INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bieedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMl a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing

from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600







NOTE TO USERS

This reproduction is the best copy available.






THE INFLUENCE OF SEX UPON THE QUALITY OF BERF

by

Fred J. Beard

A Thesis Submitted to the Graduate Faculty
for the Degree of

DOCTOR OF PHILOSOPHY

Major Subject: Animal Nubrition

.....

Approved:

Signature was redacted for privacy.

In Charge of lajor Work

S[;ignature was redacted for privacy.
Head of Xajor Department

Signature was redacted for privacy.
Dean of Graduate College

Iowa State Collega

1942



UMI Number: DP13114

UMI Microform DP13114

Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M 48106-1346



-ii -

TABLE OF COHTENTS

I}:Ti{ODUUEIOI\! . o ° L] L] . L] L] ¢ & @ . @ . . . [ e & L e . [ °

REVIEW OF LITERATURE « o ¢« ¢« v 4 o 4 s o o o o o o

Tenderness

+ e

Sex Differences in Beef (Carcasses and Their Constituent

P&rtsowuoooa-qic-nooullcvii

& ¢ & 2 06 0 € e * & & O & e © ¢ 0 ¢ © 0

Liposomes in kuscle Fibers .+ 4+ ¢« o ¢ o ¢ ¢« ¢ ¢ o &
Development of Histological Technique . « « o ¢ « &

Variations in Color of Adipose and Muscle Tissue of

Beef L] e < . L] . - . . L e . e L] . . » »
Analysis of Celor of Huscle and Fat . ., . . .
Cooking Losses and Palatability Tests . . . .

}‘L{ATERT- AIS AND J’-\MI{ODS L] ] a L] [ . a L] . . ° ° L] L]
Selection and Preparation of Cattle . . . . .
Slanghter of Steers and Heifers . . . . . . .

L]

* .

« o

Cutting of Carcasses and Physical Analyses of the

Intracellular Fat Content, Size of Fiber and

Connective Tissue in Bovine Muscle . o o + &

Liposome deposiis o o o o v o o o s o
Color Determinations of Steer and Heifer Beef
Cooking Methods and Palatability Tests . . .

Houipment « o 4 ¢ 6 6 6 0 0 0 0 e e s

Preparation of the meat . . . . . . . &

Sampling for palatability tests . . . .

BESULTS 4 ¢ o o o o o ¢ o s ¢ o ¢ o o o o s o o o
Initial and Final Weights of Slaughter Cattle
Dressing Percentages of Steers and Heifers .

Carcass yield from full body weights . .

Carcass yield from empty body weights .

Variation in internal fats . ¢« « o« « o o
Variation in Yields of Wholesale Cuts . . . .
Variation in Physical Composition of Carcasses

.

e o & e

« e s o a

+ = » © ® 32 @°

Physical composition of wholesals cuts . . . .

Ratio of lean to weight of wholesale cut

Ratio of fat to weight of wholesale cut .
Variations in deposition of fat . . . . .
Ratio of lean and fat to bone . » « . + .
VLiposomes in Muscle from Steers and Heifers . . . .

1A

.

.

- e o e



- 131 -

TABLE OF CONTENTS continued

Color Determinations « « « « « ¢ o o ¢ o s o 2 s « o » 86
The "A" chart « v o o v o o v o o v o o v 0o a0 - Bb
Rotating disks .« ¢« v « v ¢ 4 0 o v o o a o« « s » 89
Qolor analysis with the photoelectric

spectrophotometer . . 4 4 ¢ ¢ 4 e 6 0 0 0. 92

Golor of fat v 2 « o o s 8 06 ¢ v s« c 0o oo 96

Culinary and Palatability Tests o+ 4 ¢ 4 o o ¢ o » o o 101
Cooking time . o ¢ ¢ ¢ e vt s o s o o o s o s o 105
Palatabiliby SCOTE8 « & 4 o v s o ¢ o o o ¢ o0 o 105
TEndernesSs « o o o o o« s o o o s o o » o o o = o 109

DISCUSSIONOFRESULTSOo-tn'-onen-ao--o.nn lll
Live Weights of Steers and Heifers in the Slaughter

T8 o o o ¢ o o ¢ ¢ ¢ o 6 s 4 0 o v e s 0 e . 111
Dressing Percentage .+ » o o o 0 v o » s o a s » ¢ & o 112
Internal Fabs o v v 6 o v v v e ¢ o o 0 o o s s o o« 113
Physical Composition of Beef Carcasses . « o « » » » » 115

Ratio of lean and fat to bone v ¢ o« o o ¢ o « « o 117
Histological Studies ¢ « o ¢+ o ¢ ¢ ¢ o ¢ o o ¢ o o o o 119
Color of Beef o o o ¢ o o o o o ¢ o s o o o o o o o o 122
The Color Analyzer « « « o « o o ¢ o o o o o o o « o » 126
Culinary TestS o o o o o' v o s o o o o o s o 2 o o o o 127

Cooking bime o o 4 v ¢ v v ¢ 4 o v ¢ 0 o o 0 o« 129

Palatability scores « « o v o 4 &+ o ¢ & ¢ v « « » 130
Tenderness Tests o o v v ¢ o ¢ v ¢ ¢« o ¢ « o 0 s 0 o « 131
iechanical Tests for Tenderness .+ « o o« o ¢ s o ¢« o o« 132

GENERAL SUMMARY AMD DEDUCTIONS v v ¢ o v v v o o o o w o s 134
AC Iq\l OYHJE)QJENTS L] . ® - L] * . » L] £ . * ° ® . L4 * * » ° . L] lho

LIrI. ERAT UliE G ITED e . . . L . . Ll . L Ll - Ld e . . . . L] » * 1L“l



-1y -

LIST OF TABLES

TABLE NO.

I WEIGHIS CF CATTLE SLAUGHTERED FOR PHYSICAL AND
ORGANOLEWIG TIBTS ¢ o « ¢ & '0'e 0 ¥ 5 2 & * & 3 @ 37

Ta TEST OF SIGNIFICANCE OF SEX DIFFERENCE IN FINAL
WEIGHT OF STEERS AND HEIFERS, ADJUSTED FCR
VARLATION IN INITIAL WEIGHT . . ¢ v v v o v o o o 38

Ib TEST OF SIGNIFICANCE OF SEX DIFFERENCE IN EMPTY
BODY WEIGHT FROM STEERS AND HEIFERS, ADJUSTED
FOR VARIATION IN FULL BODY WEIGHT . o ¢ ¢ ¢ o & & 39

Ic TEST OF SIGNIFICANCE OF SEX DIFFERENCE IN CARCASS
WEIGHT OF STEERS AND HEIFERS, ADJUSTED FOR
FII\]AL LEVE ;”‘EIGH-T L] o * o L4 - L3 * ¢ L] L] ° * ] * L] 1+O

II AVERAGE CARCASS WEIGHT AND YIELD FRQM FULL AND
EMPTY BODY WEIGHYS OF CATTLE o ¢ ¢ o v o o o o « « 41

IIT PERCENTAGE OF CARCASS TO LIVEWEIGHT -OF CATTLE
- SLAUGHTERED AT THE 120, 150 £ND 180 DAY
FEEDINGPERIOWu.o-o-oo.‘ouou-c..la "4'3

IITa ANALYSIS OF VARIANCE OF CANCASS YIELDS BETWEEN
STEERS AND HEIFERS AFTER 120, 150, 180
D[&YS ON FEED * . L] L] L] . . L] . L ° * . . e . » L] [ ] hz

IV INTERNAL FATS OF STEERS AND HEIFERS. EEXPRESSED
AS PERCENTAGES OF LIVE WEIGHT « « o o v o o o o o 44

V THE PERCENTAGE OF WHOLESALE CUTS TO CARCASS
V{EIGI-HSOSTIERSC‘Q0.0..I!O..!OD'Aé

VI THE PERCENTAGE OF ' WHOLESALE CUTS 10 CARCASS
WEIGHTS, HEIFERS ¢ ¢ o o v o o v o 0 o o o o o s 47

VII THE AVERAGE PERCENTAGE OF WHOLESALE CUTS TO
CARCASS WEIGHTS FROM STEERS AND HEIFERS
FED A DIFFEREND NUMBER OF DAYS « o ¢ v ¢ v « ¢ o » 50



LIST OF TABLES continued

TABLE HO.

VIiI

Villa

XI

X1I

LII1I

XII

THE PERCENTAGE OF PRIMAL CUTS TO CARCASS
WEIGHTS FROM STEERS AND HEIFERS FED A
DIFFERENT NUMBER OF DAYS o o o o v o o s o o »

TEST OF SIGNIFICANCE OF SEX DIFFERENCES IN
PRIMAL CUTS FROM STTERS AND HEIFERS,
ADJUSTED FOR VARIATION IN FINAL BODY WEIGHTS .

THE PERCENTAGE OF LEAN, FAT AND BONE TO
CARCASS WEIGHTS IN STERRS AND HEIFERS
OF VARIOUS AGES AND DEGREES CF FATNESS . . . .

AVERAGE YIELD OF SKELETAL TISSUES FROM STEERS
AND HEIFERS. (ENTIHE CARCASS) v v v v o v o &

TOTAL WEIGHT AND PERCENTAGE OF HAND SEPARABLE
FAT IN ENTIRE CARCASSES FROM STEERS.
PERCENTAGE OF FAT TO CARCASS WEIGHT . . . . .

RATIO OF LEAN, FAT, AND BONE TO WEIGHTS OF
WHOLESALE CUTS TAKEN FROM STEERS AT DIFFERENT
INTERVALS DURING THE 180 DAY FEEDING PERIOD .

RATIO OF LEAN, FAT, AND BONE TO WEIGHTS OF
WHOLESALE CUTS TAKHN FROM HEIFERS AT DIFFERENT
INTERVALS DURING THE 180 DAY FEEDING PERIOD .

THE AVERAGE PHYSICAL ANALYSES OF CERTAIN
WHOLESALE CUTS FROM STEERS AND HEIFERS AT
EACI’I DATE e . ° ® L] . L4 * * ‘l . ® . L] - L] > L4

COMPARING THE PHYSICAL ANALYSES OF PRIMAL CUTS
FRON STEERS AND HEIFERS SLAUGHTERED AT
DIFFERENT INTERVALS DURING THE FEEDING PERIOD

RATIO OF LEAN AND FAT TO BONE IN CAMCASSES AND
IN CERTAIN WHOLESALE CUTS FROM STEERS AND
HEIFERS . . L] » @ . L] L] . . . L] L Ll ° . - . °

COLOR READINGS OF MEAT ACCORDING TO THE
"A" CHART AND THE MUNSELL DISK « + « « « o « &

51

52

Sk

55

58

60

61

6L

66

68

87



-vi -

LIST OF TABLES continued

TABLE NO.

FURSNE

XIx

IXTII

X1V
XV

I

XXVII

EXVITT

COLOR VALUES OF THE STANDARD "A™ CHART ., . . . .

TRANSTATION OF MUNSELL NISKS COLOR READINGS
T0 VALUES OF HUE, BRILLIANCE AND CHROMA .

ENERGY REFLECTION FACTOR OF 2USCLE TC STANDARD
WHITE THROUGHOUT THE SPECTRAL COLOR BAND -
FIRST SERIES v ¢« o o o 0 6 v v o s o ¢ o

EHERGY REFLECTICE FACTOR OF MUSCLE TO STANDARD
YHITE THRCUGHOUT THE SPECTRAL COLOR BAND -
SECOHD SERIES v o o ¢ 5 s o v s ¢ o s o o

COMPARISON OF FAT GONTENT AND RATIO OF BLUE
TO RED ORDINATES OF THE SPECTRAL BANDS . .

ENERGY REFLECTION FACTOR OF FAT TO STANDARD
WHITE THROUGHCUT THE SPECTRAL COLOR BAND .

LOSSES DURING COUKIKG FROM RIB ROASTS - STEERS
LOSSES DURING COOKIHG FROM RIB FOASTS — HEIFERS

FATNESS OF RIBS FROM STEERS AND HEIFERS . AUD
COOKING LOSSES OF HIB ROASTS 4 o 4 o o o

SUMHARY OF PALATABILITY SCORES ON COOKED
ROASTS FRUK STEERS AND HEIFERS . o . v v &

SHEARING STRENGTH OF RAW MUSCLE AS COMPARED
WITH TENDERNESS SCORE OF COOKED ROASTS . .

e

90

93

9%

97

98
102

103

104

107

109



- yii -

LIST OF PLATES

PLATE NO.

-
&

Vi

Vil

VIII

IX

Liposones in Longissimus Dorsi lusecle. Steer Fed
120 Days = ~ = = = = = = = = . e e m e o e

Liposomes in Longissimus Dorsi Muscle. Heifer Fed
120 DEys = = = = ~ = w = e e e

Liposomes in Longlssimus Dorsi lluscle. Steer Fed .
150 Days = = = = = = = = o e -

Liposomes in Longissimus Dorsi Muscle. Heifer Fed
150 DBYS = = = = = = = — = = m .- m e - -

Liposomes in Longissimus Dorsi kiuscle, Heifer Fed
150 DRYS = = = = = = = = = e e m o e e e -

The Liposome Content of a Steer and a Heifer Fed
150 Days = = = = = = = = e e e - -

Inter-intrafibrillar Fat in a Steer Fed 180 Days -~ - -

Liposomes in Animals Fed 120 Days bul Different in
Degree of Body Fatness ~ ~ = = = = = = = v v = = =~

Liposomes in Longlssimus Dorsi Kuscle. Heifer Fed
180 Days = = = = = = = = 0 = e - - -~ -

Sarcoplasm in Huscle Fibers after Liposomes Are
Removed by Staining Technique = = = = = = = ~ - -

Interfibrillar Fat in Muscle from Animals in Higher
Degree of Obesity =« = =~ = = = = = = = w = = = =

Interfascicular Deposits of Fat = = = =« = ~ = = = = -~

(&

76

77

78

79
80,

81

82



- yiii -

LIST OF ILLUSTRATIONS

ILLUSTRATION NO.

I PHOTOELECTRIC SPECTROPHOTCHELRICAL CULCR OF

BOVIHE HUSCLE = = = = = = = = o = = o e = =

II PHOTOELECTRIC SPECTROPHOTOMEYRICAL COLOL OF

BOVIHE FAT = o= = = w4 o m e = e ;e = e =

II1 MEAT COOKING RECORD. GRADING CHART FOR

COOKED MBAT = = = = = = = o e e e m o = o

LIST OF FIGURES

FIGUKE 0.
I PHYSICAL CCPOSITION OF STEER& HEIFER CARCASSES

II ENERGY DISTRIBUTION CURVES FOR COLOR OF BEZ

&

MUSCLE =~ = = == = = = = o= = = = = - -



INTRODUCTION

The equality of steers and heifers for slaughter purposes, when
comparable in conformation, weight, and finish has long been accepted as
a fact by butchers in England. In the United States heifers are usually
discriminated against in the livestock markets after they reach a weight
of approximately 700 pounds on the premise of lower dressing percentages,
disparate fat distribution, a lower percentage of high price cuts in the
carcags, and the widespread belief on the part of consumers that beef
from heifers is inferior in quality to that from steers.

In the absence of any substantial experimental evidence to support
such claims, a study was undertaken to determine the influence of sex
upon the quality and desirability of beef from young cattle of different
ages and degrees of fatness.

Quality is a character possessed by all matter. The term is usually
applied to denote degree of excellence or natural superiority. Its mean~
ing may be extended to express a difference which sets off one character
or a group of characters from another; thus quality becomes a feature or
peculiarity by means of which substances may be recognized or differenti-
ated. Sometimes, as in the case of meat, an aggregation of the characters
that indicate excellence is referred to as quality.

The task of defining quality in meat is exceedingly difficult, since
specifications involving mathematical measurements or mechanical apparatus

are not available. It is not, therefore, a tangible matter, yet it is a
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factor of extreme importance in meat despite its variability. Nearly
everyone has a fair idea of what is meant by quality, but the temm has
been so loocsely used with reference to meat that it often leads to con-
fusion; hence it was deemed advisable to describe this important charac-
ter of beef. A statement by Davis and Whalin (11) is cuite significants:

Guality is a characteristic of the flesh and

the fat included therein. It pertains pri-

marily to the thickness, firmness, and strength

of both the muscle fiber and connective tissue.

It also involves the amount, consistency, and

character of the juices or extractives which

surround and permeate the muscle fiber and

connective tissue. It is strongly influenced

by marvling which is due simply to the presence

of droplets of well filled fat cells along the

connective tissue and between the muscle fibers.
Slater (38) believed that the definition of quality in beef should be
extended to include, "the size, shape and condition of bone, ratio of
bone to muscle and fat, and the quality, thickness and character of the
connective tissue encasing the muscular divisions." Quality, therefore,
is defined largely in terms of the physical properties of beef such as
lean, fat, bone, and connective tissue as well as the character and pro-
portion of each of these constituents of the flesh, and applies ecqually
to the small cut, the wholesale cut, and the beef carcass.

Quality of beefi is influenced by many factors. Sex was one of the
factors enumerated a5 influencing the quality of beef by the Committee
of the Habtional Cooperative Project, "A Study of the Factors Which Influ-
ence the Quality and Palatability of Meat." (44).

The difference in sex of bovine animals is not restricted to that

of a generative function, for it is recognized that differences also
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oceur in the fleshing character of these animals. Thus the differenti-
ation in the function of reproduction may &lso impose upon the animal a
differentiation in the metabolic functions which ere manifested in the
rela;ionships of the quantity of various tissues such as lean, fat, and
bone in the animal structure.

The differences between the male and female of the species in flesh-
ing characteristics are best portrayed by the proportion of the flesh
constituents in the animal strﬁcturé. It is reasonable tb assume that
an alteration in the ratic of the lsan, fat, and bone may likewise re-
sult in an alteration in the quality of the meat, at least to some ex-
tent, since these changes in ratios between the flesh constituents
naturally involve fatty deposits, thickness, and firmness of both muscle
and fat, and the amount and character of the meat extractives, Any
differences, therefore, between the physical properties of the flesh from
steers and heifers may logically be construed as differences between
sexes in the quality of beef.

Differences in the physical composition of the wholesale cuts would
concelvably bring out differences in the weight of the constituent parts
of the aut not othermvise indicated. This shift in the ratio of lean,
fat, and bone between two similar cuts may be suspected of causing a
- difference in the quality between the two pieces of beef.,

The deposition of fat received special attention in this study be-
cauge of its important association with the guality of the meat. It is
generally recognized that considerable economic value is attached to

the occurrence of marbling in the muscles, a feature attributable to the
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presence of intramuscular fat. Furthermore, preliminary microscopic
observations had shown fal to be depesited intracellularly in beef, and
pointed strongly to the possibility of intracellular fat being correlated
guantitatively with the general state of adiposity in the animal struc-
ture. Accordingly, histologlcal examinations were made to determine the
slze and abundance of fatty bodies within the muscle cells from stesrs
and heifers,

The color of beef varies with age, depree of muscular development,
and fatness of the animals. The color of the musculature of the young
calf, for example, differs greatly from that of a mature animel. In-
creases in age, with attendant changes in diet, produce rapid changes in
the color of the flesh, The color of the muscle usually changes from
pale pink in the calf to a cherry-red in the yearling beef and to a dark
hue in the older animals,

The color of flesh is not only modified by the intensity of the
muscle protoplasm but may be influenced by the constituents which compose
the flesh, such as mixtures of muscle and fat. Since optical measurements

of color vary widely due to visual imperfections of those who judge the

[
(e

color, specially constructed instruments were used in an attempt to de~
termine color independent of the personal equation,

The attributes of quality paramount to all others in importance are
those Ilnvolving tenderness and flavor of beef. Tendernessg is a property
of the comective tilasue and muscle fibers, while flavor originates with
the fluld present in muscle tigsue and in the solubility of certain organie
substances and inorganic salts. It has not been showm to what extent odor

affects the teste, bubt it has been demonstrated that elimination of the
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olfactory sense tends to nullify the sense of taste. Therefore, muscular
substances volatile in character may affect the flavor.

These two important atiributes of quality are latent characteristics
of the flesh and are most appropriately determined by the organoleptic
test. Accordingly the factors relative to the quality and palatability
of beef were evaluated for roasts from beef animals differing in sex, age,
and degree of fatness.

It was the purpose of the investigation to make a detailed study of
stears and heifers of different degrees of fatness to determine differences
in the physical composition of the animal carcasses, deposition of fat,

color of the flesh, and the organoleptic values of the meat.



EEVIEW OF LITERATURE

Sex Differences in Beef Carcasses
and Their Constituent Parts

Various methods have been employed by investigators to determine
differences between beef animals influenced by such factors as age, de-
gree of fatness, and sex. A very commonly used method was to compare
carcass yields to live weights. Another method was to compare the whole-
sale cuts from corresponding parts of the carcass. A more recent method -
one which more accurately indicates the difference between parts and in
the aggregate between carcasses - was to compare the welght of the con-
stituents, such as the lean, fat, ané bone of one vert of the carcass,
with 2 corresponding part of another carcass. Some investigators were
of the opinion that since lean and fat were the most immortant constit-
uent:s in a beef carcass, differences hetween steers and heifers had
greater significance when expressed in terms of those constituents.

Wilson and Curtiss (46) reported what is probably the first care-
fully planned experiment to determine the development of cercasses and
wholesale cuts from five steers, and from five open and five spayed
heifers, The fifteen animals were well fattened. Slaughter and block
tests were then made of the carcasses. The average final weight of the
steers was 1582 pounds, open heifers 1318 pounds, and the spayed heifers
1426 pounds. These investigators reported that the dressing percentage

of heifers was 0.9 percent and 0.4 percen€ respectively, below that of
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the steers. The results of the block tests showed that steer carcasses
had approximately 2} percent heavier rounds, but that the yield of the
two most valuable primal cuts, loin and ribs, was greater from carcasses
of heifers; also, that the neifers were correspondingly lower in the'per-
centage of cheaper cuts than the steers, However, on the basis of yield
and values of the primal cubs, these investigators concluded that car-
casses from steers were siightly superior to those from heifers. Their
conclusions were strengthened when substantially the same results were
obtained from a second experiment (47).

