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INTRODUCTION

A trend in recent years has been for meat scientists to concen-
trate much of their effort on obtaining a more complete understanding of
those factors which affect or contribute to meat quality or palatability.
Some of these topics have ranged from the effect of nutritional regime
on palatability to the effects of hormone treatments, antemortem stress
conditions, breeds or types, sex, marbling levels, maturity or age,
cooking techniques, chemistry of muscle and fat, measurement of muscle
fiber diameter and extensibility, connective tissues and, finally,
color of muscle and fat.

This emphasis on factors relating to beef palatability has also
caused a proliferation of studies devoted to elucidating what beef
palatability actually is and how it can be measured more objectively.
As a result, we also find a number of reports on comparisons of
different shearing and press techniques, histological examinations of
muscle and connective tissue morpholozy and biochemical studies of the
components which comprise what we know as meat.

Only a limited amount of study has been given to the relation-
ship which may exist between bone characteristics and palatability in
our meat-producing animals. About the only reference to bone is made
when develorment of ossification is discussed in the light of advancing
"physiological maturity'" in beef carcasses. This particular charac-
teristic takes on added importance when we realize that every Federal
meat grader must assess this rather subjective measure of cearcass

maturity on every carcass he grades. Therefore, "physiological



maturity" plays a role in the marketing of federally graded meat and
consequently has economic significance. Results of studies on carcass
maturity have been somewhat mixed, but it appears there is at least
some relationship between measures of maturity and organoleptic
tenderness.

Since there is some indication of a relationship between measures
of maturity and tenderness, two methods of bone analysis have been
developed in this study in an attempt to make bone development measure-
ments more objective as well as to see if the bone characteristics
measured are more closely related to beef eatability than carcass
maturity alone.

Many past studies in the area of beef quality have been carried
out either on a limited number of animals with known history but usually
similar backgrounds or on more animals with less knowledge of their
individual backgrounds concerning genetic makeup, nutritional status or
chronological age. Furthermore, many of these experiments have been
based on filling blocks with a specific number of animals or carcasses
which possess certain well-defined characteristics. The resulting
sample is skewed and may not represent the population being studied.
Econogically and aesthetically important traits may not te properly
evaluated in experiments so designed.

This particular study may be criticized for the paucity of
information concerning genetics, nutrition and chronological age of the
animals selected; howsver, the time and expense involved in obtaining
such infeormation on larse numbers of cattle make this approach rather

prohibitive.



Strong points of this experiment are the relatively large number
of animals and the random selection of live animals from the female
slaughter population of a major packing company over the period of
slightly more than one week. Random selection should provide some
indication of the importance of snme of these traits in the total
slaughter population. Information about breed and type as well as
factors which may influence carcass grade, particularly an estimate of
animal age, can be obtained by selecting the animals before slaughter.

Considering that animal age as it may influence carcass maturity
is economically important, this study permits some conclusions to be
drawn from the use of live animal indicators of maturity as they are
used by beef cattle buyers every day in practice.

Only females were selected to remove sex as a source of variation
and still have as wide a range in all other characteristics, particularly
aze, as possible. Data was collected on as many live, carcass and
tissue traits as was deenied feasible.

The »rimary objectives of this study were:

1. To study the effectiveness of present methods of evaluating
live animels and beef carcasses for eventual palatability characteristics.

2. To reflect the differences actually imvortant in our present
slaughter pooula*inn. This was to be acenuplishad by selecting female
bovines as raandonmly as possitle from the slaughter populationn.

3. To study the effectiveness of twn neswly developed methods of

bone anzlyses in preadicting eventual palatahility of the meat.



REVIEW OF LITERATURE

This review may not include all articles pertaining to the topics
discussed herein, but a strong attempt was made to have all viewpoints

)

relating to phases of this study represented.

e Cattle . Traits

Palatability of beef from a number of different breeds of cattle
has been studied. Pranaman et al. (1962) reported comparisons between a
grouo of 25 Hereford beef-type cattle and a group of 25 lolstein cattle
fed and handled similarly from three separate trials. Beef-type cattle
had a greater shrinkage during cookinz of the meat, a significantly
higher intensity of lean flavor and greater quantity of juiciness which
possitly was a reflection ef the higher carcass grades attained by the
iy

derefords. No significant differences in aroma, texture of lean, flavor

of fat or tendarness as measured either by taste panel or %arner-Sratzler
'S

shear wera atirihuted to breed differances. !erefords dressed higher

but snowed no agpreciable differencss in percentage of hi

4]

h priced
wholesale cuts or tobtal trimmed retail steaks when compared with the
idolsteins,

Callow (194l) in comparing ilereford, Dairy Sharthorn and Friesian
steers on four levels of nutrition allotted only two steers
trsed to each level of nutrition. Therefore, the results may
nnt Le entirely representative of the hreeds studied; however, Herefords

Y - . ',' . 3 -
nad heavisr hides by approximatealy 1.5% than either the Dairy Snorthora
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breed but did vary significantly between nutrition levels. This was
probably to be expected since one group of these steers was on pasture
only until slaughtered while two others were fed combinatinns of pasture
and concentrates and one group was fed completely on a concentrated
ration until slaughter. The individual breeds averaged 1,419 pounds,
1,289 pounds and 1,208 pounds, respectively, at slaughter for the
Friesians, Shorthorns and Herefords. The Friesians possessed the leanest
carcasses with 33.0% of live weight or 60.0% of carcass weight in lean
meat followed by the Herefords with 32.2% and 57.1%, respectively, and
the Dairy Shorthorn with 30.9% and 55.1%, respectively. A relatively
high correlation of r = 0.67 was noted between the weight of blood
collected on the slaughter floor and weight of muscle in the carcass.
Blood equalal slightly more than one-tenth the muscle weight. Friesians
possessed the most internal fats while the Herefords had the least.
No palatability differences due to breed or treatment were shown.
Dunsing (1959) reported on comparisons between eight pairs of
Hereford and Holstein steers where the later maturing Holsteins were
six months older than the Herefords at slaughter. The Herefords graded
higher, but the higher grade was almost entirely due to the influence of
conformation since quality grades were almost equal. Visual preference
for the meat did not appear to be related to breed except for color
where a preference was indicated for the darker colored Holstein steaks.
This observation seemed rather strange to this zuthor unless this darker
color was only slightly dsrker. Tating preferences scemed more closely

related to quality grade than final carcass grade.



Carroll et 2l. (1964) reporting on the above Hereford and
Holstein steers as well as another group of 18-month-old Herefords and
30-month-o0ld Holsteins with carcass weights and conformations of 717
pounds, high Choice and 846 pounds, high Stardard, respsctively, found
that Holstein steaks were less tender but more flavorful. This may be
a reflection of the age differences rather than breed. Specific gravity
of the cannon bone and a rib bone from each animal showed a surprising
similarity between breeds which may indicate this characteristic is
more closely related to physiological maturity than chronological age.
Herefords were fatter sutcutaneously btut not in marbling while the
Holsteins possessed a higher proportion of bone and a noticeably greater
amount of kidney and pelvic fat.

Ramsey et al. (1963) in a five-year study to determine palata-
bility and cooking loss differences for 151 steers of seven different
breeds and crosses found that among breeds loin ard round steaks of
Brahman steers were scored least tender by the taste panel. Jersey
steaks scored most tender but differences between Jersey and Hereford
steaks were not significant. Eereford, Angus, Erahman-British cross,
Santa Gertrudis ancd Holstein steaks did not differ significantly in
tenderness. Shear values generally agreed with this conclusion.
Although Angus steer carcasses had the most marbling and sraded highest
of all breeds, their steaks generally rated lower in pzlatability than
Jersey or Hereford steaks. Factors other than marbling seemed to be
playing a role here. Among breeds, total cooking losses did not

parzllel external fatness.



In a report studying the differences between the palatability of
round and 9-10-11 rib roasts from 156 Hereford, Angus, Charbray straight-
breds and Hereford crossbreds, varying in animal replications, sex and
grade, Sharrah et al. (1965) summarized their findings by saying round
roasts from Hereford straightbreds were higher in all quality factors
than roasts from the other breeds while the Angus breed and its crosses
generally produced more tender, juicy and flavorful rib roasts. Sensory
tenderness correlated more highly with Warner-Bratzler shear than with
L.E.E.-Kramer-Warner-Bratzler modification shear values.

Blackmon et al. (1960) reported that 16 Hereford females, four in
each age category of 6 months, 18 months, 42 months ard 90 months at
slaughter, were selected on the basis of approaching or averaging a
slight degree of marbling. Animal age did not significantly influence
dressing percent nor percent fat, lean and bone. Percent loin, chuck
and plate increased with age while percent round decreased. Correlation
between panel tenderness and Warner-3Sratzler shear was highly significant
(r = 0.84). Tenderness of the broiled loin steaks, aged 1l& days,
decreased significantly with increased aze of animal. However, the
differences in tenderness of the steaks frozen after the L48-hour chill
period and later cooked were not significant. Influence of age may not
be as great as has teen commonly thought but rather the tenderizing
effect of aging beef may be greater for younger cattle. Juiciness and
flavor were only slightly influenced by animal age while percent

moisture dscreased with increased age.



Hiner and Hankins (1950) studied 52 beef animals in five age
groups as follows: 8 cows, five and one-h2lf years of age; 8 heifers,
barren, three years old; 25 steers, 990 pounds, 16 months old; 8 calves,
500 pounds, seven months old and 3 vesl calves, two and one~half months
old. These workers found the cows graded Commercial, the heifers high
Commercial, the steers Good, the 500 pound calves high Standard and the
veal calves Good. Among the muscle groups studied in all these cattle,
the neck and fore shank muscles were found to be least tender followed
by the muscles in the round, the muscles in the chuck, rib, shortloin
and sirloin ard finally the most tender muscle was the tenderloin.
Differences in terderness between the groups of muscles were not as great
for the three~year old heifers as for the cows. The three large riuscles
in the round were not significantly different in tenderness. As the age
of animals increased, tenderness decreased for each of the nine muscles
sampled. Differences between veal calves and cows were highly signifi-
cant, whereas those tetween vesl and 500 pound steer calves were not
significant. Hiner and Hankins (1953) in another report on this same
group of cattle found that fiber diameter increased in all nine muscles
with increasing age with the exception of two miscles in the vesl and
500 pound calves. As fiber diameter increased, resistance to shearing
increased. In general, the less active muscle fibers increased in size
with advancing age more than those fibers that were more active, Thne
relaticnship between tenderness and fiber diameter for all samples was

showm to he curvilinear with a curvilinear correlation of r = 0.83.



