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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BEEF PRODUCTION AND QUALITY AS AFFECTED
BY GRADE OF STEER AND FEEDING
GRAIN SUPPLEMENT ON GRASS

By W. H. Brack, Senior Animal Husbandman; K. F. WarNER, dnimal Husbard-
man, Animal Husbandry Diviston, Bureau of Animal Industry, Uniled States
Department of Agriculture, and C. V. WiLsoxn, Assistant Animal Hushandman,
West Virginia Agricultural Ezperiment Station t
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SCOPE OF WCRK

In many of the beef-production aress, grass is considered the feed
that produces the most profitable gains, and a maximum use is made
of it. Tt is not uncommon to have cattle make remarkable gains on
grass alone and dress ouf well-finished carcasses, Ordinarify, how-
ever, cattle that are fed grain while on pasture will meke larger gains
than those fed grass alone, and the beef from them usually brings =
higher price,

t was with & view of obtaining some definite information on the
production costs and comparative quality and palatebility of the
meat resulting from these two feeding methods that these experiments
were planned. The feeding was conducted in the bluegrass section
of West Virginia, and the results are applicable to similar grazing
areas.

The comparison of the meat produced by the experiments] cattle
was a part of the national cooperative project, “ A Study of the Fac-

t Prepured In consutation with the other members of the project publleations commoittes, 0. G, Han-
kins, (chafrman), L. M. Alerander, L. B. Burk, P. E, Howe, and B, O, McPhoe,

13160%3 =1 1
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tors that Influence the Quality and Palatability of Meat.” The
methods of sampling and studying the meat conformed to those pre-
scribed in that project.

PLAN OF THE EXPERIMENTS

In the three 1-vear cxperiments (1925 to 1927, inclusive), 40 steers,
consisting of equal numbers of Good and Medium grade, were selected
each [all with the exception of the first year, when 39 steers were used.
Each group was wintered separately but on the same type of ration,
and was fed so as to enter the grazing sesson in approximately the
same condition. The winter feeding period begsn in the first part of
December and extended about 140 days. The summer grazing period
following averaged 125 days.

FicUne i\, —Typeol eattle and groeiog i wsel in the experimental work, The cete illusteted,
Iotg 113 and 20 of the 192728 ¢xperiment, used tho same pasture

When pasture conditions became favorable in the spring, each
winter group of steers was divided inte two lots of Good steers and
two lots of Medium for the summer feeding. One lot of each grade
recetved a supplement of corn and cottonseed meal throughout the
grazing period; a similar lot was carried on grass alone. (Fig 1.)

Committee gradings were made of each steer as a feeder, as u
fat steer, and in the carcass. Each steer was photographed at the
beginning and end of each experiment, Individual weights of steers
were taken on three consccutive anys at the beginning and end of
the winter feeding period.

Occasional individual weights only were teken during the first
two grazini; experiments, 8s it was believed that the gains of the
cattle would be influenced considerably by a comparatively long
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drive to the scales; but during the last year’s grazing, with scales
placed more conveniently, individual weights were taken at 28-day
infervals.

The cattle were marketed early in the fall each year, at a time
which seemed most favorable, taking into consideration the condi-
tion of the cattle and of the market.

CATTLE AND FEEDS USED

(Grade steers of approximately 2} vears of age and raised locally
were used in these experiments. They were beef-bred steers repre-
senting the predominating beef hreeds, and were purchased with a
view of having about equal numbers of two distinet msrket grades.
A grading commitfee consisting of three men familiar with the stand-
ard market grades of steers, as adopted by the United States Depart-
ment of Agriculture, classified the two groups as vepresentative of the
Good and Medium grades of [eeder steers.

.

FioURE 2 .—A portion of the pusture used by the axperimentnl eattle, Note the cbundazt growth of
grasses June 20, 1928

The steers were wintered each year on corn silage, whesat straw,
and cctionseed meal. The supplemental summer [eed consisted of
coarsely ground shelled corn (No. 2 grade} apd cottonseed meal.
The pastures used were sbove the sverage in quality (fig. 2), the
grasses consisting largely of Kentucky b%uegrass_ with some white
clover, red clover, and timothy. Approximately 4 scres of pasture
Were KHOW&(}. e&{:h steer.

PRCSUCTION STUDIES
THE 195526 EXPERIMENT
WINTER RATIONS AND GAINS

The 18 Good steers {lot 1) and the 20 Medium steers (lot 2) were
. fed separately on the same type of ration, consisting of corn silage,
wheat straw, and cottonsced meal, There was but little vartation
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in the ration tbrougbout the winter feeding period. As shown in
Table 1 the average ration for lot 1 was 25.03 pounds of corn silaye,
5.78 pounds of wheat straw, and 1.09 pounds of cottonseed meal per
head per day; lot 2 received 22.56 pounds of corn :ilage per head per
day, and practically the same quantity of wheat straw and cottonseed
mesal as lot 1. Lot 1 was fed slightly more silage because of the
greater initial weight of the steers as compared to those in lot 2,
there being an average difference of 77 pounds in weight. In view
of the limited number of available steers 1t was not possible to reduce
this variation; however, such a difference is not unusual between
Medium and Good steers at 2} years of age.

TanLE 1—Winter gains and rations of st;ers, December 7, 1925 lo April 25, 1926,
140 days

Number of steers
Initial cost per 100 poungds,
Average inilial weight_.
Avernge finol welght._ oo Loaan
Average winter gain per steer_ ..o .
Average doily gain persteero o oe o on oo RO [« TR
Averafe dolly feed per steer:
Carn silage DU RO 11 SR
Wheat strow_, ... USRI | ; SR
L Y NN : | |
Value of winter fecil per stcer:
Cora sllage— .
3,504 pornds at 8§50 k0N oo e imacamrream s camee —eweaaaOlAES-L]
3,188 pounds al B0 EDIL . e e e e e 0 ;
Wheat straw—
800 pOnDS 8 87 8 BOR o e e i e e rm e m e m om0
78R pounas it $7 B oM. ee. . miiiiis aimicvmemceeee O
Cottonses] moal—
154 pouands nt $#0 0 ton
148 pounds st $40a ton____
Total vaiue of winter feed.
Average cost per steer, Dee. T i iesiemmmemarmaene——.s
Averape cost per steer, APE 25 I i eieaaaam a0

wcwmmrrmm =G a e nm s "I

! Does not include Inbor and other miscelloneous ehurges.

The gains during the winter by periods are shown graphically in
Figure 3. The Good steers gained 101 pounds per head during the
140-day wintering period, as compared to 86 pounds per head for
the Medium steers, While the Good steers consumed more feed,
their gains were enough larger to make the cost of gains more eco-
nomical than for the Medium steers.

The results of the first winter's feeding are shown in Table 1. In
this and subsequent tables the average of the lot is used as the basis
for the individual data.

SUMMER RATIONS AND GAINS

At the end of 140 days’ winterin% period lot 1 (Good steers) was
4]

divided into lots 1A and 1B, and lot 2 (Medium steers) into lots
2A and 2B, and turned on pasture for 124 days. The A lots were
fed a supplement of roarsely ground shelled corn and cottonseed
meal (fig. 4), while the B lots had grass alone. The sumumer gains
per steer are shown graphically in Figure 3.
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A study of the summer %a_ins in Table 2 shows that a small ration
of corn and cottonseed meal inereased the gains over 50 per cent with
each grade of cattle.

WONTER FEEDING BERIOD (M0 DAYS) SUMMER GRAZING FERIOD (124 8AYS)
DECEMAER 7, 1825 T APRN 25, 1878 APEH 28 TO AUGUST 27, /928
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FIGURE 3—Average winter end summer gains of Good and Medium stears, 192028

TABLE 2 —Summer gaing of sieers, raiions, and markeling dala, grazing period,
April 26 to Augusl 27, 1926

Lot 14, 1 Lot 1B, | Lot 24, | Lot 2R,
! "Good : Goed | Medium | Medlum
Steors on | steers 0 | steera on

grass  Jprossand|  pgriss

nlone grain tlone

Wuomber of steers.._. ; 0

Averapo Inivin] welgh . ] £ 1,087

Average Tnal weipht__ d 1,251

Averape sUmmMer Boin per sieer.. . ... -

Averngo (Mly Euin Per BTee i eme - v v vmmn—an- o E L 56

Averea dnily feecl per ater:
Coarsely grotnd shelled corn
Colt d maal
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TaBLE 2.—Summer gaing of sleers, rations, and marketing dala, grazing period,
April 28 to August 27, 1926—Continued

Lot 14, | Lot 1B, | Lot 24, | Lot 2B,
ood Gond | Medizm | Medium

stoors on | steats on | steers on | steers on

grasgand| gruss [grassand|  prass

EThin

Velue of supplemente] feed per steer:
Corn—
735 pounds at B4 cents n boshel
6682 pounds at 84 cents a brshel
Cottonseed mesl—
233 prunds at $40 a ton
210 pounds st $40 a ton .
Tota! value of supplemental fead.
Avcrage cost per steer, Apr. 265,
Avergge cost per steer, Aug. 271
Avemge snleg weight per steer at
Sale price per 100 pounds ot motkat
Gross returns per steer
Avarage markoting expense per steer..

2ai

Bapeyeyates |

R

—-.per cent_ .t

Average hot carcass walght, pounds__
Average dressing percentage (hot welyht and snles weight)

. . er cent__ , 58.12 3 55, 51

Avernge drossing percentage (hot welghi and oxperimental

R34 T T per eant. . 3 E35. B0 5. 53, 0%

at Baf

! Doas not include nasture and labor charges.
2 Afiscellanenny exponses nther thas eed and steer costs huve not heen deducted from the Eross relurns.,

FioURe 4.—Groap of Medlum steets alter helng on yrass 60 days with supplemental feeding

The Medium steers (lots 2A and 2B) made greater gains than the
Good steers in lots 1A and 1B. This may be attributed partially
at least to the greater winter gains made by the Good steers. It hes
been fairly def%nitely proved that steers making the greater winter
gains do not make as large subsequent summer geins as steers making
smaller winter gains. The grain supplement increased the selling
price of both grades of steers (lots 1A and 2A) $1 per 100 pounds,
which resulted in increased profits over the returns for the cattle on
grass alone.
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The Good steers (lots 1A and 1B) sold for 60 cents per 100 pounds
more than the corresponding groups of Medium steers (fots 2A end
2B). The Medium steers fegr grain (lot 2A) made a margin of
$3.95 and those on grass alone $2.85. The Good steers fed grain
(lot 1A) made & margin of $3.3C as compared to $2.30 for the same
grade steers on grass alone (lot 1B).