The carcasses of three stéers, different in ages and degree of fat-
ness, were separated into wholesale cubts by Edinger (12). He observed
a tendency for the weights of the more valuable cuts to increase and those
cf the cheaper cuts, such as plate, shank, and neck to decrease corre-
spondingly as the general adiposity of the carcass incressed. His ob-
servations agreed with the results reported by Wilson and Curtiss (47)
and by Hall and Emmett (20). When the wholesale cuts were separated
into lean, fat, and bone, Edinger (12) found that as the animal increased
in flesh it also increased in the prorortion of fat to lean and bone in
the more valuable cuts of the carcass, and that the parts of the carcass
which served as larger depots increased their proportion of fat to lean
and bone even more rapidly. According to Hall and Enmett (20), a prime
carcass has 57 percent lean, 30 percent fab, and 13 percent bone. The
best carcass used by Edinger, though considerably younger, had 49.61 per-
cent lean, 32.93 percent fat, and 17.11 percent bone. This compared

favorably in fatness to the analyses quoted above from Hall and Emmett.
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Trowbridge (43) reported the distribution of lean, fat, and hone
from four steers differing in degree of fatness and age. One sbeer was
five years cld and weighed 1785 pounds. The others were three years old
and weighed 755 pounds, 1063 pounds, and 1250 pounds respectively. The
carcass from the five-year old steer contained 40.70 percent fat and 40.87
percent lean. The percentage of fat in the carcasses from the thres~year
old steers varied from 12.19 percent to 26,92 percent, and the lean from
64,69 percent to .57.25 percent.

The physical composition of mature and immature "marketably fatt
steers was reported by Foster (14). His results showed that the mature
carcass contained 5.53 perceni more lean, .93 percent less fat, and 1.38
percent more bone then did the lmwature carcass, The hindquarter, however,
had 4.43 percent more lean, 3.26 percent less fat, and 1.18 percent less
bone than the corrésponding part of the carcass irom the mature steer .
(ther differences observed were the larger percentages of round and loin
in the immature steer. OSince the ages of these steers were nine years
and three years respectively, even greater variaticn in the distribution
of these tissues would appear reasonable.

Physical analyses of carcasses from three steers and three heifers
of different ages and degree of fatness were made by Sleeter Bull at
Illinoie (7). e difference was reported in dressing percentage between
steers and heifers when slaughtered as calves, or after 140 days of
{feeding; bub the yileld of carcass favored the heifer after 200 days of
feeding. The fals oblained from the internal organs were greater in the

heifer, but not enough greater vo affect the dressing percentaje materially.
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Slight difference was noted in the distribution of lean, fat, and bone in
steers and heifers after 140 days of feeding. The heifer, after 200 days
of feeding, was 85 pounds heavier than the steer and had a lower percent-
age of lean and bone, but it had considerably more fat than the steer.
Bull concluded from his analysis that 700 pound heifers had a distinct
advantage over steers of similarAbreeding and weight in the matter of
finish, and that the yield in the more valuable regions of the carcass
was almost as good, but that 800 pound to 900 pound heifers were siightly
inferior to steers of equal weight because they were over-fat.

Tests have shown that the composition of the wholesale prime rib
cut is closely correlated with that of the entire side. Studies by Lush
(32) showed the fat content of boneless meat from the wholesale rib-cut
to be an excellent indication of the fat conteni of the entire body. The
physical composition of the whole prime rib-cut from well fleshed car-
casses was found by Sleeter Bull (7) to represent quite accurately the
physical composition of the entire carcass. Helser, Nelson, and Lowe
(22) reported that the percentage of lean, fat, and bone areas in the
prime rib-cut was a good indication of the wvarious proportions in the
rest of the carcass. In their study concerning the influence of age upon
the quality of beef they found that the proportionate fat increase in
prime ribs occurred much more rapidly during the fattening of calves than
of yearlings or of two-year old steers, but that the fat was most equelly

distributed throughout the lean in the yearlings and two-year old animels.
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Tenderness

Mechaqical methods for testing tenderness of meat were reported by
Lehmann (30) who tried to duplicate the masticating process by a mechan-
ical apparatus. With this apparatus he demonstrated that increased ten-
derness of siriated muscle was induced by ripening or aging. Lehmann
{30) also observed that the amount of connective tissue, fat, and the
size of mﬁscle fibers contributes to the relative tenderness of meat.

Warner (45) developed an apparatus to determine the shearing

" gtrength of beef muscle., A similar mechanism was used by Helser (22),

in testing the shearing strength on the longissimus dorsi muscle over the
twelfth rib from calves, yearlings, and two-year old cattle. The Warner
shearing machine was also used by Black, Warner, and Wilson (6) on meat
from good and medium grade three-year old beef steers fed grass and grass
plus grain. They found that the shearing strength of the muscle varied
widely between animals within the lots.

Mitchell and Hamilton (34) determined chemically the proportion of
collagen to elastin in muscle of tough and tender beef. They found that
toughness was a function of collagen and elastin in connective tissue,
therefore, tenderness was correlated with the connective tissue character

and content of beef muscls,



Liposomes in Muscle Fihers

Farly histologists were not able to show true fatty bodies or lipo-
somes within the muscle cell. Development of histological technique,
based on the knowledge of the physical and chemical nature of cellular
protoplasm, has enabled later investigators to show two types of inter-
stivial granules in the muscle cells.

The occurrence of granules between the fibrils of cross-striated
muscle was first discussed by Kolliker (29), who called them inter—
sbitial granules. He stated that the granules were widely distributed,
being found in vertebrate muscle as well as in insect muscle. He did not,
however, differentiate between the true interstitial granules and fat
droplets, the former now thought to be non-fatty in nature. Later inves~
tigations on this point, conducted by Bell (4) and Bullard (9) seemed to
establish conclusively that the granules observed by Kolliker were of
two types, true interstitial granules, and fat granules or liposomes.
These investigators were able to distinguish between the two types of
granules by the reaction to dyes and by the difference in solubility.
They did not, however, disprove the possibility of a fatty substance in
interstitial granuleé nor the oceurrence of non-fatty substances in tlhe
fat droplet. The presence of true interstitial granules as well as the
occurrence of liposomes, fat droplets, in muscle protoplasm is now
accepted by leading histologists.

Albrecht (1) used the name liposomes to describe the granular sub-

stances, thinking that the cellular granules were all fat droplets.
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Because other workers were unable to duplicate his results, it was believed
that Albrecht was mistaken in his identification, since some of these sub-
stances in striated muscle stained by acid fuchsin while others hlackened
with osmic acid. Neither Bell (4) nor Bullard (10) was able to bring out
the presence of fatty bodies in fresh sections of muscle by the use of
such stains.

The term "liposome" as applied to the fat droplets found within the
mugcle cell was also used by Bell (2)., The same terminology is used in
this treatise.

In reporting the results of his studies on fat deposition in muscle
from beef carcasses, Bell (2) (3) stated that no fat was found inside
the muscle fibers, i. e. within the sarcolemma, of the very fat animals
and concluded that the rmscle fiber in the adult was not used for the
storage of fat. Bullard (10) found fat droplets inside many of the mus-
cle fibers from three steers that had shrunk about half their normal
weight, and displayed marked muscular atrophy. The muscle cells of these
animals had likewise shrunk about half their normal diameter, and their
outlines were no longer visible. The adincse tissue had been almost en-
tirely depleted of its fat.

Traina (41), evamining tissues from rabbits which had died of star-
vabion, found no diminution in quantity of fab in the epithelium, such as
in the pancreas, suprarenal, and thyroid, though some of the cells had
been reduced to half their normal volume and the connective tissue fat
depots almost completely empbtied. From the tissues observed, Triana con-

cluded that intracellular fat was neither removed by starvation nor in-
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creased by excessive fattening. Kemp and Hall (26) were unable to find
fat inside a muscle fiber examined from animsls fattened for slaughter.

Bell (2) did not find fat present in the muscle fibers of adult
cabtle under normal conditions, but swall droplets anpeared in the later
stages of atrophy caused by a prolonged submaintenance ration. This led
him to conclude that fat inside the muscle {iber was independent of the
nubritive condition of the enimal. Later Bell {4) and Bullard (10)
demonstrated, with the use of improved technique, that most normal tissues
contained numerous droplets of a fatty nature that were seldom, if ever,
seen in ordinary examinations for fat.

Observers who used Herxheimer's Scharlach R stain were able to see
the fainter liposomes, but the capacity for staining the fainter lipo-
somes seemed Yo have been lost in the simple alcoholic solution such as
was used in ordinary fat staining. Bell (3) reported that simple alco-
holic solutions of dyes such as were generally used, extracted a large
proportion of the intracellular fat. Kaufmann and Lehmann (25) showed
that the extraction of fabt from the tissue increased with the concentra-
tion of the alcohol in which the dye was dissolved. They found that 70-
percent~alcoholic~Sudan solution in tissue staining extracted a great
amount of fat, while a 40 pexcent alcoholic’solution removed only a trace
of the fat,

Fixtures such as are used in ordinary fat staining likewise remove
many of the liposomes., The variable effect of the fixative may be due to
changes in chemical composition of the liposomes. The normal disappear-

ance of the liposomes in muscle tissue slsc points strongly to the activ-
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ity of autolybic enzyues within the muscle substance.

Hubritional stabus exerts a marked influence upon the number and
character of liposomes in muscle. Knoll (28) found that starvation for
six to nine days reduced the fat droplets visible in fresh heart muscle
of pigeons. Bell (3) reported the muscle fibers free of liposomes when
rats were kept on starvation rations until they had lost over 20 percent
of their body weight. Kats previocusly starved and then fed on fat meat
for several days were found by Bell (4) to have a greatly increased number
of liposomes. These droplets also increased in size and susceptibility to
the stain as the animals fattened. Foods low in fats were found to pro-
duce very little or no change in the liposomes, while fatty foods greatly
stimulated the formation of these fatty bodies within the muscle cell.

According to Bell (4) and Bullard (10) freshness of uaterial is a
factor of importance in the michSGOpical exanination for liposomes.

These fat droplets were shown best when the tissue was exawined imuedi-
ately after slaughber and before post mortem changes occurred, Bell
observed that liposomes disappeared if tissues were left unstained for

12 to 24 hours, and often in less time; while Bullard reported that inany
of the liposomes had disappeared in the space of only two to three hours,

It would seem, therefore, that the amount of microscoplcally demon-
strable fat in muscle depends very largely upon species of animal, propor-
tionate constituents of the food, and the general state of fatness of the
animel. The amount of fat stained devends upon the stain used, the

technique employed, and the treatment of the tissue before it is stained,



Development of Histological Technique

The techmnique for showing fat deposits in muscle tissue beyond tle
garcolemma has attracted the attention of histologists for nearly three-
qﬁarters of a century, The perfection of a technioue that will show the
presence of fat in such a inely divided form a5 liposomes has been
exceedingly difficult becsuse of the oresence of other intimately associ-
ated substances thought to be lipoidal in charecter bubt also containing
a non-fatty elewent.

In order to render these fatly droplets visible it is necessary, as
ve have seen, to employ some form of staining solution which will not be
a gsolvent of the substance being studied. It is well known by biologists
that free fats and lipoids are soluble in substances such as ether,v
' chloroform, absolute alcohol, wylol, and benzene. |

Heines and Rosenbaum (18) compared Sudan III, Scharlach I dye with
osmium tetroxide for staining fat. They oblained more reliable results
with the dyes than with the osmic tetroxide and atiributed it to the fact
that fats were not chemically altered by staining solutions made from the
two dyes, whereas a simple chemical change was essentially the basis of
the osulc acid method of staining. Bell (4) using the sane stains, stated
that a great many fat droplets {liposomes) which were not stained by osmic
acid were stained by the use of Herxheimer's (24) Scharlach K. The dye
stain cleared up the tissues of striated muscle so that the fainter drop-
lets were readily observed. He preferred Scharlach R to Sudan III be-

cause it had the property of staining the smaller and less refractive
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lipcsomes.

Scharlach R and Sudan III were compared as to their staining
capacity by Froboese and Sprdéhnle {15). The test included alcoholic con~
centration, staining time, staining temperature, and saturation. They
observed little difference in the reaction of the two stains upon the
tissues and organs used for the test. Both dyes were about equally satis-
f&ctory, but they preferred to use Sudan IIf.

Romeis (36), reporting the chemical nature of the twe dyes, Sudan
III and Scharlach R, stated that the Schariach R, being a methyl deriva-
tive, produced a more intensive stain.

Because of the difficulby in getting desired intensily of color by
staining with simple alcoholic solutions, Herxheimer (24) used an alka~
line~alcoholic solution and found it to be a greater solvent for the dye,
consequently more effeciive in staining faintly refractive fat droplets,

Erdheim (13), by the Herxheimer method, was able to stain fat drop-
lets in the thyroid which were not visible when simple alcoholic solubions
were used.

Dye precipitates are frecuently formed on sections stained with Sudan
IIT and Scharlach R. Bell (4) and Bullard (10) encountered difficulties
with precipitates when using their alkaline-alcoholic staining solutions.
They recommended washing the stained section in 70 percent alcohol to re-
move the precipitated dye. |

| Bullard (9) in a study of the interstitial granules, employing all
the fat stains in common use, stated that he preferred Herxtheimer's

alkaline-alcoholic solution of Scharlach R because it usually showed much
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more fat than the simple alcoholic solutions even with the same dye. He
observed that the alcoholic solutions gometimes failed to stain a large
part of the fatty droplets seen in the fresh unstained tissue. He report-
ed no similar experience with Herxheimer's stain.

The long, painstaking investigations conducted by Bell and Bullard
have contributed much in perfecting a technique for fat staining. Their
findings, in many cases, have made it possible to explain why earlier
workers were unable to identify liposomes as normal specific fat droplets

in the sarcoplasm of the striated muscle cell.

Variations in Color of Adipose and lMuscle Tissue of Beef

The color of lean and of fat, according to Davis (11), is one of
the important considerations in determining the quality in beef. It is
influenced by a number of factors such as age, breed, degree of fatness,
feed, character of feed, and individuality of the animal.

Thgt the intensity of color of muscle increases with age was illus~
trated by Schmid (37) with colored plates of the wholesale rib cut from
& calf, baby beef, medium and a heavy beef steer - the‘latter two about
three years of age. Uontrasts in color of muscle fiber in a calf, a well
fattened ten—months\qu steer, and a thin fleshed gix-year old cow were
also reported by Schmid,

Differences in the color of fat due to brsed were brought out in a
report by Kennedy et. al. (27). Later Hall (19) and Helser (23), stated
that color of the flesh of dairy cattle (Jersey and Guernsey) was darker

than that of the beef breeds. Hammond (21) was of the opinion, although



-18 -

no comparative tests werse carried out, that the flesh frow prime Galloway
steers and heifers tended to be of a brighter red color than from many
other breeds of cattle.

It is to be expected that fieshing condition, or degree of finish of
the animal influences the color of flesh, especially if the fat is white
and well distributed within the muscle structure. Hammond (21) quotes
Leighton and Douglas (31) to the effect that animals in poor condition
when slaughtered have meat that is darker in color than those in normal
flesh, whereas in well-fed animals the color is lighter. This observation
was confirmed by Trowbridge, Moulton and Haigh (42) with colored illustra-
tions of meat from steers fed submaintenance, maintenance, and supermain-
tenance rations.

Bad nourishment and coarse food caused the flesh in veal to be dark
according to Hall (19). He also observed that cattle fed on distillery
slop have a soft, washy flesh with a characteristic high color. Maclntosh
(33), reporting the influence of feed upon the color of beef, stated that
the flesh from steers fattened on native grasses was just as bright as that
from steers of similar age and degree of fatness but fed in a dry lot.

Environmental conditions were thought by Helser (23) to be a factor
influencing color for he states that range cattle and wild or restless
cattle, or heifers slaughtered when in heat, often "killed dark". Hammond
(21), stated that wild and domesticated animals of the same species may
differ in the color of their flesh. He algso stated that muscles of the
squirrel, the hare, the deer, and wild fowl, animals which are in continu-

ous active movement, are dark, while the tame rabbit and the domestic fowl
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have lighter colored muscle. Of the domestic animals he cited the pig as
having the lightest colored meat, some muscles being almost destitute of
red coloring. In contrast, the flesh of the horse, one of the very active
domestic aninals , was cited a9 the other extreme in color,

The color of beef is often said to be influenced by faulty practices
during slaughter and dressing of the animals, especially when delayed or
improper bleeding has occurred. Referring to a side of beef and describing
the quality of the flesh, Hall (19) statsd that the color of fat should
be clear white and the flesh a bripght rich red. 4 fiery carcass was de-
fined as one, the surface of which is spotted with highly colored blood
vesgels, and usually accompanied by a dark colored lean. He thought
these ¢onditions of the carcass were due either to a feverish condition, _
fatigue from long shipment, pregnancy, or excitement at time of slaughter.

Failing to find any experimental evidence to support the conclusions
made by Hall (19), Sleeter Bull (7) (8) undertook to verify them. He
found that exercise did not influence the color of beef from steers that
had walked the equivalent of 1,181 miles, or 8.8 miles per day at the
rate of 3.1 miles per hour; that undue excitement of animals just prior to
slaughter did not csuse the meat to be darker in color than that from
animals handled in the normal quiet manner, and that delayed bleeding -
for as long as 10 minutes - had little or no more influence upon the color

of meat than did kosher slaughter - bleeding without stunning.



-20 -

Analysis of Color of lMuscle and Fat

The color of meat optically determined is expressed as an average
of 311 the vérious colors which may be found in it. The normal eye does
not possess the faculty of differentiating the color rays which, when
combined, form the homogeneous color observed with the eys.

Two methods have been devised for measuring the color of meat: one,
in which colors of meat are mat;,ched with secondary standards having speci-
fic color notation; the other in which the stimulus of any color is speci-
fied in terms of the intensity or the reflection factor at each wave
length throughout the spectrum. The method used to analyze color is de-
termined by the manner in which the results are to be expressed,

The first method, in which the color of meat was matched with one of
known color specification, was performed by using color charts. The com~
mittee appointed by the Nationel Livestock and Meat Board (44) to outline
the technique and procedure for studying quality and palatability of meat
recommended two types of color charts, known as secondary standards. One
was the rotating disk in which color disks were cut with a radial slit so
that several could be slipped together with portions of each visible. 4
motor was used to spin them at a speed sufficient to producé a homogeneous
é:olor on the disk., The sample to be‘exarnined was held in juxtaposition
to the spinning disk and the colors matched by ocular interpretations.
Whenever possible, solar light was used for illumination. At other times
a 75-—waﬁt tungsten blue-glass pulb which transmitted ligit comparable to

solar light was used.
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Three colored disks were employed with the rotating disk: 4/11
standard red; 5/6 yellow red, and black ¥/1. The readings were recorded
in térms of percenﬁages of the exposed area of red, yellow red, and black
when the color of the spinning disks matched that of the meat.

A second dhartS kanown as the "A" chart, was devised in the offices of
the Burean of Animal Industry and prepared from the resulls obtained by
analyzing the color of a large number of meat samples. The color in this
chart was expressed in ten gradations of red on as many celluloidan sbtrips,
each representing a colof specification according to the Munseil color
notation (35). Under conditions to which it is adapted it is accurate %o
the degree that it is considered satisfactory for indicating significant
. differences in color,

The second method by which {he measurements of color were expressed
in teris of their energy reflection factors was obtained by the use of a
specially constructed pisce of apparatus known as a color-analyzer. It is
an automatic recording photo-electric spectrophotometer. This apparatus
wss designed by Joseph Razek and Peter J. Mulder at the University of
Pennsylvania¥*, Briefly, it is an instrument equipped essentially with
an illuminating unit, lenses, 2 movable mirror, prism, and a photographic
plate holder. By a most remarkable coordination of the movable parts
operated by cams and photo-electric cells it is possible, by turning a

small crank, to direct a beam of Light from the specimen through the prism

*Pol1 description of the Razek-ilulder Color hnalyzer is found in
“Color Analysis by Photoelectric Spectrophotometry”. Anderson, D. E.,
Unpublished thesis, Iowa State College 1932.
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and obtain on & photographic plate a response of sensitivity at each wave

length throughout the spectrum,

Cooking Logses and Palatability Tests

One of the most fundamental bases far evaluating quality in beef is
the organolentic test. It is a test which gives expression to the sensory
responses of those characteristics desired in beef, such as aroma, flavor,
savoriness, and tenderness. This test also involves size and strength of
muscle fiber and percentage and character of fat and connective tissue.
Obviously such a test would most likely be made only from cooked meat.,

The influence of cooking upon palatability is recognized by all Home
Economists and the abundant data upon this sﬁbject reported in the
literature are evidence of the#attention which has been given to the
development of the proper technigque for meat cookery.

Techniques for roasting beef which would retain the inherent qualities
of the meat and minimize the shrinkage or the loss of weight during cooking
vwere studied by Bevier and Sprague (5), Grindley and Mojonnier'(lé), and
Sprague and Grindley (40). These investigations reported a wide variation
in the losses of meat cooked by different methods and to different degrees
of doneness. The first use of a thermometer inserted into the meat for
ind%cating the degree of thoroughness with which meat was cooked is credit-
ed to Sprague and Grindley (40). Grindley and Mojonnier found that meat
cooked by the roasting process retained a greater proportion of the nitrog-
enous and mineral substances but a smaller proporvion of the fat than meat

cooked in water. Later, Grindley and Emmitt (17), reporting on meat losses
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due to different methods of cooking stated that "the more pronounced flavor
of meats cooked by dry heat as compared with those cooked in hot water is
without doubt due to the larger proportion of soluble constituents which
the former contains.”

Helser, Nelsén, and Lowe, (22), reporting on one phase of the coop~
erative project "The Influence of the Animal's Lge upon the (uality and
Palatability of Beef," found that the average total percentage losses
during cocking were 12,5, 1l.4, and 10.6 percent for rib roasts from thinly
fleshed calves, yearlings, and two-year-olds respectively. For roasts
from fattened calves, yearlings, and two-year-olds the average total per-
centage losses were 12,7, 13.5, and 15.4 respectively. The character of
the losses were well portrayed in this experiment when the authors report-
ed that the thin calf bad a volatile loss of 1l.9 parcent and the fat
calf only 6.5 percent. The volatile loss in the two-year-old animals was
9.4 percent and 8.5 percent resnectively.

