until analyzed. Tor
analysis the entire conlents of the jar were mixed and, i necessary to
obtain thorough mixing, passed through a hand grinder having a
plate with holes five sixty-fourtbs inch in diameter.

Protein, faf, water, and ash determinations were made according
to the methods of the Associntion of Official Agrieultural Chemists
(#) with the following modification:

In protein determinations the Wjeldahi-Guaning-Arnold method
was followed, both QuS0; and gQ being used.  For lean meat 30 ce.
of 11.80), was sufficicat for digestion, but 40 ec. was usually necessary
for sampies high in fal. ln fat determinations, the sumple was
spread i n thin layer on fut-free cotton and placed in the extraction
tube. Tt was then dried i veeoum under 25 to 29 inches ilg, for
aboutb ¢ hours, in an almosphere of CCs.  Extraction was performed
for ab least 16 hours with 1he use of anbydrous ether.  The extracted
fat was then dried for 2 hours under vaeuum and COp at 100° . An
additional heating of 1 hour was sufficient to insure a constant weight.
In water detorminalions, drying was carried on for 1 hour st 100° C.
ab atmospheric pressure and then conlinued for 4 hours 26 100° C. in
vocuum.  The product was then weighed.  Drying was repeated for
1 hour in vreuum to insure s conslant weight.  Tn ash delerminations,
the sample was beld at 8600° C. for sbout 2 hours or unlil it was nearly
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white. A few drops of HNOQ; wus added and the sample was heated
st 600° C. for another 2 bowrs,

The determination of ash in meat, especially in the fat portion, is
luborious process, Variations in total ash conteni of meat are not of
such great significance as the proportions of the various elements in
the ash.  When the constituents of the ush ure not being determined,
the wso of equations for estimating total ash may give salisfactory
results,  ‘The following equalions were developed from dats on fat,
protein, and ash ebtained in the study of 55 rib cuts that varied from
7 10 56 percent in fat content: (1) Percentoge ol ash in edible portion
of ninth-tenth-cleventh-rib eut=1.1253—®0114 X percentage of cther
extracl in same sample.  The standard error ol estimate=10.0357.
(23 Percentige of ash in edible portion of ninth-tenth-cleventh-rib cut
= 104587} 0.0036 X percentage of protein—0.0106 X pereentage of ether
extracl in same sample.  The standard error of estimale=0.0357.

The statistical formulae (3) used in the analysis of the data were
fs Tollows:

.y (ENEY)
Cocflicient of corvelation= NeNot)l "

ot
Proballe crvor of cocflicient of (‘m-rv}uliun:U.(i?-‘i:‘}( I'\, ! '))
LA T p®

CoofTicient of correlatinn adjusted for small V1
numbers=:{ —{l -—-r’}('\,_‘,)

Regression equation Vea +5.X

vy (SNEN)
-(‘\ } ‘_\f

b of regression equntion== ey
RS \"2,__ - }_

- A)

a of regression equation: MY ~8VX

f Standard error of 17« —\x'ﬂ'?( 1-“?‘2)(.\;2' 1)
RESUETS

Faryess of Nivva-Tevrn-Eugvesti-Rig Cuor as Revaren to Thar oF
Sraxpiye-Rin Cor

In comparing the fatness of the ninth-teuth-cleventh-rib cut with
that of the standing rib, the study was made on the first group of
cuttle, numbering 77, The edible portions of three samples ench from
the standing ribs waere used.  These three samples were the ninth-
tenth-pleventh ribs and the two remaining portions consistinig of the
sixth-seventh-vighth and twelflth-rib cots,  From anulyses of these
samples it was determined that the fat (ether-extracl) conlent of the
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ninth-tenth-cleventh-rib cuts varied from 11.3 to 56.0 percont; the
mesn was 30.54 and the standard deviation 11.03 percent. The
standing-rib cuis varied from 7.4 to 52.0 percent in this respeet; the
menan in this ingtance was 28.16 and the siandard deviation 10.56
percent.