THEZ 132627 EXPERIMENT

WINTER RATIONS AND GAINS

One lot each of Good and Medium steers were handled in the same
manner as in the preceding experiment. The quantities of feed
allowed the cattle were such as to produce somewhat lower winter
gains, however, as it was believed that the gains the previous year
were somewhat excessive, if the maximum use of grass was to be
obtained during the following grazing season.

Gzeins during the winter by periods are shown graphically in
PFigure 5.

Both lots of steers were fed essentislly the same quantities of feed,
but considerably more feed was required by the Medium steers in
this instance to make the same smount of gain, as the total winter
gain per head for the Medium steers was 24 pounds as compared to
80 pounds for the Good grade. (Table 3.) The more economical use
of feed by the Good steers coincided with that of the first experiment.

TABLE 3.— Winter gains and ralions of sieers, Docember 15, 1926, to May 3, 1927

b tot1, | Lete,
b Qond | AMedlam
steers

Number of teers... ... - e awee . 20
Initind cost per i pounid e e . . T4l
Avernge inftin! welght, | PR e prieizmds., 1, G35

Avempe finnd welghit ..., . . . Ao b 1,006
Awvernge wintor gath Der stver, .. e e 2]
Average dally gain per sleey . . tda
Avernge dafly foed por shier:
Comsilage_ el o o
Whent seoaw e e [(TIR—
Cottonseed mend, . o ooaoe e 0 Lo A Ao
Value of wigter ferdd per steers
Corn silpge— !
34 nounds, at Mo ten.. ..o . . . . L dollaml
872 pounds, nb s ton ... 0L P, da L
Whenb stoyw, 816 pennelsab$7aton . o0 ... . Ha
Cottopseed meal, 132 pounds, ab Hdn ton . Hg. .
Totsl valoe of winter et ... .. .. . . P T
Avernge cost per steer, December ... o0 o oo F Tt ' J
Avernge cost per steer, May 31 e e e e e .........do..,_}

. -
' Droes ot inelude Inbor pod other miscelbnecus charges,

SUMMER BRATIONE AND GAING

Lots 7 and 2, Good and Mediun steers, respectively, were divided
into lots 1A and 1B and 2A and 2B at the end of 140 drys’ wintering,
as was done at the end of the first yesr’s wintering experiment. The
summer gains per steer are shownin Table4 and graphically in Figure 5.

The feeding of a grain supplement iucressed the gains of each grade
of steers approximately 22 per cent, The Medium steers under each
system of handling gained sbout 15 per cent more than the Good
grade. The quantities of grain supplement fed cach of the groups
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were the same. The Medium steers evidently used greater quantities
of grass then the Good steers. FEach lot of steers gained more than
thé corresponding lots in the preceding year. This was at least
partielly attributeble to the somewhat lower winter gains during the
winter feeding.

WINTER FELIING PERIOD (RO LAYS) SUMMER GRAZING ALR/00 (22 DAYS )
LECESTBER 15, /926 TR AMY 3, /827 | YR, T SELTEMEBER 2, /827
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Frivee §.—Avermge winter ol suminer gains of Good and Merdfom aieers, 192627

The grain supplement incrensed the sales price of the Good steers
$1.20 per 100 pounds, and 31.41 for the Medium steers. With feed
costs and market prices of caftle such as prevailed in this test, both
%mdes of steers fed the supplement made essentially the same returns.

he Medium steers on grass alone made slightly preater returns than
the Good steers handled similarly; however, this difference was not of
greet significance. At the end of the summer grazing period, the
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Medium steers fed grain had made a margin of $6.36 per 100 pounds,
as compared to $5.80 for the Good steers fed grain. (Tables 3 and 4.)

TaBLE 4. —Swinmer gains of sieers, rolions, and markeling dale, grazing period,
May 4 lo Seplember 2, 1987, 122 days '

Lat BA, | Lot 1B, | Lal 24, | Lol 28,
(tood Good | Medium | Mediom
steers on | steers on | Steers on
grassund}  grass  lgrassand
grain oslune

Number of SEeerS . i iiemimmmeummaeceraam—ae. s 10
Averge initinl weiphe, dny 4. B
Average final weight, Sepembar 2.
Avernge summer gain por stoer_ .
Average dally gain per steer
Avernge daily feed per stevr:
Cearsely ground shelled corn_ .
Cotlomseed meal
Value of suprlemenial feed per stacy:
Corn, 810 pounds, at 98 cenis o bushel . _
Cotiguseed meal, 222 pounds, at H0 o b
Total volue of supplemnental feed___
Average cost per steer, Mav 4. .
Average cost per steer, September 21
Averge sales weight per steer, ot market ... ..
Sales price per 100 pounds at ket oo oo, .ooodollars..
Gross returng e steer PR [ M
Average markeling expensa er steer S - .
Avernge prefllt per steer T [ : . T
Avernge shrinkape per sicer in transih.. e oeooooounds. .t
0 RO RUP J L L LA
Average hot carenss weight . oo cpiands_§
Avernge dressing perceninge (hot weight nned siles weight) -
mem e oo o JHT CON L.
.-\vcrurﬁ: dressing pereeninge (hot weight aml Goperdmetal
WeOEEhLY e e a - . el TRTCEOE

! Droes not Invlnde pasture and labor charges.
1 Miscelloncous expensces olher than fved ahd steer costs have nol been deducted from the gross returns.

THE 1927-28 EXPERIMENT

WINTER RATIONS AND GAINS

The steers were wintered on the same ration as during the two pre-
ceding winters. They were lighter in weight, but were fed essentially
the same quantities of feed as during the second year (1926-27).
It was dosired to have the total winter gains per steer approximately
midway between the comparatively high gains of the winter of 1925—
26, and the lower gains of 1926-27.

Geins of the steers [or the third experiment are shown graphically
in Figure 6.

Both lots were fed the same quantities of straw and cottonseed
meal, but the steers in lot 1 received 2.52 pounds nisre siiage per head
daily because of their somewhat greater initial weight. (Table 5.)
The gains of both groups were very nearly the same, and, as there was
only a slight difference in quantities of feed consumed, there was no
marked difference in the cost of wintering the two grades of cattle.

11100°—31—2
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HINTER FEEDING PERIOD (147 GAYS)  SUMMER GRAZING FEE/OD (130.84V5)

LECEMEBER 12, /P27 70 APRIN. 30, /828

N

MAYS, TO DEPTEMBER 7, /928
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Fisrne fH—Avermge winler and saimner gains of (Good tnd Medium steers, 1927-28

2 i

A
SONEBEN

Tanne 5.—Winier gains and rations of steers, December 12, 1927 o April 30, 1928,

{144 days)

Tten

Lot l,
{and
Steers

Lot 2,
Medinm
sters

Mumber of StenrS. e eeeic e
Endtinl coat per UK pounds._, .
Avernge indtind weight_. ... . .
Avernge finad welght._.___.. ... . .
Avemge winter gain por steer.. . . .
Avernge dally pain por steer, ... . .
Avernge dolly feed per steer:
Cormn slilagn. .
Whent straw.
Cottonseer o
Value of winter feed per s
Cormn sitrge—
3,600 potmds AL $5 0 LoD wem e
3,314 pounds at 30 1o
Fheat stenw, BIn pounds ST ton_ L.
Cotionsted mont, 135 pounds st #0a ton . |
Total valuo of winter feed .
Avorags oost poer steer, Deq. 12, -
Avernge cost Per steer, ADr. 3¢ .

. ..dalturs_ |
s .

. odollors,
P [ 3
da ..

iin

¢hey

i

i

I Does not Ipclude Inbor and ethor miscelinnenty charges.
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STAMER RATIONS AND QAINS

Lots 1 and 2 were divided into lots 1A and iB and 24 and 2B,
Tespectively, as was done in previous years, and graged for 130 days.
The gains per steer by periods are shown graphically in Figure 6.

The feeding of the grain supplement increased the summer gains
of the Good steers 46 per cent and the Medium steers 34 per cent.
This was the only instance in which the better-grade steers (lot 1A)
fed a grain supplement, surpassed the Medium steers (lot 2A) in
total summer gains. The difference, however, was only 9 pounds a
steer. The Medium steers on grass alone (lot 2B} gamed about 6
per cent more than the Good steers (lot 1B). This result was similar
to those of the two previous years.

Both lots of cattle receiving a supplement (1A and 2A) were fed
the same quantities of shelled corn and cottonseed meal. Both lots
received practically all they would eat. In this experiment the
Medium steers (lot 2A) were not so economical in their use of sup-
plemental feed as the Good steers (lot 1A). The Good steers fed
grain sold for 31.50 more per 100 pounds than those of the same grade
receiving grass slone. They sold for $! per 100 pounds more than
the Medium grade of grain-finished cattle, and $2.25 more than the
Medium grade on grass alone.

The Medium grade of grain-firished steers made a margin of $8
per 100 pounds as compared to $7.75 for the corresponding lot of
Good steers getting grass and grain. The Medium grade of steers

on grass alone made a margin of 86.75 per 100 pounds and the Good
gm?le %6.25.

(Tables 5 and 8.}

TavLE 6—Summer gains of sicers, rations, and marketing daia, grozing period,
Muy I o September ¥, 1925 {130 daye)

| Lok 1y, Loctly, 1 Lot 2\, | Lot 2A,
tiond + {ieed ! Medium ; Medinm

Steers an

hem

sLraTI QN
grass

; Brss anod
Alone

E grain

ZTeeTS an  stetrs on
grassand - grasy
grain : aologe

Numberofstesrs. ... .. .. . ..
Averayge {nivial weighe, May i... .. ...

Average final weight, Sept. 7__ ... e
Average summer guin persteero.. ... L. ...

Average daily foed per steer:
Coarzely gronnd shelled epro_

pounds

9

o]

Y
Avernge dailv gaio persteer . ... .. ... ...,

_L-don_ .

Cotronzead meal___..
Value of supplemental {eed per steer:
Cocen, A9 pounds st 31,12 2 bushel. __......
Cottonszee
Tatal value of supplementad frad oo ...
Average cost per steer, May L. ..
Avernyge eost per steer, Sept, v L.
Avernge sales weight per steer at mar
Sales price per 10 pocnds st market_
Gross el Per STBET e v - &
Averigz markering exponse per steer.
Average profit pecsteer? ____ ... ..
A'r'egge shrinkage per steer in transic.
O e v
Average Mot earcass welght ... _......
Average diessing percentage {hog

2t

weighyy .. . P

A Cern;:@ d‘fem_an‘g‘ ';EEEéBL]&é"fﬁrii"\iéimn' amel ex perimentnl

meat, 158 poandsne H6aton. ... (o4

.[er cent_.

welipht und snles weight)

Lpacodls, .

per cent, |

per cent..:

10

! Tines not include psture and lnbar charges.