An interesting observation by Orme et al. (1959) on x-ray
radiograph measurements of lumbar vertebra and their tranverse processes
in live cattle showed a significant relationship between width of the
vertical process of the lumbar vertebra and ribeye area in the carcess.
This particular measurement accounted for from 20 to 22 percent of
the variation.

In a small palatability study of 16 animals equally divided
between 18 and 30 months of age, Simone et al. (1959) reported a
significant effect of the age difference on the tenderness factor only
of the three palatability characteristics studied. Significant differ-
ences in the panel's palatability scores were related to differences in
U.S.D.A. grade within and between age groups. Panelists rated Choice
grade cuts higher in tenderness, Jjuiciness and flavor when compared
with those of Good grade carcasses. Anterior locatinn in each of the

semimembranosus, adductor and loncissimus dorsi muscles resulted in

higher quality scores in the above factors than did posterior locations.

Reflectance measurements of the raw, ground rectus femoris muscle

indicated a darker (lower Y value) meat from the 30-month old steers
and from the Choice grade steers than from the younger, lower grading
steers.

Tuma et al. (1962) using 24 Hereford females, 18, %2 and 99
moriths 0ld, with slight and slightly abundant amounts of marbling and
sampling two and 14 days after slaughter, found a significant difference
in tenderness was related to animal age. The higher marbling level was

associated with slightly greater tenderness, toth panel and
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Warner-Bratzler shear, than the lower amount. Older steaks were scored
more tender after aging 14 days while steaks from the 18-month old
heifers did not show any improvement. Color of steaks was darker red
as animal age increased. These older steaks showed a significant
decrease in hue, value and chroma. Aging produced a brighter, more
intense color. Marbling level did not seem to influence color. Taste
panel flavor and juiciness scores did not appear to be related to
animal age, marbling level or aging period.

Webb et al. (1964) in a similar type of study reported on
carcasses from €6 cattle, 12, 24 and 60 months of age, which were
selected to differ in method of antemortem stress treatment, method of
aging and grade. Significant differences in tenderness were found when
comparisons between the stressed and nonstressed cattle were made early
in the aging period and when older cattle were compared with younger
cattle. The differences noted in the early part of the aging period
were largely resolved as time passed. Tenderness improved during
aging, but ro significant differences were shown between carcasses
aged at high and low temperatures for three ard 15 days, respectively.
Panel tenderness values were significantly correlsted, r = 0.67, with
Warner-Bratzler shear values but not with the hydroxyproline content
of beef muscle.

Wanderstock and Miller (1948), while studying four methods of
feeding cattle, found among other things that there was less express-
able juice from the fatter cattle when using the Carver hydrauvlic press

as the measuring device. All beef produced under these trials was
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acceptable; however, beef produced with grain in the ration was higher
in grade and palatability than beef produced on pasture alone, due
largely to differences in fatness. Grades ranged from low Commercial
(presently Standard grade) to low Good for the straight pasture-feds
while the cattle fed some grain and full-fed grain graded from low Good
to average Choice depending on the amount of concentrate in the ration.

A study on the tenderness and biochemical characteristics of
meat three and 13 days post-mortem from 32 animals was conducted by
Wierbicki et al. (1954). These animals included heifers, bulls, bulls
implanted with diethylstilbestrol, steers and steers implanted with
diethylstilbestrol. They noted no great differences in tenderness
between groups at 13 days post-mortem, although the hormone treatment
tended to produce slightly tougher mezt at toth three and 13 days
after slaughter., Intramuscular fat was greatest in steers and heifers
and least in tulls and hormone-treated steers.

Jacobson and Fenton (1956), reportinzg on the effect of three
levels of rutrition and age of animal on the quality of beef, found
individual muscle weights increased with higher feeding regime as well

as with age. The levels of nutrition were &0, 100 and 160 percent of

O.
W]

Morrisoan's recommendations arnd agze zrouvs at slaughter were 32, 48, 6L

and 50 weeks for the 24 experimental heifers., Intramuscular fa

+

e

increased with higher nutrition level; however, no significant differ-
ences in Yarner..Bratzler sheer values cculd be attributed to the level

of nuirition. Also, no consistent evidencs was found that shear force
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was less for psoas major than for longissimus dorsi or semimembranosus

at each age. Flavor of lean from medium and high levels of feeding was
scored higher by a panel than that from the low level. For one muscle,

the longissimus dorsi, tenderness scores were higher at the medium and

high nutrition level than at the low level. The other muscles studied
did not show this relationship. Flavor and aroma were most desirable
at 48 weeks of age. Tenderness score decreased slightly with age,

particularly in the semimembranosus.

Correlations for carcass grade after ribbing with live slaughter
grade in uniform groups of fed cattle generally have been showm to be
very low. iheat and Folland (1960) reported a study where /88 Hereford
slaughter cattle fed in 15 experimental groups were graded on an
individuel basis for expected carcass grade to one-third of a grade.
From three to 10 and on the average 6.6 individuals with varying amounts
of training live graded the cattle. &®ighty-one percent of the
carcasses graded from average Good to average Choice, after ribbing.
Average correlations between slaughter grade and carcass grade ranged
from r = 0.07 to 0.39. Average correlation between carcass grade after
ribbing and degree of marbling was r = 0.89, which points up the strong
dependence of carcass grade on marbling level in youthful animals.

Gregory et al. (19462) in a somewhat similar type study reported
that group means for live and carcass traits can be estimated with a
reasonable degree of accuracy if the experienced graders have a knowledge
of the feeding and management programs as well as the live weights of

the cattle. Also, quantitative differences are more easily appraised
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than qualitative differences because of the very close relationship
between quality and marbling. They emphasized that live evaluation

alone is not good enough for selecting breeding stock.

Beef Carcass Traits

Blumer (1963) in a review of the literature on factors affecting
the palatability of beef noted that varinus workers have reported
differences in tenderness (taste panel and Warner-Pratzler shear) due
to breeds, sire and sire within breed. Alsn, he stated that exact
chronological age of animal may be useful in relating palatability to
age of animal; however, there may be something said in defense of
carcass maturity as it has been influenced bty genetic, metabolic and
other biological factors as an indicator of the condition of the meat.
Al though there are exceptions, in general, the older the animal, the
lower the palatability score but no one is sure when this decline in
palatability begins. Hutrition level may influence the quantity as
well as the types of fat deposited in the carcass. Aging periods must
be accounted for in palatability studies since they definitely can
influence results. Conditions of storage and length of holding time
should be controlled and reported with the data. Also, cooking
procedures may greatly influence juiciness and tenderness and should
therefore be carefully controlled and reported. Taste panel selection
and procerfures for tasting are other areas where close attention to
detail should te given. The type of panel as well as their variation
or error should be noted if at all possible. From available information,
chemically determined fat and tenderness co not appsar to be related

SOUTH DAKOTA STATE UNIVER BRAR
M 0. E UN SITY LIBRARY
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although a number of researchers have found a small, but positive,
relationship between marbling level and tenderness. Flavor appears to
be only slightly related to marbling level. To conclude this review,
the author gives three short admonitions. First, report the extent to
which the taste panel has been trained. Second, state the exact time
and conditions of holding and storage. Finally, use sufficient samples
within a definable population to make results valid and meaningful.

Cover et al., (1956) recorded fatness by physical separation, by
estimation of marbling and by determinations of ether extracts all on
the 9-19-11 rib section. Broiled and braised rib steaks were compared
for juiciness and tenderness. The strongest association was established
between fatness and juiciness but only about 30 percent of the variation
was accounted for. Tenderness was not associated with any of the

measures of fatness other than ether extract in the longissimus dorsi

and bottom round. Ether extract accounted for 10 and 30 percent of the
tenderness variation of the two muscles, respectively. The authors
comment that it certainly is disconcerting to fird that something which
has appeared so obvious to so many for so long should be so extra-
@edingrily difficult to prowve_ in the Jaberatory. . It. is-not surprising,
therefore, that a consumer who buys a well-marbled or fat loin steak may
sometimes be disappointed by its lack of tenderness.

Rib and eye of round steaks from 20 high and low marbled
carcasses ranging in age from 15 to 25 months of age were evaluated both
uncooked ard after they were broiled to internal temperatures of 140,

160 and 180° F. by Gilpin et al. (1965). The marbling levels studied
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were moderately abundant and slight in the rib steaks and moderate and
slight in the eye of the round steaks. Bvaluations included fat and
moisture content and shear values of the major muscle in each steak and
palatability characteristics of cooked steaks. Variations in the
palatability characteristics of broiled steaks were due primarily to
the kind of steak and the internal temperature to which they were
broiled. Rib steaks were scored higher in tenderness, flavor and
juiciness than eye of round steaks. As steaks were broiled to higher
internal temperatures, they were usually scored lower in tenderness,
flavor and juiciness. The rclationships of marbling or fat (ether
extract) with the palatability characteristics of tenderness, flavor and
Juiciness of the two muscles studied were generally inconsistent and
correlation coefficients were very low,

Hiner (1955) stated that color of red meat is not necessarily a
guide tn the eating quality of veef, but it is always a psychological
factor which has real importance for many people. Color, alone, has
not been showm to have any influence on palatatility; however, older,
more mature animals generally have a darker colored lean. Tenderness
generally decreases with animal age while intensity of flavor of lean
tends to increase. Correlations for marbling level with tenderness,
flavor and juiciness on 293 beef and dual purpose Shorthorn steers were
0.15, 0.35 and 0.25, respectively. Because of the very close relation-
ship between carcass grade and marbling level, correlations between
carcass grade and each of the atove were approximnately the same.