Slester Bull (7) compared the cooking loss of standing rib roasts
from steers and heifers and reported no significant differences in losses
from calves slaughtered at different times. He further stated that finish
hed little or no effect upon the total loss in cooking, since loss due to
evaporation decreased with more fatness while the drippings increased at
goout the same rate,

A systematic method for evaluating the factors relating to quality
and palatapiliby of beef was developed after the inauguration of the
National Cooperative Research Project "A Study of the Factors Vhich Influ-

ence the Quality and Palatability of Meat." One of the factors considered
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as having an influence on the quality end palatability of meat was
"Methods of Cocking". A commlittee on the project prepared an outline
to be followed whenever a given cut of a particular kind of meal was to be
cooked for palatability tests. The commitiee also prepared a score card
for evaluating the factors relating to palatability and for recording

the opinion of the judges.



HMATERIALS AND METHODS

Selection and Preparation of Cattle

The study of the influence of sex upon the quality of heef extended
over a period of three years and included the results of three feeding
seasons. Forty-two calves were fed the first year; thirty-four the second
and third years. They were of Hereford breeding, equally divided as to
sex, and graded choice to gelect feeder calves. The calves fed during
the first and third years were from the same ranch, while thuse fed during
the second year came from a ranch in a different state. The calves in
each year's experiment, however, were uniform in size and quality. The
average initial weighi of the calves in the first year was 395 pounds,
39¢ nounds for steers and 392.pounds for heifers; in the second year 390
pounds; 395 pounds for steers and 285 pounds for heifers, and in the third
year kbl pounds, 450 pounds for steers and 436 pounds for heifers.

Each year the calves were sorted into two lots of steers and two
lots of heifers. One lot of each sex retained the originel nuuber of
animals throughout the feeding period while the other lot furnished the
animals for the slaughter tests and the carcass studies. [Fach lot was
fed separately, but all received the same type of ration, which consisted
of shelled corn, hand full-fed twice daily, linseed oil umeal fed on the
shelled corn, alfalfa hay hand full-fed twice daily, and block salt self

fed,
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There was only a slight difference in the average gains befween lots
in any one year. When the six lots of steers were compared with the six
lots of heifers it was found that the average daily gain was the same,
namely, 2.18 pounds; but the steers had slightly greater variation in

their average daily gains than the heifers.

Slaughter of Steers and Heifers

ne steer and one heifer were slaughtered at the tine {he expsriment
was started and at intervals of 90, 120, 150, and 180 days thereafter;
thus five steers and five heifers were used each year, or a total of
thirty cattle in the study.

The dressing of the animals and the division of the carcasses were
nerformed according to the recommendations of the sub-comnittee on slauvgh~
ter as given in the revised oubline on, "3 Study of the Factors Wnich In-
fluence the Quality and Palatability of Meat." (4k)

leights were rscorded on the wam carcass and on the verious parts
of the offal, The carcasses were chilled in a temperature of 30° - 340 F,
for 48 hours and then reweighed. The percentage of shrinkage was deter-

mined from these two welghts.

Cutting of Carcasses and Physical Analyses of the Cuts

The carcasses remsined in cold storage for seven days and were then
divided into the standard wholesale cuts., The cuts were located, whenever

possible, by measurements from certain oriented points on the carcass.
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The standing rib cut from the left side of each carcass was sllowed te
age in storage. It was then cooked and the flesh testec for quality and
palatability.

The wholesale cuts from the right side of each carcass were carefully
hand separated into lean, fat, bone, and tendon to provide data for a
study of the physical composition of the carcass and its standard divi-
sions. These detailed data were recorded on fifteen steer and fifteen
heifer carcasses, including wholesale cuts and their constituent parts -
lean, fat, bone, and tendon.

The complete separation of the parts with a knife is obviously a
physical impossibility, especially in extremely fat animals, because of
the fatty infiltration through the muscle. Furthermore, the separation
of muscle and tendons becomes arbitrary in some instances.

4 mechanical tenderness test, using a meat-shearing dynamometer, was
made on & sectioﬁ of the longissimus dorsi muscle removed dorsal to the
twelfth rib. The dynamometer recorded in pounds the pressure required to
shear a sample of msat one inch in diameter. Three shearing samples of
this muscle were taken, - one near the transverse process of the vertebra;.
one in the middle of the muscle, and one near the lateral edge. Hach
sample was cub three times with the dynamometer except from the animals
initially slaughtered. The aponeurosis which invaded the muscle was
avoided in sampling whenever possible, since it caused a substantial in-

crease in the pressure required to shear the sample.
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Intracellular Fat Content, Size of Fiber and Connective
Tissue in Bovine Muscle

Immediately after the dressing of the animals a section of the lon-
gissimus dorsi muscle, dorsal to the fourth lumbar vertebra, was removed
and prepared for three histological studies. Areas near the center of the

muscle and cortaining a minimun of intercellular fat deposits were used.

Lirosome deposits

One of the purposes of the histological study was to determine, if
possible, the difference betweensteers and heifers, slaughtered at varied
levels of obesity, with regard to the size and abundance of liposomes with-
in the muscle fibers. Without previous fixing, small cubes of fresh muscle
were frogzen and sectioned with a microtome. The sections were stained in
Herxheimer's Scharlach R solution to show the location of the intracellular
and the extracellular fat droplets.s

The staining solution was prepared by dissolving 2 grams of NalOH in
100 cc. of 70 percent alcohol., Two grams of the dye were dissolved in the
alkaline solution and then filtered through paper into a container. The
container was then closed in order to prevent evaporation which might result
in crystallization on the stained section. The stain was much more reliable
when prepared from stock ingredients immediately before using. The freshly
prepared stain was filtered into a glasgs bottle from which it was dravn in-

to small staining vessels as néeded.

*Mhe fat droplets (liposomes) in muscle fibers are shown as round
black spots in microscopic plates, pages 74 to 82 inclusive,
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Small blocks of tissue (about 10 mm. cubes) were prepared in such a
manner that longitudinal and cross sections of the fibers could be made
with a microtome. These blocks were then oriented on the freezing micro-
tome and supported by a gum arsbic solution. Thié kind of supporting
substance was preferred to others because its consistency, when frozen,
vwas gimilar to that of muscle and was easily' cut with the tissue. The
frozen blocks were sectioned with a very thin safety razor blade held by
an attachment on a hand operated slide-rail microtome. The sections,
measuring 10-15 micrens in thickness, were transferred, as they were
cut, to distilled water. When removed from the water with a fine v:ire
gauze dipper they were carried through the staining procedure in the
following sequence:

70% alcohol 1 minute

Stain 2 minutes
70% alcohol 2 - 3 seconds for rinse
Water 2 - 3 geconds for rinse

Mounted on the glass slide.

The stained section was rﬂounted on the glass slide in Farrant's fluld
and the cover glass placed over the tissue.

Mieroscopic studies of the sections were made &3 they were prepared.
This was found to be very important, as only a very slight evaporation of
the staining solution caused crystallization of the dye which produced a
translucent effect upon the specimens,

}-ﬁicz‘o_scopic photographs of the sections were made as a means of pre-

gserving a record of the findings, since no fixatives were used in prepar-
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ing the specimens.

Photographs were made by substituting an ordinary 33 x 5 Graphlex
caiera for the eye-piece on the microscope. The field was focused on the
plate of the camera., The time of exposure was determined by the visibility
of the field, the magnification, and by previous exverience. ‘Two magnifi-
cabions were used: 800 dia. exposed 12 ~ 20‘seconds, and 200 dia. 4L -~ 8
seconds. Many excellent Specimens were not illustrated by photo-micro-
graphs hecause of the precipitated dye on the tissue or because the thick-
ness of the section hindered the reproduction of details observed in the
secbion., Only a few of the details in a specimen and none of the smaller
less refractive liposomes were renroduced in the photo-micrograph of the

thick sections.

Color Determinations of Steer and Helfer Beef

Color determinations were made on a cross section of the longissimus
dorsi muscle between the twelfth and thirteenth ribs after the carcasses
had remained in cold storage for seven days.

Three different instruments were émployed to determine color of
beef, -~ the "A" chart, the rotating color disks, and the Razek-Mulder
color analyzer. The "A" chart and the rotating disk were used to deter-
mine the color of the freshly cut muscle and the same surface after ex-
posure for 30 minutes to daylight and room temperature (70° - 75° F.).
The color analyzer was employed to determine the color of beef after the
surface was exposed 30 minutes.

Samples of beef to be analyzed by the color analyzer were prepared



-3l -

by placing a full cross section cut of the longissimus dorsi muscle,
dorsal to the twelfth rib, between two pleces of sodium~free glass. This
particular type of glags was necessary since it yielded a minimal snec—
tral response; consecuently it did not interfere with the color response
being recorded from the reat. The giass also served to protect the cut
surface from loss of moisture and to retard the change in color of the
neat caused by oxidatiocn of thé muscle substance. FEach sample of muscle
was allowed to tbrighten® for 30 minutes; then it was placed between two
pieces of glass axd the color analysis recorded in terms of energy re-
flection factors on a photographic film especially madé for such record-
ings.

The method of measuring color with the robtating disks and the "A
chart was essentially one of matching the color of the meat with a color
standard baving a specific color notation. The color readings were then
interpreted in terms of théir color attributes, namely, hue, brilliance
or vélue, and chroma.

Rotating disks consisting of three circular dials of standard colors,
red, black, and yéllow, were arranged on a spindle to expose segments of
‘the colors in different amounts. When the color disks were properly ad-
justed and rotated, the surface appeared as a homogenous color to match
that of the meat. Thé proportion of the exposed segments of the colored
disks constituted the color‘readings. |

The colors used in all of the colorimebric readings from the rotating
color disks were of the Munsell Notation (35), and results of color de-
terpinations were recorded as percentage areas.of the ecolors exposed.

‘Since only three colors, black K/1, red 4/11, and yellow-red 5/6 were



used, the sum of their areas on the rotating disk equaled 100 percent.

The "A" chart, known as the beef color standerd, was prepared from
the disk readings of a considerable number of samples of maiure beef, It
consists of ten plates, each with a color notation. The colors ranged
from a very light red (Fo. 1) to an intensely dark red (No. 10). ¥hile
these do not include every slight deviation of color, the notations are
satisfactory for significant differences in color under the conditions to
which they are adapted.

The formwla for calculating hue, brilliance, and chroma was developed
oy Hickerson in the office of the Bureau of Agriculbural iconomics for
determining the color of certain agricultural products such as cotton and
hay. Since beef color comes within the limitations prescribed for agri-
cultural preducts, the same formulae were also used in converting the
percentage of exposed areas of the colors into terms of hue, brilliance,
and chroma.

The colors were recorded by the Color Analyzer on photographic plates
in the fom of a curve. The curve near the top of the plate shows the
response cbtained from the standard white; while the lower is the curve
of color response for the sample analyzed. The ratio of response of the
sample to that of the standard white is the energy reflection factor.
From these two curves, then, it is possible to determine the reflection
factor of the sample at any wave length as a ratio to that of the stand-
ard. It was assumed that the standard white gave a perfect reflection at
all wave lengths and that exactly the same amount of licht fell upon the

semple as upon the standard at each weve length, On the basis of this
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hynothesis the reflection factors were calculated, using values obtained

at every 25-millimicron intervels between 400 and 700 millimicrons.

Coolding Hethods and Palatability Tests

A1l cooking and palatability tests were made from the standing rib
cut andwere carried out in the experimental kitchen of the Foods and
Nutrition department of llome Economics under the personal supervision
of Miss Belle Lowe, The equipment and the method for cooking the beef
roasts were recommended by the Sub-Comnittee on Cooking of the Mational

Cooperative Project on Meat Investigations (h44).

Equipment

Ovens were equipﬁed with glass doors and Lorain temperature controls.
The temperature of each oven was further checked by a thermometer gradu-
ated in two degree intervals bul accurately readable to one degree inter-
vals through the glass doors of the ovens. Hoasts were cooked in ordinary

open black, sheet iron pans.

Preparation of the.meat

Two roasts were taken from one side of each beef carcass; the first,
consisting of the ninth, tenth, and eleventh ribs, wes cooked after aging
ten days; the second, consisting of the sixth, seventh, and eighth ribs,
was cooked after aging thirty days.

The roasts were wiped with a damp cloth, and a thermometer was in-

serted so that the bulb was in the center of the longissimus dorsi auscle
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end, as nearly as could be estimated, equidistont [rom each surface of
the roast.

The roasts were seared for 20 minutes at a temperature of approximate-
iy 260° C. in an oven thet had been preheated to 2750 C. then removed to
another oven, the temperature of which was 125° C. They were cooked until
the interior temperature of each roast reached 57° C. Each roast was
welghed before and after cooking to determine the volatile and dripping

losses.

Sampling for palatability tests

The cooked roasts were carved and samples served to each member of a
committee who Judged and evaluated the palatebility of the meat according
to the cooked meat grading chart. See page 106. BHach nember received
samples that were anatomically comparable,

The judging committee consisted of six members; three from the Foods
and Nutrition Department, two from the Animal Husbandry Department, and
one from the Veterinary Anatomy Department. All members of the comuitiee
had vrevious experience In judging meat and possessed discriminating

tastes with regard to the various characteristics of meat.
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RESULTS

There were variations in initial and final weights of sbteers and
heifers, in the yield of wholesale cuts, in the yield of primsl cuts,
and in the lesn, fat, and bone obtained from carcasses of animals
slaughtered at different ages and degrees of fatness. These variations
were considered in comparing steers and heifers, and, whenever possible,
information concerning two or more of these variables was used to inter-
pret sex differences. This vas accomplished by the mebhod of anékysis

of variance and of covariance (39).

Initial and Final Welghts of Slaughter Cattle

The initial and final weights of the thirty cattle which were
slaughtered for the study are shown by years in table I.

It is seen from the data that there were variations in initial and
final weights of the steers and heifers. Comparing sexes as to finel
welght by the method of analysis of varlance, table Ia®*, it was found that
they did not differ significantly. In the first two years the steers were
slightly heavier than the heifers while in the third year the reverse was
true. Since the steers and heifers differed in initial weight, the final

weight was adjusted by covariance for initial weight. With the adjustment,

¥Fhe total variation with nine degrees of freedom and the variation
between dates of slaughter with four degrees of freedom were nurposely
omitted from the table since information contained in these two variates
did not have a direct bearing on this study.
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the differences in final weight were still not significent in any one of
the three years. From this it wss concluded that the differences in final
weight were explained by differences in initial weight and were not dus to
differences in gains made by the cattle while on feed. Uelghts recorded
monthly while the cattle were on feed indicated that the steers and heifers
made approximately the same rate of gain.

The empty body weights obtained by deducting the weight of the ali-
mentary content from the final weight of the cattle are included in table
I. Uhen the alimentary content was removed from the body the differences
between sexes in the empty body weights were materially reduced in the
first two years but increased in the third year. Although the results as
shown in table Ib indicated that the steers had the greater fill irrespec-
tive of weight, the differences between sex in any one year were not
statistically significant.

The sex differences between weights of carcasses were also less than
those between weights of live animals during the first two years and zreat-
er in the third year. It was brought out by analysis of covariance of
carcass yield on live weights, table Ic, that although the heifers were
lighter weight than the steers in the first two years and heavier in the
third yeer the differences between weights of carcasses in steers and
heifers were not due to sex but to differences between live weights of

animals slaughtered.
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TABLE I

Weights of Cattle Slavghtered for Physical and Organoleptic Tests

e

—————

——
e

Iﬁﬁial - : Final : iEElpty = : Carcass
Yelghts : Weightsg :  Body Weiphts Yieights
Days : Steers:Heifers : SteergiHeifers : Steers:Heifers : Steers:Heifers
First Year
0 360 335 360 335 279 260 184 167
90 393 350 625 555 516 L5k 362 313
120 421 387 695 700 569 593 393 4Ok
150 418 371 795 770 668 638 L48 439

180 505 430 905 880 WT 169 - 529 545

Sums 2097 1873 3380 3240 27719 2714 1916 1863

Second Year

0 346 286 346 286 258 217 173 L2
90 370 380 53 515 125 425 290 296
120 L27 439 660 660 529 542 368 382
150 392 343 750 668 590 537 W7 369
180 K17 363 868 735 715 638 496 L9

Sums 1952 1811 . 3154 2864 2517 2359 1734 1638

Third Year :
0 376 405 376 405 286 322 177 226
90 455 450 592 635 478 529 326 36k
120 452 436 700 680 313 552 402 384
150 463 470 825 7185 659 651 L5k hbk
180 456 482 8l5 840 728 739 516 537

Sums 2202 2243 3318 3345 2724 2793 1875 1975
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TABLE Ia

Test of Jignificance of Sex Difference in Finsl Weight
of Steers and Heifers, Adjusted for Varistion
in Initial Weight

Source : ¢ Initial : Cr5§§": Final : FErrors of Hstimate
of : : weight : prod- : weight : Sum : Mean
variation : D/F : i uets @ : squares : D/F : squares
2 : sz y Sxy Sy2 : :
First Year
Total 5 6332.0 3257.5  3400.0 1724.18  (4)

Between sex 1 5017.6  3136.0 1960.0

Sex x date L 1314.4 1215 1440.0 1428.77 (3)  476.25
295.41 (1)  295.41

F=1.61

Second Year
Total 5  4580.5  7325.0 14119.0 2405.08 (k)
Sex 1 1983.1  4089.0 8410.0

Sex x dabe 4 2592.4  3236.0 5709.0 1669.62 (3)  556.54
735.46 (1) 735.46

Fal32

Third Year
Total 5  923.5 738.0  3907.5 3317.7h (&)
Between sex 1 168.1 110.7 72.9

Sex x date I 75544 627.3 283L4.6 2313,68 Lgl 771,23
1004,04 (1) 10040k

Fz1.30
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TABLE Tb

Test of Significance of Sex Difference in Empty Body Weight
from Steers and Heifers, Adjusted for Variation
in Full Body Weight

Source : : Full 3 Cross : Bupty @ Trrors of Estimate
of : i body ¢ oprod- 3 body ¢ Sum s : Hean
variation i D/F : weight : ucts weight ; squares : D/F : scuares
Sy : Sxy 2 Sy : : :

first Year
Total 5 3400 2587.00 3058.62 1090.22 (4)

Between sex 1 1960 915.94  418.74

Sex x date 4 1440 1671.06 2639.88 7oot§§ ﬁél 233.56
389.54 (1)  389.54

F = le 6678

‘Second Year

Total 5 K19 8560.17 533h.55  Lhk.53 (&)
Between sex 1 8L10  4596.75 2512.54

Sex x date & 5709 3963.42 2822,01  70.42 (3) 2347
a1 (1) 7h.1L

F = 3.1575

Third Year
Total 5 2907.5 225L.69 229416 507.89 (L)
Between sex 1 72,9 181,27  470.87
Sex x date & 2834.6 2066.42 1823.29 316.87 (3) 105.62

191.02 (1) 191.02
F = 1,8086
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TABLE Ic

Test of Significance of Sex Difference in Carcass Welght
of Steers and Heifers, Adjusted for Final Live Weiglht

Source ¢ Final 1 Cross : Carcass : Errors of Tstimate
of : s welght : prod- : weight Sun : Mean
variation ¢ D/F : : ucts : squares : D/F : souares
: s i Sxy 3 Sy2 : : :
First Year
Total 5 3400 1567 1574.0 851.81 (L)
Between sex 1 1960 672 | 230.4
Error L 1h40 895 1343.6 787.33 £§l 262,44
| ‘ Ohos8 (1) bhab8
F = 1{»-07
Second Year
Total 5 14119 5568 2423,0 227.19  (4)
Between sex 1 8410 2783 921.6
Error Lo 5709 2785 150l 142.80 (3)  47.60
8439 (1) 8L.39
F = lt77 .
Third Year
Total 5 3907.5 1810.0 2655.0 1583.14 (&)
Between sex 1 72.9 270,0 1000.0
Error Lo 2836 1540,0 1655.0 81834 (3) 272.78
764,80 (1)  764.80

Fs2.80
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Dressing Percentages of Steers and Heifers

The ratio of carcass weight to live weight, commonly expressed as
dressing yield, is always one of the major factors in evaluating
slaughter animals. It is influenced by alimentary content, or fill, and
the cuantity of internsl fats, i. e. the omental and the intestinal fals.

The differences in dressing yields hetween steers and helfers based

on full body weights and on empty body weights are shown in table II.

TABLE IL

Average Carcass \eight and Yield from Full and
Empty Body Weights of Cattle

Days : Full : Empty : Chilled :Percentage of (arcass
on : body body : carcass :Full body:Dupty body
feed : weight : weight : weight 3 welght : welght

s Be w

<

5 361 274.5 178 b3 hdy 64,85
i 342  266.8 178 51,76 66.72

90 583 473.1 326 55,89 68.92
568 469.5 32l 57,07 69.0L

120 688 557.0 388 56421 70.10
680  562.3 390 57.35 69.36

150 790  639.0 436 55,22 68,28
L 608,7 L2k 57.12 69.66

180 863  730.0 514 59063 70.36
818  715.3 510 62.32 TL.34

3 = Steers
H - Heifers
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Carcass yield from full body weights

The percentage of carcass to live weight of the steers and heifers
at the 0 day period of feeding was 43.44 and 51,76 respectively; at the
end of 180 days of feeding it was 59.63 and 62.32 respectively. At the
0 day period the heifers had 2.32 percent greater yield of carcass to
live weight than steers, and at 180 days the heifers had 2.69 percent
greater yield than steers.

The differences in dressing percentage between steers and heifers
at the end of the 120, 150, and 180 day feeding periods appeared to be
rather large, taﬁle IIT. Comparing the sexes as to carcass yield by the
method of analysis of variance, table IIIa, it was found that they did

not differ signifiecantly.

Carcass yield from empty body weights

When the yield was calculated from the empty body welghts of steers
and heifers, table II, the percentage of carcass at the O day period was
64.85 and 66.72; at the 180 day period it was 70.36 and 7L.34 respectively.
Obviously the dressing percentage would be greatly increased due to the
elimination of the alimentary content of the live animals. However, by
tlis method of determining carcass yield, it is possible to account for
much of the difference between the full body weights of the gteers and

heifers.
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TABLE III

Percentage of Carcass to Liveweight of Cattle
Slaughtered at the 120, 150 end 180 Day
Feeding Periods

Days on :
feed ; 120 : 150 180
Year :Steerg @ Heifers : Steers : Heifers Steers Heifers
1 56.54 57.7% 56.35 57.01 58.45 61.93
2 55.76 57.88 54,27 55.24 5714 61.09
3 56,62 56,47 55.03 59,11 63.31 63.93
Suns 168.92 172.06 165,65 171,36 178.90 186.95
Means Séc 3]. 57.35 55 022 57912 59.63 621 32
TABLE IIla
Analysis of Variance in Carcass Yields
between Steers and Helfers after
120, 150, 180 Days on Feed
Jource H H
of : D/F iean Squares
variation 3 120 Days : 150 days 180 days
Total 5 6559 3.0388 8.4603
Between sex 1 1.6433 5.8410 8.1337
Between years 2 .1683 3.0865 11,0719
Sex x years 2 6498 1.5921 6.0119

F - 2053 3067

1.35
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Variation in internal fats

Comparing the yields of internal fat from heifers with those from
steers, table IV, it was found that during the first 90 days on feed
heifers had very little more than steers, but after this period they had

markadly more internal fat than steers.