7 Micellaneens expanscs other than feed and steer custs have not benn deducted from the gross refurns,
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The additional weight of the Good steers fed grain, with an increased
selling price, was sufficient to overcome the $0.25 difference in margin,
rasulting in a greater profit of §7.30 a head. Both lots of steers on
grass alone netited essentially the same profit, exclusive of pasture
and other miscellaneous charges. Detailed results of the summer
feeding are given In Table 6.

SUMMARY OF PRODUCTION STUDIES

The Good steers made greater winter gains in proportion to feed
consumed than the Medium steers. In an average winter feedin
period of 140 days for the three years, the Good steers (lot 1) gaine
78 pounds a head, as compared to 59 pounds for the Medium grade
(lot 2). Average results of the three years’ feeding experments are
given in Table 7.

TasLe 7.—Average winter and summer weights and goins of steers, daily feed,
and profils per sicer, and dniltial and sales prices per 100 pounds, for the F-ycar
period

Tt 1 Tt 2
Ttem A, Good | B, Good | A, Medi-| B, Medi-
Entire | steers on | steers on | Entive um steersjum steers
lot |geassnnd] gross lot 0N EIRSS | O Srasg
gmin plone ¢ and grain|  alone

Initinl winter weight...
Final winter weight
Total winter galn (140 days).
Dinily wintergain... .. __.____.
Daily winter feed:
Cornsilage_ e
Whent siTA®..auan .
Cottonseed meal _
Initiol summer weight.
Final snmmer weight___
Tatal summer gain {nve
Tiaily summer gein_ ... .oaoaoooo i
Daily supplement:

Corn.an.ns

Cottonseed mesl. oo oceomeaa L do_ ... .
Initial cost per 100 pounds___ -
Snles price ner 160 pounds. . oo da... 13,97 1203 oo 10 47 11,325
Prolits per steer fexcinsive of pnsture charpe)
..................................... LE30) P . . 7.4 L7 50. 64 458. 02

An average of the summer gains for the three years shows that the
Good steers fed grain (lot 1A) gained 317 pounds as compared to 337
pounds for the Medium grade (lot 2A) handled in like manner. The
mcreased gain of the Medium steers over the Good grade amounted
to 6.3 per cent.

The Good steers on grass alone (lot 1B) made an average summer
gain of 228 pounds, as compared to 249 pounds for the Medium
steers (lot 2B) on grass alone. The average increased gain of the
Medium steers on %)rlass alone for the three years was 9 per cent.
Figure 7 shows graphically the average winter and summer gains for
the three years. '

A supplement of corn and cottonseed meal increased the summer
gains 37 per cent as an average for the three years' experiments.

The feeding of grain increased the selling price of both grades of
steers more than 10 per cent, the Medium grade having a slight ad-
vantage. The Medivm steers fed grain made a margin of $6.07 o
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100 pounds as compared to $5.62 for the corresponding lot of Good
grade. The Medium and Good steers on grass alone made a margin
of 84.85 and $4.38 a 100 pounds, respectively.

The three years’ experiments reported in this bulletin indicate that
the gains and finish of 3-year-old steers on good pasture can be in-
creased sufficiently by the feeding of & gran supplement to more
than offset the additional expense. Although the feeding of & grain
supplement increases the gains of steers on grass, the increased
gain may not necessarily be put on at & profit, as the buying and selling
prices of the cattle may have & more direct bearing on the profits
than the feed costs.

HITER FEEDING PERIOE (MO BAYS).  SUMMER GRAZING 156000 (/26 84YS)
AAEEAGE 3 FERET ALETRAGS T IEALS
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AVERAGE G IV WESTH T FEAe STERR (POLVES)
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Frorre L—Average winler and surmwer paing of Clood and Medinm steers for Lho titree years’
experiments

8

Good and Medium steers handied similarly during the winter {eed-
ing period and through the summer grazing period following may be
expected fo make similar total gains. The relative returns of each
grade will therefore depend primarily on the margins obtained.

MEAT STUDIES

Formerly, reports of the eflectiveness and desirability of various live-
stock-production practices were made on the basis of gain, cost of gain,
and comparative selling price, The first two recorded the economie
efficiency of the methods used. Selling price was frequently used by
animal-husbandry investigators as the measure of the amount and
character of the product. Although it was the best yardstick
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aveilable, its use is open to serious criticism. In the first place, it was
the opinion of a man or a small group of men. Moreover, the per-
sonnel of these appraisers varied from year to year and from experi-
ment to experiment, introducing the added wvariables of personal
ability and the influehce of current market demands.

From the research standpoint, however, the most serious fault of
this widely used system lies in the fact that the quality measure used
is & single statement, incapable of disclosing the various factors that
created it. Any selling price is a compromise, in which dressing per-
centage, weight, fatness, conformation, appearance, pelatability, and
current market demand alternately raise and lower the value m the
appraiser’s mind. Selling price, even if accurafe, is but a general
statement from the viewpoint of the market and the consumer. It
affords no detailed information as to the strengths or weaknesses of
the rations used.

The meat investigations reported here are part of a series that has
been designed to separate and. compare the various characteristics
of amount and quality that the market considers under the one term,
‘“gelling price.” An effort is made to break up this single, all-inclu-
sive statement into cause and effect. .

Detailed information as to the influence of such factors as age,
weight, type, breed, sex, and ration on the tenderness and flavor, the
yield, and the nutrtive value of the meat permits the adaptation of
production practices to the ever-changing desires of the consumer.
1t also prepares for the producers the information needed to develop
the greatest market value from the stock, feed, and conditions avail-
able in his locality.

In this particular experiment, grade of steer and a supplemental
feed of grain on grass were the production factors studied. In the
following pages a comparison is made of their effect on the appearance.
composition, structure, cooking losses, and palatability of the beef.

METHOD OF SAMPLING

The first year samples were taken from only one animal in each
lot. This inadequate representation combined with & subsequent
change in some of the laboratory technic made it seem fairer to
exclude the record of the 1925-26 steers from the final averages.
In 1926-27, three steers from each lot were used; in 1927-28, five
steers. This larger representation proved to be much more satis-
factory. :

It will be recalled that the feeding trials of this experiment ex-
tended over three years and included 119 steers. The meat studies
reported here inciude observations on the meat from 32 head selected
from the experiments of 1926-27 and 1927-28. This selection was
made by the committee who graded the carcasses. They chose &
representative cross section from each lot, in preference to a sample
of similar earcasses all composing the middle or average of the group.
This method of selection will explain some of the individual varia-
tions noted in the following tables. It will also give more signifi-
cance to averages and to individual uniformity where it appears.

The laboratory comparisons of the meat from these four lots of
steers were made by the use of a standard rib sample. The date
would be more nearly complete if the entire carcass had heen in-
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cluded, but financial and laboratory limitations confined the com-
parisons to a single wholesale eut. The rib was selected because of
the accuracy with which it could be removed and sampled, Tests
conducted in other experiments, show that its composition ¢or-
relates closely with that of the entire beef side,

The sample was cut sccording to the standard procedure sdopted
by the cooperators for the national project. By the use of definite
measurements developed by Loeffe? and Trowbridge,® & propor-
tionate part of each front quarter was taken out as the tib. The
cut, s msade, was almost identical with the commercial prime tib
cuf, Chicago style. It contained the twelfth to sixth ribs, inelusive.
The twelfth rib was removed from both the right and left sides for
the tenderness tests, by cutting close to the posterior or loin side of
the eleventh rib, The standsrd middle sample was removed by
cutting close to the posterior side of the eighth rib. The cut com-
prising the ninth, tenth, and eleventh ribs from the right side was
used for the physical and chemical analyses. The same cut from
the left side was used for color compearisons and cooking tests. The
eye muscle from the left eighth rib was reserved for histological
examination,

PRESENTATION OF THE DATA

In the preseniation of data, the average of the two 1-year experi-
ments conducted in 1926-97 and 1927-28 is given as the final figure.
The variation or consistency obtaining between the two years’ work is
noted in the discussion but the yearly summaries are not included in
the tables. Lots have usually been ranked in accordance with their
yield or rating. For the reader’s convenience the difference between
lots is also shown. Individuel ranges ere supplied in place of the
standard deviation.

'To obviate the necessity for constant reference to the ration and
grade of each lot of steers, a brief terminology has been suffixed to
each lot number. Tots 1A and 24, the Good and Medium grade
steers that received a supplement of grain on grass, are termed “Good
grade, grain on grass,” and '“Medium grade, grain on grass.” Lots
1B and 21, the Good and Medium steers {ed on pasture alone, are
termed “Good grade, grass alone,” sud ““Medium grade, grass alone.”
The grain-fed lots received an average supplemental grain ration: of
only 6} to 8% pounds & head daily end should not be compared with
strictly grein-fed cattle,

GRADING OF THE ANIMALS AND CARCASSES

The steers were graded individually as feeders, as slaughteér animals,
and in the carcass, in order to record the visibie evidence of variation
in conformation, finish, and quality, Detailed descriptive charts were
used for this purpose that resembled, in principle, the familiar stock-
judging score card of the classroom.t

In accordance with the classification developed by the Bureau of
Agricultural Economics the feeder chart included six grades ranging
from “Fancy” to “Inferior.”” The slaughter cattle and the carcass

ECHATAIELD, . PROXTHATE COMPOSITION OF #EEF. UL 5, Depl. Agr. Clre. 349, 10 ., Thus, §526.

I UNMTED BTATES DDEPARTHMENT OF AGRICULTURE, BUREAU OF ANIMAL INDUSTILY, A STUDY OF THE
FACTORAWHICHINFLUERKCE THE QUALITY AND PALATARILITY OF MEAT. Tl Revised, 1927, Dhneogtaphed

1 8LATER, D). J. MARKETCLASSES AND GRADES OF CATTLE., U, S, Dept, Agr, Bui. 1464, B8 n,, fllus, 1047,
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charts included seven grades, “Prime” to “Low Cutter.” For each
of the characteristics or elements of conformation, finish, and quality,
a comparative word series was provided that varied from the descrip-
tion of the most desirable development for the highest grade to that
of the least desirable for the lowest.