" Figure 2 is a scatter diagram showing the relationship between the
fatness of these two cuts. Tho regression line and ila standard crror
are glso shown. The correlation coeflicient, representing the relation
between tho fab (ether-extract) contens of the two cuts, was found to
be +0.99£0.003. The regression cquation is: Percentage of other
oxtrect in edible portion of standing rib cut=0. 947 X percentage of
cthor extrael i edible portion of ninth-tenth-eleventh-rib cut —0.756.
Phe standard error of the estimate is 1.538 pereent,
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ETHER EXTRACT OF EUNBLE PORTION OF MINTH-TENTH-ELEVENTIH-RIS CUT (PERCENT]

Iguiee 2, - itelntion between ciher-exteacs gcontent of ediblo portien of ninth-
Lenth-clesenthi-rily gut and that of the edible portion of standing-rib ont,
Ench symbael (o) represents 1 of 77 riba,

Since the ninth-(enth-cleventh-tib cut is part of the standing-rib
cut, one would expect the relutionship belween the ether-extract
pereontages of the two euts Lo be rather close.  In view of the very
close relationship found i this respect belween these two cuts in Lhe
study reported here and the fact that clese relationships had previously
been found (9 botween the standing-rib eut on one hand and the live
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animal! and carcass on the other hand, the ninth-tenih-eleventh-rib
cub appears to be a satisfactory sample for estimating the fatness of
the animal, both on the live basis and as e dressed cereass.

With further reference to the relation between the ninth-teath-
eleventh and standing-rib cuts, at subsequent points alse it is noted
that the situation oceyrs in which e composition factor of o relatively
small sample is correlnted with the same composition factor of a larger
sumple, consisting in pard of the small semple. It is belioved that
under such conditions & theoreticel minimum corvelation of zero
should not bo expected. Nevertheless, as shown in o later section of
this bulletin dealing with the ethor-extract content of the ssveral
primary cuts in relation to that of the deessed eareass, for example,
wide variation may occur in the coeflicients.  IE appears that the rol-
ative magnitude of the coefficients under such conditions may be
aceepted us o good indication of the relative values of the samples for
purposes of estimation.

ReLattons oF Vartous Facrors Wrra Prysican-Covrosition Facrors
or Ninta-Tentu-ELevexnta-Rig Cur

As stated carlier, date on the ecomposition of the ninth-tenth-
elevonth-rib cuts and of the dressed carcasses were obtained on 120
cattle constituting the second group studied. The ranges, means, and
stanclard deviations of the datn for the various lactors determined
on the 120 caitle and on the two subgroups of 84 steers and 36 heilers
arc shown in table 1.

SEPARABLE FATY

As the first step in the study of the relationships among the 120
eattle, it was rogarded as desirable to determine the usefulness of the
separnble fat of the ninth-tenth-cleventh-ril eut for estimating the
ether-extrart content of the cdible meat of the same sample. Table
9 gshows the correlations between the 2 factors mentioned.

The very close relationships, as shown by the high correlation
coeflicient and small probable ervor in all three groups of eattle, are
noteworthy. [t is apparent that the ether-eNtract content of the
edible portion of the ninth-tenth-eleventh-rib cut ean be estimated
with & hizh degree of securacy from the separable-fat content of the
same eut.  One may interpret this as meaning that the fat content
of the ninth-tenth-cleventh-rib cut, as determined by eareful physical
analysis, can be used satisfactorily in studies of relationships with
composition factors of the earcass and of other cuts.

Table 2 shows luriher that the separable fat of the ninth-tenth-
eleventh-rib cut is o very useful factor for estimating the same com-
ponent of the dressed carcass amd the cther-extract content of the
edible portion of the dressed earcuss, It is practicaily as useful in one
inslanee os in the other, but the relationships weee somewhat closer
for the 120 caitle and 84 steers Lhan for the 36 heifers. Figure 3
prosenis in graphic form the velation belween the scparable-fat
conteut of the ninth-tenth-cleventh-rib cuts and the ether-extract
contont of the edible portion of the dressed carcasses of the 120 cattle,
stecrs heing represented by one character and heifers by another.

HWGT® AG—2




TaBLE 1.—Ranges, means, and standard deviations of composition data on ninth-tenth-eleventh-rib cuts, eye muscles, and dressed beef carcasses

Sample analyzed and components

120 cettle

84 steers

36 beifers

Range

Mean

Standard

deviation

Rangey

Standgrd
devistion

. Range

Mean

Standard

i{ deviation

N hxth-tenth-eleventh-nb cut:
Separable fat ..o,

Separahle lean.. ..