TABLE IV

Internal Fats of Steers and Heifers Expressed
as Percentagesof Live Welght

3 Live ¢ Intestinal : Miscel- :

Days : welght ¢ Omentum fat : laneous : Total
0 % 361 .399 0L .363 1.163
0 L 342 <485 513 349 1.347

90 582 791 . 726 479 2.196
90 . 568 1.233 .580 721 2.533

120 688 .987 .602 JThL 2.330

120 680 1.694 «729 1,108 3.531

150 790 1.377 1.083 1.168 3.628

150 L1 1,698 1,158 1.503 44359

180 863 1.668 1.163 1.082 3.913

180 818 2.082 1,611 1.470 5.163

* Steer
L Heifer

Whenvthe qguantity of internal fats was compared with weights of
animals, the differences between steers and heifers up to 600 pounds
live weight were negligible. DBeyond this weight the internal fats of
heifers increased more rapidly than those of steers. In the 600-700

pound cattle the proportion of internal fat to live weight in heifers
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exceeded that of steers by 1.20 percent; 700-800 pound cattle, 0.73 percent;
and 800-900 pound cattle, 1.25 percent. However, the greater quantity of
visceral fat in heifers over that of steers was not of sufficient magni-
tude to reduce the dressing yields as much as did the greater fill carried

by the steers.

Variation in Yields of ¥holesale Cuts

~ The carcasses were divided into standard wholesale cuts according to
the method outlined under Procedure and the weights of the wholesale cuts
and the ratio of their weights to thet of the chilled carcasses are given

in tables V and VI,



TABLE V

THE PERCENTAGE OF WHOLESALE CUTS TO CARCASS WEIGHTS

Steers
: ¢ Live :Carcass: Fore : : : :Bris—~:Prime:: Hind : : : : :Kidney
Days: :weight: weight: atr. :Chuck:Shank:Navel: ket : ribs:: gtr. : Round : Rump : Loin:Flank: knob
fed : No,: 1bs. : lbs. : % : % E o % 0 % : % s % : % : %+ Z 1 % : %
0 2 360 184 50.53 25.70 6.00 5.92 L4.89 8.02 49.4L0 24.08 S.45 16,40 2.35 1.12
o 11 346 173 59.39 25.29 6.11 5.09 L.42 8.00 50,06 22.82 6.11 16,80 2,62 1.37
0 21 376 177 50,65 24,94 6.78 6.55 4H.2)1 8.16 49.35 23,70 5,03 15.45 3.22 1.67
Av, ' 361 178 50.19 25.31 6.30 5.85 4.5l 8.06 L9.60 23.53 5.53 16.22 2.73 1.39
g0 3 625 362  50.92 25.42 5.41 6.91 4.70 8.48 49.18 21.80 4.8, 17.96 2.92 1l.56
90 1z 530 290 50.73 24.33 5.56 6.34 4,79 9.30 48.94 21.55 5.35 16.55 3.56 1.69
90 23 592 326 51.23 25.15 5.06 6.98 5.29 8.75 48.77 20.25 5,06 16.63 3.76 2.70
Av. 582 326 50.96 24.97 5.38 6.74 4.93 8.8L 48.96 21.20 5.08 17.05 3.41 1.98
120 5 695 393 50.90 23.96 L.96 7.99 5.57 8.42 49.05 20.95 L.50 18.08 3.46 2.06
120 15 &60 368  49.74L 22.56 5.77 6.69 5.15 9.00 50.14 19.62 5,21 17.88 L4.29 2.67
120 25 710 402 50.78 24,08 4L.85 7.h44 5.54 8.86 159.22 19.33 5.57 16.00 3,77 4.00
Av. 688 388 50.47 23.53 5.19 7.37 5.42 8.76 49.47 19.97 5.09 17.32 3.84 2.91
150 7 795 LL8 51.03 23.62 4.76 7.85 5.57 9.23 48.97 20.53 L.24 18.35 3.50 2.35
150 17 750 LO7 51.70 25,23 5.25 6.41 5.29 9.02 48,07 20.52 LTl 16,95 3.58 1.97
Av. 790 436 51.32 24.13 5,06 7.32 5.8L4 9.00 48,60 20,03 L.bL 17.45 3.75 2.44
18¢C 9 905 529 51.68 23.07 4.98 8.85 6.04 8.74 48.27 17.31 5.71 16.93 5.66 2.66
180 19 868 496 50.77 24.28 5.01 6.48 5.62 9.11 49.18 19.26 L.7h 17.12 4.20 3.51
180 29 815 516 52.24 23.68 L.96 7.78 6.42 9.40 47.76 16.73 5.30 17.03 4.96 3.16
Av, 863 51l 51.56 23.68 4.98 7.70 6.03 9.08 L8.40 17.77 5.25 17.03 4.94 3.11

-917..



TABLE VI

THE PERCENTAGE OF WHOLESALE CUTS TO CARCASS WEIGHTS

Heifers
: ¢t Live :Carcass: Fore : : : :Bris—-sPrime:: Hind : H H : :Kidney
Days: sweight: weight: qtr. :Chuck:Shank:Navel: ket : ribs:: gtr. : Round : Rump : Loin:Flank: knob
fed : No.: 1lbs. : 1bs. : % : 4 : % : % 0+ E 1 F 13 % : 4 : B % s £ o« %
0 1 335 167 50.26 26.32 5.45 5.66 L.54 8.29 45.74 22.81 5.72 17.10 2.39 1.72
8] 12 286 142 L9.29 25,14 6.36 4.82 4.36 8.18 50.15 23.75 5.43 16.93 2.79 .96
0 22 405 226 49,27 24.82 5.20 5.86 h.36 9,03 50,71 22.90. 5,13 17.76 2.59 2.00
Av. 342 178 49.61 25.43 5.67 5.45 L.42 8.50 50.20 23.15 S.43 17.26 2.59 1.56
90 &L 555 313 49.78 24.31 4.87 7.06 5.12 8.42 50.06 20.87 4.95 17.90 L.3F 1.97
90 14 515 296 50.54 24.78 5.10 6.57 L4.69 8.95 L49.44  20.80 5.62 17.80 3,35 1.63
90 21& 635 36!‘4‘ ll'9073 23091-1' z&eéO 7-11 5.70 8.}8 50027 19 007 5053 16097 5-01 3.35
Av. 568 324 50.02 24.34 4.86 6,91 5.27 8.58 43.92 20.25 5.37 L17.56 4o2h4 2,32
120 6 700 - LOL 49.32 22.17 L4L.37 '7.92 5.98 8.88 50.66 19.67 5.20 17.39 4 .95 3.45
120 16 660 3 © 50,26 23.71 L.27 7.19 5.64 8.97 LILT 17.27 5.23 17.61 459 440
120 26 680 38i _49.57 23.46  4.37 T.49 5.43_ 8.82 50.43 17.23 6,10 16.57 5.83 3.89
Av. 680 390 L9.72 23.15 hL.3L 7T7.53 5.68 8.89 50.19 18.06 5.5L 17.19 5.12 3.91
150 8 770 433  49.65 23.03 3.48 8.70 5.45 8.99 50.18 17.00 4.99 18.79 L.87 L4.53
150 18 668 369 50.76 24.15 5.01 7.36 5.30 8.42 49.10 18.69 5.10 17.47 4.73 2.70
150 28 785 L6l 50,27 23,19 L.57 7.85 5,96 8.70 49.73 18.82 5.3L 17.50 L.96 2.50
Av, Thl 424 50.23 23.46 4.35 7.97 5.57 8.70 49.67 18.17 5.14 17.92 L.85 3.24
180 10 880 545 50.09 22.02 4.56 7.91 6.80 8.80 549.90 16.71 5.03 18.06 5.82 4.28
180 20 735 449 49.51 22.36 3.82 8,06 5.81 8.96 50.33 16.31 4.94 17.73 5.92 5.00
180 30 _840 537 51 4l 23,05 L.24 8,61 6.60 8.94 48.56 16.30 5.35 17.6L 5.12 3.5k
Av. 818 510 50635 22.48 4.21 8.19 6.40 8.90 49.59 16.44 5.11 17.81 5.62 4.27

—A#‘/—
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A comparison of ratios between years, within years, and between sexes
was made of the cubs that increased the value of the carcass as well as of
those that depreciatsd it.

The ratioc of forequarter to carcass increased as the steers became
older and fatter. However, the various parts of the forequarter did not
develop at the same rate. ‘The most rapid development occurred in the
plate; the ratio increased 3 percent while that of the standing rib in-
creased 1 percent between the O day and 180 day period. The weight of the
chuck was decreased grom 25.31 to 23.68 percent of the carcass during the
same period, while the shank was decreased from 6.00 to 4.98 percent.

The most important change in relationship between wholesale cuts and
weight of carcass during the entire feeding period occurred in the round.
The proportion of this cut to carcass was reduced from 23,53 to 17.77
percent, Two cuts of low value ~ the flank and kidney knob - increased
their ratios by approximately 2 percent each. The ratio of the loin in-
creased less than 1 percent.

In heifers the proportion of foreguarter to carcass was approximately
the same, irrespective of carcass ﬁeights or of degrees of fatness. The
proportion of chuck was reduced nearly 3 percent; the shank nearly 13,
while the plate increased about 4 3/4 percent. The ratio of the standing
rib was practically unchanged by weight or fatness of the animal,

The percentage of yound decreésed from 23.15 to 16.40; the ratio of
the flank and kidney knob together increased 5.73 percent, while that of
the loin and rump increased approximately % percent each.

In order to show more clearly the differences in carcasses between
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slaughter dates and between sexes, the cutting datz were summarized and
the mean percentage yield of each vholesale cut reported in table VII, A
comparison of the different cuts from carcasses of steers with those of
heifers shows that the proportion of forequarter to carcass was greater
in steers at each date of slaughter, also the ratio of chuck and of the
round was greater. There were no significant differences between sexes
in the standing rib cut, the loin, or the plate during the 180 day period.
However, the ratio of the plate to total carcass increased faster in

heifers than in steers.



TABLE VII

THE AVERAGE PERCENTAGE OF WHOLIESALE CUTS TO CARCASS WEIGHTS
FROM STEERS AND HEIFERS FED A4 DIFFERENT NUMBER OF DAYS

Days: : Fore : : : : st Hind : H H
fed : Sex : gbtr. : Chuck : Shank : Plate : Eibs :; qtr.=: Round : Rump : Loin : Flank : kaob

0 8% 50.19 25.31 6.30 10.36 8.06 49.60 23.53 5.53 16.22 2.73 1.39
HY 49.6L 25.43  5.67  9.87 8.50 50.20 23.15 5.43 17.26 2.59  1.56

50.96  24.97  5.38 11.67 8.84 48.96 21.20 5.08 17.05  3.41  1.98

90 S
H 50.02 24.34 L.86 12.18 8.58 49.92 20.25 5.37 17.56 L. 20 2.32
120 S 50.47 23.53 5.19 12.79 8.76  A49.47 19.97 5.09 17.32 3.84 2.61
H 49.72 23.15 L.3L4 13.21 8.89 50.19 18.06 5.51 17.19 5.12 3.91
150 S. 51.32 24.13 5.06 13.16 9.00 48.96 20.03 k.64 17.45 3.75 2.44
H  50.23 23.46 4.35 13.54 8.70  49.67  18.17 5.1k 17.92 4.85 3,254
180 S 51.56 23.68 .98 13.73 9.08 A48.40 17.77 5.25 17.03 4.94 3.11
H 50,23 22.48 4.2l  14.59  8.90 49.59 16.44 5.11 17.81 5.62 4,27
Av. S  50.90 24.32 5.38 12.34 8.75 149.80 20.50 5.12 17.01 3.73 2.37
H  49.99 23,77 L.69 12.63  8.71 49.91 19.21 5.3l 17.55 Lo L8 3,06
*Steer
FHeifer

=Hanging tender not included

""Og"
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The nrimal cuts of & carcass are the loin, rib, round, and chuck,
The ratios of the combined weights of these cubs to the carcass weights
from steers and from heifers fed a different number of days are shown in

tabkle VIII. The average yield of the primal cubts abt the O day period was

TABLE VIII

The Percentage of Primal Cubs to Carcass Weights from
Steers and Heifers Fed a Different Mumber of Days

: P e r ¢ e nt a g e s
: lst. Year :: 2nd. Year :: 3rd, Year :: esanseg
Days Dfference

‘Steer Heifer' 'Steer Heifer  'Stesr Heifer: 'Steer Heifer

L3

1St -ifr,

0 7420 Tho52 T2.9L Th00 72.25 T4.51 73,12 Th.3L ~1.22
90 73.66 TL.50 TL.73 72.33 70.78 68.36 72.06 70.73  1.33
120 7l.61 68,11 69.06 67.56 68.27 66.08 69.58 £7.29 2,29
150 71.73 67.8L 7L.72 6B.73 68.38 68.21 70.61 68.25 2,36
180 66,05 65.59 69.%7 65.36 66.8L4 65,93 67.55 65.63 1.92

73.12 percent for steers and 74.34 percent for heifers. After the animals
had been on feed for 180 days the average yield in primal cuts was 67.55
percent for steers and 65.63 percent for heifers. The period showing the
most rapid decrease in yield for the steers was beiween 150 and 180 days,
while the heifers showed their greatest decline between 0 and 90 days.
Ixcept for the first period the steers excelled the‘heifers in yield of
primal cuts, but as shown in table VIIIa the difference was not statisti-

cally significant.
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TABLE VIIla

Test of Significance of Sex Differences in Primal Cuts
from Steers and Heifers, adjusted for Variation
in Final Body VWelghts

Source : ¢ Final : Cross : Primal : Errors of Estimate
of : : cattle & prod- : cuts :  Sumn : 1 Mean
variation : D/F: weight : ucts s squares : D/F : squares
: :  Sx t Sxy % &@ 4 : :
First Year

Within dates
and sex

o

3400 1697.00 113g.98 287.98 (h)
Between sex 1 1960 824,60 346,92

Sex x date L 1440 872.40  787.96  259.96 (3)  86.47
28,56 (1) 28,56

Second Year
Within dates
and sex 5 14119 5272.10 2030.94 62.3L  (4)

Between sex 1 8410 2A7L9.20 898,70

Sex x date 4 5709 2522.90 1132.24  17.33 (3)  5.78
bha98 (1) Lh.98

F =7.786
Third Year
Within dates
and sex 5  2907.5 291.15 1002.69 981L.00 (&)

Between sex 1 72,9 112.32  173.06

Sex x date L 28346 178,83 829,63 821.20 _(_3_)_ 273.73
159,80 (1) 159.80

F=1.713
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The principal differences between sexes in percentages of primal cuts
were in the greater yield of rounds and chucks and in the smaller yield of
loins from steers then from heifers. These differences also were not of

sufficient magnitude to be statistically sipgnificant.

Variaticn in Physical Composition of Carcasses

A physical analysis was made of the wholesale cuts in which the pieces
were separated into their constituent parts of lean, fat, bone, and tendon,
and recordings were made of each tissue as an aliquot part of the carcass.
The percentages of lean, fab, and hone in the entire side of carcass for
each of the fifteen steers and fifteen heifers are shown in table IX. The
physical analyses were summarized by determining the average percentage
of lean, fat, bone, and tendon from steers and heifers at each of the five

slaughter dates. These data are given in table X.



TABLE IX

THE PERCENTAGE OF LEAN, FAT, AND BONE TO CARCASS WHIGHTS IN STRERS
AND HEIFERS OF VARIOUS AGES AND DEGREES OF FATNESS

: :Carcass: HE :Carcass:
Days: Live :weight : Steer Tissue :: Live :weight : Heifer Tissue
on :weight:chilled: Lean : Fat : Bone : Tendon::weight:chilled: Lean : Fat : Bone : Tendon
Feed: lbs. : 1bs. 3 % 3 % : % : % :3; lbs. : 1bs. ¢ % : % : % 3 %
0 360 184 62.04 13.24 23.37 1.35 335 167 61.60 13.00 24.04 1.36
0 346 173 62.55 14.79 20.99 1.67 286 142 62.42 15,21 20.78 1.59
0 376 177  59.63 17.80 20.22 2.30 LO5 226 60.69 18.96 17.96 2.39

[
-3
~J

Av. 361 178 61l.41 15.27 21.53 342 178  61.57 15.72 20.93 i.78

oG 625 362 63,67 15.05 19.80 48 555 313 60.77 19.34 18.26 1.63
90 530 290 59.75 21.62 17.21 42 515 296 59.56 21.89 17.h46 1.09
90 592 326  59.64 19.67 16.98 .71 635 364  55.00 27.00 14,61 3.736
Av. 582 326 61.02 18.78 17.99 .20 568 324  58.44 22,74 16.78 2.03
120 6935 393 60,78 23.01 14.80 . 700 oL  54L.9L 29.78 13.97 1.31
120 660 367 56,17 26.45 15.50 8 660 382 50.27 35.20 13.03 1.50
120 710 LO2 56.33 27.58 13,81 .28 680 384  50.12 33,97 13.67 2.24
Av, 688 387  57.76 25.68 1L.70 .86 680 390  51.77 32,98 13.56 1.68

71

FoDEH FIDER DR
Bl @ 5

150 795 W8 55.00 27.61 15.27 22 770 439 48,67 38.42 12.20 .

150 750 407  57.71 24.84 15.35 <10 668 369 55.61 28,41 13.74 2.2L
1560 _825 45L 56,70 26.77 14.38 .15 785 LOL  53.95 30.46 13.87 1.72
Av. 790 L36  56.49 26.41 15.00 .82 7hL K24 52.74 32.43 13.27 1.55
180 905 529 L49.81 36.65 12.67 .87 880 545  45.28 42.87 11.06 .79
180 868 496  54.31 30.14 14.02 1.53 735 449 50.00 37.73 10.94 1.33-
180 _815 516  53.24 32,17 12.68 1.91 840 537 50,55 35.13 12.45 1.87
Av. B63 514  52.4L5 32.98 13.12 1.43 818 510 48.61 38.58 11.48 1.33




The percentage of lean was high and that of fat very low in the car-
casses from the so-called “thinly fleshed" animals slaughtered at the O
day period. Little or ne difference between sexes in the distribution of

lean, fat, and bone in the carcasses was noted in these young animals;

TABLE X

Average Yield of Skeletal Tissues from Steers and Heifers
(Batire Carcass)

Days ¢ Lean : TPat : DBone : Tendon
on feed: Animal T 3 9 H A %
0 Steer 61.41 15.27 21.53 1.7
0 Heifer 61,57 15.72 20.93 1.78
90 Sheer 61.02 18.78 17.99 220
90 Heifer 58444, 22.74 16.78 2.03
120 Steer 57.76 25.68 14.70 1.86
120 Heifer 51.0 77 32 598 13$ 56 lo 68
150 Steer 5670 26,41 15.00 1.82
1.50 Heifer 52.7’4 32014-3 13027 1. 55
180 Steer 52.45 32.98 13.12 1.43
180 Heifer 48,61 38.58 11.48 1.33

but as they became fatter, rapid changes ;n the relationship of these
constituents to the carcass developed within the sexes as well as between
them.

The proporticn of lean tissues to carcass in steers decreased from
61,41 to 52.45 percent, while that in heifers decrsased from 61.57 4o
48.61 percent in the period of 180 days. The percentage of lean in the

carcasses from steers was reduced approximately one-seventh, while that
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from heifers was reduced about one-fifth., The negative change in lean
content naturally was accompanied by a very rapid positive change in the
fal content of the carcasses of the two sexes. The fat in steer csr-
casses increased from 15,27 to 32.98 percent, and that of the heifers
from 15.72 to 38,58 percent during the 180 days that the cattle were on
feed,

The most rapid accumulabions of fat for both sexes occurred between
90 and 120 deys ag shown in Figure I. During this period the fat in
steers inecreased from 18.78 to 25.68 nercent and that in heifers from
22.7 to 32.98 percent. Stated otherwise, the ratio of lean, fat, and
bone to carcass weight at 150 days was approximately the same as that at
120 days, although the steers were heavier by 102 pounds and the heifers
. by 61 pounds than those slaughtered at 120 days.

Between the 150th and 180th day the average percentage of carcass
fat in steers increased from 24.61 to 32.98, while that in heifers in-
creased from 32.43 to 38,58, table XI. The averags weight of the animals
increased 78 pounds and 86 pounds respectively. Compared with the 90 =
120 day period the steers showed a slight increase in rate of fattening,
while heifers showed a substantial decrease. It should be remembered,
however, that the fat determined in the carcass analyses included only
that found in the larger fat depots. There was a marked increase in the
'amount of fat deposited between fibers of muscular tissuve during the per-
iod between 150 days and 180 days. This was not separated from the lean
for the reason previously mentioned, but if the intramuscular fat could

have been included with that found in the larger fat depots the total fat

accumniations undoubtedly would have been much greater than those indicat-
ed in the data.
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TABLE XI

Total Weight and Percentage of Hand Separable Fat in
Entire Carcasses from Steers

Pounds of Fat

lst. Year :: 2nd. Year :: 3rd. Year :: Means
Days: 1 : 12 : 2 Difference
:Steers:Heifers:sSteers:Heifers:iSteersiHeifers: :Steers:Heifers tifr.~Str.