Harbling level ard richness or quality of juice gave a higher correlation
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of r = 0.456. Yellow fat was not considered detrimental to carcass
quality. It only indicates a high deposition of carotene.

Results of a three year study conducted by Simone et al. (195%)
indicated that differences in tenderness, Jjuiciness and flavor becamne
more apparent with wider differences in degrees of finish and carcass
grade. The relationship between percent carcass fat and quality scores
did not reveal striking correlations. Flavor, however, appears to be
associated with intramuscular fat to the exteant of r = 0.5%., .This
study consisted of 48 steers, 16 per year of which half were on
different rations to produce different degrees of finish. Most differ-
ences in eating quality were found between Choice and Good ard Choice
and Comnercial (now Standard) grade comparisons. When sizable differ-
ences in intramuscular fat (marbling) occurred, the taste panel con-
sistently and significantly preferred the meat from carcasses with more
marbling.

Romans et al. (1945a) studied the influence of carcass maturity
and marbling on the physical and chemical characteristics of bkeef.
Eighty beef ribs representing four maturity levels (4, 2, C, D,
presently A, 2, C) and two marblinz levels (slight and moderate) were
used in this study. Ileither maturity, marbling nor core location had

a significant effect on tenderness as determined by Warner-3ratzler

shear., Steaks from the longissirus dorsi of the more mature carcasses

were generally considered less tender than those from less mature
carcasses by a taste panel. The taste panel could detect no differences

in tenderness due to nmarbling or sample location. The flavor of the
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steaks from the less mature carcasses was generally preferred by the
panel. Steaks containing a moderate amount of marbling were signifi-
cantly more Jjuicy than those containing a slight amount. Muscle fiber
diameters were significantly larger in moderate marbling level steaks
than slight marbling level steaks. A trend toward larger fiber diameter
was noted in the more mature carcasses. MNoderate marbling steaks
possessed significantly more fat and less moisture while the slight
amount steaks had significantly more protein. \larner-Eratzler shear
measurements and taste panel tenderness were significantly correlated
while fiber diameter was not significantly correlated with tenderness.

In another part of the same study Romans et al., (1965b) found
that of the three iflunsell color components only value was affected
significantly by maturity, while only hue was affected by marbling.
Value decreased significantly with increasing maturity, but the differ-
ences were significant only at the A maturity level. Hue increased
significantly with increased marbling. liemoglobin was negatively
correlated with flavor, irdicating that higher hemoglobin conteat was
associated with desiratle flavor using the rating 1 being the most
desirable and 8 the least desirabdle.

BBl wot al. (1965) in a.similar; study dsitge 22 .careésses af A,
E and F maturity groups (presently A and F) and marbling scores of
moderately abundant, slightly abuadant, modest, small, traces and
practically devoid found that marhling had no effect on tenderness,
flavor or juiciness as deternined by sensory scores. Older animals were

Significantly less tender but did mot differ significantly in flavor
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intensity scores. iarbling level was inversely related to moisture
content. Also, more mature carcasses had a lower moisture content of
the raw meat, but this difference was removed by conking. Sensory
evaluatinn of tenderness and L.Z.,3%.-Kramer shear values were highly
significantly correlated. Finer textured, more evenly distributed
marbling was associated with increased tenderness. Differences between
A and B maturity groups were not significant.

M smeyer et al. (1959) reported on a study of factors influencing
tenderness in 28] animals of predominantly SBrahman and Shorthorn
breeding. Ages at the time of slaughter rangsed from 5 to 87 months with
an average of 13.8 months. Carcass grades ranged from low Canner to low
Prime and averaged between high Standard and low Good. I4arbling scores
given by the federal grader ranged from devoid to moderately abundant
and averaged betiwreen traces and slight amount of marbling. The multiple
correlation coefficient for shear tenderness with marbling and animal
age was r = 0,39. A partial correlation coefficient of 0.25 was found
between slaughter age and tenderness by shear with marbling held
constant, whereas a partial correlation coefficient of -.35 was obtained
between marbling and tenderness shear when age was held constant. Using
data from 180 of these carcasses ranging in age from 5 to 39 months
along with 322 other carcasses of undetermined genetic tackground but
known to ke in the same age range, a highly significant correlation
coefficient of 0.15 was obtained between tenderness and slauchter ace.
#arbling alone only accounted for 8.0 percsnt of the panel tenderness

variability.
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Malphrus (1957) reported on the effect of beef fat color on
flavor of steaks and roasts. Only 12 carcasses, six with yellow fat and
six with white fat but otherwise very similar in grade, age, weight and
cooler aging were used. A panel of 105 tasters sampled steaks and 139
sampled roasts for a total of 244 taste evaluations. These included
189 different individuals.

The conclusions made were:

1. A significant number of judges for beef steak and roast
detected a difference in the taste of beef with yellow fat and that
with white fat. Of those who detected a difference in steaks, a highly
significant proportion stated a preference for white fat over yellow
fats

2. Some (two out of four) of the comparisons made by each panel
member werc on samples from the same animal to check their ability to
detect differences. Many noted differences where there should have
been none.

3. No flavor preference was given for white or yellow fat
roasts, although differences were noted by a significant number of
tasters.

This study leaves some question about the coanclusions drawm from
such a small sample of the population with the opportunity for wide
intra- and intermuscle location differences betwean such a large number
of tasters.

Hornstein and Crowe (1954) in a review of information on meat

flavor reported that it is generally agreed that (a) beef flavor
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precursors arc water soluble, (b) heat is necessary for the production
of flavor, (c) the precursors are amino acids and reducing sugars (or
perhaps a single glycoprotein combining the required sugars and amino
acids in one molecule) and (d) a major flavor-producing reaction may be
a ifaillard-type reaction between amino acids and sugar. There is
considerable evidence that volatiles from lean meats, such as beef,
pork and lamb and presumably from other lean mesats, contribute an
identical meaty flavor and that species flavor differences can be traced
to the fat. The studies on beef and pork fat indicate that oxidation
PSS aturated fatty acids may account, in part, for the different
species flavor. The studies on lamb fat indicate that fat may act also
as a depot for fat-soluble materials that can influence flavor.
Bone-muscle relationships were studied by “ythe et al. (195%) on
73 ilereford x Prahman crossotred steers and 16 Hereford and liereford x
Angus heifers. Correlations hetween bone weights and bone lengths of
the trimmed metacarpus, tibia, femur, metatarsus and ulna-radius were
all above r = 0.80. This would indicate bones within the same animal
tend to grow at about the same rate. Tone weights per unit length
ratios were correlated to the extent of about r = 0.65. MNo adjustments

were made for weight or age in these data.

£Fhysical and Chemical Characteristics of Reef and Their Relation to

e —— T B e

Palatability

e e

more refined paysical arnd chemical messures of meat samples “alter et 21.

(I9€5) in anothier part of the study conducted bty Goll et al. (1965)

—
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found that broiled longissimus dorsi stesks were more tender than deep

fat fried steaks as measured by “arner-Bratzler shear. Cores from the
medial position, which corresponds to the dorsal position in the study
of Alsmeyer et al. (1965), were significantly more tender than those
from the lateral position. L.E.Z.-Kramer shear measurements on raw
samples were of little value in evaluating tenderness. Longissimus

dorsi from the more mature carcasses was firmer, darker, coarser and had

n
,_l-
n
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g antly higher pil values measured five days post-mortem than the

longissimus dorsi from less mature carcasses. Water-binding capacitiy

D

and pl! were significantly correlated. An increase in muscle pf value
was associsted with subjective scores for darker color and coarser
texture.

/f\ ifjoseth (1962) ceonducted a study of tenderness variation in

lonszissimus dorsi aend semitendinosus tovine muscles from the left side

o r\

of 12 Hereford heifer carcasses. Objectives were to determine the

variation in tenderness, gross chemiczl composition, pil and ceoking loss

o
>

Ol to earcass and position effeect. (Results indicated carcass differ-
ences accounted for more variation in 211 variables except cooking

losses than steak position in the loncsissimus dorsi. However, the

reverse was trus in the semitenflinosus muscle where more differcncses

*$

were found tetwsen positions than betwesn animals. Indicst

)_l-

ons were

that posterior position of the lnazissimus dorsi may %Ze kest suited for

tenderness studies where animal variation is of prime importancz. The

R Iy o 3 ) <z, S Y e A Fe) gl WO TR
e "horacic 2nd first lumbar veritebras arsa possessed dlie Yeast intpat
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museul ar fat and had the greatest resistance to VWarner-Sratzler shear.
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A study of somewhat the same nature by Alsmeyer et al. (1965) on
some dorsal-lateral location ternderness differences in the longissimus
dorsi muscle of beef and pork found that beef STE (Slice Tenderness
BEvaluator) shear values of the dorsal location were significantly lower
(more tender) than those from medial or lateral locations. When nine
locations within a beef slice were tested, the dorsal position again was
the most tender. This study was conducted on 84 cattle, 70 swine and
rib roasts from another 136 cattle in a second study. The longissimus
dorsi steak samples were rated for tenderness by panel, the STHE shear
and puncture and by the Warner-Pratzler shear. Among beef samples more
Panel tenderness variance was explained by Warner-3ratzler than by STZ
values with correlations of r = -.8, -.71 and -.55, respectively, for

)

Warner-Pratzler shear and 3T% shear ard puncture methods. Among pork

samples the 31% accounted for over twice as much panel variance as
warner-Sratzler shear. Pork chops and beef steaks also differed in
areas of greatest tenderness. Conclusions from these data emphasized
the importamce of careful selection and control of sampling locations
where tendernsss is a factor being considercd.

Blumer et 21. (1962) reported on the nature and variability of

marbling deposited in lonzissimus dorsi muscle of the 9-10-11th rib

section of 22 cattle. These 9-10-11th rib sections were examined for
patterns and amount of variation in marbling deposition after they had

been frozen and cut into 1/4 inch thick slices. Marbling level within

the same carcass varied fro=m 2/3 of a degree of marbling to 2 2/3 degrees

=)

of marbling. Even adjacent slices showed up to 1 1/3 degrees of marbling

=)
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difference. The amount and type of marbling exposed when the ribeye is
cut, therefore, seems to be somewhat subject to chance. The range in
grade of these cattle was from low Standard to low Prime. Twenty of the

22 cattle were in the Standard and Good grades.