Separable bene, .,

Dressed carcass:
Separable fat
Separable lean ., B

Separable bone ...

Nimh-xemhele\cmh-rib'cux (edible portion):
F(,her extract

Protein.

Ash
Eye muscle of ninth-tenth-eleventh-rib cut :
Etherextract .

Dressed carcass (edible poruon)
Ether extract.. ...

Water.

Ash

Percent

10, 7-43. 4
40.8-61.3
13.8-29.3

12.4-39.1
44.4-07.0
12,5-22.5

16.9-49.9

10.6-19.2

36.8-€3.1
46~ .90

1.1-1.1

15.2-44.8

11.8-19.1

41.3-65.0
+66~- .07

PerctnL

Percent

10, 7-40.0
43.0-61.3
15.8-29:3

12,4-37.2
48.6-67.0.
13.3-22.5

16.9-42:9
10.6-19.2
89.3-63.1

.46~ .96
1L1-9.7

|
15.2-42.8

11.8-19.1
43. .0

.56~ .97

Pcrunl7
5,05
2.88
5.88
4.47
2.07

7.70

1,80

5.99
.13

L78

6.23.

1.41

4.88
-081

Percent

14.043.4
40.8~57.5
13.8-28.5

14.4-39.1
44.4-60.5
12.5-16.5

18.449.9

11.4-17.5

36.8-62.7
49— .84

1.3-13.1

16.4-44.8
12.3-18.0
41.3-64.1

Percent
3L19

©50.22
18.87

29.16
55,75
15.10

38.53

13.84

46.79
. 670

4.91

32.92

15.12

50.88
.58

Pereent
4.6
272

5.78
5.04
142

6.87

1.49

5.53
-100

2.5

5.7
123
- 4.59




Tapre 2.—Relalionships between physical-composition factors of the ninth-tenth-eleventh-rib cuts and physical and chemxcal—compomtzon Jaclors
of dressed beef carcasses K

120 cattle 84 stears : ~ 36 helfers

Relatlonships studied Coefficient of Coeflicient of St Coefficlent of .
R correlation Estimsting correlation Estimsting ; correlation Eatimatiog
and probable equation p and probable § equation - " and probable equation
error - | efror * error

bepxi;r}s:ble fat -of ninth-tenth-clevenib-rib cut

t
Etber extrapt of nintb-tenth-eleventh-rib . )
cut (edible portion) 40.96:0.01 | Y=5T3+1.06X 2.2 | 4+0.0540.01 { ¥=5.6741.07.X | 0.98::0.0) | Ymdq.8741.08X
rable fat of dressed carcass.. “+.934= .01 | Y=3,084 .82X +.83:k .01 | Y=3.54+ .80X +.884 .03 | ¥Y=3. 144 . 83X

cr extract of dressed . earcass (edible
+.83:k .01 | YVe=6.384 .85X +.924 .01 | Y=6.47+ . 84X +.89:k .01 | ¥Y'=6.85+ 84X

rtion)..
Sep?éable Jean or ninth-tenth-elaventh-rib cut
h— . . : ;

Separahle lcan of drcssad: car 4. 85+ .02 {Y=15 56+ 81X “+.90+ .01 {Y=16.08+ .80X | . +.724 .05 |Y=10.004+ . 9K
Protein of dressed careass (cdxb!e portipn). .1 .82+ .02} Y=3.744 . X .8 +.82+£ .02 | ¥Y=3.86+ . 23X B0 | +.77+ .07 | Y=4q.694+ 21X

Sep:i:r;;ble bone of ninth-tenth-eleventh-rib cut '
Wit .
Separable bone of dressed carcass.. 4834 ,02 1 Y=4304 .61X N 4. 804 .03  ¥=5 524 .57X » . 83 .04 Yo=<6.881 .44X

I1 8100 aNV SESSV)UYO ATHE 40 NOLLISOAW0D TH, 40 NOLLVINILSE
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For all the cattle as one group the coefficient of correlation and probable
error were +0.93+0.01. The standard error of the regression line
wis 2.48 percent,

SEPARARLE LEAN

Study was made of the relations between the separable-lean content
of the ninth-tenth-eleventh-rib cut, on one hand, and the same coni-
ponent of the dressed carcass, as well as the protein content of the
edible portion of the dressed carcass, on the other hand (table 2).