For example, the description of general width of body in the
slaughter animal varied through seven grades from “Very wide”
through “Wide,” ‘ Moderately wide,” **Slightly narrew,” “Narrow,”
“Very narrow,” to “Extremely narrow.” The degree of marbling in
the earcass chart ranged from ‘‘Abundant and extensive” in the
Prime grade to “Slightly deficient and limited distribution” in the
Good grade, and to  None visible” in the lowest or Low Cutter grade.
Grade descriptions of the feeder cattle were designed to note differ-
ences that are usually associated with the feeding capacity or outcome
of the steer. For instance, the most desirable conformation of middle
or belly was listed es “Very large,” the medium grade as ‘“Slightly
restricted,” and the inferior grade as ‘“Restricted.”

With this system the work of the grader was done without immedi-
ate reference to the actuel grade, bis only function being to check the
adjectives that most nearly described each part.

In developing these charts and making them suitable for summariza-
tion, it was found necessary fo assign a numerical velue to each
element or cherscteristic. Any such value is necessarily arbitrary.
Those used, however, were determined by comparing the proportion-
ate weight and selling price of the wholesale cuts with those of the
entire carcass. Wholesale Chicago quotations for Good beef from
1921 to 1924, inclusive, were used for this computation. The Chicago
style of cutting beef was used in figuring the cutting yields.

The maximum value assigned to each item was credited to the
description appearing under the highest grade. The value or score
for the lower grades was proportionately less, down to & minimum of
40 per cent of the maximum for the lowest grade of feeder cattle, and
to 30 per cent for slaughter cattle and beef carcasses.

The grading was done by a committee of three members working
independently. Using the assigned values, the average opinion of
the eommittee was deternined for both the individual items and for
the final grade of each animal and carcass.

In 1925-26 and 1926-27 arrangements were made to sell one-half
of each lof of steers in Jersey City to obtain a commercial appraisal.
In 1927-28 the remodeling of the Government meat laboratory at
Beltsville necessiteted slanghtering gll the cattle at Jersey City.
two of these cases the experiment fell vietim to the well-mown
urgencies of business. Although arrangements had been made for
grading the chilled carcasses after ribbing, the local packers shipped
the entire lot before the appointed time.

As a result some of the carcass grades are incomplete and lrek the
description of eye, marbling, color, and similar items. The carcass
grades appearing in Tables 8 and 9 are based on the record of only
those carcesses for which a complete grading could be made.




- 'Tavn 8—Average feeder caltle, slaughter caitle and beef carcass grades and average sumemer gains

[Lots averaged and ranked according to Tot number}

Feeder grades Slaughter grades Careass grivdes )

Lot designation Average )
sammer | Numweri-
gains per | cal grade

steer

Corresponding
approximate
market grade

|
Comesponding | Numart | Cotrespindine
marketl grade ¢ market grade

Numeri-
cal grade

Number, Pounds
20§ 1A, ‘Good grade, grain on grass _ .. __ . 317 {7177 .

1B, Good grade, grass alone. .. o2 JenanliOL .5 1 Low Goed .

30 127, Medium grade, grain on gras - Medium. . A High Medium.

2B, Medium grade, grass alone......__ Jo.. . . L7 1 Medium, ...

) - 1A, Good grade, grain on grass. . 7 Good. p e 100d.. ...

+ 1B, Good grade, grass alone, . L0 [..-..do. A High Mediu
¢ 2A, Medium grade, grain on g i6. 0] Medjum .7 | Low Good. ..
28, Medinm grade, grass alone.. Medium. ..

75.4 } Good,
70.0 | High Medium,
Migh Medism. .l ... 67.3 Do.

TLow Medium 65.4 | Medium.

1A, Good grade, grain on grass... ... 3
1B, Good grade, grasg alane_ .. . 4 SR | X

24, Medium grade, grain on grass, 64.7 | Medium
2B, Medium grade, grass alone... ... § 11 SRR

=5

[ 10T O R,
Low Good.ooweoooanes
High Medium. .......
Medium.. e

102728, v 1A, Good grade, grain on grass AL Good. cee e
101 18, Good grade, grass slone. . . .. 7 ;

27, Medium grade, grain on grass_....
2R, Megdium grade, grass nlone._..

133
-

o I ]
& ® K
T et 23 M= W OFED Ot

e e s £ i e SR——

V' Caressses of half of the 1925-26 and all the 1027-28 steers had to be graded without ribbing; observations of grain; marbling, and siwilar itoms wero not obiainablo and the
carcass grades bave therefore been omitted,

ZLITIVOD ANV NOLLONAOHd JHHL
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Table 8§ compares the average grada of these four lots of steers as
feeders, sinughter cattle, and 1n the carcass. Figures 8 to 19 show
representative animals from each lot s a feeder, at slaughter, and the
rib samples from their earcasses.

Lot 1A, the Good grade cattle fed grain on pasture, graded con-
sistently higher as slaughter cattie than the others. Lot 2B, the
Medium grade grass-alone lot was persistently last. Lot 1B, the
Good, prass-alone steers, and lot 2A, the Medium, grain-on-grass
steers were graded close together at slaughter without either showing
8 definite superiority.

Comparson of {ceder and slaughter grades for the respective lots
reveals o very definite and consistent trend throughout the three
experiments. The Good grade feeders receiving a supplement
maintained n corresponding grade of Good as slaughter animals,
while those on grass alonc lost one-third te one-hall a grade during
the feeding period, Of the Medium feeders those fed grain had
improved about one-third of a grade when the experiment closed
while those on grass alone graded slightly lower as slaughter eattle
than they had graded as feeders.

The avergge summer gains per steer are given in Table 8 for com-
parison with these grade changes. It will be noted that the supple-
ment-fed lots made very similar gains, 317 pounds for the Good grade
and 337 for, the Medium. In spite of this similarity, however, the
Medium lot improved their grade during the feeding period more than
the Good grade.

Both grass-alone lots graded lower as slaughter cattle than as feed-
ers but the Good grade dropped 3.7 points while the Medium steers
lost but 1.7 points.  Yet both lots made comparable gains, 228 pounds
and 249 pounds, respectively.

It appears {from these results that it takes a greater actual gain to
maintain or improve the grade of Good cattle than it does that of
feeders of a Medium grade. Of special interest is the fact that these
results with mature steers correspond to those from other experiments
in whi;:h catile of various ages and degrees of {inish have been com-
pared.

In general, the carcass and slaughter grades conformed to the com-

arattve dressing percentage and fat content of the four lots as noted
m the following pages. The chiel exception is the slightly higher
grade of the Good cattle fed grass alone as conipared with the Medum
ade receiving grain.

Eight, subdivisions of the carcass—grading chart describing such
points as color, texture, and marbling have been selected for special
analysis in Table 9. The ones chosen are those considered, in market
channcls, as being most indicative of the quality of the meat. Because
of the unfortunate combination ol cireumstances under which some
of these cattle were kifled and graded, this summary includes only 59
head, or hall those handled in 1925-26 and all the 1926-27 steers.
This selection includes only 12 of the 32 cattle used in the detailed
meat studies.

} Copublished dats.
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FIGURE 9, —5teer No, 8, Goed grade, grola on grass, at dlaughter
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Freure 11.—Steer No. 17, Good groade, gruss slooe, as n feeder
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FiourE 12~Steer No. 17, Good grude, gruss alone, at slaughter

Provne 13.—Ribsample from steer Wo. 17, Goad grade, grass sione
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F1GURE 15—5teor Na, 29, Medium gende, groin on grass, at stanghter




FIGCRE 17.—Steer No. 6, Madium grade, grass alone, ns o feeder




Freune 18.—Steer No, 36, Medinom grade, grass alone, at slaughter

16, Mediuwn grade, grass uione




TapLe 9.—Appearance and numerical scores of carcasses, the descriptions being based on averaged judgment of the grading comnyittee

[Lots averaged and ranked according to lot number]

; )
Lot1A, Goo? grude, grain on grass. | Lot 1B, Good grade, grass nlone,

Lot 2A, Mediniu grade, grain on Lot 2B, Modium grade, grass alone.
4 steers) (15 steers) (15 steets)

grass, (15 steers)

Avyerage
numer-
ical score]

Average
_numer-
ical score

Average
_numer-
ical scorel

Average
numer-
ical score

Corresponding de-

Corresponding de-
scription

Corresponding de-
scription

Corresponding lo-
seription

seription

Slightly thin,

&
o
w

Thickness of flesh (maximum score, Slightly thin.w.......c .

’I‘hxc]\ness of fat {maximum score, 8).

Marbling (maximum scorg, 8 ..c-....

Pexture of Jean {maximum score, 4)
Firmness of lean (maximum score, 2,

Color oflean (maximum sc¢ore, d) ... -

Color.of fat (maximum score, 2.

Sizeof eye (maximum score, ) .. ..

- =

BSlxghtly deficient; Tim-
ited distribution.

Moderately firm
Moc}le\'uwly dark cherry
red.

[SEntd
S etthow

e

i Moderately large. ..

tagn
=S

Moderately fine..uonou-

i~ de O

1=

Creamy white...........

do.
Deficientoecamemnn- o

Moderately fine..._.....
Moderately firn:_.
Modemte\y dark t-herry

l‘nle yel]owish white....
Moderately lorge........

o

[SEE B E- I |

P

o
pS TS

Moderntely thick.......

Slightly deficient; lim-
ited distribution.

Slightly coarse

Moderately firm

M od]nrntnly dnrk cherry
red.

Pala yellowish white._..

Slightly smallo.... ... ...

Do.
Deficiont,

Slightly coarse.

Slightly soft,

’\Todlemtely dark cherry
red

Pale vellowish white,

Slighily small,
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~ The maxinrum scove listed under each item is the part of the 100
points of the complete carcoss-grading chart that was allotted to that
particular characteristic. 1t will be recalled that provision was made
on the qrading chart for the recognition of seven grades or degrees of
desirability with a verbal descripfion for each of the grades. Thus,
thickness of flesh varied from *‘very thick’’ with a perfect score of 4,
through “thick, ” “moderately thick,” ‘“slightly thin,” *thin,”
“very thin,” and “extremely thin.”” Color of lean began with “light
cherry red,” “slightiyv
dark red’’ being the
middle of the seven
grades,and ended with-
“extremely dark red ”
as the color descrip-
tion of the lowest or
Low Cutter grade.