Comparisons Zetween Mechanical and Sensoryv Methods of Evaluating

Tenderness. Pockian et 2l. (1958) reported a study on 145 rib roasts
using the 10th and 11th rib section where a food grinder, specially
wired, was used to measure the energy required to break down cubes of
sample. These results were compared with trained laboratory taste panel
evaluations. A correlation of -.60 was obtained between these objective
and subjective tenderness measurements. Duplicate samples showed about
a 10 percent variation in the energv required to grind the sample. The
samples used ranged in grade from Prime through the Utility grade.
Burill et al. (1962) compared two mechanical devices (Warner-
Bratzler shear and L.R%.Z.-Kramer shear) with taste panel evaluation for
measuring tenderness. The three major muscles of 12 Canner or Cutter
grade cow rounds provided 54 samples. In addition 28 Good and Choice
grade ribs were used to make a total of 82 samples. Five methods of
measuring tenderness were used. These included taste panel scores, panel
chews, “Warner-2ratzler shear, L.Z.7%.-Kramer shear maximum force and
Kramer shear total work performed. IHighly significant correlations were
found for =11 the wvarious combinations of tenderness msasures. The
lowest was 0.55 for pansl chews X Kramer maximum force while the highest
Was between panel scores and panel chews (-.91). iarner-Sratzler shear

and panel score was r = -.83. Kramer maximum force and panel score
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correlation was r = -.,72. Relationships between individual muscles were
lower than for all combined, undoubtedly because of the lower amount of
variation. Further measurement of total work performed in shearing the
sample with the Kramer shear does not provide any better measure of
tenderness than measurement of maxirmum force.

Conclusions drawn from a comparison of sensory methods with the
darner-Bratzler and L.Z.Z.-Kramer shear presses by Sharrah et al. (1965)
include:

1. Sensory quality factors (tenderness, flavor and juiciness)
appeared to be closely interrelated.

2. Warner-Bratzler shear gave slightly higher correlations with
panel tenderness than L.Z.53.-Kramer shear or Kramer-Warner-Bratzler
modification usinz the Warner-Pratzler shear plate attachment.

3. ifechanical devices differ in sensitivity and reproducibility
and appear to measure different properties of meat.

L, Variations may exist within the same muscle.

5. Judges vary considerably in sensitivity and reproducibility
and tend to give relative judgments within a set of variables.

6. Use of only the correlation coefficient in relating
subjective and objective measurements may be insufficient.

Alsmeyer et al. (1966) reported a study of 375 beef rib roasts
and 226 pork loin roasts which were measured and compared for tenderness
by the modified tenderness press, Warner-3ratzler shear and STE measure-
ment techniques. The meat, as measured by instrument and pamel, became

prozressively more terder as beefi carcass ard pork maroling increased.
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Objective tenderness measures tended to correlate more closely with
panel tenderness score among Standard and Utility grades of beef than
among Choice and Good grades. Among pork samples, however, the objective
measures tended to correlate more closely with panel tenderness score for
pork with greater amounts of marbling. Carcass grade and objective
tenderness measures of beef accounted for 5.9 and 53.8 percent, respec-
tively, of the panel tenderness score variation, while marbling score
and the objective measures of pork accounted for 7.7 and 46.3 percent,

respectively, of the panel score variation.

Cookerv Methods. Cooking method may have a distinct influence

on results in meat palatability studies. Simers and Hanning (1953)
found that increasing temperature of braising and length of cooking
time siznificantly increased Jjuice loss. Suet-covered samples of lean
gave similar results.

Paul et al. (1952) reported a study of steaks and roasts from

the biceps femoris and semitendinosus from six animals (two Prime, two

Good and two Commercial) cooked after 0, 5, 12, 24, 42 to 53 and 144 to
149 hours of cold storaze following the stunning and slaughtering of
the animal. The pil decreased with increased cold storage time. The
tenderness, as measured by shear force, chanced with length of storage
time. DRoasts were least tender immediately after slaughter and
increased in teaderness with time. Steaks were tender at slaughter,

becane less tender and then more tender again. This pnenomenon may be

explained by the relationship of heaif penetration to the stase of rigor
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mortis at the various time periods the meat was cooked. The slow heat
penetration of roasts cooked immediately following slaughter probhably
hastened the onset of rigor before the muscle proteins were denatured,
whereas the steaks conuld be heated rapidly and more thoroughly before
rigor mortis could occur fully thus remaining quite tender. A short
time later, however, the steaks and roasts would be naturally in a state
of rigor and cooking at this time with slow rate of heat penetration in
roasts may actually accelerate the resolution of rigor while the faster
cooking steaks may btecome denatured in this toughensd state of rigor
mortis, With increased passage of time, both roasts and steaks may be
gquite tender as natural resolution of rigor is given a chance to occur
before the meat is cooked.

Cover (195%) stated, "2ecauss tenderness is such an important

component of the eating satisfactinn of meat, a reliable method of

=3

detecting it is greatly needed. Such a method ought to te suitable for

o
L

detecting tenderness or touzhness in the steak before it is cooked, in
the wholesale cut, in the carcass, and in the live animzl." This

Particular study reported on comparisons between longissimus dorsi and

bottom round steaks using two different final temperatures reached by
two different methods of cookery. Results indicate that all steaks
are more juicy at the lower final temperature. 3Broiled 1oin steaks
Were the most tender at lower final temperatures, while braised hottom
round tecame most tendsr at the higher final temperature. Other
comblnations were all tougher to about the same de

Shear values. Coancctive tissue and —uscle
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react differently to cooking by different methods when the muscles come
from different locations in the carcass.

In anotker study by Cover (1959) on lonzissimus dorsi and bottom

round steaks from 55 beef cattle, a discussion of factors affecting
sensory tenderness is presented. These factors include:

1. Softness--rated according to the sensations from the tongue
and cheek and by the ease with which the teeth sank into the meat at the
Mipst bite.

2., Tfriability--the ease with which the muscle fibers broke--
whether they tended to be crumbly or rubbery.

3. Tenderness of connective tissue--rated by the quantity of
connective tissue and its resistance to chewing.

four steaks from each muscle system were used. Zach of the four
steaks was cooked differently. Two were oven-broiled (one to 61° C.,
rare; and one to 892 C., well_-done) and two were braised (one t»n 850
C., medium-rare; and one to 109 C. and held there for 25 minutes, very
well-done). Shear force values and judges' scores for juiciness were
obtained in the usuzl manner but instead of a single score for
tenderness, scores weore obtained for all three of the above. Scores
for juiciness were remarkably similar to those of a previous study,

The tenderness of connective tissue in bottom round was scored low (3.1)
when broiled rare, medium when broiled well-done (5+.5) and braised
nediwn rare (5.9) but very tender (9.3) when braised very well-done.

Thus ths connective tissue in botton round was made tender by braising

to a

1zh internal temperature (1092 C.) and holding for 25 ninutes. o
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significant effect was obtained in loin steaks tvecause of low connective
tissue. Scores for sofiness were highest in the steaks broiled rare
B61° c. ). Broiling well-done (800 C.) and braising (85° C. and 100° C.
plus) seemed to harden the muscle fibers in both loin and bottom round.
Scores for friability indicated that the muscle fibers in the loin
steaks broke apart most readily when broiled rare and were less friable
after the other three conditions of cooking. Contrast was marked.

Judges apparently were able to distinguish successfully between the

three components of tenderness.

Other Characteristics of lMeat “hich {ay Be Related to

Palatability and Particularlv Tenderness. Parrish et 2l. (1962) reported

on a study involvineg 32 loin and 60 round steaks. Hydroxyproline
content was used as an indicator of the amount of connective tissue.
The correlation coefficient for all steaks exanined for hydroxyproline
content and sensory tenderness was -.69 (P<.001). Hydroxyproline
content was a better measure of the tenderness of less tender stecgks
than of tender steaks.

Another study on the character of connective tissue conducted by
finer et al. (1955) on 52 cattle noted that elastic fibers as well as
eollasen fibers were larger and more numerous in more often used muscles.
The preserce of fat caused 2 looser nstwork of collagen. “lastin or
collagen's relationship with terderness seens to be obscure.

Study of the economically irmportant trait of lean ecnlor with
was conducted

L 3 3 Ja . r
Tanadian resesarchers found tnat



2

29

ribeye p:i proved highly correlated with the ribeye color if the pH was
taken at the normal place of ritbing a carcass in Canadian plants
between the 11lth and 12th ribs. The results indicate that approximately
90 percent of dark-cutting carcasses have an ultimate pHd of 6.0 and
above at the 1lth and 12th rib. When one uses this pr as a criterion
for dark-cutting beef, the likelihood of incorrectly classifyving bright-
cutting beef is very small, less than 1 percent. This pemits the meat
processor to identify darx-culting carcasses quickly and makes it
possible to use pH as a reference standard for settling visual claims
as to dark-cutting beef. Sampling pi in other areas is not very highly
related to ribeye color. Iormal teef should have a pHd of aboul 5.4 or
5 .

In another study on the actual incidence and, therefore, an
indication of the economic significance of dark-cutting beef, HMunns
and Burrell (196%) checked 14,000 cattle between 1957 and 1941 an
found an incidencs of 8 percent. In Choice steers this jncidence was
3.5 percent while in lower quality Zommercial steers 12 percent were
c¢lassified as dark cutters. Shorter period studies indicate no real
differences betwesn steers and heifers but a much higher incidence in

cows. Also, a stronz seasonzl trend is indicated with highest incidence

e
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in fall and the next hest period in spring. Hedrick of !lissouri has
been able to produce dark cutters at will by the injection of adrenalin;

. . . o . L.
therefore, it seems the derk-cutting condition is probadly related to

3

periods of stress. Sixiv-five hundred of the above 14,000 cattle were

om basis with the only restrictions being
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that steers at the rate of 10 head per day were selected with only one
steer from any one lot. More highly finished cattle probably have on

1,

the averaze higher tissue glycogen levels, therefore, being less subject
to dark cutting.