0 11.60 10.53 12,40 10.50 15,85 21.23 13.28 14.09 .81
90 26,30 29.79 30.40 3L.10 32.06 49.hh 29,59 36,78  17.19
120 4h.DT 0 59.14 47.02  65.79  55.85  64.20 49.0L  63.04 1L.03
150 60.19 8L.45 48.40 50.65 60.51 70.05 56,37 67.38 11,01
180 94,75 114,88 7L.90 80.55 8L.79 93.62 82.81 96.35 13.54

Total237.01 295.79 210.12 283.59 246.06 298,54

Percentage of Fat to Carcass Weight
0 13.24 13.00 1479 15.21 17.80 18.96 15.27 15.72 45

90 15.05 19.3h 21,62 21.89 19.67 27.00 18,78 22.74  3.96
120 23,01 29.78 26.45 35,20 27.58 33.97 25,68 32.98  7.30
150 27.61 38,42 2484 28,41 26,77 30.46 26,41  32.43 6,02
180 36.65 42.87 30.14  37.73 32,17 35.13 32,98 38.58  5.60
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Physical composition of wholesale cuts

Although the weights of carcasses and of wholesale cuts from steers
were not significantly different from those from heifers, there still re-
mained the possibility that the distribution of lean, fat, and bone in
the various regions of the carcasses differed between the sexes. Therefore,
a comparison was made between constituent parts of corresponding wholesale
cuts from carcasses of steers and heifers. Unly those cuts which were
deemed of most economical importance were used in the comparisons. They
were the~rounds, loins, standing ribs, and chucks. The percentages of the
constituent parts in each of the wholesale cuts from steers are given in

table XII and those from heifers in table XIII.
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TABLE XII

RATIO OF LEAN, FAT, AND BONE TO WEIGHTS OF WHOLESALE
CUTS TAKEN TFRO: STEERS AT DIFFERENT INTERVALS
DURING THE 180 DAY FEEDING PERIOD

Days on Feed

Cut

0 90 : 120 ¢ 150 2 180

$ % 4 7 . 2 . 4
Percentage Round 67.81 69.11 67.89 66,51  65.55
of Loin 65.96 60.91 - 58.15 55.36  53.06
lean Ribs 62.18 57.52 55.83 54,70 48,95

Chuek 6h.75 67.18 65.00 63.90 59.07
Plate 55040 54480 49,58 48.83  43.51

Carcass  6l.hl 61.02 57.76 56.47  52.45

Percentage Round 9.70 10.99 14,08 15,00  18.16
of Loin 15.04 23.85 28.86 3l.68 36,08
fat Ribs 10.24 21.50 26.87 28,52 35,28

Chuck 12.57 12,11 17.21 18.34 24,64
Plate 21.81 25.82 . 35.69 36,65 44,16

Carcass 15,27 18.78 25.68 26.41 32,98

Percentage Round 20.44 17.62 15.27 15.57  14.28
of Loin 18,17 13,34 11.69 11.66 10.16
bone Ribs 25.08 18.85 15.52 14,78 1hJAb
Chuck 20.66 18,68 15,65 15.72 14.38

Plate 22,29 19,05 14,05 13.99 11.87

Carcass 21.53 17.99 14,70 15,00 13.12

Percentage
of lean Primal 65.19 63,68 6L.72 60.12 56,66
fat cuts 11.89 17.11 21.78 23.38 28,54

bone 21.09 17.12 14.53 4.43  13.32
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TABLE XIII

RATIO OF LEAN, FAT, AND BONE TO WEIGHTS OF “HOLKESALE
CUTS TAKEN FROM HEIFERS AT DIFFERENT INTERVALS
DURING THE 180 DAY FEEDING PERIOD

Days on Feed

wb TG v 90 ¢ 120 3 150 & 180
T . T T T

Percentage Hound 67.42 70.07 67.65 67.34 6k, 38
of Loin 68.29 58.68 5heL5 5L.79 50,74
lean Ribs 62,45 57 b4 48.41 49.10  45.05
Chueck 64,98 64,38 59.38 60.23 56,01

Plate 50,70 h8.53 42,58 46,22 L1,11

Carcass  6L.57 584 by 51.78 52.7h 48,61

" Percentage Round 9.25 12.08 15,11 16,19  20.67
of Loin 14.77 27.32 33.89 37422 39.07
fat Ribs 10,92 2L.17 35.41 34,81 41,56

Chuck 12,75 - 16,07 2,25 23.94  29.17
Plate 26,39 31.89 42,30 K043 LB.h2

Carcass 15.72 22,7k 32.98 32.43 38,58

Percentage Round 20,65 15.57 14,75 14.29 13,08
of Loin 16,46 13.07 11.19 9.66 9o bidy
bone Ribs 2L Th 19.76 14.56 13.74 12,00
Chuck 20,13 17.60 14,31 13.89 . 12,84

Plate 22.53 18,26 1440 12,92 ©-19,83

Carcass 20.93 16,78 13.56 13,27 11.48

Percentage '
of lean Primal 65.78 62.64 57.40 57.12 54,01
fat cuts 11.92 19,16 27.16 28.04 32.62

bone 20.49 16,50 13.70 12.89 10.84
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At the time the calves were placed on feed, the fat content in the
primal reglon and in the carcasses of heifers was the same as that in
steers. After being on full feed for 180 days the heifers had 4 percent
more fat in the primal region and 5 percent more in the whole carcass
than the steers,

Of particular interest are the variant rates at which different con-
stituents, especially lean and fat, developed in the wholesale cuts during
the fattening process. Since the wholesale cuts were divided into their
constituent parts, namely, lean, fat, and bone, and these expfessed as
percentages of the whole piece, the difference between the percentages
of a constituent at any two periods determined the rate of development
of that constituent with respect to the other two.

Habio of lean to welght of wholesale cubt. It is shown by the data

that over a period of 180 days the proportion of lean to the weight of
the wholesale cuts from steers was reduced by the following; rounds, 2
percent; loins, 13 percent; ribs, 13 percent, and chucks, 5.6 percent,

an average reduction of 8.5 percent for the four primal cuts as com-
pared to 9 percent for the entire carcass, The proportion of lean in
wholesale cuts from heifer carcasses during the same’period was decreased
as follows: rounds, 3 percent; loins, 17.5 percent; ribs, 17.4 percent,
and chucks, 9 percent, or an average decrease of 11.75 percent in the
primal.cuts as compared to 13 percent for the entire carcass.

Ratio of fat to weight of wholesale cut, The quantity of fat in the

wholesale cut naturally affected the pefcentage of lean, and in cuts in

which the fat accumulated much faster than the lean it appeared from the
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daba thst the lean had decreased, whereas, in reality, the quantity of
lean had increased, but less rapidly than the fat.

The accuaulation of fat in the different wholesale cubs of steers
and heifers is clearly shown by the data in table XIV. Over & period of
180 days the steers had increased the deposits of fat in the round, 8.5
percent; loin, 21 percent; standing rib, 25 percent, and chuck,12 percent.
The primal region had an average increase of 16.7 percent, while the fats
in the entire carcass increased 17.7 percent. The fatty deposits in the
corresponding parts of heifers were substantially greater. The fat of
rounds increased 1l.k percent; loin, 24.3 percent; standing ribs, 30.6
percent, and chucks, 16.4 percent, with an average of 20,7 percent as

compared with an increase of 22.9 percent in the entire carcass.
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TADLE IV

THE AVERAGE PHYSICAL ANALYSES OF CERTAIH WHOLESALE
CUTS FROW STEERS AMD HEIFERS AT EACH DATE

:Days: St eer s - Heifers

Cut : on s Lean : Fat : Bone : Tendon:: Lean : Fat ¢« Bone : Tendon

sfeed: % & % Bz & 2 B2 % % i
Round O 67.8&1 9.70  20.44 2.05 67.42 9.25 20,65 2.68
90 69,11 10.99 17.62 2.28 70.07 12.08 15.57 2.28
120 67.89 14,08 15.27 2.76  67.65 15,11 1475 2,49
150 66,51 15,00 15,57 2.92 67.34 16,19 14.29 2,18
180 65.55 18,16 14,28 2.01 64,38 20.67 13.08 1.87
Loin 0 65.96 15,04 18.17 83 68,29 1L.TT  1lb.4b .i8
90 60,91 23.85 13.34 1.90 58.68 27.32 13.07 .93
120 58,15 28,86 11.69 1.30 54.15 33.89 11.19 77
150 55,36 31.68 1L.66 1,30 5L.,79  37.22 9.66 1,33
180 53,06 36,08 10,16 L0 50,74 39.07 G4 »T5

Rib 0 62,18 10,24 25.08 2.50 62.45 10.92 2474 1.89
90 57.52 21,50 18.85 2,13 57.hk  2L.17 19.76 1,63

120 55.83 26,87 15.52 L.78  48.41  35.41  1h.56  1.62

150 54,70 28,52 14,78 2,00 49,10 34.81 13.Th 2.35

180 48.95 35.28 Li.A46  L.31 45,05 L1.56 12,00 1.39
Chuck O 64,75 12,57 20.66 2,02 64,98 12,75 20.13 2.4
90 67.18 12.11 18.68 2.03 64,38 16,07 17.60 1.95

120 65.00 17.21 15.65 2.14  59.38  24.25 1431 2.06

150 63.90 18.3hk 15.72 2,0h 60.23 23.94 13.89 1.94

180 59.07 24.64 14.38  1.91 56,01 29.17 12.84 1.98

Plate 0O 55.40 21.81 22.29 .50 50.70  26.39 22.58 .33
90 54.80 25.82. 19.05 33 48,53 31.89 18.26 1.32

120 49.58  35.69 1409 L6h° 42,58 42,30 1lhA0 W72

150 48.83 36,65 13.99 53 h6.22 4043 12,92 W43

180 L3.51 kL.16 11.87 kb MLI1  LB.42  9.83 .6k
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Varistions in denosition of fat. These analyses showed that as the

animals continued on feed the ratic of lean decreased and that of the fat
increased, but it also revealsd that sone pericds showed much greater
change in the ratios of fat over lean than obher periods. The greatest
difference between sexes in the fab content was noted at the 120th day
when heifers had 5.38 percent more fat in the primal region than steers.
Thenceforth the percentage of fab increased faster in steers than in
heifers.

The fattest wholesale cuts in the primal region were the ribs and the
loins. The fat in the prime ribs of heifers at 120 days was one-third the
total weight of the cut and comprised a greater ratio of the total con-
stibtuents than the fat in.prime ribs from steers at 180 days. The quan~
ity of fat shown in loins is determined very largely by the amount of
renal fats left attached. Since it is the practice in the beef industry
to include an appreciable portién of the renal fat with the loin, it is
extremely difficult for the investigator to judge the proportion of this
fat that should remain., The amount of fat reported in loins is, there-
fore, very largely a malter of judgment by the investigator. Large
quantities of renal fat left on the loin affect the ratio of the other
constituents, thereby impairing the significance of the resulis obtained
by physical analysis.

The percentage distribution of lean, fat, and bone in the primal
cuts is summarized in table XV. The results show the marked influence of
the fattening process upon the physical composition of the more highly

prized portions which constitute approximately two-thirds of the weight
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TABLE XV

COMPARING THE PHYSICAL AMALYSES OF PRIMAL CUTS FROM
STEERS AWD HSIFERS SLAUGHTERED AT DIFFERENT
INTERVALS DURING THE FEEDING PERIOD

Days: S5t e e r s He il fer s
on : Cut : Lean : Fab : Bone : Ternden:: Lean : Fat : Bone : Tendon
feed: : 5 % % o2 B i1 % i % i % : %
0 Round 67.81 9.70 20.44 2.05 67.42 9.25 20.65 2,68
0 Loin 65.96 15.04 13.17 83 68.29 1477 16.46 48
0 Rip 62.18 10,24 25.08 2,50 62.45 10.92 24.7h 1.88
0 Chuck 64,75 12.57 20.66 2,02 6L.98 12,75 20.13 2.l
Av. £5.19 11.89 21.00  1.85 65.78 11.92 20.50 1.79

90 Round 69,11 10.99 17.62 2.27 70.07 12.08 15.57 2.28
90 Ioin 60.91 23.85 13.34 1.90 58.68 27.32 13,07 .90
90 Rib  57.52 21.50 18.85 2.13 57.44 2117 19.76  1.66
90 Chuek 67.18 12,11 18.68 2.03 64L.37 16.07 17.60 1.95

Av. £3.68 17.11 17.12 2,08 62,64 19,16 16,50 1.70

120 Round 67.89 14.08 15.27 77  €7.65 15.11  1L.75  2.49
120 Loin 58015 28-86 110 69 c30 5}40 15 33.89 11019 177
78

120 Chuck 65,00 17.21 15,65 AU 59,38 24,25 14,31 2,05

2
1

120 Rib  55.83 26.87 15.52 1, 48.41  35.41 14,56 1.62
2

Av. 61.72 21.78 1k.53 2,00 57.40 27.16 13,70 1.73

150 Round 66,51 15.06 15.57
150 Loin 55,36 31,68 11.66
150 Rib 54,70 28,52 14.78
150 Chuck 63,90 18.34 15,72

67.3% 16,19 14,29 2.19
51,79 37.22 9.6  1.32
49.10 3481 13.7h 2.3
60,23  23.94 13.89 1.9k

~HE- O \W

57.12 28,04 12.89 1.95

NN O
QIO O W o

Av, 60.12 23.38 1h.43

180 Round 65.55 18,16 14.28 64,38 -+ 20,67 13,08 1.87
180 Loin  53.06 36,08 10,16 .70 50.7h  35.07  S.ik .75

DD
Q
O

180 Rib  48.95 35.28 1446 L.34  45.05  4l.56 12,00 1.39
180 Chuck 59,07 24,64 14,38 1,92 56,01 29,17 12,8, 1,97
Av. 56,66 28,54 13.32 1.9 5hOL 32,62 1l.8L  1.49
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of the carcass. WNo appreclable difference between sexes in composition
of the primal cubs was found during the first 90 days of feeding. On the
120th day the heifers had considerable more fat in the primal region than
the steers, the ribs and loins from heifers receiving much greater de-
nosits than similar cuts from steers. Little change was noted in the
ratios of the constituent parts for either sex on the 150th day over those
on the 120th day. Bobth sexes showed substantisl increases in fatness of
the cubs at the 190th day, but the steers had made slightly greater gains
1o fab than the heifers.

Differences in fattening characteristics of steer and heifer calves
were clearly indicated by the analysis of the parts of the carcass. The
growbh of steers was the resuli of a more ¢onsistent accumulation of the
constituents that comnose the animal carcass, while the heifers seemed
to be endowed with greater fattening tendencies abt some periods than at
others. This was shown by the grester deposits of fat within a period of
90 to 120 days. = The primal cuts from heifers at 120 days contained 27,16
percent fat, while those from steers contained only 21.78 percent fat,
Both sexes showed a recession in the rate of fattening between 120 and
150 days, but the steers retained much more of the previous rate than did
the heifers. During the iSO ~ 180 day interval the ﬁteers inereased
their fat céntent of the primal region faster than in other portions of
the carcass, whereas, the heifers deposited more fat in the less demanded

areas of the body.

Ratio of lean and fat to bone, Fat, however, is only one of the

attributes of quality, for guality of meat 1s sometimes based upon the



proportion of lean and of fat to bone rather than upon total fabt content
of the pisce,
The ratio of lean and of fab to bone in carcasses and certain whole~

sale cubts is shown in table AVI,

TABLE ZVI

Ratio of Lean and Fat to Bone in Carcasses and
in Certain Vholesale Cuts from Steers
and Heifers

Lean $: TFat
: Days on Feed : Days on Feed

0 590 : 120 : 150 : 180 :: 0 : 90 : 120 : 150 : 180
Carcass S 2.64 3.00 3.49 3.38 3.61 .66 .91 1.55 1.62 2,28
H 2,73 3.10 3.40 3.56 3.77 .71 .22 2.17 2.20 3.0l
Round S  3.02 3.45 3.77 3.60 L.O3 A3 W5 .78 8L 1.12
B 2.9, 3.93 3.95 4.10 4.27 Al .68 .86 .99 1.40
Loin S 3.8 407 452 4.29 4.89 L0 2,34 2.24, 2,47 3.33
H L4.12 L.16 L.57 4.78 L.99 L 1.96 2,81 3.52 3,85
Rib S 2.25 2.75 3,23 3.25 3.10 W36 1,02 1.56 1.70 2,23
H 291{1«1 2071 3000 3008 3-37 .2&5 1.01 2019 2016 3.13
Chuck S 2.85 3.22 3,60 3.60 3.642 W55 W57 .95 1.03 1.51
B 293 3.29 3.63 3.79 3.7 W59 .82 1.48 1.53 1.96
Plate S 2,40 3.07 3.37 3.39 3.64 QL L.42 2,42 2,52 3.75
H 2,13 2.47 2.82 3.52 3.90 1.17 Ll.74 2.76 3.12 L.63

3 Stesrs

H Heifers

During a period of 180 days the ratio of lean to bone in steer car-
" casses increased from 2.64 to 3.61, in heifer carcasses from 2,73 to 3.77;
the ratio of fat to bone in steer carcasses increased from 0,66 to 2,28,

and in heifer carcasses from 0.7L to 3.0L. These results indicate that for
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a feeding period of 180 days heifers have a higher ratio of muscle and a
much greater ratio of fat to bone than steers,

The ratio of muscle t6 bone in the primal cuts, considered as a whole,
was very similar in sﬁeers and heifers through the 120 day interval, al-
though the ratio of lean was slightly’higher in heifers than in steers.
Beyond this date the ratio of lean to bone in the primal eubts from helfer
carcasses continued to be slightly higher, and the ratio of fat to bone
was greatly higher than thal from steer carcasses. The ratio of lean and
fat to bone in round was greater in heifer carcasses than in steers, al-
though in table VII it was shown that the proportion of round to carcass
was greater %n steers than in heifers. Oimilarly, the chucks from heifer
carcasses had a higher proportion of lean t ¢ bone, but those from the
steer carcasses’were heavier and contaiﬁed more lean in proportion to
other constitueﬁts.

The loins from heifers, besides representing a larger proportion of
the carcass than those from steeré s had ..a higher ratio of muscle and of
fat Lo bone than those from steer carcasses.

The ratio of lean to bone in the standing rib cut was similar in
steers and heifers in gll the tests, buﬁ after 120 days the ratio of fat

to bone in this cut from heifers was greater than that from steers.

Liposomes in Muscle from Steers and Heifers

Sections of the longissimus dorsi muscle from all the cattle were
examined for their liposome content. The method for removing these sec-

tions was described under Procedure. Areas containing extensive deposits
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of intercellular fat were purposely avoided in this phase of the investi-
gation.

Liposomes were found in every specimen, but they often did not avpear
in any apprecidble quantity wnbil the cattle had been on feed 120 days.

A rather outstanding excepbtlon in beef muscle occurred, however, in which
the liposomes in a carcass containing only 132 percent fat were much lurger
and more numerons than those in another carcass with a fab conbent of
27.58 percent,

That the liposome content of muscle is associated with adiposity of
animals is brought out hy comparing muscle from steers and heiferg which
hed been fed a varied number of days and whose carcasses varied in degree
of fatness. It was shown, table X, that heifers were fatter than steers
throughout the feeding period. An examination of the muscle substance
revealed that heifers also had a greater quantity of fat in a microscop-
ically visible form than steers. The relationship between linosomes is
iliustrated in plates I to IX in which muscle fibers from animals varying
in degrees of fatness are shown.

The animals illustreted in plates I and II were fed 120 days. The
carcass of the steer was 23.01 percent fat and that of the heifer, 29.78
percent, The liposomes were fewer and appeared to occur in fewer fibers
of muscles from the steer than those from the heifer. Further evidence of
the relationship of liposomes to adiposity is found by comparing the lipo-

.somic content of muscle from two animals of the same sex fed the same
length of time but differing in degrees of fatness. The carcass of the
steer, plate VIII, Fig. 2, was 27.58 percent fat or A4.57 percent fatter

than the steer illustrated in plate I. The liposomes also were more
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numerous than those in the muscle of the thinner fleshed steer.

The similarity. of liposome content in muscles from two steers of
approxinmteiy the same degree of fatness is illustrated in plates III and
VI, Fig. 1. The liposomes in musele were found to be the same in two
other steers (25 and 27, plates III and VIII, Fig. 2), which had approx-
imately the same degree of finigh although one steer was fed 30 days long-
er than the other.

The linosome content of muscle from two heifers fed for 150 days but
unlike in percentage of fat is shown in plates IV and V. The animal illus-
trated in plate V was 8 percent fatter than the one in plate IV. In the
fatter animal, the liposomes were larger, more numerous, and more system—
atically arranged in the sarcoplasm.

Liposomes in muscles from a steer and a heifer fed 150 days but unlike
in percentage of fat are illustrated in plate VIII. The heifer with 35.20
percent fat was 9 percent fatter and the muscle cells contained a much
greater quantity of liposomes than those from the steer. The muscle fibers
in plate I¥ were from a heifer which was fed 30 days longer bub with the
same fat content of the heifer shown in plaée VIII, Fig. 1. Hore liposomes
were shown in the muscle from the longer fed animal.

The most. exténsive development of liposomes observed in bovine muscle
is shown in plate VI. Sections for this plate were removed from a steer
carcass which had a 27.61 percéﬁt fat content and a heifer carcass which
had a fat content of 38.42 percent, The animals were fed 150 days. The
" remarkable extent of liposome deposit and uniformity in arrangement in
longitudinal and transverse rows in the sarcoplasm is well illustrated,

and gives some concept of the ratio of fat to the cellular substance. The
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liposome development appeared even more aebundant when viewed from longi-
tudinal section than from the cross section.

Muscle cells with high liposcme content would often be surrounded
with rather large quantities of intercellular fat. /n outstanding illus-
tration of the extent to which this may occur is shown in é section of
muscle from a steer that had been fed 180 days (plate VII). The fatty
infiltrations had developed to such degree that muscle fibers were almost
completely surrounded with fat. Occasionally an area was found in which
the muscle fibers appeared to be embedded in fat, In many cases the fat
cells surrounding the muscle fiber did not show definite outlines and
when the fat cells of the endomysiun were cub in sectioning, the fab was
released and spread like ligquid oil over the surface of the ruscle cells.
Such large infiltrations of fat were not observed in any of the sections
taken from the other 29 cattle, but it shows the areas and suggests the
extent to which these areas might be utilized as a storehouse for fat by
beef cattle in advanced stages of obesity.

The extent to which the fatty material was embedded in the sarco-
plagmic substance is portrayed in plate X. Sections of mugcle similar to
those shown in plate IX were stained with hematoxylin and eosin. The fat
aﬁd fatty substances (soluble in aleohol) were removed during fixation,
leaving the sarcoplasm contracted near a central pnsition within the fiber,
while the sarcolemma remained somewhat near its original position, Fig. 3.