The comparisons in

Table 9 show a slight
trend toward accepted
market standards in
the description of the
meat from the Good
and supplementfed
lots. There was also
a fairly consistent de-
crease in the numeri-
cal grades from lot 1A
through to lot 28,
as recorded by the
graders.

COLOR COMPARISONS

Dark-red lean beef
is believed, in com-
mercial channels, to
he tougher and less
palata-bTe than that
of a bright cherry-red
color. Many market
men also thinlk that

Fraure 20.—~Color cnmpamt?r. One-lmlfdthf tflieldgeenll.h{[n{:gh e¥@ gl‘ﬂ.SS—de beef has a
piece contains the eolor of the spinning disk,the other hafl the enlor -
of Lhe samples.  Adljustment Is made to keop both ohjecws slighily dﬂ.l kGI' GOIOI‘ t'ha'n the

ul of focus meat from steers that
have been fed grain.
With these facts in mind, special effort was made to compare the
color of the meat from these grass and supplement-fed steers. To
do this it was first necessary to establish o color standard. A color
comparator, or spinning disk, was finally devised in which varying
amounts of red, yellow, white, and black could be combined untit
the color of the meat was matched. (Fig. 20.) When observed by
means of this instrument, the field holding #he meat sample crosses
that holding the eolor cards.
By altering the proportionate exposed aren of the various colors
-on the spinning disk, its color can he changed until the two fields
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match. The exposed ares of sach color on the disk is tnen measured

_and recorded. In collaboration with the national cooperative com-
‘mittee, there was also developed a color series corresponding to the
-colors of the lean of beef from animals over 18 months of age. Kach
color was given & number. The lightest one is called Al and the
darkest A10. This standard series was available before the spinning
disks and is the basis for the color readings given in Table 10. This
table includes only the rib samples on which comparable color studies
could be made,

TasLe 10.—Colcr of wncooked dleventh b eye, SO minules after cutiing when
matched with standard series

[T.ots averaged apd ranked neperding to ligheest color]

Avetage color

Lat designation readings t

1A, Good grade, grain on grass. __.
84, Medium grade, prain on grass
2B, Medinmn grade, gross slone.
1B, Good grade, gruss alone. -

Average of two years

I Tightest shade of red was ealled A1, the darkest 410.

The figures in Table 10 show a slightly Lighter-colored lean in the
beef from the steers that had received a supplement of grain on grass.
However, there was too wide an individual variation I each lot to
warrant conclusions on this point.

DRESSING PERCENTAGES

Jn presenting these figures it should be emphasized that the relation
between the carcass and live weight of an animal is not always an
accurate criterion of its conformation and fatness. Individual varia-
tions in live weight, owing to fill, may cause extreme differences in
vield. Comparisons of dressing percentages are chiefly significant
when the contrast is fairly large and when the ranking of respective
lots shows a definite consistency through several experiments. There
is also much to be said in favor of the use of final feed-lot and hot-
onreass weights for lot comparisons through e series of experiments.
Fewer variables are introduced than where results are bascl on later
+ weights. Consideration of these factors has convinced the cooper-
ators in the meat studies that carcass yields should be reported as
in Table 11.

TasuE 11.—Dressing percentages based on final feed-lot and hot-carcass weights
[Lots averaged nod manked aecording to lorgest yield]

Steers Lot designation blgti:vf::lnﬁs

Mumber Per cent
23 | 1A, Good grade, Sraln 00 ISR o aeviieas cammnmm—————————————— . 163
30 | 2A, Medlum grade, grain on goass &8
3 | 1R, Qood grade, alonp } .
30 | 2B, Medlum &, prass alone. .. 132

NorE~—3-year averaga roporied,
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- The comparstive dressing percentages of the four lois of steers

for each of the three trials when arranged from highest to lowest
conformed exactly to the order shown in Table 11.” With the ex-
ception of a very close comparison between the grain-fed lots in the
192526 test the margins between the lots are also consistent with the
average. These facts would indicate the very definite influence of
grade and of a supplemental feed of grain on a larger dressing yield.

Based on slaughter and cold weights obtainab%e from this and
other experiments, it is estimated that the use of those fizures would
have increased the dressing percentage from 2 to 4 per cent.

Unfortunately it was impossible to ebtain the cutting yields in
this series of tests.

PREYSBICAL ANALYSIS OF RIB SAMPLES

The ninth-tenth-eleventh-rib sample was mechanicslly separated
into bone, eye, other lean, and fat. Bone weights are subject to the
normal variafion in splitting the backbone. The connective tissue
was removed from the eye muscle before weighing. The small
multifidus dorsi muscle was included with the seciion of the longissi-
mus dorst as eye muscle. The fat sample contained but liktle lean,
though, of course, small portions of the fat were inseparable from the
other lean, Tables 12 to 16 show the physical analysis of the 32 ribs
studied in the 1926-27 and 1927-28 experiments. Each item has .
been listed in s separate table. Yields are based on the entire ninth-
tenth-eleventh-rib sample as 100 per cent., - '

Table 12 is included to show the weights of each part. It will be
noted that the four lots compare quite closely as to the actual weight
of eye muscle and of bone.

TABLE 12.—Physical analysis of right winth-lenth-eleventh-rib aamples averaged
and ranked according to lot number .

Avorage weight per sampie of—

Lot designation

’ Otlier
'I;"igﬂ Eye | lean

mest

Nember FPouadsl Poundy] Pounds| Paunds| Pounds
R | 1A, Gond grade, graln on grass 12,53 2. 58 3. 302 2.43
Averege of two 8] 1B, Quod grade, gnss ziooe 3 2.70
FORrs. 8| 2, Meditzm grade, grain ap grass... 3 2,45

8 | 28, Medium grade, priss slone X 2.53

The figures in Table 13 show a lower percentage yicld of bone in
the 1ib cufs from the steers that received a supplement of grain on
rass than from those finished on grass alone, as would be expected.
he results for the two years are consistent with the exception of aclose
similarity between the figures for both the Medium lots in 1926-27.
In that nstance, the individual range for the grain-fed lot dropped
1.10 per cent below the lowest figure for the lot on grass alone,
although one rib from lot 2A fed grain on grass contained 0.95 per
cent more bone than any from the steers without & grain supplement.
The fact is of peculiar interest that the rib samples of the Good
steers on grass alone contained proportionately more bone, in both
tests, than any of the others.
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'Tanss 13.—Percentage yicld of bone in the righi ninth-tenth-eleventh-rib samples
{Lots averaged and ranked in order of smallest vield)

Bope

Lot designatinn
In rib HRange
sample | within lot

‘Number Good Per ée.nt Per cent
8]1A rrada, gﬂﬂ.ﬂ [ 1% 38 .
2.1: Medium grade, gruio oo grass._. 20,95 ' 17.08-27.02

. 9
8 | 2B, Mediutmn grade, grass aloge 2250 1 18.46-26.G7
§ | 1B, Good prade, grass alone | 23B5  20.34-30.19

Average of tWo years

Proportionate amounts of physically separable fat in the selected
rib samples from the four lots of steers indicate a higher fat content
in the meat from those animals that had received a supplemental
feed of grain. This alignment is consistent for the two years and is
reflected in ihe range of the fut yield of the individual steers. The
range in the grass-alore steers is much greater than that of the other
two lots (Table 14).

The ribs from the Good steers averaged a higher proportion of
fat than those from the Medium grade. The differences, however,
were not consistent between the two years’ work.

TavLE 14.—Perceniage yicld of physically separable fat in the vight ninth-tenth-
eleventh-rib samples

{Lots averaged and rynked according to the largest vield]

: ; Physically seperable
| fac

" eeers Lat designation -
: Intib } Range of
sample lot

f
Number Par cent | Pereent
Ciooil prada, grain on grmss 3124 T760-33. 87
Medium grade, grofn oo grass - 29,66 ; 22.13-35.08
Gool grade, prass alone o 11232
| 21.74 § 13.51-25.39

-~

Average of 1Wo yeors

As might be expected, the ribs from the fatter, supplement-fed
steers produced a smaller proportion of eye muscle than those from
the cattle fed grass alone. These facts would indicate that fattening
inereases the weight of the tissues around this muscle more rapidly
than it increases the weight. of the eye itself. There was no consistent
relationship between the yleld of syve muscle from the two grades of
steers (Table 135).

TABLE 15.—Percentage yield af eye musizlc in the right ninth-fenth-eleventh-rib
samples

[L.ots aversged and ranked aceording to the largest yleld]

Eye

I Torth ' Range of

:
Lot designation ;
E sample . lat

. i Peroeni © Percent
1B, Oood grade, grass alone 25. 86 » 22 64-20. 34
2B, Medium grade, grass alone - 2444 | 21.87-27.42
24, Mediom grade, grain on grass 21,78 | 18.43-28. 22
IA, Good prade, graln oo grass 20,50 | 18 bB-22. 43
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In the vield of other lean, the ranking of the four lots is most
inconsistent for the two vears. Individual ranges also cross and
recross one another so often that no trend is indicated. Possibly
there was no consistent difference between them. Possibly methods
of separation need improvement {Table 16).

TasLE 16.—Percentage yield of mechanically separable other lean in the right
ninth-tenth-eleventh-rib samples

[Lots average:! and moked necording to largest yield]

Other lean
Year Btcars I ot desiguation
In¥ib | Rauge of
snmipe let
Nuni-

ber Pereent | Percend
8 | 2B, Medlum grade, grass aloos, 3L02 | o0, 16-41. 85
Average of two 8| 1A, Good yrade, grainongewss. . ... .73 | . 19-32. 42
VRS o] 8 | 1B, Gom grade, drass eldne. oo ae 93,07 | =X 06-21. 48
B | 2A, Medium grode, groinonprass, ... - >oar ! M.e2-32 90

CHEMICAL COMPOSITION OF RIB SAMPLES

Chemical analysis of the rib sample establishes the basis for esti-
mating the nutritive value of the meat and the fatness of the carcass.
From the standpoint of quick deotermination or visual appraisal,
considerable interest also attaches to the comparison of the chemical
and physical analyses.

The mechanically separated tissues from the right-rib samples were
ground twice through the }s-inch plate of a meat grinder and mixed
thoroughly by hand. Samples for analysis were taken at random
from several different portions of the ground ment. The Kjeldahl
method was used for the determination of nitrogen, the accepted
factor of 6.25 being applied to estimate the protein. Fat was ex-
tracted with ether. Moisture was determined by the Bidwell-
Sterling distillation method, a water-saturated solution of toluene
being used. Duplicate samples were run fot each determination.