In a very limited (four pairs of muscles) study, degree of
muscular contraction was observed as it related to tenderness by lLocker
(1969). The various muscles of the beef carcass go into rigor in widely
differing states of contraction as defined by the striation patterns of
the myofibrils. The final state of a muscle appeared to depend on the
strain imposed on it in the hung carcass. It may be modified by cutting
or excising the muscle., There was no correlation between the tenderness
grading of the muscles and their contraction state in the carcass in
rigor, but this could bz due to the more dominant effect of connective
tissue in some of the muscles. Taste tests conducted on psoas muscles
which had been cut at death and allowed to shorten were tougher than on
the controls. It was concluded that relaxed muscles are more tender
than partly contracted muscles and that this effect may be significant
in the scoring of muscles with low connective tissue content. Muscles
excised from the carcass hefore rigor may shorten from 20 to 39 percent,
All shorterned psoas major and minor nuscles tested wers tougher than
non-excised muscles.

Husaini et al. (1950) studied the relationship bestween ruscle
plasma as represented by muscle hemozlobin (mvoglobin) and alkali-
insoluble protein upon beef tenderness. The experimental animals
included ten iHereinrd and ten olstein two and one-half rear old steers,

0y

four well-finisted yearlings and four marketl cattle. 0 relationship



3l

between carcass grade and tenderness was found in this study. Neither
were there any significant differences (for tenderness) between breeds.
Myoglobin levels showed no relation to tenderness at three days post-
mortem, but a very significant correlation with tenderness was observed
15 days post-morten.

Deatherage (1957) reported on some basic chemical considsrations
regarding the tenderness of meat. Briefly, aging of beef can influence
tenderness to a degree. Upon post-mortem aging, pd tends to go up
while juice expressed on cooking goes dowm. Actomyosin does not appear
to te the key to tenderness. Finally, salt infused into meat can
improve tenderness, water holding capacity as well as reduced drip on
freezing.

A study by Gaddis et al. (1950) found no relationship existed
between percentage of press fluid and panel scores for quantity of
Juice. There was a direct curvilinear relationship between percent of
fat in press fluid and scores for quantity and quality of juice.
Percentage of press fluid tended to decrease with increase in its fat
content. Consistent relationships between these factors were not
found in lamb, mutton and chevon (goat).

Cole st zl. (1967) studied specific gravity as an objective
measure of beef eating quality. One hurdred ribs evenly divided for
the five grades, Prime through Commercial, werse selected to study the
variation in eating quality. 2ibs were aged 14 days prior to samplinz.
Fat cover decreasad with decreasing grade on the average of 0,41

level decreased 1.78 deszrees per

=

centirmeter per zrade vwhils martlin

4]
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grade. Specific gravity values for excised lonzissimus dorsi muscle

range from Prime, 1.056; Choice, 1.060; Good, 1.064; Standard, 1.067
and Commercial, 1.057. Flavor of lean, tenderness, Jjuiciness and total
palatability decreased progressively from Prime through Commercial
grades. With the exception of Good grade which sheared on the average
1.03 pounds less than Choice, shear values showed the same linear trend
to grade. When leaving out Commercial ribs, only 10 to 20 percent of
the variation in beef eating quality was explained by specific gravity.

Host of this was due to juiciness and flavor, not tenderness.

Use of fnzymes. As has heen the case in many fields of

endeavor, sometimes solutions for the problem are found hefore the
problem is fully understood. In the case of meat tenderness, the use
of enzyme preparations in various ways can produce tender meat.

Weir et 21. (1958) reported that Gottschall and Kies in 1942
found the most rapid digestion by papain occurred between 153 and 135°
F. with very little takinz place below 85° F. The basic oproblem in
using enzymes to tenderize meat apvears to be that of obtaining uniform
distribution. In this particular study ribeye steaks from Utility grade
cow carcasses were made more tender by treatment with liquid preparations
containing papain, all and hydrolvzed vegetable protein. The sarcolemma
and muscle fiter envelopes were disin

of the endomnysial conllacsen occurred. Azing of meat from two to five

days did not affect the eventusl tenderness of the snzyme-treated steaks.

()

hawing at 702 7. resulted in nushinsss of the steak surs

(3

tenderness than thawinz and holding at 40° F
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In another study by the same group, Wang et al. (1953) found a
close relationship between enzyme-induced changes in the tissue
structure and panel response to tenderness differences. The ability of
an enzyme to hydrolyze hemoglobin and gelatin did not reflect its
activity as a meat tenderizer. The initial tenderness was interpreted
as being associated with disintegration of the sarcolemma and muscle
fiber envelopes and with reduced muscle fiber extensibility. Residue
was interpreted as being associated with degradation of collagen and
elastin fibers.

Larger quantities of enzymes were needed to procduce tenderness

in steaks from semitendinosus than from longissimus dorsi muscles, In

1

the latter steaks, the presence of 2 percent #all in the rehydrating

media produced a marked increase in tenderness.

L

A further step in the usc of enzymes Lo tenderize beef was
reported by Swift and Company (1950). A papain enzyme solution is
injected into the animal & tn 10 minutes before slaughter. The amount
of solution azdministered varies with animal weight but about eight
ounces 1is used for an average size steer. Tenderizing does not hegin
until the meat is cooked. Advantages listed for this patented Proten
process are that no azsing period is necessary and therefore shrinkage
and discoloration lossas are reduced. Also, the process allows a change
in cooking methods for some of the previously less tender cuts of meat.
One disadvantage may be that meat may become overly tender or mushy if
improper cookirg techniques are used. Falatability will suffer greatly,

IR

particularly if ths meat is left

"N

n a steam tahle or at warm temperatures

for a prolonzcd parind of time.
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Bone Characteristics

Only & small amount of study has been given to bone and its
properties in meat animals. Discussion of bone characteristics has
been largely in relation to carcass maturity or physiological age.

This is characterized by the development of cartilage ossification as
the snimal matures. Ossification sequence tends to follow a specific
pattern among animals of the same- species, although this may be
altered by genetics, nutrition regime, dissase, endocrine situation
and possible other unknown factors.

Since studies on objective measurements of tone properties in
meat animals are extremely limited, much of the following literature
7111 relate to the study of laboratory animzl or human bone.

Heaney (1965) vresented a paper on possible applications of
techniques used in medical tone research for meat animal studies.
First, a material engineering approach could be taken where such tests
as stiress analyses and bone hardness could be made. Secendly,
microradiozraphs of a thin section of undecalcified bone enn a fine
grain x-ray film and subjected to soft x-rays can demonstirate remarksble
variation of the mineral density in various regions of 2 bone or
between tones, Comparing a two and one-half year old child, a 1l7-year
old adolescent and a 77-year old wemzn, the degree of porosity in the
cortex drops from atout 40 percent in the child to about 3 to 4 percent
in the middle teen-z2gss and then graduelly builds back up until sometime
late in 1life one has up to 30 or 40 percent porosity. Third, tetra-

v of
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cycline can be umed =3 a tracer becauss of its-unique capzhbil
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being deposited a*t the site of new bone formation. With the use of an
ultraviclet microscope on a section of bone from an anima2l which has
been administered tetracycline over a specified period of time,
information can be gathered about the sites and rate of new bone
formation. Minally, a2 new development in the use of x-ray densitometry
involves using a collimated gamnma ray source rather than the ordinary
x-ray tube. Advantages for this technique are the relative portability
of the unit and the monochromatic wave length of a gamma ray source.
This will produce rays which will only be absorbed by specific
components of the material exposed, For exemple, calcium or phosphorus
may be exposed without interference from the sofi tissue componentse.,
Of course, this is normally a problem only when dealing with live
animals where soft tissue cannot be removed,

Coacerning the same technique, Cameron and Sorenson (1963)
discuss the use of indine-125 at 27.3 Kev or Americium-24) at 59.6 Kev
as the ganma ray source. These substances provide the desired monn-
chromatic, low-enersgy photon beam. The photon source and detector
are well dollimated to reduce errors from scattered radiation. Rather
than using an x-ray film with its associated erroars and inaccuracies
to record the intensity of the transmitted beam, .a scintillation
detector is used 1o measure the transmitted radiation. While the bone
sample is being movsd through the photon beam at a constant rate, the
scintillation readings cen be recorded and plotted with automatic
equipment very rapidly and with a minimum of error gzive the toial
mineral content of a section of bone. The resulis are accurate and

Y 1

reprocucible to within zabout 3 percent.



Brovn (1959) also described a machine which can measure the
density of a specific section of bone in relation to a standard step
wedge while automatically making corrections for the area of the bone
section. This procedure still employs the use of an X-ray tube and
radiogzraphs, however.

Step wedges similar to the one mentioned in the previous
article have been employed by many workers as a means of standardizing
film exposure and development differences. laterials most commonly
used are ivory or an aluminum alloy as well as a standard bone sample
because of their similarities in density to bone. Authors reporting
this standardizing technique include Thgstrom (1949), Koch and Kaplan
(1961), Mack (1939, 1949, 1959), lMainland (1.963), McFarland (1954),
Morgan (1962) and Williams (1962).

A number of researchers have conducted studies of several
slightly different techniques of measuring bone density in live
animals.,

Baker et al. (1959) makes the statement that in radiographic
densitometry the largest error is introduced by the soft tissue
surrounding the bone in live animals.