% T 1 T ] ]

+a STEERS
aa HEIFERS

g
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@
ja]
w
™
o
™
[~
=
i
&
1)

| ! i l l l
14 18 22 2§ 30 34 T 42 46

SEPARABLE FAT OF NINTH-TEMTH-ELEVENTH-RIE CUT [(PERGENT)

Fiocure 3.—Relation between separable-fat content of ninth-tenth-eleventh-rib
cut and ether-extract content of edible portion of dressed beef caresss. Ench
symbol, x for steers and o for heifers, represcnta 1 of 120 carcasses.

The correlation between lean of the rib cut and lean of the carcass was
highest, for the steers, lowest for the heifers, and intermediate for the
120 cattle as one group. The value for the heifers was low enough
(-F0.724:0.05) to make questionabie the use of the lean-meat content
of the ninth-lenth-eleventh-rib cut for estimating thai of the carcass
for eattle of that sex, Moreover, the standard error of the estimate
was rclatively Targe,

The lean-mcat content of the ninth-tenth-eleventh-rib cut was
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e?ually good for estimating the protein ¢ontent of the edible portion
of the dressed carcass for the 120 cattle and for the steers, Agam,
however, as in the 1-elationshi{3 between lean of the carcass and lean
of the ninth-tenth-cloventh-rib cut, the correlation between protein
content of the edible portion of tho carcass and soparable lean-meat
content of the rib cub was lower for heifers than for tho other groups
elthough in this case the difference was much less, The standard
error of the estimate was suclyas to suggest that the lean-meat content
of the rib cut could be used for estimating the protoin content of
the heifer enrcasses ns safely as thet of steer enrensses,

HONE

Table 2 shows thal in comparison with the 5 scts of cooflicients
obtuined from the studies on fit and lean, the scb relabing to bone is
on the whole next to the lowest in magnitnde. |, The rcﬁttivuly low
coellicients aro bolieved to bo due, at least in part, to the error intro-
duced into the pereentage of bone in-the three-rib sample, and prob-
ubly also in the dressed careass, by inscceurato splitting of the latter
into the 2 sides, It is practically impossible, oven for the most export
butcliers, entirely Lo nvoid doviations from the middle line of the back.
in splitbing the eareass, Despite the fact Wint these coellicients are
rolatively low, thoy are of suflicient magnitude to indicate a useful
relatiguship, Moreover, the maximum stendard error of the estimate
applying to tho 120 cattle was only 1.29 pereent,

SepanansE Far ¥ Renamon o Erner Exrescer o CARCASS

To supploment the results concerned with the relationships between
pliysical-composition factors of the ninth-tenth-eieventh-rib cut and
physical- and chemical-composition fuctors of the dressed carcess,
study was mude of the separable-fat content of the deessed carcass as
a whole in relation to the ether-extraet contont of the edible portion
thoreof. The coeflictents of correlation with probable errors lor these
two measures of carcass fatness, representing the 120 cattle, 84 stoors,
and 36 hoifers, wero found to be +0.97-£0.004, 4-0.97+0.005, and
-+0.954:0.011, respectively. Tho values show elearly that when
careful work is done in separating the fab of the dressed beef carcass
from tho olher components, tho separated lat closely approaches othor
exbract as en aceurate measure of fntness.  Kstimating equations, with
¥ representing the percentage of ether extracet in the edible portion of
the dressed carcass and X the percentage of soparable fab in the dressed
careass us a whole, ara as [ollows: 1'=4.06+0.99X, }'=2.284-1.03.X,
end Y=5.25-0.95.X, for tho 120 cabtle, 84 steors, and 36 heifers,
respectively.  The corresponding standard errors of estimate are 1.71,
1.58, and 1.80 pereens.