The average fat content of the rib samples, as shown in Table 17,
and the comparison of the two years’ experiments indicate a con-
sistently higher fat yicld in the ribs from the steers that had had a
supplemental feed of grain on grass. This result would have been
expected from the rations used. The average fat content of the two
lots fed grain was 38.71 per cent of the edible portion of the rib sample
and for the two grass-alone lots 30 per cent., Considering the small
amount of grain fed to lots 1A and 24, 64 ‘o 8% pounds. daily, the
size of this difference, 8.71 per cent, Is most striking. Of equal
Interest Is the comperatively high fat content of the thinnest lots.
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TarLe 17—Chemical composilion of adible portion of vight ninth-tenth-cleventh-rib
samples

{Lots nvernged aod maked aceording ta fat content]

Water - Ether extract ffayy Protein

[ E
Steers Lot desiguaiion - : i :
. - Ined. ! Roogein | 28! paneain ¢ [R e Roaope in
ible 3 thig | BEEEIR S ikge )
naorting ‘poriion { porting}
. 1 H 1
— [P [ — |
: ' ! |
H . Jercent  Pereent Percemt  Percent  Pereent] Pereent
8, 1A, Good grade, graip | 45,50) 308340, 90) 40035 BT AT WL fH.F 1L 43-13. 20

N i

on fTIss. i t
Averaga: 8 i 2%, Medinm grde, P osanr 40.57-55.500 308 2n.06-3.700 W17 12 641554
of two grain on grass. : ! !

veus. | 8 1B, Good ymude, grass | 5208 45.79-60, 1%  30.22 1953005 1557, 134718 5

alane. .
3 ! 206, Medinm  grgle, - & .'ri' SECEEO0 B TS 20 50-38 58] ML 1T 13.3T-18.07
: grss alone., ) . I E

Estimating the analysis of the entire 7T-r1b eut {from the fat content
of the ninth-tenth-eleventh-rib snmple® the supplement-fed lots
would have produced a standing rib with approximately 36.5 per
cent of fat, and the grass-fed 28 per cent. Regular 7-rib cuts con-
taining 31 per cent of fat are classed as fat by Chetfield 7 with those
possessing 44 per cent as very fat. On this basis the ribs from the
grass-alone lots were near the aversge of the fat group, with those
from the supplement-fed lots almost haliway between the fat and
the very fat classification.

Explanation of this comparatively high conditica in all four lots
would seem to lie in the sge or nesr maturity of the steers. They
were 3}4 years old when the experiment closed and it would appear
that cattie of that age are capable of laying on considerable finish on
grass slone.

The difference in the fat content of the rib samples from the two
grades of cattle was not marked or consistent. Particular attention
1s called to the wide range in the fat content of the samples from the
different steers., The maximum and minimum perceniages for each
lot followed the same general order as that of their respective averages.
However, the range was so wide within each lot as to present definitely
the individuality of each animal as a factor to he considered in the
interpretation or application of these results.

Protein and moisture percentages in the rib samples varied inversely
with the fat content. This relation is consistent for hoth the average
snd for the two experiments. 1t also extends, with minor veriations,
to the respective individual ranges within each lot. This fact indi-
cates that maturing animals izcrease their fat storage at a greater
rate than they enlarge their muscle tissue. It slso suggests a problem
in both nutrition and consumer economics that must be considered in
evaluating this meat. Reexamination of Table 12, showing the
weight of bone and eye and other lean, reveals the fact that the actual
weight of these products in the roasts from all four lots was very
similar. The chief difference and principal cause for the increased
total weight of the samples from lots 1A and 2A were the accumula-
tion of fat. The calculated weights of protein from the edible portion

¢ Uapubilshed dats. T ORaTriELD, O, Uno et
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of the rib as given in Table 18 show that the consumer would have
purchased nearly the same amount of protein in the lighter cuts from
the thinner cattle as he would have obtained in the heavier roasts
from the fatter lot.

TaBLE 18.—Caleulaied weights of waler, fal, and prolein in edible porlion of right
ninlh-lenth-eleventh-rib samples, based on chemical analysis

[Lots avernged und ranked aceording to mt contend]

] . Aver | Averags  ealeuluted
] age weiplt, in edible por-
- . s total tion, of—
Year Steers ; Lot designation weighit

i | of riby i
| 1 sample] Water | Fat | Proteln

! 1 - .
1Nwmder Founds | Pounds | Pounds | Pouzidsy
| 8] 14, Qood grads, grain on grass, .| 12, 52 1,489 4,07 1.38
Avernge of bwo! A1 24, Aledinm grade, prain on grass. 12,17 4.62 35T 148
VEAFS, 4| 1B, Good e, grassatone_ ... 10,41 .21 2. 40 L2
' 8,3, Afwcditt grade, prass mlone, 1035 4. 25 2,48 1,30

The average calculated protein in the edible portion of the rib
samples varied from 1.38 pounds for those from the {attest ot to 1.26
pounds for those from the thinnest. This difference of 0.12 pound is
8.6 per cent of the maximum total protein, but it ineludes ¢ll the pro-
tein contained in the rarely consumed faf layer. If correction is made
for the protein in the fiber of this {at, the samples from lot 1A had
less than 4 per cent more protein than those from lot 2B.

With such a similarity existing hetween the rib samples from these
four lots of steers as to actual weight of protein and bone, any advan-
teges accruing to the econsumer {rom the extra weight of the fatter
roasts would be largely from the fat itsell, or from the effect that the
fattening may have had in improving the desirsbility of the lean
meat, ’

Reference to the dressing percentages given in Table 11 discloses
the fret that the ranking of the lots in sccordance with fatness was
similar to their comparative dressing yield.

FATY 2ONTENT OF EYE MUSCLE

The development of many of the characteristics or qualities of meat
often appears to be due to individual differences rather than to ration
or management. The control of that development may lie in the
field of genetics rather than of nutrition. The fat content of the eye
muscle presented in Table 19 is a case in point. Throughout both
experiments the supplement-fed lots produced an eye sample with &
greater fat content than that of the grass-alone lots. This higher
yield also conforms to the comparative pereentage of total {at in the
cdible portion of the rib. However, the proportionate differences
between the fot content of the eye muscle in the respective lots show
only a general refation to the differences appenaring between the total
fat content of the cdible portion of the entire sample. In addition
the individual range within each lot is so extremely wide that variation
due to grade or feeding appears to be unproved.
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TasLe 19—Ether exlract (fat.) in the eye ml:;scle of the right ninth-tenth-eleventh-rib
sampy

[Lots averaged and racked according to inrgest yieid

* Ether
Ethor R . utsng?
axtract angs in | in cdible
Lot desigaation in eve 1ot portion of
wisele entiterib
spmple

Number Per cent | Per cend
8 1 1A, Good grade, grain o5 grass. -] 33, 1 40.35
Average of twe 8| 24, Medium grade, grain on grass..._.__.... . 85 3r. 08
¥Ears. & 2B, Medium grade, grass alone... . o.... ... ) 29, 78
8 * 1B, Gand grarde, grass alone . 5,871 BOB-2.57 3022

It had been expected that & comparison between the fat content
of the eye and the extent of the visible marbling would have been
made In this study. The unfortunate grading conditions obtaining
in the 1927-28 experiment made this impossible.

The fact is of interest that a statistical study of 189 carcasses
studied in other experiments developed a correlation between the
content of ether extract of the eye and the degree of marbling reported
by the grading committee of 0.42+0.04%. Such a figure indicates
a signifieant correlation, but is not particularly high.

HISTOLOGICAL DETERMINATIONS

The grain, texture, consistency, and moistness of lean beef have
long been used by the trade as indications of quality. Preference is
shown for meat possessing a smooth, fine-grained surface that is
firm and velvety to the touch. This is in contrast to a coarse, open
fiber, and a soft and rather wet “leaky” consistency. It was, there-
fore, quite natural that especial interest should attach to the study
of the structural and physicel differences between samples from the
steers and their relation to the composition and palatebility of the
meat.

It soon developed, however, that there were no established labo-
ratory methods that would give sccurate comparisons of structure.
The immediate problem thus changed from one of studying the
effect of ration on texture to that of esteblishing reliahle technic.

Beveral histological differences between lots were noted as the
work progressed, but it is not believed that the methods used for
their determination were sufficiently standardized to warrant inter-
pretation of the results. For example, the arcs of the cross section
of muscle fibers from the steers that had a supplemental feed of
grain was slightly Iarger than that from the steers on grass alone.
However, shght varistions in fixing, sectioning, mounting, and
staining the same samples often produced a distortion greater than
the apparent difference between lots.

Perhaps the most definite contribution that the histological re-
search can make at this time is to record the striking variation
between animals in the same lot. Tt has been noted that animals of
similar age, breed, sex, fainess, etc., produced roasts that often
differ for such characters as tenderness, flavor, and fot content of

b Uopubiisbied dain,
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the eye. Similar unforeseen variations have appeared in the struc-
ture of the lean meat. Apparently the animan are subject to stifl
other factors or variables. It would be logical to suppose that one
of those additional variables was of genetic origin. At least this
offers a lead that merits intensive investigation.

COOKING TESTS

The standard sample used for the cooking and palatability studies
was composed of the ninth, tenth, and eleventh ribs from the left
side. They were cut and cooked zecording to the methods adopted
by the cooperators in the study of the factors that influence the
guality and palatability of meat® Acecording to the method out-

FiGure 2.—Every experfmental roust way covked Lo Lhe snine stage of doneness us Indicaled by a
ropsl-teat thermoueter in the center of tha eva

lined in this project, each roast was seared for 20 minutes ab an
average oven temperature of from 260° to 265° C., and then cooked
at 125° until the thermometer in the meat registered 58°. (¥ig. 21.)
The roast was then removed from the oven and allowed to stand
until the thermometer in the meat registered its maximum internal
temperature, which was usually from 62° to 63°. Meat so cooked
would be called rare.
- All ribs were cooked ns standing roasts witheut basting. No salt
or other condiment or {food was used in the cooking and sampling of
the meat.

It should be noled thal the standard oven temperature of 125° C.
is lower than is ordinarily used in the houschold. This moderate

* Sca footnote 3, pye 5.
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heat was used because it insured umiform cooking throughout a
large proportion of the roast, thus providing comparably cooked
slices for the judges. Cooking losses shown in Tables 20 to 22 sre
less than if a higher oven temperature had bzen used.!

Total cooking loss represents the difference between the weights
of a piece of meat before and after cooking. The drippings loss is
the weight of the fat and meat juices which cook out of the ment
and are collected in the pan. Evaporation loss is the difference
between total loss and drippings.