Jackson (1951 ) arrived at the same conclusion and suggestsd 2
simple method of standardizinz these effects is to radiograph the part
(in this case, a hand) in a tray with added water to make a constant
volume,

McFarland (1954) usinz a standardized aluminum alloy step weadze

along with the subiect being x-rared constructed a calibration curve !
& N g ;
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measuring the light transmitted through various points along the wedge
image. This calibration curve can be expected to differ for each film,
owing to the differences in exposure and developing. Yhen the light
transmitted through the bone image on the film is measured, the result
is computed automatically in terms of the calibration curve previously
determined. This feature makes the method reproducible with an srror
in the order of 5 percent. Corrections for soft tissue must be made
for living humans. Jixtremities are most often used because soft
tissue is more easily corrected for in those areas.

wagenen and Asling (1958) conducted a study of bone age in the
Rhesus monkey (!facaca mulatta). Since monkeys are increasingly being
used in lsboratory studies and since many of them are captured in the
wild, it is often desirable and sometimes necessary to determine their
ages. Weight and body length provide a means of approximation but this
can be greatly influenced by nutritional stress. Sixty-eight female
and 43 male monkeys born and raised under standardized lab conditions of
optimal nutrition and health were studied. Ages ranged from birth to
nine znd one-half years in females and eight years in males. Serial
studies were made on 54 of these mixed sex monkeys from birth to five
years of age. #iotations were made of the first appearance of spots of
ossification in different parts of the body. Roentgenograms provided
age estimates throughout the developmental period. In Rhesus monkeys,
both females and males, the sequence of regional maturation or
ossification (eltow, hip, ankle and foot, knee, wrist and shoulder)

compares with data from other primales. This technique was tested on
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monkeys of a knowvn age from another lab and predicted ages were within
three months of the knowm age. GZpiphyseal fusion occurred six to ten
months earlier in females than males. Ossification of the extremities
was complete in females at five and one-quarter years and in males at
six to six and one-half years of age. Therefore, sex distinctions
should be made whenever possitle in the examination of skeletal material.

Schraer et al. (1959) observed that bone density increased with
increased age to adulthood and then decreased in old age in humans.
They also made the observation that bone density may indicate the past
nutritional history of the subject. Murther, rat bone mineral content
can be accurately determined from roentgenograms. Calcium changes of
less than U4 percent. are detectable.

iorgan et al. (1962) used the procedure of jlack et al. (1949)
to study bone density of left ankles (os calcis) and left hand little
fingers (phalanx 5-2) on 524 subjects mostly in Colorado, California and
Jtah and mostly over 59 years of age. Differences between areas and
sexes, as well as ages, were noted. Also, those people in a county
home on lower nutritional levels were noted Lo have lower bone density
areas. Another study found the mean density in 16- to 20-year old males
about the same as aging male subjects in this study. Thirteen to 15
year old females compared with aged females.

iiason and Ruthven (1945) developed an x-ray tone densitometer
which makes direct tracinzs of absorption curves on a nearly linear
scale, Speed and precision zre increased by elimination of x-ray film.

L) 1.
i

0 within 3 percent on a phantom finger and
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within € percent on human subjects compared with 12 to 14 percent when
film is used. Settings for exposures of the left phalanx 5.2 were 40
pKv and 5 ma which gives about 500 millirads per trace exposure. X-ray
tube head and collimator on x.ray detector head are located much closer
to the subject's finger to reduce scatter and exposure to the subject.
Readings are automatically recorded on graph paper. Figures of density
curves of two subjects btoth the same age showed that one, a female on
a low calcium and fairly low protein intake, had less than one-half the
bone density index of a male subject on a much higher level of nutrition.

Mack et al. (1959) stated that the pathological or nutritional
condition of a human teing or animal often is indicated by changes in
the mineral content of certain parts of the skeleton. A brief history
of technique development in tone densitometry was given. Using a range
of settings on a 10 cm. thick bone sample from 5 through 320 ma.-sec.
at a constant Kv peak of 50, it was found that the greatest approach to
linearity in the uncorrecied wedge trace is 49 ma.-sec. at 50 Kv peak.

An earlier backsround paper hy Mack et al. (1949) stated the
advantages of measuring density over a cross section of bone rather than
in a single spot. There were too many chances for erroneous measurements

at only a single spot. At that time they concluded that the measurement

)

of tons density appeared to have considerable promise as a clinical tool

for determininz the calcium nuiritinnal status of an individual and for

detecting changes in calcium nutriticonal status caused by pregnancy,

e in diet or other causes. They also reported that organic

/3

illness, chan

>
>

naterial in hone, including ossein and fat, mekes up atout 35 percent
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of the total bone weight, yet true x-ray absorption from this material
has been estimated to he only about 2 percent of the actual absorption
occasioned by the bone ash.

Frost (1962) discussed the usefulness of tetracycline administra-
tion in bone labeling on the llaversian canal surface of osteoid seams,
Tetracycline will fluoresce which makes it suitarle for observation
under a fluoroscope in a live animal, Tetracycline will also remain in
the bones for long periods of time relatively undisturbted until
remodeling of bone occurs. This characteristic contributes tn its
usefulness in the study of bone building and remodeling rates.

Goldhabker (1964) in a study of collagen and bone postulated that

collagenous tissue throuzhout the body does not calcify due to the

He
&n

presence of calcification inhibitors. In mineralizing tissues, it

1

thought that pyrophnsphate (the probable inhibitor) is destroyed
locally by the enzyme pyrophosphatase.

Pryor (1939) reported that variations in carpal sequence or

chronological order of ossificatinn is controlled by genetic factors in

hurmans. A discussinn is given on classifying members of multiple bhirths

as identical or fraternal on the basis 07 seguance of ossification of

the small kones in the handsg and wrist.

1o

In contrast to this, Sontaz and Revnolds (194%4) studied the

roentegsnozsrans of known idantical *triplets for signs of ossification

] = >

developnent in different bones of the tody over the period from 2 to 14

years of agse. They erphasized thst any one radiograph of different

centers of ossificaticon in the body mzy be mislecading because

=
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ossification occurred at varying rates at different points among the
three individuals and the onset of ossification at these points may not,
and protvably will not, all take the same sequence.

HMainland (19453) reported that bone in infants does not appesr
to becoume more dense in a linear manner. It appears that as bone
growth occurs, there is a constant tearing down zs new bone tissue is
laid down. After soft tissue and increase in bone size have been
removed as variables, there may even be a negative trend in bone
density.

ohatirchuk (1943) made the observation that human bones after
60 years of age become calcium impoverished (atrophic). Organic and
inorganic matrices, however, do not dissppear until the eighth or
ninth decede.

williams and i{ason (1962} in a review of the principles involved
in x-rey densitometr; stated theat when x-rays are absorbed by a
uniform material, the intensity of radiation is reduced by a constant
fraction per unit length of the path through the material (linear

absorption coerficient or A4 ). An equivslent definition for X

obtained when a beam of x-rays of unit area in cross section traverses

unit volume of the sutstance. The fraction of energy absorbed when a
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beamn of unit cross section traverses a2 unit mass of ma

the mass ahsorntion coefficient (A£/[v, where p is the density of the

]J.

dentical for substances of the same

y

material). This coefficient is

atomic number. 1In this particular study a reference wedgfe of homozensous

alloy 92.8 percent aluminum and 7.2 percent zinc was used since its
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effective atomic number approximates that of hydroxy apatite (16.£65),
and its mass absorption coefficient is closely equivalent to bone
mineral. After trying various exposure times, the most suitable was
chosen along the linear portion of the film response curve. The
standard conditions used were 59 pKv, 10 ma, one second and 36 inches
focal distance. Since x-rays and light are ahsorbed exponentially,
the slope of the wedge tracs differs from the slope of the wedge.
ileasured with a planimeter, the areas under the "finger trace" represent
integrated mass absorption due to, in this case, the mass of tone plus
over- and underlying flesh and due to flesh lateral to the bone.

Hattner and Frost (1953) found that in humans differences in
the rates of mineralization as well as the location of such mineral
deposition areas or foci cause wide variations in ''mean skeletal age"
between persons of the same or differing ages as well as variations
within the bones of the same person at different locations. They also
observed that at age two, bone formation occurs at about 75 times more
active rate than at age 35.

In a report on qualitative veriables in human bone, Frost (1961)
stated that a given unit volume of bores matrix may coatain very little
mineral, as in osteoid s=sams, or a great deal of mineral, as in micro-

petrosis, these teing extrames. A given moiety of bone undergoes a

Fal

definite and orderly progzrecssion of mineral accretion during its

9

biologicel 1i

=)

etime. A number of diseases may affect this orderly

~

progression, leading to qualitative ebnormalities. ‘hen the matrix is

first formed and is completely umnineralized, the water content is

e
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maximal. When maximum mineralization has been achieved, the water
content is minimal. Increasing mineralization occurs with increasing
age of any given bone moiety. The average age of the skeleton is
dependent on the rate of remodelinz.
Bassett (1962) in a paper on the current concepts of bone
formation reported that Fell, in culture studies of endosteum, found
that tone frequently passed through a phase when it possessed certain
morphological features commonly associated with cartilage. If
oxygenation of the culture was adequate, however, this was a transient
phase and 90 percent of the specimens ossified. If it was not,
osteogenesis was blocked and hyaline or fibrocartilage resulted. Ham

in 1930 concluded from his study of fracture healing in vivo that the
osteogenic cell had a dusl potentiality, being able to form bone or
cartilage in response to the degree of vascularization in the area in
which it differentiated. The paper by 3assett is much more
comprehensive than the above two observations, but these two seem to
apply somewhat to this thesis problen.

Thompsen and fortensen (1945) reported that ossification in
cottontail rabbits is expressed by the gradual disappearance of the
epiphyseal. cartilage and its replacement by bone material. X-ray
settings of 50 ma, 3% pKv, 0.15 sec. at a distance of 30 inches wsre
used. These workers had sampled the wild population of rabbits in
developing the technique but had not had much chance to sample knovm

age rabbits. The rost useful epivhvseal plate may be above the tibia

because of less trouble with overlanping bone shadolr, but in rabbits



they did not feel this would lend itself to sample collections from
hunters because of the greater value of the meat in that area. The
next best location scemed to be above the humerus in the shoulder which
in addition gives a longer period of transition than the one abtove the
ulna. Photos were presented which very granhically demonstrated the

changes.
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EXPERTHMENTAL MATERTIALS AND PROCREDURES

One hundred twenty-three female bovine animals were selected from
the slaughter lots of a large midwestern packing company durinz a seven
work day period to provide experimental material for this study. The
animals were randomly selected from female lots at the rate of one per
every ten or portion of ten head in a lot. The sample aporoximates the
female slaughter population of the plant in kind of animals and in
relative distribution of different kinds. By restricting the sample to
females, sex differences were eliminated and a wider distribution of
slaughter and carcass characteristics was obtained than would have been

possible in a male slaughter population. Live animal, carcass and

tissue characteristics of each anima2l were evaluated.