Rerarions oF YarioUs Facronrs Wirn Cnemca-Coxreosrnon Facrous
oF Nivrp-TeNTH-lLevEsra-Tus Cur
ETHER EXTRACT

Percenlages of cther extract in the edible portion of the ninth-
tenth-cleventh-rib  cub were coreelated with Lhose in the edible
portion of the dressed carcnss and in the eye musele of the three-rib
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Table 3.—Relationships belween ch mical-composition factors uf the ninth-tenth-eleventh-rib cuts and olher such factors of the samie cul, as well

as chemical-composttion factors of the dressed carcasses

~

120 catile 84 steers 36 heifers
Relationships studied Coeflicient Cocflicient ] . Cocflicient ’ H
of correlation{ - Estimating Sot;‘:,?f::rd of correlation]  Estimating s:;';g‘rigr‘ of correlation} ~ Estimating .Setggggtr'd
"g‘}u%‘;‘r’gf' cquation estimate ml‘)‘]iepc‘;,‘:_g?' equation estimate ag?elérrggg' equation estimate
Ether extract of edible portion of ninth-tenth- :
eleventh-rib cut with— |
‘Ether extract of edible’ pomon of dressed car- Percent. : Pezcent ~Percent
cass 4-0. 930,01 "=2. 8240, 77X 2,42 { 40,914:0,01°} Y=3,494+0.74X 2,52 1 40.9410.01 -—-‘T3+0 18 2.
Ether extract of eye muscle of ninth-tenth- ]
eleventh-rib cut. +. 65+ .04 | Y=0.97+ . 14X 1.45 [ .89+ .05 {Y=—5 184 .26X] 1.78 | . 724 .00 1 Y=—2.124. 18X 1. 62.
~"Protein of edlhlc portion of ninth-tenth- )
eleventh-ribeut. .. L .ol —.03:£ .01 |Y=2201— ;21X L6993k .01 | Y=2225-,22X L6531 —.0l4 .02 | Y=21.40— 20X 64
Water of “edible portion of ninth-tenth-
eleventh-rib eub. o .o _llooils Liallll —.90:+ . 001}V =76.40— . 77X L5 — 9L . 002 Y=77.76—.8LX 285 1 —. 995,002 ; Y=77.50—,80X 75
Ether extract of cye muscle of ninth- fenth- .
eleventh-rib cut with— .
Lther mctmct of edible portion of dressed : - -
,,,,, 466+ .04 |Y=21.334+2.03X 4.93 | +.584 .05 | Y=20.5842, 04X 5.00] .73 .05 | Y=24.67+1.68X] 3,98
Pro{)em gf edlble portion of ninth-tenth-eleventh- .
1ib cut with—
Protein of edible portion of dressed carcass..|{ -:84: .02 | Y=5.98+ 60X 761 B3k .02 | Y=6.194 65X «79 | .81 .04 | Y=564+ 60X} .73
Water of edible portion of ninth-tenth-cleventh-
rib cut with— g
Water of edible portion of dressed carcass. ... .93+ .01 {Y=14.904+ . 78X 1.85| +.92+ .01 1¥=16.83+ .75X 1.90-] 484 .01 { Y=14.284. 78X 1.58
Protein of cdible portion of ninth-tenth- ) )
eleventh-rib cut +.904 .01 | Y=1,614 .25X L7940 .01 | Y=1.174 27X W76 ] .84k .07 1 Y=3.284+ . 23X .82
Ash of edible portion of ninth-tenth-eleventh- o
tibcut with—
Ash of edible portion of dressed careass._.... +. 46 .05 +. 51+ .06 +.32:4 .10
2

AMALTADINDY J0° LdWA 'S ‘N ‘976 'ON NILI@IINg IVOINHOLL ]
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sample. They were nlso correlated with the percentages of protein
and water in the same sample,

Figure 4 is a scabter diagram showing the relation botween the
ether-cxiract content of the edible portion of the ninth-tenth-eleventh-
rib samples and that of the edible portion of the dressed careass. The
regression line and its standard crror are eiso shown. In table 3 are
presented the eoeflicients of covrelation, with their probable errors,
indieating the relationships that existed among the 120 cattle, 84
stoers, and 36 heifers.  In all three groups the ecefficiont oxceeded
(0.90. For all the ¢attle the coeflicient i1s the same and for the steers
practically the same as that belween the separable fat of the three-
rib cut and the cther coxiract of lhe edible poriion of the carcass
(table 2}, In ihe heifers, however, the ether extract of the three-rib
eut was somewhab better than the separable fat as an index of the
othor extract of the edible portion of the careass. Equabions for
estimating the cther-extraet content of the latter (I) from that of
the three-rib sample (X)) are nlso given in table 3.