TaBLE 20.—Cooking loss (evaporation) of Ieft ninth-tenth-eleventh-rib samples
[Lots nveraged and ranked sccording ta smalest loss]

' ;
Evaparation :
1035 ns percent-! gﬂﬁ‘fg
- age of unenoketl: lot
roast

Lot designation

Vtmber| p _ Per cent
LA, Good grade, groin on grass :
g IB: Gmdgmde: Tass alone .. L. ...,
} 8 ¢ 24, Medium grade, prain on grss, . ...
: 21 2B, Mediwn grede, yeass sloge..

Average of two
Yyears.

RSP
EET I

The meat from the Good supplement-fed steers showed a smaller
loss from evaporation than that from the thinner cattle in the other
three lots. However, the difference between the lots was small and
the individual variation within each lot comparatively large.

The drippings loss is compared in Teble 21 with the total fat in
the edible portion of the rib.

TanLe 21.~—Cooking loss (drippings) of left ninth-tenth-gleventh-rib samples
fLots averaged sud ranked necording to grestest logs]

Drippings loss : :[nogﬂé[llg
,of left samples | i poction

as percentage off ™) g?i'ight
i nnesoked roast samples

~Sumber . ) Per cent Per cent | Per cend

& LA, Good prade, graln on grass___ .. : 6. 40.35

Average aof two E 2\, Medinm gride, grain oo grass...._..: 3708
b

Lot designation

¥years. i 1B, Good grade, grass alone i35 30,

! 21, Medinm graide, grass alone i .5 243. 78

There is » consistency in these figures between the greatest dripping
losses and the fatter, supplement-fed cattie. This consistency also
extends to the individual range. Although there is some overlapping,
& comparison of the individual extremes indicates the definite trend
appearing in the averages.

Study of Table 22 shows but a small average variation in the total
cooking loss of the meat from the four lots. Although the two {atter,
supplement-fed lots shrank the most, the difference between them is
0.7 per cent, and the range between the four lots, lot 1B with 11.9 per
cent, and lot 1A with 13.3 per cent, is only 1.4 per cent.

® Unpubfizshed data,
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TasLy 22—Tolal cooking loss of left ninth-lenth-eleventh-rib samples and tolal fal
of edible portion of the right ninth-tenth-eleventh-rib samples

[Lats averaged and ranked according to grantest cooking loss)

Tolal
- Tatal fat
CookiE | of right
less of left| rib sam-
Lot designation p]l.cl-.:)rfsn;el;- plesns per-
centage off SO IER of

. elible
unerai gked portion

Per cent | Per cent
14, Good grade, profn on grass. ... ooeeeeo .. E
Avernge of two 24, Medium grade, grain on griss..

yenrs. 28, Medium grade, gmss alone. PO
1B, Good yrade, grass alone. ... ...

The tests with this meat indicate an evaporation loss that tends to
vary inversely with the fat content, a dripping loss that varies directly
with fatness, and a total loss that does not vary greatly between the
roasts from these four lots of cattle.

These total losses are only a little more than one-half as large as
those obtained by Emmett and Grindley,!" Moran and Smith, * and
Grindley and Mojonnier.”s

However, the samples used by these investigators varied widely
from the cut used here. In addition, the oven temperatures used were
also higher than those in these tests. No direct comparison with their
cooking losses is therefore justified. Grindley and Mojonnier#* also
found a greater dripping loss fron. the {atter samples.

PALATABILITY RECORDS

Tt 1s but natural that interest in this project should center in the
palatability of the roasts from the four lots of steers. Regardless of
all else, the tenderness and flavor of the meat are the final measure of
its desirability and market value.

All the sample roasts were cooked as desceribed under cooking tests
and were carved and sampled while hot.'* The ment over the eleventh.
rib was removed for the mechanical test for tenderness. The portion
of the eye musele lying over the tenth rib was cut into slices about
one-eighth of an inch thick, placed on het plates, and served imiedi-
ately to a trained palatability-grading committee of five persons.
Each member received slices from corresponding positions in each
roast. Samples of the inside unbrowned {at lying just above the eye
muscle were served with each pertion of lean.

A coolied-meet-grading chart was used by the committee for record-
ing the palatability of the samples. (Fig. 22.) This chart corresponds
in principle to the ones used in grading the live animals and carcasses.
The various factors or elements of palatability, such as tenderness
and flavor, were listed on the chart with seven subdivisions or grades

W EMMETT, A, D sod QRISPLEY, LB, CHEMISTHY OF FLESI, [EIGHTH FAPER.] A PRELIMINARY 3TUDYT OF
TIE EFFECT OF COLD 9TORAGE UPON BEEF AND POULTRY. (SKECONI COstsuNicaTion,) Jour, Indus. snd Engin,
Chemn, 1 580607, 1800,

' Monal, 1, pnd ST, B G, POSTMORTEM CHANGES IN ANIMAL THSUES—THE CONDITIONING DR RTP-
EXING OF BEEF, Ilm" Hrit.] Dapt. 8ei, and 1ndus. Research, Fool Lnvest. Bd. Spec. Rpt. 38, 64 p., fltas. 1920,

B GriNpLey, 1, 5., apd MosoNsIER, T. EXPERIMENTS ON LOUSES IN COOKING MEAT, 1000-1%03. U, S,
Dapt, Apr., QIT. Bxpt, Stns. Bul. 141, 85 p,

1t GRINDLEY, H. 3., sl MOJONKIER, ’1". Op. clt.

B Beg fogtiote 3, page 165,
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for each factor. .\ series of comparative adjectives was supphed
to fit the subdivisions listed for each factor. For example, the
seven r})egrecs for tenderness range from “ very tender 7 {o © extremely
tough.

By usc of this cocked-meat-grading chart the roasts were com-
pared for tenderness, juiciness, texture, aroma, and flavor of beth
lean and fat. The grading commit{ee was asked to note the inten-
sity of all these factors and the desirability of aroms and flavor.

Under intensity, record was made of the degree of tenderness,
amount and richness of juice, fineness of grain, and the perceptibility
of aroma and flavor. In comparing the desirability of sroma and
flavor, the judges noted their personal preference for the kind or
quality of odor and taste regardiess of its intensity.

MEAT COOKING RECORD
GRADING CHART FOR COOXED MEAT

Seerr No.7  Conking Labaratney Fn 64"3’[‘3’ Sample B, e Kied @!—’{_M Rus {.O:j.::?..?:

Pantat Thmms E LY k] L emurks

Totaity Y, @ b S iy 1er Neat romal . e e
Desrntliiy ? balrapiy | Eigph” Mabttr  Catearate ) 3 T

_— wosmas |y P—

Iatets Moty | Ry What kot

Dedm bty

&
Medrratelj l bty [
M“hﬂ' ! - . PRI

[ Rirdeniaiy™]  Swir What farar?

Tabemity prepdrs

T At L Normal v abwarumit,
Cueintdlnr | ol Mg ] » amnidre e e -

umairy | Ferg veater Hoderista eep gt

- Serderpte 4 Ritab:
Entaaihy Yeep pleh — @ parepiiie

Beinray ] ¥, ety W .

Intomity Motrtuudly | atguir Virr pul

Cuusiny
< s

Dbty s | Dwebie My | gty E et Y

Cotnn #F Lxaar . Counnor Fur  Hpre= Farinks L words whick dewtion Lu)

& Prkih bt {, Bl 1. Yallowwh bz wd geli il b ahvh,
L Ligh| ks, 1 CTrvamny shila & Yathew,
2. Laght pnk. A True Prams, A Qragf erma= L Ambet.

Fisune 32— Fxamply of wse of grvding chard for cankod jrent

This new grading chart marks a decided step forward in the
mothod for deseribing the palatability of food. A{)theu b the mem-
bers of the committee varied slightly in their ability to detecct varia-
tions in intensity and in their appreeiation of the different flavors,
the average of the five decisions by factors provided a descriptive
and consistent record of the charncteristics of the roasts.

For summarization, arbitrary values of 1 to 7 were assigned to the
seven grades listed under ench factor on the eocoked-mea$ chart.
These values wore used in averaging the opinions of the judges to
determine the word descriptions that they considered most applicable
to ench sample.

In reporting the opinion of the committee (Table 23) the corve-
sponding descriptive wording of the cooked-meat-grading chart was
used as well as the averege numerical grade,




38 TECHNICAL BULLETIN 217, U. 5. DEPT. OF AGRICULTURE

TarLe 28.—Palatability of loft ninth-tenth-eleventh-rid samples as delermined by
the cocked-meal-grading commillee »

[Lots svaruged for two years and ranked sceording to lot nuinber 1]

Aroma Flavor of int | Flavar of lean ! Jueineas

Nzm-
Lot designation  |ber of

Tender- T

Toten-| Desir- Inten-| Desir- | Inten- | Desjr-] M58 I Qual- Ilen-
sity | ability sicy |ahililyl sity jability Pty ¢ othy

14, Good grade, 4.8 450 47| 53| 40| 49 as! 44l 5o

4.7 .
grain on gmss, Mod. | Mod. | Sl ] Mod, P Ao, § Mod. | Modd.  5U. § Blod.
pro.t | des? |coarse.| pro. . | pro. | des. |lender.| rich. !large.

1B, Good grade, 3.0 4.8 16| 4.7 X 5.1 4.8 4.4 14% AL
grass alone. Mo, | ATod. | MMad, | Alod. | Mod. | Mml. | Mod.§ Sl Sli, | Mad.
Pro. des. fine. nro. . | pro, | des. |tough. t rieh. - large.

2, Medium grade, 5.0 1.7 1.3 4.7 3 &A1 ] 4.7 4.5 5.4
grnin on gross. Mod. | Mod. Sli. | ATod. Alotl. | 3Mod. | Alad, | Mo, , Mod.
pro. des. | coarse.| pre, 1 pro. | odes, |tender.] rich. ;large.

2B, Medlum grade, 1.8 4.9 44| 4.0 9|50 4.3 41! AL
grass nlone. Mead, | Alod. Sli. | Mol Mexl. | Aml. :  BH, Q. Mol
pro. des. | eoarse, | pra, < 5o, des. i tough. i riett,  large.

L Aavimum score for each e i35 7. 7 Moderately desirahle.
* Moderately prououznced. 1 Slightly conrse.