Live Animal

Selection and Identification., Random selection of animals was

accomplished by utilizing a standard location in each pen as a reference
position. Selected animals were those in close proximity to the pen
Zate. Duplicate paper back tazs were affixed with an adhesive tn the
top of the shoulder or midback area of the heifers and cows as they
were selectsd. Duplicate tagzing reduced loss of identification and was
accomplished without difficulty within the holding pen.

As each animal was selected and tagged, evaluations of the
animal's type, brsed or breeds, color pattern, confarmation, slauchter
th

iameter, tail length and over-all estimated

[N

grade, muzzle width, horn
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The author and one beef cattle buyer at the packing plant selected
and tagged all animals. Evaluation of live iraits were made by the

buyer with some consultation with the author.

Tvpe. Type was rated on a scale from one to five with one being
strictly beef typc and five being strictly dairy breeding. This was
determined by color patterns and conformation. All variations of type

on this scale were represented by at least three animals.

. .

‘Breeds or Combinations. Breeds and percentages of each as

indicated mainly by color patterns and sometimss by coaformation were

recorded.

Color Patterns. The various color patterns were also recorded.

Live Conformatinn. Conformation or shape was evaluated as it may

"

relate to carcass conformation. The scale used was the terminolocy

applied to U.S.D.A. slaughter and carcass grades to one-third of a grade.

Slaughter Grade, Conditinn or fatness as well as conformation

and estimated maturity were used to estimate carcass zrade in the live

animal.

s
Y

Lip or Muzzle Width. One of the characteristics used by beef

cattle buyers to estimate animal aze is 1lip or nmuzzle width. The
younger the animal, the narrower the muzzle width will bte. This is 2

-

very subjective measure, but differences are quite easily nnted., Five
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categories were established with one being a very narrow muzzle and five

an extremely broad muzzle.

tlorn Size. Those animals which had horns were evaluated for horn
diameter at the base. The thinking behind this estimation is that as an

animal ages the horn size also increases.

Tail Lenzth. One other characteristic used by buyers as an

estimator of live animal age is tail length. As the animal grows older,
it is thought the tail becomes proportionately longer. Five categories

were established here as in muzzle widthe.

Istimated Age. A composite of the ahove along with an over-2all

subjective appraisal of age was made. The catezories used were 10 to
18 months, 18 to 24 months, 24 to 30 months, 30 to 36 mnnths, 36 to 48
months, 43 to 60 months and finally, aged cows.

As the animals were slaughtersd, carcasses were tagged for
future identification. Each animal was also checked for preznancy and
stage of pregnancy as they were beingz eviscerated. Time of slaushter

as well as lot number were recorded. Time of slaughter was recorded

so lenzth of time beforse gradinz would be known.

Carcasses
Carcasses wers quality and cutability gzraded by a U.S.D.A.

Federal grader. All carcasses were graded between 20 and 28 hours

1

post-morten according to present standard packing company procsdure.

to thess grac
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tach of the individuel factors contributing

additional traits were recorded.
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Carcass Conformation. The relative shape of the carcass rated on

a scale from 1, low Canner, to 24, high Prime, was evaluated.

Carcass HMaturity. The degree of ossification of cartilage along

the dorsal processes of the vertebrae was used to evaluate carcass
maturity. The carcasses were rated from 1, % +, to 15, A -, on the
U.S5.D.A. notation. One or Z + is the most mature while 15 or A - is the
most. youthful., Z + is completely ossified or hard-boned while A - has

a very soft, pearly white cartilage button on all dorsal processes of

the vertebrae.

Marbling. Intramuscular fat level was established from observing

the cut surface of the rihkeye (loncissimus dorsi) between the 12th and

13th rib. Each degree of marbling above devoid was divided inteo thirds
and rated from devoid, 1; practically devoid minus, 2; practically
devoid, 3; practically devoid plus, 4; traces minus, 5; and so forth

up to abundant plus, 23.

U.S.D.A. Carcas
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warm Carcass Jieizht.

tag on each carcass.

Chilled Carcas

7

.« Chilled czarcass weisht was computed from

warri carcass weizht by applying the standsrd 2% percent crooler shrink.
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Ribeye Area. In compliance with standard procedure of the Federal
Grading Service, the ribeye was measured with a grid at the 12th rib.
Each of the 0.1 square inch squares more than half covered by the ribeye

was counted.

Fat Thickness at the 12th Rib. A single fat thickness measurement
was taken perpendicular to the fat surface three-fourths of the distance

from the medial to the lateral end of the exposed loncissimus dorsi at

the 12th rib. The measurement vwas made in tenths of inches.

L)

ib )

=

lLower

k)

at Thickness., A fat thickness measurement was also

made at the point of heaviest depnsitinn past the lateral end of the

ribeye at the 12th rib.

gstimated Percent Internal Fats. The Federal grader estimated

the percent of kidney, pelvic and heart fat of carcass weight.

U.S.D.A. Yield Grade. A composite of warm carcass weight, ribeye

area, single fat thickness measurement over the ribeye and estimated
percent internal Tats was used in a formula for 7ield Grade derivation
as follows:

+ (2.50 x adjusted fat thickness, inches)

+ (.20 x percent kidney, pelvic and heart fat)

+ (.0938 x hot carcass weight, pounds)

- (.32 x riteye arca, sgquare inches)

at thicltness mzasurament may oceasignally be adjusted upward

or downvard for unnsual Fat derositinn sxternally in nther areas of the

carcass,
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In normal practice the nuibers bhehind the decimal point in the
final Tield Grade are dropped rather than rounded of 7, This gives a
single grade number from 1 to 5 with 1 being the most desirable or
highest cutability. The larger the Yield Grade number, the lower will
be the yield of toneless, closely trimmed retail cuts from the round,

loin, rib and chuck. The ¥Yield Trade was computed to the 0.1 grade.

Hours After Slauchter. Finally, the number of hours post-mortem,

when grading was performed, was recorded,

Tissue Samvnlinz

The left wholesale rib of each carcass was brought to the Mesatl

Fad

Laboratory in Zrooliinzs for furtner evaluation. The rib was chnasen

because of the vresence of the lonaissinmus dorsi muscle where palata-

bility characteristics are very imvortant ecoromically, It is also the
largest sinzle muscle in the carcass. Turthermore, bone and cartilage
‘samples were easily obbtained. Choice »f the rib also makes the
contaired herein avplicable or couparable to a larze nunber of other
studies.

At the ileat Laboratory, the ribs were immedistely fLung in a 389
F. cooler. Seven days post-morten the ribs were cut and musclzs and
bone samples were removed.

~ B ~ ~3 +
First, the 12th rib steat was cub fron the wholesale rib at a

: . : . e red f +
oint beiween the 11th and 12th ribe. The bone was renoved irom the
BREk. e outside fsb was trimsed awar and the Jried ouv, exposed
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was then wrapped, marked and frozen for later testing on the

Warner-Bratzler shear machine.

The second step was to remove the 19th and 11lth rib section from

which

to be used for taste panel evaluation.

in chemical analyses

two more one-inch ribeye steaks were cut.

The 11th rib steak was

The 19th rib steak was for use

D)

and histological studies. Color determinations

were made approximately 30 minutes after cutting on the 10th rib steak

using a Photovolt Re”

procedure outlined by Tuma et al.

lectance !feter Model No. 610 according to the

The characteristics of hue,

(1942).

value and chroma vere determined.

| Once the steaks had been prepared,

bone
the tones removed

! ventral or distal end

| ossified cartila

thoracic vertebrae.

buttons for possible

v

Lipshaw Model 25 tone
samples were tzken ang

end of the

i J b()ne.

plate on the

Platform forwasrd. The D

The motor and saw

Precisc and comple

semples were collected from the 11th

for

ze) were removed

Ee gV

risht end of

as far in or to the left as pos

wrapped, marked ard frozen,

ma

and 12th ribs. The portion of

further sampling was cut 4% inches fron the

of the riks. The buttons (both cartilage and

from the vertical processes of the

The 11th rib sarple was marked and frozen with the

future study. The 12th rib was sectioned on a

saw (Figure 1). two cross-sectional
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The second cut was made producing an 0.18 inch thick cross-sectional
sample of the rib 2 1/4 to 2 1/2 inches from the ventral end of the 12th
rib btone in a wholesale rib. A second 0.18 inch thick cross-section was
taken immediately adjacent and dorsal to the first section. More
difficulty was encountered in holding this sample with the clamps on the
saw so the thickness would be controlled exactly.

Following the removal of the two cross-sections, the remaining
2 1/b4 inch long ventral portion of this rib was sectioned longitudinally
through the center of the rib for a hardness test sample. This section
was exactly three turns of the end knob or 0.135 inch thick. Thickness
control was not quite as important here as it was for the cross sections
which were to be x-rayed.

Kach of these samples was marked as it was cut to prevent

identification loss.

Bone Density

' The x-ray machine used in evaluatinz tone density was a Fischer
dodel "A 3" (Ficures 2, 3 and 4). laximum power levels possible with the
unit used were 30 milliamperes (ma) and 90 peak Wilovoltis (pKv)e. The line

voltace at the unit was 113.5 volis when all other electrical equipment

il v v

4]
.

£f with the exceotion of the light

)__h

W

in the buildins was turned o

EXposures were made only when the X-ray unit was th

W]
H .
o}
ct+
(L)
vy
S
[\
—
<
o
l_l
(-’-
1
()
()

unit operating in the buildinz. OF the availabl

. - 4 4
Settings in the control unit, the 115 volt setting was closest to e

B Line voltaze of 113.5.
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Figure 3. Control panel of Fischer Model "ANM"
x-ray unit set up to make an exposure.