Of the three corrclalion coclficients between the percentage of
ether extract of the edible portion of the three-rib cub and that of the

46

42—

a8 —

30 -
26 —

22 —

x 1 STEERS
o = HEIFERS

ETHER EXTRAGY GF EDIBLE PORTION OF DRESSED CARCASS ( PERCENT)

f ] | | 1 1
10 1 18 22 26 20 34 38 42 46 50

ETHER EXTRACT OF EDIPLE PORTION OF NINTH-TENTH - ELEVENTH-RIB CUT | PERGENT )

Fioure 4,—Relation hetween ethierextract eantent of cdible portion of ninth-
tonth-elevenib-rih end nnd ether-exiract content of edible portion of dressed
beel cereass.  Hach symbel, x for steers and o for heifers, represents [ oof
{20 carvasses,
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eye muscle, also shown in table 3, only one, that for heifers, exceeds

-0.70.  This sct of coefficients, in general, is the lowest reported on the
three groups of eattle up to this peint. One would hesitate to muke
use of the equations presented for estimating ether extract of the eye
muscle from that of the three-rib cut.

The close relation Detween the ether-extract content of the edible
porlion of the three-rily cut and that of the dressed careass, and the
relalively low correlation between the former and the ether-extract
content of the eye muscle of Lthe three-rib eut, suggest that the last-
mentioned factor would not be highly useful in the estimation of the
ether-extenet econfent of the edible portion of the dressed carcoss.
This beliel is substantiated by vesults given in table 3.

Tf the content of one component, such as protem, can be estimated
with salisfuctory neeuracy from the content of another compouent,
sueh as ether extract, in meat-composition studies, obviously there is
marked saving in work and expense.  Consequently, determination
wag mitde of the relntion between the percenluges of elher extract and
pralein in Lhe edible portion of the three-vib cut, the three groups of
catile again being considered,  In all cases the relationship, although
negative, was elose, the cocfficient of corvelation exceeding 0.90.
1t s apparent from Lthese results that the protein content of the edible
portion of the ninth-tenth-cleventh-rib cut of heef can be estimated
wilh a fuirly high degree of aceurney from the ether-extract content
of the edible portion of the same sample.

A stwdy nlso was made of the correlation between the perceniage
of other extract of the edible poriion of the three-rib cut and the
percentage of water, The relationship was represented by the co-
efficient of —0.99 for each of the three groups of enttle, and the
standard errors for use with Lhe estimating equations were low.  Obvi-
ously, instead of being delermined by means of actual analysis, the
water confent of the edible portion of the three-rib cut can be estimated
from the ether-extraet content with little sacrifice in acouracy.

PPROTEIN

Pralein unguestionably is the principal nueiritive constituent of
meat for which consumers purchase that product. There is great
need, therefore, for salisfaclory methods for cstimating the protein
vontent of the dressed ecarcass.  In studies having this objective, it
was found, as shewn in talle 3, that the correlation coefficients hetween
the perceniage of prolein in the edible portion of theé ninth-tenth-
cleventh-rib cut and in the dressed earcass were moderately high, and
the standnrd errors for use with the estimnting equations correspond-
ingly small.

WATER

Waler is presend in fresh meat in greater proportion than any other
eonstituent. Sinee the difference hotween the total content and Lhe
waler enntent is dry malter, which includes the relatively expensive
nutrients, it is important to have a rapid, satislelory melhed for
estimating the witer content of the dressed carcass. In the three
wroups of cattle, the corvelitions between the water content of the
edible portion of the three-ril snmple ardd that of the dressed carcuss
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were high’ exceeding 0.90 n each insiance. The water content of
the edible portion 0% the three-rib cut is highly useful, therefore, for
estimaling the waler content of the dressed-beel carenss,

it has been shown that the protcin content of the edible poriion
of the ninth-tenth-eleventh-rib cué could be estimated {rom its ether-
extract content with & high degree of accuracy. Study was also
made of thie relaion belween the water content of this ent nnd ita
protein content.  As shown in table 3, the value of the percentage
of water in the ihree-rib cut as an index of the percontage of protein
was nol so great as the value of the ebher exbract. However, the
difference bhesween the two indices was small.