It will be noticed that no attempt has heen made to combine

ades of the individual items appearing on each chart, thus deriv-
mg & single figure that would represent the palatability of a voast or
group of roasts. This is contrary to the method used in summsriz-
ing the cattle and carcass grading charts and to that used by Moran
and Smith ' in their palatability comparsons. Both methods have
their advantages, but summary by items scemed to present a more
definite description of the meat than an arbitrarily weighted average.

The report of the cooked-meat-grading committee shows the gen-
erally uniform palatability of the roasts from these four lots of steers.
With the exception of n greater tenderness in the meat from the sup-
plement-fed lots, 1A and 2A, the differences due to grade or ration
were not consistent,

Although the flavor of lean meat and of {at {from the grain-fed lots
received ﬁigher desirability scores than that from the lots of grass
alone, the significance of this difference is lessened by the desirability
of the aroma. This was less for the grain-fed meat than lor that fed
grass only. In view of the gencrally accepted relation between
aroma and flavor, the data on these factors would be expected to con-
firm each other if there were a consistent difference between mecats
from the several lots. Examination of the data for intensity of aroma
and flavor shows a generally consistent relation between these fac-
tors in the four lots, but inconsistent relations for grain-fed and grass-
alone meat.

The two Medium grade lots averaged a little greater quantity of
juice, but the committee found that the ribs from the lots of each
%‘rade receiving grain possessed a little richer and less watery juice.

he grain of the meat from the cattle grading Good was somewhat
finer than that from the steers of lower grade.

The committee found the comparisons of texture especinily diffi-
cult to meke. The grain or fiber of the meat appeared to be different
under various methods of examination. Moreover, there seetned to
be an unexpected relation between fineness and the “tightness” or
compactness of the tissues.

#MORAK, T, ond Saura, E, Q, Op, <it,
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Reference to Figure 23 reemphasizes the fact thatin il eases except
tenderness the contrests between lots were too small to warrant
definite conclusions.

TENDERNESS COMP ARISONS

Under teanderness, the commitfee classified the rossts from the
supplement-fed cattle as “moderately tender” and those from the
grass-alone lots as “slightly tough.” Although the difference between
these two groups was not large, it was consistent throughout the
experiment. Moreover, it conforms closely to the comparison
recorded by the mechanical device that was used to measure the
shearing strength of the meat. This nstrument (fig. 24) consisted
of a steel blade one thirty-second of an inch thick dmlled with & hole
slightly larger than the sample to be tested. The hole was made
square Instead of round to eliminate the sliding of the edge across
the sample that would occur if a round hole was used. The cutting
edge was milled square and then smoothed slightly to effect a stand-
ard, reproduceable dullness.

A sample of meat was cored out with a keen, steel tool 14 inches
inside diameter, similar to 2 cork borer. The sample was placed in
the perforation of the steel blade and the blade led through a narrow
slit in a wooden miter box. A hand-driven screw pull was used to
pull the blade through the meat, the force required being recorded
by a spring-type, self-recording dynamometer. When the instru-
ment is In operation, the load oo the meat builds up to & maximum
and the fracture of the sumple is sudden and complete.

Samples of the eye muscle of the chilled (34° to 36° F.) uncooked
right and left twelfth 1ib and of the chilled cooked left eleventh rib
were broken in this mechanical shear.

The shearing strength of the raw muscle shown in Table 24 is the
average'of two cuis on each of three samples from both the right and
left twelfth ribs, an average of 12 tests on the raw meat from each
steer.

The shearing strength of the cooked meat is the average of two
tests on each of two saniples {rom the roasted eleventh rib, an average
of four cuts per steer. Cooking contracted the tissues in such manner
that it was impossible to obtain more than two samples that were
free from the coarse, visible, connective tissue that surrounds or Lies
between the muscles. The data for average tenderness, given in
Table 23, are reported in Table 24, together with,data showing range
in tenderness in each lot.

TasLe 24.—Shearing strength of right and left raw twelfth-rib samples and left
cooked eleventh-rib samples as compared with lendernesy report of cooked-meat-
grading commitiee
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The shearing strength of the raw samples from the four lots of
steers was very similar. Thet of lot 2B, the Medium grade on grass
alone, was slightly greater than that of the other three. The differ-
ence, however, was comparatively small and the variability of indi-
vidual averages sufficiently numerous to prevent the interpretation
of this contrust as other than an indication.
 In the mechanicsl test of the roasted-rib samples 15 per cent more
force was required to pull the blade through the meat from the grass-
elone cattle than through that from the supplement-fed steers.
There was no consistent difference in the shearing strength of the
meat from the Good and Medium grades.

Both the cooked-meat-grading commiftee and the mechaniesl
shearing test for the cooked meat have shown the meat of the supple-
ment-fod lots to be the miore tender. Although neither method
presents, as yot, indisputable evidence of tenderness, this agreement
1s significant. Tenderness tests conducted in connection with cther
experiments have produced a similar uniformity between the two
methods.*

FIGURE M.— D yusmomeler or mechaniend sheur used to comnpare Lhe shenring strength of the riw
and the cooked mest. A woeoden miter box was used for the {ests reforted

Comparison of the shearing strength of the raw and the cooked
meat from the respective lots brings out the lack of correlation
between them. This variation extended to the samples from the
individual steers, and it was quite impossible to predict the shearing
strength of the cooked meat from that of the uncooked. It is obvious
that faulty technie, including methods of sampling, might have been
responsible for this lack of uniformity. However, the average
shearing strength of the samples from the raw right twelfth rib from
128 caitle in this and other experiments showed a correlation with
that of the raw left twelfth rib from the same animal of 0.78 during
one ﬁ(ear and of 0.87 from 100 samples the year following.”

The degree of consistency appeariag in these cases would indicate
that the lack of correletion between the shearing strength of the raw
and cooked-rib muscle {from the same animal was due to actual dif-
ferences in the meat. Evidently some characteristics of the raw
meat that caused it to resist the shear were affected differently by the
roasting process.

it Unpublishod date.,
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It will also be noted that the shearing strength of the uncooked
rib samples was always greater than that of the cooked meat. Leh-
mann * using two different types of instruments for comparing
toughnpess, found that boiling beef loin increased the toughness for
the first hour but thatf longer cooking rendered it more tender than
the raw meat. Moran and Smith ®* quote the popular opinion that
Taw meat 18 usually more easily masticated than cooked meat.

The results obtained, bowever, from the use of this mechanical
shear on more than 1,000 samples ® point definitely to the fact that
the shearing strength of the raw muscle is greater than that of the
roasted meat.

In summarizing the palatability comparisons and tests of shearing
- strength one musi observe the similarity of the roasts from all four
lots.  'With the exception of the somewhat greater tenderness of the
ribs from the supplement-fed lots, the differences noted by the methods
used were less than might have been expected. It will be recalled,
however, that the mest from all four lots was from mature, fairly
well-finished steers. The thinner grass-slone lofts produced a rib
sample containing 30 per cent of fat, or only 8.77 per cent less than
that of the grain-fed groups. Possibly 30 per cent of fat is sufficient
to produce an aroma, flavor, and juiciness which compare closely
with those of ribs possessing 38 per cent fat.

SUMMARY OF CATTLE-GRADING AND MEAT STUIMES

Good cettle fed a grain supplement on grass graded Good hoth as
feeders and as slsughter catéle.

Good cattle fed on grass alone graded in the middle of Good ss
feaders and at the bottom of Good as slaughter cattle.

Medium eattle fed a grain supplement on grass graded in the
mid(lile of Medium ss feeders and at the top of Medium as slaughter
cattle.

Medium catile fed on grass alone graded in the middle of the
Medium grade both as feeders and as slaughter cattle.

Both lots of supplement-fed castia should have brought a higher
selling price than those of the otherlots on the basis of higher dressing
yvield and fatter, more atiractive, selable carcasses. The Goeod
steers had » slight, but similar, advantage over the Medium grades.

The color of the eye muscle from the supplement-fed lots was a
little ighter red then that from those fed grass alone. There was
extreme color variation among the individuals in each lot.

In the physical snalyses, the rib samples from the grass-fed lots
contain a higher percentage of bone and eye muscle and & lower
percentage of fat than the supplement-fed steers. The actual weight
of eye muscle and of bone in all four lots was similar. There was no
significant difference in the physical analyses of the rib samples itom
Medium and Good cattle. Yield of “other lean” was not consistent
among the four lots. _

Chemical anslysis of the rib samples disclosed & higher percentage of
fat in the supplenient-fed lots ancf) 8 lower percentage of protein and
water than in the meat produced on grass alone.

* LErManN, K, B, and others, [aTunies oF TAE TOUGNNESS OF MEAT AND ITS CADSE.] Arch, Hyg
03: 134-178. 1007, [Absiract in Expt. Sua. Rec. 18 1464,]

i Moraw, T, nnd SsurH, B, O, Op. olt.

« Unpublished data,
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The fat content of the rib samples, as determined by the physical
separation, compared closely with correspending chemical analyses.

Chemical analyses of the eye muscle showeg a slightly higher fat
content in the samples from the supplement-fed lots, though there was
a wide individual variation in the faf content of the eye muscle from
steers in the same lot.

The considerable varistion in the characteristics and composition of
the rib samples from animals in the same lot indicates the influence of
the individuality of the steers upon the results. This variability
definitely shows the need of taking samples from & much larger pro-
portion of the carcasses in each lot. It also supgests the desirahbility
of using snimals with & more uniform inheritance.

Cooking losses from evaporation varied through & narrow range
with the fattest ribs showing the smallest loss.

Cooking losses from drippings were somewhat less than those from
evaporation, but showed greater veriation. The dripping loss of the
{atter rib samples was proportionately more then that of the thinner
ones. :

The total cooking loss varied through a small range, with the fattest
ribs tending to lose more than = leanest.

The mechanical tests of the shearing strength of the raw rib muscle
showed but little difference among the four lots. The standard
palatability committee graded the meat of the supplement-fed lots
as of slightly greater tenderness; the mechanical test produced a
similar grading. '

There was no consistent relation between the shearing strength of
the raw and the cooked meat,

There was no significant correlation between the four lots as to the
flavor, juiciness, texture, and sroms of the rossted-rib samples,
Whether the closeness of this comparison of the meat frem 3-year-old
steers was due to the feed value of grass alone or to the combined
facts that the steers were mature and had been liberally pastured is
not indicated by the results.

A true appraisal of meat produced by different methods must be
based on its nutritive value, palatability, waste of bone and other
unconsumed portions. Further informafion is needed about the
relation hetween finish and quality in order to d-termine the most
desirgble degree of fatness,
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