Cases of advanced adiposity were observed where the fat was found in
well defined cellular messes between the muscle fibers iﬁside the peri-
mysium, as is demonstrated in plates XI and XII. In some of the fatter

cattle globules of fat were developed in the endomysium to such extent as
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to cause distortion and even atrophy of the muscle fibers, plate XII,

Results of the microscopic determinations reveal that the quantity

of liposomes increazses as the body fat of the animal increases irrespec-

I=2

ive of sex or time required to accumulate the fat. The preponderance of

Liposomes in muscle fibers from heifers as compared to those from steers

by

vas attribubted to the greater fatness of the heifers throughout the test

v

period, rather than to any sex difference that could be determined.
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Flate YT
The Liposome Content of a Steer and a Heifer Fed 150 Days but
with a Difference of 10,81 Percent in Carcass Fat.
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Color Determinations

Color readings were made with the "4 oﬁart and the rotating disk
on a transverse section of the longissimus dorsi muscle hetween the
twelfth and thirteenth vertebrae. The readings by each of the instruments
are recorded in table XVII, while the standard for comparison, thet is,
percentage distribution of red, black, and yellew for the "A" chart, is

given in table XVIIT.

The "AM charﬁ

o ——arm——

According to the "A" chart notation the color of freshly cut young
beef was 8; from animals fed 90 days, 7; and from animals fed 120 - 180
days, 6. During 30 minutes exposure to air, the cut surface of muscle
from the young animals lightened two color grades, while from older ani-
mals it lightened about one color grade. The notations of the "A" chart
show the youngest animals to be the darkest with a declded reddening of
the meat during the first 90 days, followed by little or no change in

color during the next 90 day period.



- 87 -

TABLE XVII

COLOR READINGS OF MEAT ACCORDING TO THE
A" CHART AND THE MUNSELL DISK

Days: "AY Chart HH Hunsell Spinning Color Disk

on :Freshly:30 minutes:s  Freshly Cut 12 30 Hinutesg Later

feed: cut : later :: Red :Black:Yellow:: Red :Black:Yellow

0¥ 8 6 19 47 3% 21 W 33
0L 8t 6 23 L7 0 P K2 28
9 74 7- 33 k19 40 K 20
90 8- 7- 29 53 18 40 4 20
120 6 5 b5 31 18 k9 33 18
120 6 5 35 19 48 3% 16
15 6 5 b5 K0 15 47 31 16
150 7- 6 33 0k 25 3% H 2
180 6 5 b2 by W b My 12
180 6 5 W3 13 5 ¥ 1
*Steer

1 Heifer
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TABLE ZVIII

Color Values of the Standard "A" Chart

|

notabion | RAL/6 } WL r.h. &si e} Brilliance | Chross
Al 79.00  7.00 14
2 72,50 150 13
3 66.00 22,00 12 6,11 3.70 7.98
b 59.00 20.00 1 6.20 3.53 7.15
5 52.50 37.50 10 609 3.32 6.37
6 41,75 43.25 9 619 3.1 5.37
7 39.00 53,00 g 6.0 2.97 5.77
8 32,00 61.00 7 6.05 2473 3.94
9 25.50  £8.50 6 6.0 2477 3.01
10 19.00 76,00 5
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Rotating disks

The difference in color of meat as measured by the rotating disk be-
tween animals on feed over a period of 180 days is given in table XVII.
According to the readings by the rotating disk, the young animals had the
faintest red color to their flesh and the older animals had the darkest
color., This is in exact opposition to the readings by the "A" chart.
Furthermore, the disk readings indicated differences in color of flesh
between animals during the 120 - 180 day period while none were indicated
by the "A" chart.

The color analysis by the rotating disk brought out a singular inci-
dent in which the increment in red was accompanied by a similar decrement
of yellow, The difference between the lean and the fat animals in the
amount of black plgment, as shown by the rotating disk, was very small,
whereas the standard color values of the "A" chart indicated the cuantity
of black varied directly with the intensity of tthe color.

The chart readings of the color constituents of the longissimus dorsi
muscle, from cattle slaughtered at each of the five dates, were converted
into dimensional terms of hue, brilliance, and chroma, and are given in

table XIX.
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A AT
TADLE 14

&=

Translation of lunsell Disks Color Readings to
Values of Hue, Brilliance and Chroma

o
——

Days : ] i
on : Freshly Cut . 30 Hinutes Later

feed : Hue ‘#Brilliance: Chroma :: Hue :Brilliance: Chroma

0% 10,50 346 413 10.00 3.60 4.95
oL  9.70 3.30 4433 8.89 3.50 L.'78
90 7.70 3,30 4.99 7454 3.22 5.60
90 8.00 3.20 427 7,54 3.22 5.60
120 7.16 3.47 6.03 7.00 3.54 o147
120 7.22 3.53 6.20 6,85 37 6.2k
150 5.86 3.36 5.85 6.89 3.45 6.13
15C 8.40 3eh45 5.13 7.92 3.50 5,61
180 6.86 3.27 5.46 6.23 3.24 5.56
130 6.56 3.36 6,06 6.57 3434 6,16
*Steers

J Helfers
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sccording to the interoretation of colors in tewias of their attributes,
the color of the longissimus dorsi muscle from steers slaughtered at the
0 day period showed an I value of 10, and from heifers, tire R value was
£.89. The value of 10" in the hue scale is the limit of lightness in
red and is midway between red and yellow, Beef having a hue value of 8 to
10 is comsonly referred to as having a "pinkish tint", or as being of a
"yealy! color.

The color of the muscle in the steers, as noted in the table, changed
from a yellow-red, R 10, to nearly a typical red, E 6.23, in the course of
180 days; that in heifers from R 8.89 to R 6.57. {(Any red with a hue of
R 5 would be a typical red, according to the Munsell ceclor scale.)

Results of these color studies show that, with anlmals approximately
six months of age when put on a fattening ration, the intensity of color
develops more rapidly in the first than in the second 90 day period.

Based on readings made 30 minutes after the muscle was cub, the intensity
of red in the back nuscle from steers increased 2.46 optical degrees and
heifers increased 1.35 ontical degrees during the first 90 day period, and
97 and l.él respectively during the second 90 days that the catile were
on test. There were only two periods in which the difference belween
steers and heifers in color of the meat excesded one optical degree; the

0 day pericd when the muscle of heifers was 1.1l degrees darker tihen that
of the steers, and at the 150 day period when that of the heifers was 1.03
degrees lizhter than the muscle of steers. At other dates the nuscle in

heifers was very slightly lighter in color than that cof steers.
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Color analysis with the vhotoelectric spectrophotometer

The spectrophotometrical records showed the blue and red to be the
predominating colors of muscle in both steers and heifers and showed very
little response from the violet, pgreen, and yellow bhands of the snectrum.
The flesh of steers showed sreater energy response for color than heifers
at practically every wave length, but the greatest difference between
steers and heifers in the color of the flesh was in the red band.*

The energy reflection factors, (that is, the ratios of the intensi-
ties of light reflected by the muscle substance to that reflected by the
standard magnesium carbonate block) were calculated and are recorded in
tables XX and XXI. The difference hetween steers and. heifers in the value
of the ordinates of energy reflection factors through the spectram is
mich more illuminating when viewed in graphic form, Fig, I1. The curves
appear in pairs, since the samples were tested in pairs, to carry out the
comparative study of sex for each plane of obesity. The numbers on the
graph refer to the animal and the letter identifies the sex. The degree
of fatness ig implied from the number of days each animal was fed prior
to slaughter, The color analyzer was not obtained until the work in the
second year was well under way; consequently samples from all the animals
were not available for analysis. |

Since the values of the ordinates for steers and heifers slaughtered

at a given date varied in the same direction, the varistion between sex

*Photographic records of the intensity of light reflected versus
wave lengbh are shown in illustrations I and II, pp. 99-100.



TABLE XX
ENERGY REFLECTION FACTOR OF MUSCLE TO STANDARD WHITE THROUGHOUT THE SPECTRAL COLOR BAND

Ffirst Series

Animal: Yiave Length (Millimicrons)

e

no., = 400 : 425 = 450 : L75 : 500 : 525 : 550 : 575 : 600 : 625 : 650 : 675 700 : Av,

133 .034 .024 .030 .084 .114 .08L 063 L.060 ,115 .180 .205 .216 .,226 .110
14H 045 .,012 ,018 ,086 ,103 .068 .051 .O48 .118& .185 .212 .224 .232 .108
158 .025 015 .028 .100 .113 .090 .063 .059 .127 .91 .209 .220 .234 .114
16E .024 .013 .021 .057 .101 .O75 .0O42 .O45 .113 .171 .189 .207 .212 .098
178 .026 .014 .0L5 .078 .1l2 .08L .038 .058 .122 .195 .216 .227 .236 .11l
181 .013 .007 .015 .047 .083 .067 .OLS5 .Q44 .102 .158 .169 .178 .192 .086
198 .015 .008 .04 .056 .082 ,060 ,OA7 .LOL7 .108 179 .206 .220 .230 .098

20H .014 .008 .021 .069 .081 .065 .046 0LE 106 176 .199 214 226 ,098

S Steers
H Heifers




TABLE XX
ENERGY REFLECTIOHN FACTOR OF MUSCLE TO STAHDARD WHITE THROUGHOUT THE SPECTRAL COLOR BAND

Second Series

Animal: viave Lengths (;i1llimicrons)

no. : 400 : L25 3 L50 : 475 : 500 : 525 : 550 : 575 3 600 : 625 : 650 : 675 : 700 : Av.

21s ,036 .020 .01é6 .100 .10L .109 .067 .057 .096 .169 .210 .220 .224 .110
22H .O43 .020 .010 .,100 ,149 .103 .066 .056 ,098 .173 .238 .257 .275 .122
235 .036 .017 .015 .053 .086 .,086 043 .O48 .068 .137 .205 .223 .230 .095
2LH ,017 .008 .007 .047 .089 .060 .039 .032 ,048 .121 .159 .183 .210 .078
255 047 023 .01l4 094 127 099 .078 .07 144 94 G244 266 278 129
26H ,063 .030 .028 .070 .100 .090 .070 .069 .083 .1l44 .187 .196 ,209 .103
278 L.080 043 040 .087 ,100 .103 .,077 .074 .,088 157 .206 .233 .228 .117
28 .077 .OL4h 021 .070 .103 .076 047 045 L0600 .116 164 183 185 .092
298 .075 .033 .026 .081 .138 .145 .103 .11 .171 .270 .323 .350 .352 .168
30H .034 .017 .013 .054L .105 .094 .O71 .074 .109 .176 .231 .255 ,262. .114

..176...

S Steers
H Heifers
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aﬁd between dates was calculated from the average ordinates of steers and
of heifers.

During the first series, table XX, the average reflection factor of
the flesh from steers was l4.50 percent greater than that from heifers at
120 days; 22 percent greater at 150 days, snd O percent greater at 180
days. During the second series, table XXI, the average reflection factor
of the flesh from steers was 20 percent grester than that from heifers at
120 days; 22 percent greater at 150 days, and 32 percent greater at 180 days.

Since the difference hetween the average reflection factor of steers
and heifers seemed rather large, a compmarison was made of the reflection
factors from the blue and red bands of steer and heifer flesh to determine
if there was any diffsrence between these colors in the ratios of response.
It was found, table XXII, that steers had a slightly higher ratio of blue
to red in muscle than heifers in the first series, while the exact re-
Verse was fpund in the second series. It was strongly indicated from these
data that the energy response in the blue and the red bands was not corre-
lated with age or obesity.

Color of fat, Very little difference in the color of renal fat was
recorded between highly and thinly fleshed animals or between steers and
helfers, table X{ITII. All fats gave a high energy response at a wave
length of 525 millimicrons. The response decreased through the green band
but increased rapidly through the yellow, reaching the maximum response
between the orange and red bands of the spectrum. These changes in the
energy response for the different color bands while rather slight, indi-

cate that fat from bovines, though it appears white or slightly tinted,

contains substances with color pigments.



TABLE XXII

COUPARISON OF FAT CONTENT AND RATIO OF BLUE TO
RED ORDINATES OF THE SPECTRAL BAWDS

o

o ttarrabemati

A

: Bmpty :  Fat  : haximum : Maximum ¢ Rabio of
Animal: body  :percent in: blue red blue to
number: weight : carcasg : ordinate : ordinate : red

135 125 21.62 114 .22% . 504
144 425 21.89 .103 232 NARN
155 529 26.45 113 « 234 483
164 541 35.20 .101 212 476
17s 590 24, 8L 112 236 N
18H 537 28.41 .083 193 430
19s L5 30.14 083 .230 .361
20H 637 37.73 .081 226 359
235 A8 19.67 .08 .23 LW
2LH 529 27.00 .089 210 b2l
258 573 27.58 127 278 457
26H 552 33.97 .100 .209 478
278 659 26.77 .100 228 439
28H 651 30.46 103 185 557
298 728 32,17 .138 . 352 <392
30H 739 35.13 105 266 «395
3 Steer

B Heifer



TABLE XXIIX

ENERGY REFLECTION FACTOR OF FAT TO STANDARD WHITE THROUGHOUT THE 3 PECTRAL COLOR BAND

Animal: Wave ‘iength (#illimicrons)

no. : 400 : 425 : L50 : 475 3 500 : 525 31 550 : 575 s 600 : 625 : 650 : 675 : 700 : AV,

158 -LB8 .366 .,500 .533 .569 .623 .61l3 .588 .669 .672 .671 .681 .692 .590
16H .38l .329 409 446 JLE2 0528 .510 .506 .585 .58l 571 565 575 496
173 WSLA 433 533 J6L3 651 642 .622 .622 JTh2 JT38  JTTO 763 JT3T JOLT
A18H  .486 .400 .483 .518 .540 .612 .585 .578 .667 677 .672 .678 .684 .583
195 459 . 371 474 .507 .518 604 591 602 .6T7h .696 674 685 .686 .580
20H .329 .286 .400 440 476 534 500 .500 .578 .596 .580 .568 .545 487
21s «259 21O J279 .338 o351 L4119 .392 413 J507 J545 557 554 W549 413
22H .435 .316 .370 403 45L .566 .542 .556 621 .650 .653 .662 .662 .530
238 469 JLO0  ,508 .569 .618 .685 ,633 .656 703 771 7536 764 .762 .638
200 448 350 .428 ,506 .557 .630 .588 .619 ,658 700 .696 .707 701 .584
258 «300 217 .282 .345 .400 546 .397 425 464 .522 512 .512 .526 419
26H Sample discarded because of mechanical difficulties

27s 242 197 227 .233 .238 .272 .266 .273 .292 .298 .301 .282 ,289 .262
28H ,206 169 ,202 .210 .224 .233 .215 ,219 .233 .247 .238 .238 ,237 .221

293 L5000 400 T 421 J432  J48L  .550  .545 J549 567 J57L  .562 548 .54k 513
30H 536 JL17 L4772 .500 .538  .61l3  .593 .596 640 .651 641 .638 646 575

--96—-.

S Steers
H Heifers
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ILLUSTRATION I

PHOTOELECTRIC SPECTROPHOTOMETRICAL
COLOR OF BOVINE MUSCLE

TOP LINE IN EACH RECORD IS THE CURVE
TRACED FROM THE STANDARD WHITE.

BOTTOM LINE IS THE LIGHT RESPONSE FROM
THE RAW MEAT SAMPLE, THE MIDDLE LINE
IS THE INTENSITY OF LIGHT MULTIPLIED
BY 23 TIMES.
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ILLUSTRATION II

PHOTOELECTRIC SPECTROPHOTOMETRICAL
COLOR OF BOVINE FAT

COLOR ANALYSIS OF FAT (BOTTOM CURVE)
AS COMPARED TO THE STANDARD WHITE
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External fat had a much lower spectral energy response, but in other
respects the changes in euergy reflection factors coincided rather closely

with those from renal fats.

Culinary and Palatability Tests

The culinary and palatability tests were made on the standing ribs
of beef,

The cooking lesses from steer roasts aged 10 days and 30 days are
given in table XXIV; those from heifer roasts in table XXV.

The total cooking loss® from roasts aged 10 days irrespective of
degree of fabness or sex was greater than that from roasts aged 30 days.
As shown from the deba in tables XXIV and XXV the major difference in
loss between roasts aged 10 days and those aged 30 days was in the loss
‘of volatile substances, and caused by the occurrence of greater dehydra-
tion in the longer aged roasts.

The total loss from roasts weighing, roughly, three pounds and teken
from the young, thinly fleshed animals slaughtered at the 0 day period,
was about the same as that from nine pound roasts taken from older and
fatter animals slaughtered at the 180 day period. Obviously the constit-
uents which composed the loss were widely different. ¥hereas the loss

from the small roast was almost entirely volatile, that from the larger

¥me total coolcing less, made up of volatile substances and drippings,
is the difference between the weights of the roasts before and after cook-
ing. The drioping loss is the weight of the fal and meat julces which es-
cape from the roast and accumulate in the pan. Volatile loss is the dif-
ference between the total loss and the drippings.

S
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TABLE XXIV
LOSSES DURING COOKING FROM RIB ROASTS

Steers

Weight Cookiﬁ@? Losses T : Minutes per
¢+ 1lbs. tRoast Aged 10 Days::Roast Aped 30 Days:Pound to Cook

Ani-:Aged: Aged : Vola-:Drip-:Total::Vola~:Drip~:Total: Aged : Aged

mal : 10 : 30 : tile :ping : ::tile :ping : : 10 : 30
no, :dayst days ¢+ % : % : % 1 % % : % : days : days

25 2,37 3.08 10,30 .56 10.86 7.83 .57 8.4h 25.3 20.4
115 2.48 % 9,51 .71 10.22 % * * 0 2h.2 ®
21S 2,50 3,09 9.95 .35 10.30 9,64 ,57 10.21 22.4 23,6
Av. 2,45 3,08 9.92 .54 10.46 8.73 .57 9.32 23.9 22.0

3 476 713 7.81 L15  8.96 9.43 1.33 10.76 24,3 20,3
135 4.95 5.24  7.20 1.2 8.4 9.38 1,60 10.98 22.2 25.4
235 5,27 5.50  6.94 1,67 8,61 6.43 1.77 8,20 20.5 20.9
Av. 499 5.99  7.31 1.35 8.67 8,41 1.57 9.98 22.3 22.2

5 6,01 7.68 7.36 3,08 10.44 5.80 2,01 7.81 23.0 20.6
158 5.98 6.48  7.30 3.2k 10.54 8.30 2.51 10.81 26.2 18.5
255 6,21 T.hh 6,46 2,38 3.8, 3.76 5.24 9.00 20.6 19,2
Ave 6,06 7,20  7.0h 2,90 9.9h 5.95 3.25 9.21 23.3 19.4

7 7.19 8.87 7.12 3.21 10.33 5.17 2.13 7.30 20.6 19.7
178 6,49 7.88  7.31 2.56  9.86 5.43 2.07 7.50 19.4 19.3
275 7.60 8.47 5.7 2.83 8,5k 5,60 2,31 7.91 19.0 18,9
Av. 7,09 8.4 6,71 2.87 9.58 5.40 2.17  7.57 19.7 19.3

95 8.33 9.53 6.00 4,79 10.79 5.90 4.14 10.04 20.4 19.9
195 8,20 9.39 7.26 3.44 10.70 5.42 3.68 9.11 18.9 17.1
295 8.77 10.23  5.40 3.79 9.19 6,98 4.26 11.24 18,1 18,5
Av. 8,40 9.72 6.22 14,01 10,23 6,10 4.03 10.13 19.1 18.5

* Roast discarded because of exbessive deterioration
S Steers
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TABLE XV
LOSSES DURING COOKIWG FROM RIB ROASTS

Heifers
Weight Cooking Losses : Minutes per
i lbs, :Roagt Ased 10 Days::Roast Aged 30 Days:Pound to Cook
Ani-:Aged: Aged : Vola~-:Drip-:Total::Vola=-:Drip-:Total: Aged : Aged
mal : 10 : 30 : tile :ping : :tile sping ¢ 10 : 30

n0, :days: days ¢ % i %o+ % osr F % : % . days : days
1H 2.34 3.30 9.67 .38 10,05 7.40 J40 7.80 23.5 22,1
128 2.04 % 9,83 .2 10,0L % % ¥ 22,0 *
22H 3.A47 438 2,38 2,22 10.60 8.65 9L 9.56 23.0 26,0
' ‘AV' 2062 3.81} 9.29 .916, 10023 8.03 065 8-68 22-8 21&».0
I-I—H 401\}2 5'55 7!24-7 2.19 . 9066 6.03 1020 7!23 21&.8 2200
UH 453 516 7.23 1.50 8,73 9.35 2.43 11.78 22.5 25,2
2L 5.73 6,40 6,00 2.50 8.50 7.17 2.60 9.77 23.0 22.6
Av. 4,89 5.70 6,50 2.06 8.96 7.52 2,08 9.5 23.4 23.3
BH 6.4k 7.62 6,81 4.3h 11,16 5.20 2.95 8.5 23.3 19,7
A6H 6.29 T.47  9.50 2.63 12.12 6.1 3.2 9.56 23,8 18.1
26H 5.93 T.hh 6,10 4o69 10.79 3.47 5.15 8,62 21.9 16.4
Av, 6,22 7.51  7.47 3.89 11.36 L4.94 3.8, 8.78 23.0 18,1
8 6.76 8.20 5.1k L9  9.63 3.65 2.90 6.60 20.0 19.5
184 5.33 6.74 7.19 2.97 10.16 6.18 2,51 8.69 19.3 22.3
284 8.00 8.07 4.96 3.83 8,79 4.6L 3.55 8.16 18,1 17.3
Ave 6,70 7.67  5.76 3.76 9.53 4.81 2.99 7.82 19.1  19.7
1I0H 9.59 9.56 4,99 6.27 11.26 3.82 4,03 7.85 20,3 18,9
20H 7.53 8.08 6.69 4.68 11.37 5.53 3.26 8,78 19,3 19.2
30H 8.69 10.25 5.00 5.27 10.27 5.67 5.17 10.84 20.4 19.0
Av. 8.60 9.30  5.56 5.41 10.97 5,01 4.15 9.16 20.0 19.0

* Roast discarded because of excessive deterioration

H Heifers
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and fatter roast was distributed more nearly equally between volatile and
dripping loss.