ASH

As previousiy staled, variations in totel ash content of meat nre
not of such pread signifieance as the proportions of the varicus cle-
manis in the ash,  Yet condibions may arise whieh make i desirablo
to know the total nsh content of each of certrin beel carcasses, or at
lenst bo have estinates of that componont. In the light of correla-
tions reported in table 3, however, b does not appear thab the ash
eontent of the edible meat of the minth-tenth-vleventh-rib cut is a
sabisfactory index of that of the cdible meat of the dressed beef
GRICASS,

Farness or Duessep Carcass 1y Revation 1o Tuar oF Primary Cots

In determining the relation of the fatness of the edible portion of
the dressed careuss o that of 11 primary cuts, 22 of the 120 catile
consbibuling the second group were used, as nlready stated. The
fatness of the dressed carcasses, as represented by the ether-extraet
cantent of the cdible portion of the 22 right sides, varied from 21.4
to 44.8 perceni. Supplementary to study of the relations between
the earcass and primary culs, consideration was also given to twe
subsamples of Lthe standing rib as indices of the carcass. These
subsamples were the ninth-tenih-eleventh-rib cut apnd $he sixth-
sevenbh-eighihi-rib with the twellth-rib cut.

Tho 12 stecrs and 10 heifers were considered as one group. Con-
sequendly, for the relation between ecach cut nnd the carcuss, as shown
it table 4, only one coctlicient is reported.  All cocflicients based on
data [rom the 22 eabtle were adjusted for the small number,  Eski-
mating equations, based on all 22 ealile, ave alse presenied in the
table,

As previously indicaled, there has been considerablo interest in
the standing-rib cut, and portions thereof, as samples for representing
the entire dressed beel ecarcuss. Tn the work on the 22 eattle the
opportuniby was provided Lo obtain further information on the use-
fulness of the standing rib 18 a caveass sample.  The results show
that the relationship is close, although nob so close as between flank,
brisket, or ebuek and dressed carcass, or even belween the ninth-tenth-
cleventh-rib cub and thie dressed careass. Al the other exireme is
the loin end and the kidney kunob, The correlabion between the
Jatter and the carcass is especially low and the standard error of
estimale outstandingly high, :




18 TPECHNICAL BULLETIN NO. 526, U, 8, DEPT. OF AGRICULTURE

TavLe d-felalionshizs between fal {ether-cxtracl) content of edible portion of
dressed beef careass and the fal content of vurions primary culs’
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Fhere s wrgentl need for information that will make possible the
estimation of the {at content of other cuts from o careass when the
faf content of one cut is known.  The analytical work done on the
aroup of 22 cattle provided data for making o study of the fat relation-
ships begween cuts, The opportunity was also fumished to develop
eqquations for estimating the cther-extenet content of the standing rib,
chuek, brsket, flank, and other cuts from the ether-extset content
of the ninth-tonth-oleventlherib cut. For these 22 eattle the mean
pereciifage of ether exteact in the odible portion of the winth-tenth-
vleventdi-rih eut was 38.70 and the standard deviation 6.53.