(ooking losses of roasts from steers and heifers slaughtered on the
same date were similar in quantity but different in kind. It is shown in

table XXVI that the volatile loss of roasts from steers was greater at

TABLE XXVI

Fatness of Ribs from Steers and Heifers, and
Cooking Losses of Rib Roasts

e ——

B R R S T it
Days : Percent : 10 Days 0 30 Days
on : fat sVola-y | s:Vola~: 3
feed :prime ribs:tile :Prip;ITotal ;431 ,Drip, Total

0% 10,24,  9.92 .54 10.46 £.73 .57  9.30
04 10.92 9.29 .94 10.23 8.03 b5 8.68
90 21.5¢0 7.31 1,35 8,67 8,41 1.57 9.98
90 21.17  6.90 2,06 8,96 7.51 2.08 9.59
120 26.87  7.0h 2,90 9.9% 5.95 3.26 9.2
120 35,41 T 47 3.89 11.36  L.9L 3,8& 8.78
150 28.52 6,71 2.87 9.58  5.40 2.17  7.57
150 3L.81  5.76 3.76  9.53 4.8l 2.99 7.82
180 35,28 6.22 4.0l 10.23 6.10 4.03 10.13
180 L1.56  5.56 5.41 10.97  5.01 L.15 9,16
Av.
Steers 24.50 Tl 2,33 9,77 6,91 2.33 9.24
Heifers 28,78  6.99 3,21 10.21 6,06 2.7L 8.80
*Steer
JHelfer

each cooking date than that from heifers, while the greater dripping loss
was noted in the roasts from heifers. It is also noted in the table

that, with one exception, the prime ribs from heifers were fatter at each
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slaughter date than those from steers. The average fat content of prime
ribs from heifers was 28.78 percent and the average dripping loss 3.21
percent, whereas the ribs from steers had a fat content of 24.50 percent,

and a dripping loss of 2.33 percent.

Cooking time

There was only a small difference between roasts in respect to the
cooking time required per pound despite the wide difference between the
weights of roasts from thinly fleshed and those from fatter animals.

The time for roasting ribs from heifers, usually fatter and better
marbled, did not consistently differ from that required for ribs from
steers. The average time required to roast ribs from steers and heifers

at each cooking period was almost identical with that from heifers.

Palatability scores

A “cooked-meat~grading chart", illus, I1I, was used for recording
the palatability scores of the samples. The scores for the roasts aged
10 days and those aged 30 days from steers and heifers slaughtered at five

different periods are summarized in table XYVII.



ILLUSTRATION III

MEAT COOKING RECORD
GRADING CHART FOR CCOOKED MEAT
SHEET NO. 7 Cocking Laboratory lo. Sample No. Kind Date
FACTOR PHASE 7 6 5 L 3 o2 1 HEMARKS
In~ Very pro- Pro-~ Moderately Slightly Percep- Slightly Impercep—~ What aroma
tensity nounced nounced pronounced pronounced +tible perceptibls tible
Aroma Desir- Very Desir- Moderately Slightly HNeutral Slightly Un- Normal or abnormal?___
ability desirable able desirable desirasble undesirable dssirzble
Texture In~ Very Fine Hoderately Slightly Coarse Very Extrenely
tensity fine fine coarse coarse coarse
In~ Very pro- Pro- Moderately Slightly Percep~ Slightly Impercep~ What flavor?
Flavor tensity nounced nounced pronounced pronocunced tible perceptibls tible
of Fat Desir~ Very Desir— Moderately Slightly Neutral Slightly Un-— Normal or abnormal?___
ability desirable able desirable desirable undesirable desirable
in- Very pro- Pro-~ Woderately Slightly Percep- Slightly Impercep~ What flavor?
Flavor tensity nounced nounced pronounced pronounced +tible perceptible tible
of Lean Desir- Very Desir- Moderately Slightly Neutral Siightly Un-~ Normal or abnormal?___
ability desirable able desirable desirable undesirable desirable
Tender- In- Very Tender loderately Slightly Tough Very Extremely
ness tensity tender tender tough tough tough
In- Very Rich Moderately Slightly Percep~ Slightly  Impercep—
Quality tensity rich rich rich tible perceptible tible
of Juice Desir- Very Desir- Moderately Slightly Neutral Slightly Un~—
ability desirable able desgirable desirable undesirable desirable
In- Very Large ioderately Slightly Small Very Negligi-
Quantity tensity large large large small ble
of Juice Desir~ Very Desir- Hoderately Slightly Neutral Slightly Un-
abilitg desirable able desirable desirable undesirable desirable
COLOR OF LEAN GOLOR OF FAT

1l.Light red.
2.Dark pink.
3.Light pink.

L.Pinkish brown,
5.Light brown.
6.Dark brown.

1.

Vhite.

L.Yellowish brown.
2.Creamy white. 5.Yellow.
3.Grayish cream.6.Amber.

NOTE: Encircle the words which de-

seribe inbtensity, mark desira-
bility and color with = check.

(Signature of judge)

= 90T -
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STEERS AND HEIFERS
Fat

! ten—-:abil-:

: sity: ity
Roasts from Steers - Aged 10 Days ;

Tex-:

:Desir -

SIMHARY OF PALATARILITY SCORRSTON COOKED ROASTS FROM

Aroma
on :ten-:abil-: ture: In- :Desir~: In-

feed:sity: ity :
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A perfect score is 7

¥*

Av.




- 108 -

The scoring compittee was uranimous in its opinion thet the palatabil-
ity of the roast improved as the aniuals became older and flatter,

The most striking change in the rossts recorded by the committee
was the increase in the juiciness of the flesh as the animals became
fatter. The score for quulity and cuentity of julce in roasts markedly
increased in both sexes and the score for quantity of julce in roasts from
heifers was slightly higher at each interval then that from steers.

Texture, according to the scores, showed less change throughout the
pericd than any other factor considered with ?alatability.

A1 other factors of palatability increaéed in value as the animals
became older and fatter.

Aging the roasts from cattle fed 90 days or less proved to be a
detriment to the flavor of both fat and lean, while aging rcasts from the
fatter cattle enhénced their palatability, particulariy noted by increases
in the juiciness of the flesh and improvement in the aroma.

4 comparison was made between sexes, of roasts aged 10 days and 30 days,
based on the average score of five factors considered as the nost important
in determining palatability. The lactors were desirability of aroma, of -
fat, of lean, of tenderness, and of guality of juice. The average score
of these factors for roasts aged 10 days, was 5.18 from steers, and 5.27
from heifers. The average score on roasts aged 30 days was 5.28 from
steers, and 5.37 from heifers, Since the palatability of the roasts was
s¢ nearly the same, the utmost statement supported by the data regarding

the differences between sexes is that the judges slightly preferred roasts

from heifers.
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Tenderness

Tenderness of the meat was determined by measuring the nressure re-
quired to shear the uncocked meat, and by a palatability test which in-
cluded a value for tenderness. The results of these two tests, suwamarized
with respect to sex, and to fatness of animals desimmated by days on feed,

are shown in table XVIII.

TABLE XXVIII

Shearing Strength of Raw Muscle as Compsred
with Tenderness Score of Cooked Roasts

.

Days on Feed

: 0 ;90 : 120 ¢ 150 ¢+ 180
Pounds Required to Shear

Steers 32.72 28.26 36.16 29.60 31.33

Heifers 39,04 30,90 29.06 24,97 30.87
Committee Score
Roasts Aged 10 Days

Steers Lo 5,7 5.7 6.3 6.1

Eeifers La1 5.8 5.6 6.0 6.3
Roasts Aged 30 Days

Steers 4.8 5.7 5.9 6.2 6.1

Heifers L7 5.7 5.6 6.3 6.6

The shearing strength of raw muscle varied widely between the sexes
and between degrees of fatness of the animals., According to this test ten~

derness was not materially increased in either of the sexes, even in ex-
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tended fattening periods of the animals.

The scores by the committee indicated, that with increased age and
fatness of the animels, the terderness of the cooked meat, from roasts
stored 10 days, increased 45 to 54 percent; from roasts stored 30 days,
the tenderness increased 27 to 40 percent. The meat from heifers showed
the greater increase in tenderness in both cases. There was no appreciable
difference between steers and heifers within dates in the increase in ten-

derness due to aging of the meat prior to roasting.
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DISCUSSION OF RESULTS

Live Weights of Steers and Heifers in the Slaughter Test

Two lots of both steer and heifer calves were fed during each of
the three years that this study was in progress. Tach lot contained
eight or more calves. One lot of steers and one lot of heifers were des-
ignated at the beginning of the feeding period each year as the lots
from which five steers and five heifers were to be selected for slaughter.
The selection of animals from the lots for slaughter was mainly with
respect to size and degree of fatness. The animal which represented, as
neariy as could be determined, the average of the lot was selected at
each slaughtering period. The weights of animals slaughtered often varied
narkedly from the average of the lot, which strongly indicated that weight
was not given much consideration in selecting the average animal.

The variation in weight between individuals within lots is rather
clearly indicated in table I. The average initisl weight of steer calves
placed on feed wag 417 pounds and coincidentally the average initial
weight of steer calves slaughtered was also 417 pounds.

The average weight of heifer calves placed on feed was 405 pounds,
while the average initial weight of those ultimately slaughtered in the
test was 395 pounds. In a total of 15 slaughtered periods the weights of
steers exceeded those of heifers eleven times. The data in table I re-

veal that the animals selected for slsughter varied widely in their
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initial weights. Invariably the initial weights of animals that were
slaughtered after 0 day and after 90 days on feed were less than those
which were slaughtered after 150 and 180 days on feed. However, the
sinilaprity of the methods followed in selecting animals for slaughter

in both sexes is indicated by the small difference in the average initial
and final weights between steers and heifers,

The differences between years in the ratio of final weight to ini-
tial weight of individuals slaughtered and of final welpghts to averags
lot weights of catile are of such character as to preclude any general
explanation as to their causes. Ths decisicn as to the individual fronm
each 1ot to slaughter at each date was based primarily upon inherent
characteristics of the group. The fact that lots of cattle do not re-
spond alike to treatment is evidence of the inability accurately predict

animal performance.

Dressing Percentage

Dressing percentage, or the proportion of the chilled carcass to the
1live weight, varies even in animals of similar age, weight, and degree of
fatness because of differences in alimentary content, or "fill", and of
the internal fat econtent.

The influence of “fill' was minimized in this study when all animals
marked for slaughter were removed from feed 24 hours prior to slaughter,
but all had access to water. There is the possibility, however, that
one animal had eaten more just before it had been taken off feed, and

consequently it might have drunk more water, resulting in less shrinkage
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to the tissue while fasting, To remove completely the influence of
"fil1l*, the yields of carcass were calculated on the basis of empty body
weights. This body weight was obtained by subtracting the weight of the

alimentary content from the live weight of the animsl,

Internal Fats

liesenteric fats, considered a part of the offal, are removed from the
body in dressing cattle, and obviously any development of these fats
will tend to reduce the percentage of carcass. The sercentages of resen-
teric fats of steers and heifers at the different slaughter periods are
shewn in table IV, Fats designated as miscellaneous included the peri-
cardium and the trimmings from the internal crgans after the omenbum and
ruffle were vemoved,

As was to be expected, the internal fats increased as the animals
became heavier, regardless of sex, and in this study considerable variation
between the live weight and the fat content in the splanchnic area was
noted in both steers end heifers,

Because heifsrs had s greater percentage of internal fats it would
appear that they would have a lower yield of carcass than‘steers. This
point of view is supported by three other observations; the similarity
of daily gains made in the feed lot by steers and heifers; the similarity
of ratios between empty body weights and live weights, and the lighter
weights of the heifers as compared with steers at each slaughter date,
Despite all this evidence which implies that the steers'should have the

higher dressing percentage, the heifers had the higher average dressing
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percentage al every slaughter date, Therefore, the logical deduchion is
that the dressing vercentage is determined by many factors, and that in-
ternal fat is only one. The biological functions of the organs of the
body determine the magnitude of the dressing percentage of an animal, The
interaction of these functions varies between ages, degrees of fatness,
sexes, environmental conditions, and possibly in other ways. Compared
with the intsrnal fat of steers the prepunderance of internal fat in
heifers was more than counterbalanced by developments in the skeletal
area of the body. This substantiates the opinion of cabtle producers
that the females mature more rapidly and abt an earlier age than the males.
Cutﬁing tests revealed some rather distinct differences between
steers and heifers in the development of carcasses. Thé primal cuts
from steers were approximately 1% percent less than from heifers at the
beginning and 2 gercent more at the end of the feeding period. The
difference bhetween sexes in primal cuts may be of nuch more importance
than indicated by a difference of 2 percent in the yields. Due to con=
suner demand the primal cuts are sold 25 to 30 percent above and all
other cuts 33 1/3 to 50 percent below the average carcass price. There-
fore a difference between two carcasses of 2 perceant in yleld of primal
cuts is equivalent‘to 0.3 cents per pound for 16 cent carcasses and 0.5
cents per pound for 21 cent carcasses. 7To some thls may appsar as triv-
ial, but buyers and sellers of carcass beef transact thelr business on &
0.25 cent spread in price. Both steers and heifers showed a general de~
¢line in the ratio of primal cuts to other parts of the carcass during

the feeding period, and the body development in heifers resulted in a
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greater decline than in steers. Considering these reductions from
anobher viewpoint, the less demanded cuts were increased 5.57 percent in
steers and .71 percent in hLelflers by the 180tn day. These diifereuces
between sexes in body development support the contention of wmany cattle
Teeders that heifers fubten faster and finish at lighter weights than
sleers.

Since no outstanding dilferences between sexes in the weights of the
primal cuts were found, a physical analysis was made of all the cuts ﬁo
determine the difference in the distribution of lean, fat, and bone in

the wholesale cubs of steers and heifers.

Physical Composgition of Beef Carcasses

The quality of beef, as has been pointed out, involves not only the
characber of tissue substances bub also the quantity and distribution of
the constituent parts which compose the flssh. It has been shown that the
size and shape of a particular wholesale cut of beef will vary within the
" sex as well as between sexes, which suggests that cuts may differ also in
the distribution of the quantity of tissue substances tﬁat compose the
pieces.,

The steers increased their fat content approximately 7 percent, while
the heifers increased their fat content more than 10 percent during the 90 -
120 day interval. This difference between sexes in the rate at which the
fat is deposited with respect to total constituents in the carcass is in
substantial agreement with the opinion of cattle feeders - that is,

heifers fatten much iore rapidly than steers during the first 120 days



that the animals are on feed,

In view of the rapid fattening tendencles of steers and heifers
during the 90 - 120 day and the 150 - 180 day periods, the marked reces=—
sion in the trend of tissue development, as shown in the data between 120
days and 150 days, appears illogical. Such drastic changes might be at-
tributed to failure on the part of the committee to recognize animals
representing average performance in the feed lot. There is some evidence
in the data to support this, but it is not the’whole explanétion. Come
paring the live weights of animals slaughtered at each date, as shown in
table I, it is noted that the weights increased from &0 pounds and 100
pounds per month, which corresponds quits closely with the average daily
gains of all animals in the feed lot. ' Furthermore, as shown in table XI,
the pounds of fat in carcasses were increased'at each succeeding slaughter
period, The gain in body weight and fatness is offered as conclusive evi-
dence that the animals sslected were representatives of the group at the
date of slaughter,

Concerning the animals slaughtered at 120 days and 150 days, it is
ghown in takles V and VI that in two out of three years, steers as well
as heifers showed a higher percentage of fat on the 120th day than on the
150th day. The difference in percentages of total fat between dates in
both steers and heifers can be readily caleulated from data in table XI.
The difference in percentage of fat content of steer carcasses at 150 days
as compared with that at 120 days was as follows: first year, plus L.6;
second year, minus l.5; third year minus 0,85, and of heifer carcasses:
first'year, plus 8.6; second year, ﬁinus 6.6; third year, minus 3.5

These percentages might be taken to indicate that catile slaughtered the
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first year were either larger on both of these dates, or that differences
in weight between dates were greater than those in animals slaugntered at
the same period during succeeding years. On the contrary, the live weights
of the cattle and the carcass weights for the first year were of such
magnitude as to fall between those slaughtered in other years at both
the 120 day and 150 day perieds.

No investigations were made of the ancestry of the calves, except
to note that they were Hereford grades. It is recalled that the calves
used in the first year's study were not from the same herd of cattle or
aven from the same section of the plains region as those used during the
second and third years. Although the calves looked much alike in confor-
mation it is highly probable that the genetical background varied in many
raspects, and therein may lie the solution to the differences between
calves in rate of fattening. Whebher the changes in the trend of tissuse
development observed during the 120 - 150 day period was due to misintepr-
pretation of animal performance in the feed lot, or to innate character-

istics of cattle, must be left for future work to decide.

Ratic of lean and fat to bone

A knowledge of the proporticn of wholesale cuts and of their constit-
uent parts to the carcass does not furnish s complete account of the
edible part of the cut. The edible part is determined by the retio of the
lean and fat to the bone and tendons.

Meat retailers as a whole are of the opinion that steers have less

waste fat and a greater proportion of primal cuts to carcass then heifers.
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Results of cutting best in this study are in accord with tids opinion
although the difference between the two sexes is not nearly as great as
is generally indicated.

From a consumer's viewpoint the proportion of edible to non-edible
part in any retail cut is of much lmportance. These studies show that for
cattle weighing 900 pounds or less the proportion of edible to non-edible
part in the primal cuts is greater in heifer than in steer beef. It was
shown by physical analysis that the ratio of lean and of fat to bone was
higher in the primal cuts as well as in the carcass as a whole, from
heifers than that from sbeers. ZIxplanation for this lies in the fact that
the skeleton was smaller in heifers than in steers.

Although the ratio of edible to non~edible parts was higher in neifer
than in steer beef it is not logical to assume that retall cuts from
heifers should always be preferable to those from steers. Much depends
upon the quantity of fat required to bring out the quality and palatabil-
ity of the meat. There is‘no unanimity of opinion on this point, for a
given quantity of fat may be considered necessary by one consumer and
excessive by another. Hence the extent to which quality of beef can be
improved by increasing the fat content is purely a matter of personal
opinion. Likewise judgment as to the redundance of fat rests with the
individual.

The principal differences between sexes brought out by physical
analysis of the carcasses were that heifers fed 120 days were comparable
to steers fed 180 days in total fat content of the carcasses, and heifers
fed 150 days were comparable to steers fed 180 days in fatness of primal

cuts, This observation is of particular interest since caittle feeders
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in general maintain that heifers are commonly about 30 days in advance

in degree of finish of steers of similar weight and age.

Histological Studies

The quentity and the distribution of fat in the body are of great
economic importance, because of their influence upon the value of the
carcass; for a pound of fat deposited between the muscles, or of the
marbling fat is of much greater value than the same amount deposited in
the renal or in the su?cutaneous area, (f even more econonmic value in
improving the quality énd tenderness of the muscle are the inbtramuscular
fats, generally referred tc as the marbling of the meat, and the lipo-
somes, or the intracellular fats, No analyses were made to determine the
quantity of marbling fat, since no way by which it could be segregated
physically from other fats was known, but a study was undertaken to deter-
mine, by histological methods, the size and abundance of lipousomes in
muscle cells, Becausevof the characteristics of these microscopic fat
bodies, it was impossible to study them in every skeletal muscle; there-
fore, & section of the longissimus dorsi muscle was selected as represent-
ative of the fat accumulations in the more impertant meat areas of the
bovine carcass,

There was little to indicate the probable location of liposomes with-
in the sarcoplasm of the muscle of the calves, but as the animals became

fatter these droplets became more numerous and larger in size, The lipo-
somes then began to occupy a more or less definite position within the

fiber. 1In highly fattened beef the liposomes appeared in rows of bead-
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like formation along the outer surfaces of the fibrilae or between them.
At no time did they appear to have an inclusive substance which could be
seen to serve as z cell membrane.

It was definitely shown that linosomes were not distributed equally
among all fibers of a given fasciculus. They seemed to accumulate in a
fiber or in a small group of fibers, while adjacent fibers contained com=
paratively few., Furthermore, the fibers which had the greater preponder-
ance of these droplets did not appear to occupy any definite position
within the fasciculi.

Since there seemed to be no unanimity of opinion among inv;stigators
regarding the relationship between the liposome content and the general
plane of adiposity of animals, a preliminary study was made, by using rats,
to determine the changes in the iiposome content of a muscle due to age,
degree of fatness, and sex.

Fats in the bodies of mature and half grown rats were exhausted by
inanition, then rapidly replenished by feeding butter stained with Schar-
lach R. During the onset of inanity, the quantity of fat in muscle fibers
markedly diminished and in some instances completely disappeared. iWhen
the starved rats were fed the stained butter, the size and number of lipo-
gomes were increased within a few days to that observed in normally flesh~
ed rat muscle. In the fed rats the fat in all of the adipose tissue
assumed & pink color similar to that of stained butter and was in contrast
to the white fat normally found in the adipose tissue. Faint traces of
the color resembling the stained butter were observed in the liposomes

of the sarcoplasm following ingestion of the butter fat by the animal.
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The stalned butter was fed to normally fleshed rats, with the result
that a pink color in the renal and omental fats developed within seven to
nine days.

The results of the study with rats indicate that the liposome content
of the muscle fiber is closely associated with the state of general obesity
in the animal.

Microscopic examinations revealed that fat accumulates in the inner-
most parts of the bovine muscle, Furthermore, they revealed the extent
to which fat develops inside the fasciculi at various stages of adiposity.
Such deposits of fat undoubtedly must constitute a very large proporticn
of the total aggregate of fat in the body and contribute markedly toward
the improvement in the quality of meat.

The study with rats brought out a salient festure, which, from a
fundamental point of view, may be extremely noteworthy. The development
of liposoﬁes within the sarconlasm appears to be a normsl function of the
cell, and there is sufficient evidence to sﬁggest a role for them in terms
of a nutritive material uporn which muscle metabolism msy depend. The
passing of the liposomes, as in inanition, and their reappesrance with
obesity would appear further to support the phyothesis that these bodies
are of nutritive significance to the muscle fiber. If it is accepted
that liposomes are, by nature of their histological properties, a true fat,
it appears reasonable to assume then that they would make the same contri-
bution to improving the palatability of meat as would a similar quantity
of fat located contiguous te the muscle bundles. These fat-bodies should
make even a greater contribution to the quality of meat than intercellular

fat because of their more intrinsic relation with the protoplasmic sub-
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stance.,

Observations with rats suggest that the formation of the liposomes is
very closely allied with the develOpment of adipose tissue, since increases
of fat in the adipose tissue were accompanied by increases in liposomes.
Howsver, the liposomic content is not in a definite ratio to the total
fatty tissue, as marked variation was observed in the number of liposomes
in muscle from cattle with similar degrees of fatness. On the other
hand some of the thimner fleshed animals with a low visible fat content
exhibited an extensive liposomic development., As the animals increased
in fatness, the muscle fibers appeared to reach a state of saturation for
liposomes, but there was no evidence which pointed to saturation of the
adipose tissue in the body.

The macroscopic fat from steers and heifers slaughtered on the same
date, although not significantly greater, consistently favored the heifsrs
with respect to the proportion of fabt to other tissues in the carcass.

It was also noted that the liposomes were usually more vprevalent in the
muscle of heifers., When comparisons were made of the liposomic content
between steers and heifers having approximately the same fat content re-
gardless of date slaughtered, it was observed that the size and abundance
of liposomes were very similar. This points to the deduction that the
intracellular fat development is more closely correlated with general

obesity of the animal than with any sex characteristic.

Color of Beef

Vhile some difference in color due to age was recorded by the "A®



chart, the color notations on the chart did not correspond ezactly to
that observed in the meat. This was not surprising since the A" chart
was a standard specifically designed to measure the color of mature beef;
therefore, it would hardly suffice for determining color of reat from the
young animals used at the O day periods in this study.

The rotating disks afforded a more accurate measure of color than the
A% chart, since very slight deviations in the color of meat could be re~
corded by adjusting the color disks. & marked difference between some of -
the readings by the "Ai" chart and that of the rotating disk was obsefved.
The quantities of red, black, and yellow in the rotating disk requireé to
match the color of meat from young animals did not correspond with the
color value of the "A" chart readings of muscle from calves but the two
" devices were quite comparable in indicating the color of the meat of older
animals.

The discrepancy between the readings by the "A" chart and by the ro-
tating disk was attributed in large measure to the adaptability of the "A®
chart to colors of beef from mature animals, whereas the majority of ani-
mals used in this study were immature,

4 gradual though not a consistent increment of red was noted in the
flesh during the fattening period, The muséle in animals used in thié
study darkened decidedly in the course of 180 dayé. On the other hand the
deposits of fat in the musculature reduced the ihtensity of the red color
in the lean. In animals with large quantities of intramuscular fat, the
color of lean was lighter red than that of lean containing little or no

fat, According to the color readings with the rotating disk, flesh con-



taining considerable marbling and 2 high liposomic content had a greater
percentage of yellow and a smaller percentage of red than the flesh
differently constituted., Thus the gquantity and diffusion of fat in muscle
from the older animals appeared to offset the increased reddening of the
flesh due to ags.

The exact increase in intensity of color of flesh for any particular
period is said to be influenced by such factors ss age, breed, feed, and
sex. Females are sald to mature earlier than males, which implies that
heifers may have darker muscles thdn steers, but in these investigations
some evidence was found that the.color of the flesh was slightly lighter
in heifers than in steers of a similar age. However, the great variance
in color of fiesh from heifers indicated other factors than age were
concerned with color, The greater difference in fat content between
heifers and steers, over a period of 180 days, pointed to the possibility
that fabl in muscle may influence the intensity of the red color. iccord-
ingly, the color readings were compared with the wicroscopic observations
of muscle tissue.

The relationship between the color of meat and the fatty deposits in
muscle is considered of great significance since sections from the longis-
simus dorsi muscle were observed in bothAstudies. In animals slaughtered
on the same dabte, the muscle containing the greater liposomic content had
the lighter color, or, to state it otherwise, bad the lowest hue value.
An outstanding illustration of this is shown in plates V and VI, in which
the muscle fiber of the heifer had a very extensive liposomic development

and the color hue was the lightest flesh of any animel slaughtered during



the last 90 days of the experiment. Extensive development of liposomes
was observed in two other animals fed 180 days. As observed by the eye,
the flesh of the steer appeared darker than that of the heifer, though
according to the hue values of these two animals the flesh of the heifer
had a slightly lighter color of red than that of the steer. The higher
chroma value with slightly greater brilliance was sufficient to reduce
the influence of hue sc as to cause the flesh of the heifer actuaily to
appear lighter, A compafison was made between the color of muscle from
two other animals with similar total fat content, and it was noted that
the one with the greater liposomic development had the lighter color of
flesh,

A comparison was msde between the color of muscle from animals of
the same sex but of verious ages, and between color of muscle and total
fat and liposomic content. It was noted that by increasing the age of
the animal, but not the liposomes, the intensity of the red in the muscle
increased; that by increasing the liposomes but not the age of the animal,
the intensity of color decreased - that is, the muscle became lighter in
color. On the basis of these observations it appeared highly probable
that the intensity of color was positively correlated with the age of
animal and negatively correlated with the microscopic fat deposits for a
given age of animal,

When the color of muscle from steers and heifers of the same age
and the same degree of liposomic development was compared, the flesh of
the heifer was usually found to be the darker. Only in those instances
when heifers were much latier and had greater liposomic fat were the

muscles lighter in color than those of steers.
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It is shown in table XIX that the color of muscle in heifers at the
0 day period was approximetely one optical degree darker than that of
steers. It is recealled that these animals were about six months of age
and considered thin in flesh. Disregarding the influence of fat upon the
color of muscle it was found that the steers and heifers each increased the
intensity of the color in the protoplasm about one optical degree ner month
and the heifers were still one optical degres darker in the flesh than the
steers at the close of the fattening neriod., But due to the female charac-
bteristic of rapid fattening, this difference in color hetween steers and
heifers was removed within 60 - 90 days, and thenceforth during the fat-
tening process the acowaunlation of fat in the bodies of heifers was enough
gcreater than that in steers to obliterate most of the difference between
sexes in color of the flesh,

The color of the fat in all of the animals was considered as white,
althouzh a slight yellow tint wes disceraible in most of the animals. These
deductions are based wholly upon éye observations, as the robating disk wes

a0t equipped to analyze color of f{ab,

The Color Analyzer

The most accurate analysis of color is through the use of a spectro-
photometer which measures the stimulus of the various colors of a substance
as compared to that of a standard at each wave length throughout the spec-
trum, From these measurements it is then possible accurately to determine
the reflection factor of color for any wave length as a ratio to that of a

standard. For the purpose of this study it was assumed that the standard,
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magnesiwa carbonate, gave a perfect white reflection at all wave lenglhs
regardless of wherce ils ordinates intercepted the intervals of wave
lengths., OSince at any wave length exactly the same amount of light would
fall upon the sample to be analyzed as upon the standard, the ratio of
response vwould gzive the energy reflection factor., On the basis of this
hypothesis calculations were carried through, using values obtained at
each 25 nillimicron inbterval between 400 and 700 millimdcrons.

It was shown by spectrophotometrical tests that the intensity of red,
as indlcated by the energy reflection factors, was greater in the muscle
of steers than of heifers. Comparing the data acquired by color analyze
with the micrescoplc cbservations it appears thal the most probable sub-
stance which gives rise to fluctuating changes in color in normal bovine
muscle is fab. This thorough-going test, while limited to a few ogserva-
tions, confirms the results of other tests on color of meat, and conclu~
sively shows that the color of meat is greatly influenced by the deposi-
vion of intramuscular fat. Purthermore, these tests show thul the siwilar-
ity of color of meat from heifers to that from steers is due in & large

measure to the preponderance of fat disseminated through the musculature

of the heifer,

Culinary Tests

The culminating and most important test to determins quality and
palatability of meat is that given by connolsseurs of fuods. HMeab sub-
mitted for test is presumed to be cooked in such manner as to bring out

its most palatable characteristics,
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During cooking many of the constituents cf Leal are altered; the fats
are melted and variable quantities escape from the tissues; the protoplasm
of the cells coagulete, but some of the liquid substance is relsased from
the muscle cells and accunulates with the fat to form the drippings.
luch of the protoplasmn, being a colloldal substance, is impounded by the
connective tissue of the muscle to give the coocked meat the character of
juiciness. Julciness and tenderness are thought to be correlated with
the aging or ripening factor; consequently & portion of each cub designat-
ed for the culinary and palatability test wes aged 30 days before it was
cooked.,

11 uncooked roasts lost weight during the storage period, but the
shrinkege varied between roasts due to difference in size of piece and
degree of fatness as well as to variaticn in the hwaidity of the coolers.

The total cooking loss, made up of volatile and drippings, is the
difference between the weights of the roasts before and after cocking.

The dripping loss is the weight of the fat and meal julces which escap
from the roast and accumulate in the pan. Volatile loss is the differ~
ence between the total loss and the drippings.

A comparison of the total fat content of the standing ribs with the
cooking loss, as is shown in table XXVI, strongly indicabes that irrespec-
tive of sex, the dripping loss is highly correlated with fatness of the
rib cut.

The drippings were composed partly of melted fat and partly of

protoplasmic substances from the muscle; but since the drippings were not
fractionated, it is wnot possible te stabte the proportionate part contri-

buted by each.



_.]_29..

The volatile loss, as is shown in table YXVI, decreased at each
‘succeeding cooking period and the steers and heifers showed approximate-
ly the same percentage decrease. This loss was due almost wholly to
evaporation of moisture, and its decrease during the 180 day period was
attributed to the increase in size, and in fatness of the roasts, and in
degree of maturity of muscle cells, Increases in size of the roasts re-
duced the proportion of outside surface to volume; increases in fatness
added to the inhibition of moisture to escape; and maturation of the
muscle reduced the readily evaporative portion of the cellular substance,

It is noted in tables ¥XIV and XXV, that the weights of roasts from
steers and heifers were approximately the same at each cooking date, but
that the volatile loss was greater in roasts from steers than in those from
heifers. While no moisture determinations were made on any of the roasts,
there is little reason to suspect any difference in moisture content in
the protoplasm due to sex. However, a greater volume of fat was stored inu
the roasts from heifers, and therein probably lies the explanation for the
smaller volatile and the greater dripping loss from heifers than those

from steers at the different cooking periods.

Cooking tine

There was only a small difference between roasts in respect to the
ccoking time required per pound despite the wide difference between the
weights of roasts from thinly fleshed and those from fatter animals.

This may lead to the supposition that larger and fatter roasts cocked more

cuickly than those containing less fat. The larger roasts actually re-
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guired a longer time to cook, but increases in weight of roasts did not
result in corresponding increases in time required for cooking. Since
the distance which the heat must travel in a roast is not a constant ratio
to the weight, bub one of diminishing oroportions with weight increése, it
becomes obvious that the unit of time of cooking decreases with increased
welght of pieces.

Though ribs from heifers were usually fatter and better marbled, the
time for roasting did not consistently vary from that required for ribs
from steers, and the average time reauired to cook roasts from each was

almost identical,

Palatabilily scores

A1l roasts were carved and scored by a commitiee of at least five
nembers. The meat samnple consisted of a cut of the longissimus muscle,
three-eighths to one-fourth inch thick, with the fat contiéuous to it.
Only slices of the inside, or unbrowned, portion of the roasts were
served {or scoring.

Variations in scores between members of the committee would be a
natural preswnpilon, but a scrutiny of individual records revealed
that the variation was extremely consistent. It was evident that some
members consistently had a higher appreciation of the factoral values
listed on the score card. Others were equally consistent in recording
lower response to these values,

The score for texture is primarily a registry of the size of muscle

bundles or fascicull sensed in the meal. The tendency for the muscle to
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show a finer texture as the animals increased in age and adiposity is
explained on the premise that the addition of fat in the perimysium
released the tensicn between fascicull thereby giving opportunity for the
individual muscle bundles, rather than groups of bundles, to be identified

as the unit of texture.

Tenderness Teshs

Tenderness 1s accepted hy the majority of weat consuners as onc of
the more essential requisites of good meat. It was clsarly shown in pre-
vious tests, table IVIL, that as the animels became older and fatter the
meat increased in degree of tenderness. Since it is well known that age,
apart from any other factor, impairs the tenderness of meat, it wovld he
coneluded that the quantity of fat was a primary factor in determining
degree of tenderness. If this were true, then fat introduced mechsnically
into the lean tissue might be expected to increase tenderness. But such
trials as have been made have produced no positive results.,

Comparing animals that were fed 120 days and longer, it is recalled
that the prime ribs from heifers contained a2 higher percentagé of fat than
those from steers, It was also observed, though not recorded in the data,
that the superficial covering of fat on the ribs cf heifers wag thicker
than that on the ribs frﬁm steers. Bub in the nalatzbility tests on cooked
roasts from these animals, only a slight difference in tenderness was noted
between sexes. It is of interest that roasts showing similar quantities
of fat but differing in cuantity of intramuscular fat, revealed by histo-

logical examination, differed in degree of tenderness; those having the
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greater amount of intramuscular fat were more tender., It appears, there-
fore, that the placement of fat is of more importance than the mere pres—

ence of a mags of fat within the lean tissue in developing tenderness.

Mechanical Tests for Tenderness

Attempts were made to determine the tenderness of meat by measuring
the shearing strength of the uncooked muscle. A total of twenty-seven
determinations was made on the longissimus muscle from three steers and
three heifers at each of the feeding periods.

It was clearly seen from the data, table XAVIII, that the shearing
strength of the muscle tissue was not correlated with the tenderness
score from the palatability test. Tenderness of the cooked meat in-
creased as the roasts increased in degree of fatness, but the results
shown by the shearing apparatus indicated no such tendency. The commit-
tee that scored the roasts did not recognize a difference between sexes
in degree of tenderness worthy of mention, but the shearing strength of
samples from steers was much greater than that from heifers at the 120
day and 150 day feeding periods,

Since the ribs cut from heifers contained more fat than those from
steers at these dates, one would presuppose that the difference in shear-
ing strength was due to differences in degrees of fatness of the muscle.
This was not confirmed by mechanical tests, however, on raw muscle from
ribs of animals slaughtered at the 180 day period which had a marked
difference between sexes in degrees of fatness, yel the muscle sheared

wilh about equal ease.
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The disparity of the results with the shearing apparatus was noted
very soon after the study was under way. An inouiry into the cause was
made but no definite conclusions were reached. It was found, however, that
any one of a number of conditions could be responsible for the discrepancy
of results. The most likely was error in sampling the raw muscle. Examina~
tions of portions of the same muscle having 10 - 15 pounds difference in
shearing force indicated that the aponeurosis was more deeply invested in
the muscle of some samples than in others. This condition was not readily
detected by external examination of the muscle sample, It was found from
other trials that even a small fragment of this band materially increased
the pull'necessary to shear the sample.

Differences in firmness of flesh and in the distribution of fat with-
in the muscle area are other probable causes for variation in shearing
results, but these probabilities could not be verified during this study.

.Members of the palatability committee were observed using only the
center portions of muscles for the tenderness test; hence their opinions
of tenderness were based on the resiliency of the sarcoleqma and the endo-
mysium rather than on muscle and soft contiguous parts which were included
in the shearing tests. When the shearing tests of a sample taken from the
center of the muscle were compared with tenderness score reported by the
committee, the results were in close agreement. Iﬁ was concluded from
this that in many cases the shearing apparatus was recording shearing
strength of components in the muscle not included in the test by the com-
mittee; therefore, differences in results between the two methods are

irrelevant.
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GENERAL SUMMARY AND DEDUCTIONS

The purpose of the investigatlon was to study the effect of sex on
the quality and palatability of beef produced by choice feeder calves.

A group of steer and heifer calves were fed 180 days in three dif-
ferent years. [ach year a representative animal from each group selected
at 0 - 90 ~ 120 - 150 and 180 day feeding periods was slaughtered, 4
total of 15 steer and 15 heifer carcasses was studied.

Physical aﬁalyses were nade in which the carcasses were divided in-
to standard wholesaleMcuts and one side of each carcass was separated
into its constituent parts - Isan, fat, bone, and tendon.

Color determinations were made on the lean and fat by two mechani-
cal devices - the Munsell spinning disk, which determined the coior by
arranging segments of color standard so that when roﬁated the standard
color corresponded to that of the meat, and the Razek-iulder photoelec-
trie color analyzer, which determined the response of sensitivity of color
at each wave length throughout the spectrum for lean and fat from steers
and heifers at différent planes of adiposity.

¥icroscopic studies were conducted to determine the occurrence of
liposoﬁes in the longissimus dorsi muscle from steers and heifers at the
different degrees of obesity, and to determine the histologic relation-
ships between the intramuscular and intermuscular fat in steers and hei;
fers al the different feeding periods.

A comparison was made between the sexes in the distribution of the

white fibrous and yellow elastic connective tissue, and in the diameters
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of muscle cells from animals which varied in age and degrees of fatness.

Cooking and palatability tests were made on rib roasts aged 10 and
30 days from steers and heifers with different degrees of fatness. Drip-
ping and volatile loss, as well as time required for cooking, was recorded.
The roasts were scored for palatability.

Tenderness tests of the longissimus dersi muscle were made on each
roast by a mechanical shearing device and by the palatability committee
to determine differences between the sexes.

The larger differences hetween carcasses of steers and heifers with
regard to wholesale cuts, and the proportion of lean, fat, and bone have
been cited. It is oBserved,from the data that there are variations in
initial and final weights of the ateers and heifers in the yield of whole-
sale cuts, in the yield of primal cuts, in the lean, fat, and bone, and
in the edible meat obteined from carcasses of animals slaughtered at
different ages and degrees of fatness. These variations were considered
in comparing quality and palatability of meat from steers and heifers,
and the findings were as follows:

(1) Comparing sexes as to final liveweight by the method of analysis
of variance, it was found that the weights of steers did not differ signif-
icantly from those of the helfers. In the first two years the steers were
heavier than the heifers, while in the third year the reverse was true, as
shown in table I. Since the steers and heifers differed in initial weight,
the final weight was adjusted by covariance for initial weight. With the
adjustment the differences in final weight were still not significant,

(2) The percentage yield of carcass, whether calculated on the

basis of live weights or on empty body weights, was greater in heifers
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than in steers, notwithstanding the fact that when both had been fed 90
days or longer the heifers had a greater quantity of visceral fats than
steers. This strongly indicates that the skeletal constituents, such as
muscle, fat, and bone develop faster in young heifers than in young steers,

{3) An analysis of the total weights of primal cuts of steers ard
heifers indicated that the total yield of primal cubs from steers does not
differ significantly from that of heifers when catile under 900 pounds
liveweight are considered., However, carcasses {rom steers may be ex-
pected to have a slightly larger percertage of round and shoulder than
those from heifers. Of the less demanded cuts the percentage of flank
and of kidney fat was smaller and that of shank was greater in steers
" than in heifers. The difference betwsen ratios of other cuts was not
attributed to sex.

(4) Heifers fattened much faster than steers during the earlier
part of the feeding period. Carcasses from heifers fed 120 days con-
tained as much fat as did those from steers fed 180 days. This indi-
cates that heifer calves reach market maturity 30 days to 60 days
ahead of steer calves similarly fed.

(5) The percentage of fat in the primal cuts increased faster in
heifers than in steers during the first 120 days. After that time the
increage was slower. Of the primal cubs from cattle slaughtered at
different times, the prime ribs and loins had the greatest deposits
of fab, and in this respect heifers had greater accumulations than
steers. From the standpoint of fatness, the loins, ribs, and chucks

from heifers, fed 120 days, were as desirable as those from steers fed
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180 days.

It is noteworthy that the intercellular fat also increased as the
adipose tissue developed, and liposomic deposits were greater in muscle
of heifers than those of steers of similar time on feed, However, the
difference between the sexes in quantity of fat contributed in this form
was too small to be of practical consecuence from the standpoint of
quality of the flesh,

(6) The percentage of lean gradually decreased in both sexes as the
feeding vperiod was lengthened. When the percentags of lean was calculated
upon the basis of the fat-free carcass, there was no difference due to sex.
From these results the deduction is made that steer and heifer calves
weighing 350 pounds to 40O pounds, full fed on a standard fattening ration
within the limits of this experiment, will develop muscular tissue at about
the same rate, and that sex in feeder cattle of this age and weight is not
a factor of significance with regard to muscular development.

(7) It is generally conceded that there is little difference in
quantity of bone from carcasses of animals of the age and weight included
in this study, regerdlscs of gex. This opinion was supported by the
findings in the present investigation.

(8) The color of meat was influenced by age and finish of the ani-
mals, but the difference between the sexes in color of lean and of fat
when measured by vrecise methods was less than one color grade; conse-
ouently, the difference between the sexes was not significant.

(9) The formation of liposomes, seemingly a function of the muscle

cells exercised only in advanced stages of organic cbesity, was much more
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extensive in the cells of the longissimus dorsi muscle of heifers than
that of steers of similar time on feed. It was also observed that the
roasts from prime ribs of heifers scored slightly higher in quantity of
Juice than those from ribs of steers. It was concluded, therefore, that
the microscopic fatty bodies contribubed to this factor of quality in
roasts, but the constitution of roasts was such that differences in the
internal fatty deposits, or in the juiciness of the meat could not be
confirmed as differences due to sex.

(10) The total cooking loss of rib roasts from steers aand heifers
slanghtered at the same time was practically the same., The degres of fat-
negs of the ribs had only a slight effact upon the total amount of loss.,
The loss due to evaporation decreased and the drippings increased as the
fat in the roasts inereased, but in percentage of loss there was no
difference due to sex.v

(11) The committee did not detect any particular difference in the
palatability of roasted meat that could be attributed to sex.

(12) The tenderness score on roasted beef by the committee did not
correlute with the results from tests nade by the shearing machine.
¥ith the shearing machine more variability was found within than between
animals in the number of pounds required to shear the muscle; thus dif-
ferences in tenderness due to sexes were not indicated by this test.

This study has included the analysis of far more snimals than the
number included in any similar study thus far reported in the literature,
and since these results are in agreement with those reported by other
investigators, the findings in this study are considered as contributory

to the knowledge as regards the physical characters of carcasses from
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beef steers and beef heifers.

The general conclusion seems warranted, therefore, on the basis of
the information available from the data, that such differences as did
occur between stesrs and heifers with respect to carcass development, to
histological structure, color of flesh, response to cooking or palata-

bility, were not attributed to sex.
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