In {able 5 are shown, in decreasing order of megnitude, correlation
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of 11 primary cuts from the beef eareass.  Also given are the cquations
developed for estimaling the fat content of the various primary cats
from that of the ninth-tenth-cleventh-rib cut. The wide variation
in these pelationships is noteworthy, Altliough the ether-extract con-
tent of the edilde portion of all or most of the other cuts could be
esfimated more or less satisfactorily from that of the minth-tenth-
eleventh-rib eut, it is obvious that this is not true in the case of the
kidney knob.
SUMMARY

The composition of n ment animal ot any given stuge of develop-
ment is of interest to the producer, packer, retailer, and espeeially the
consumer,  Workers in the field of livesloek and meat vesearch have
neel of rapid, veonomical methods for estimating the composition of
cceasses and euts, Stidies were Lherefore condueted to determine
the relationships between covtain composition factors and to develop
methods for estimaling sueh factors. Careasses of 197 cattle were
involved,

The method given in the outline of the national project, Coopera-
tive Ment Tuvestigations, was cruployed in sepaeating the dressed
cireasses into primavy cuts.  Physical analyses of the cuts from the
right side only were made.  Chemical anafyses of the edible pertions
ol the culs also weve made by the meihods of the Association of
Oflicinl - Agricoltural Chemists, with certnin modifications, The
following 1eanits were obtained.

The ether-extrael content of the edible portion of the nintltenth-
eleventli-rih cut was very closely related to that of the stundiug-rib eut.

The sopurublo-fat content of the ninth-tenth-elevontiird cut was
a very pood index of the ether-extract content of the edibie portion
thereof. Tt was only slightly fess valuable as e index of the separable
fal of the dressed carcass nwd of the ether extract of the edible portion
of the dressed enrcass. .

The eorrelitinn between pereentage ol separable lean in the ninth-
renti-claventh-ril; cut and (hat of the carenss was highest for steers,
lowest for heifers, pad intermediate for steers and hoilers as one
egroup. Inthe heifors the use of the lean meat of the thiree-rib eut for
eatimaling thit of the careass appeared questionnble,  As an index
of protein content of the edible portion of the dressed eareass, the lean
meat ol the (hree-rib eyt was somewhat fess valuable for steers nnd
hetfers together and for steers alone, but more valuable lor heifers,
Lnn as o index of sepurabie-lean epntent of the enrenss.

In ecompanison wih eocllicients obisined from the studies on
separeble fat and lean of the three-rily eut, the coeflicientts for hone
of thet sample as velated to bone of the carvcass were, on the whaote, next
(o lowest in mnpnitude. Yet they were sufliciently rege o indicate
a useful veinlionship.

The relition between separable Tat of te careass and ether extract
ol (he edible portion thereol was very elose.

Prrcentaye of ether extraet in the edible partion of the ninth-tenth-
eleventh-rib cut was bighly correiated with that of Uhe dressed carenss.
Foe hoifees it was o hetter tdex of ether-extreaet content of the edible
portion of the deessed carenss than was the separable fat content
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of the three-rily cut. The correlation between ether extract of the
three-rib sample and fhat of the eye musele was relatively low,

The protein content of the edible portion of the three-rib cut was
closely reluled to the ether-extract comfent; oven more elose was the
relntion of the waler content to the intier. '

Between the protein content of tho edible poetion of the ninth-
tenth-clevenih-rih cut nnd that of the dressed caccass the correlation
wus moderately high, the coellivients vanging from <-08140.04 to
F08L£0.02 for steers, hetfers, and the two sexes as one group.
However, water content ol the three-rib sample was a distinetly
better mdlex of water eontent of ihe edible portion of the eareass.
The relntion between water and rmlvin of the theee-rib sample was
close, It more so for steers and for steers amd heifers ns a group
than for heifers,

The correlations betwesn ash content of the odible portion of e
three-rib cut and that of the enreass were low, indicating that the
forraer is of little value for estimuling the Jaiter.

In the study ol 22 steers mud heifers, made to determine the closeness
of relation hetwpen other-extracl conient of the edible portion of
various cits and that of tha cwrenss, flank ranked first with brisket,
chuek, niath-tenth-cleventh rib, and ¢tanding rib following, but all
with coeflicients exeeeding 4-0.90.  Less closely related were the navel
end, round with shank, short loin, wd sixth-sevenihecighth-{wellth-
rib cuts. B less vrluable as indiees of ether-exireet content of the
earcass were foreshunlk, runp, loin end, and kidney knob.

T the group of 22 steers und heifers, chuek was most etosely related
to the ninth-tenth-eleventh-rib eut with respeet {0 ether-extract
content of edible portion.  Standing rib and flank follewed rather
closely, with no dilference between them. The least relation was
found between kidney knob and the three-rib cut.
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