Figure 4.

X-ray emission head of the Fischer
Model "ANM" unit.

1]
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The unit was set to produce 15 ma at 50 pKv for 0.5 second at a
focal distance of 30 inches. Preliminary tests indicated that the above
power adjustments and timing resulted in the desired degree of contrast
between background and exposed samples. The actual settings on the
control panel of the machine were 2 and @.1 on the main and auxiliary
milliamp controls, respectively, and 5 and 1 on the main and auxiliary
pKv controls, respectively. A warm-up period of 30 minutes was
provided before exposures were made. The x-ray emitting head was
leveled and set in vlace so the film could be centered under the
emitted beam. A 15 inch cone was used to reduce scattered radiation.

Twenty of the primary cross-ssctional tone samples were arrayed
on an Ansco 14 x 17 nonscreen film. The samples were arranged as in
the accompanying radingraph with the excespiicn of omission of the four
corner samples (Tigzure 5). Preliminary tests had demonstrated less than
the desired amount of x-ray exvosure at those corner positions. Each
position was assigned a number from 1 to 20 starting from the upper
t corner of the film on the end closest to the x-ray conirol unit
(Figure 8). ?Positions 4 and 14 had the same bone samples on every film.
These two samples were used as a standard for comparison between filwus.

Safety precaullnas were observad. The operator always wore a
lead apron and gloves ard stond as far from the uait as possible (about
10 feet) vhen exposures were 1ad2. It was possible to siand almost
completely behind an intervening refrigerator and wall to aid in

oon LY L, R I 1 -
on from the radiation hazsrd.

fde

a5 Ay
protecc
PRI ORI, SR SRR R B L P = 7 RS I T

The exposcd films were develored using Kodak Developer and Kodak

The tempsrature of the developing,
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washing solutions was kept exactly at 68° F. while processing. Films
were left in the developer for 5 minutes. They were washed in tap
water for 45 seconds and then left in the fixer for 9 minutes. Finally,
the films were rinsed in running tap water for approximately 45 minutes.

Immediately following removal from the water the films on their
hangers were hung in a heated dryer to dry for approximately 45 minutes.
The radiograph was now ready to be cut into strips between sample
images, so the strips could be run through the densitometer.

The densitometer used was a Photovolt ifodel No. 425 in combina-
tion with a Photovolt galvanometer to get nore sensitive readings of the
amount of light transmitted throusgh the exposed samples on each radio-
graph (Mgure 7). B2ach time the densitometer was used, it was
standardized azainst a small sample of exposed film whose percent
transmittance was set at 15 on the galvanometer. The strips of film
were moved throush the light at one millimeter intervals. The
galvanomater was read to the tenth of a percent transmittance.

Zach sample reading was recorded on two-cvcle semilogarithmic
paper with the horizontal axis divided into 19 units per inch. In
plotting, each tenth of one inch represented one millimeter of actual
rib tone width. In this cross-sectional szmple, width of rib was the
longest dimension. Ffor eachh of the samples, a densitometric curve was
plotted. The curve was enclosed by the base line, and ths encloss

area was measured with a compensating polar planimeter. =Rach curve was

. : o = . N o
traced twice fo minimize tracing and realing error.
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Figure 6. Trace pattern of a bone

densitometry sample with each of the

Figure 5. Exposed and dsvelopsd
important steps in calculation listed.

radiograph of cross-sectional rib
bone samples,

0. 425 densitometer and a Photovolt

Figure 7. Photovolt Model
galvanometer set up to measure bone density from the light
transmitted throurh the radiograph.
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Barly in the study indications of some intra- and interfilm
differences were observed due possibly to the variability of exposure
made by the »x~ray unit. An attempt was made to see if this was real.
Five films were made of the same samples. This gave a gonod comparison
to check interfilm exposure differences. Second, some ol the ssmples
on each of these films were moved to other locations to see if there
were exposure differences between locations on a single film, It was
found in both cases that there were differences. The interfilm differ-
ences were corrected in two steps. [irst, the total area readings of
the two standards on all the films were averazed. Then, all the samples
on each seperate Tilm were adjusted *to the desree the standards on that
film differed from the resulting averacge.

Jext, it was found that some of the samples on the periphery of
the exposure were not receivinz quite as much of the vrimary beam x-rays
as those nearer the center. Those sample readings from pnsitions 1, 2,
3, 4, 5, 10, 11 and 15 were adjusted uoward by 2 percent while those
semiples in the remaining positions were reduced by 2 percent,

Up to this point there have been three bone density values for

25

[ T &

each sample. The first was the raw data or area of the original

densitometric trace (A). The second value represented the adjusted raw
data for individual film exposure and developing differences (2). Third,
the secand value was adiusted for the individual sample's position on
the film (L) (Pigure 6). Finally, each of the three preceding measure-
ments was adjustaed for actual cross-sectionzl arsa of ths rib bone.

» o9

the cross-sactiona2l area of the rib sangle was measured on the

radiozraph over a lichted photozrarhic slide sorter. A planimeter was
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Figure 8., Position numbering system on radiographs.
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e

used to mezsure the srea., Th nz was duplicated until reading

1G]

N

were within 0.02 square inch. Then, each of the three foregoing wone

densitometric areas was divided by the rib cross-sectinnal aresa to

’)‘_j.
a

three corresponding areas each corrected for the rib cross-sectionsl

0N

area (a, b, ¢). Tne units involved here could be designated square

inches of hone density trace per square inch of crnss-sectional rib
area.

Bone Hardness

The longzitudinal sectioa 27 rib bone was subjscted ton hardnmss

n

tests on a Pyro-flectro Hardness tester manufactured by the B. C. Anes

o

Company at Waltham, lassachusetts (Figure 9). Criginally, the tester

was designed 1o measure the hardness of metals. Preliminary studies

with bone samples indicated that theres was considerably more within
metal sample
readings per sample,
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A modification of the pressure application unit of the tester was
made. The standsrd 1/1€ inch diameter ball was exchanged for a 3/16
inch diameter ball to help reduce some of the varisbility resulting from
the elasticity of ths bane materiel. An aluninum standard which
registered a Rockwell hardness of 9 on the '"BY scale of the unit with a
1/16 inch dizmeter ball and 2 load force of 0 kg. gave a corresponding
hardness raading of A0 with the -3/16 inch diameter ball and a load force
of 150 kg. on the ball,

Each szmple was tested by a standardized method, The longitudinal
bone section wes laid on the testing anvil. First, the ventral end of

the inside of the rib was tested. The ventral end could be determined

he end while the dorsal end was cut

Q
=
ct+
)
Q
3
[e]
4]
n
-

more nearly at 2 richt angle. The inside of the rib ceuld be determined

(]

Fal

from the curvature of

o

he sauple in the 2 1/4 inch long sample (Figure

10). The harcness of th

]

cortex or outer edges of the bone was

determined., The platforam was turned uo according to standavd operating

procecdure so that the dial needle rotated three times vlacing a minor
load of 10 xz. on the saaple., The outside dial was adjusted to start

exactly at zero. Taen, the 150 kg. loa2d force was released slowly and
allowed to stahilize for abtout 12 seconds. The load force was remoaved.

The dia2l reedle moved back to the herdness reading which actuall

" = ) L o - ] o 21 +r
was recorded. The platiorm was lowered and the saaple wras gset for
- 1 . - - e a2 - -, 3 4
another readinz on the 1 of the sample. Third, an inside,

- P v s oS
Qorsal gaternlnation was nac
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Outside 1 2 3

Ingide : ¢ 2 -

figure 9. Longitudinal sectiom &@f rib bona usmed for hardness
testing at the designated locations.

Fgurs 10. Pyro-Flectro metal hardness taster
g2t up for testing bone hardness.
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three positions slong the outside curve of the bone. Finally, the
sample was turned over and the entire procedure was replicated on the
other side of the sample. A total of 12 readinzs were taken each of
which was coded for location. The total time required to test one bone

sample was approximately 7 to 8 minutes.

Shear
The 12th rib steaks were removed from the freezer within three

m.
i

weeks after they had been stored. welve or 18 samples at a time were
allowed to thaw overnight in a 38° F. cooler. The following morning

six samples at a time were remnved {romn the cooler, unwrapved, blotted
dry, weighed on a gram scale and placed in a 325° F. oven with a
thermoneter inserted in each steak. The method of cookery used was

oven broiling to an internal temperature of 155° F. The steaks were
removed from the oven and weighed when they reached that temperature.
One-inch diameter cores were removed from the medial, center and lateral
portions of the steak. Zach core was sheared twice in the standard
Warner-3ratzler shearing device. Core shear values were recorded

according to location and replication.

Palatability

Taste pancl steaks were in freezer storage for no longer than
three months. ‘thawing and cookinz procedures were the same as those

described for shear steaks. 3ix steaks were evaluated per panel sitting.

Tre stesks were cut into seven approximztely half-inch wide slices for
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RESULTS AWD DISCUSSION

Table 1 lists the distribution of individuals in the sample
population as they werz evaluated for live conformation, slausghter

grade, carcass conformation and U.S.D.A. carcass grade.

Means and Standard Deviations

ileans and standard deviations within subclasses of some of the
discrete variables were determined to get a comprehensive view of the
population studied.

In the analysis of variance for between location sampling differ-
ences within individual samples, highly significant location differences
werc found for both bone hardness and Warner-Zratzler shear measurements.
Takles 2 and 3 prasent the means for the various locatinns under these
two methods of testing bone and nmuscle samples, respectively. The
locatinn difierences cmphasize the need for standardized sampling

technigues. Other tables of means and standard deviations can be found

in the appendix.

Sirmle Zorrelations

Simple correlation coefficieats were dstermined betueen 211

Of the 123 catile sampled, 42 were in the more wouthful 4¥.S.D.4. A zad

3 maturity grouns while the romaining %1 were in the more mature C, D



TAZLE 1.

DISTRIBUTION OF SAME
CONFOR:ATION, SLAUGITER GRADZI, CARCASS CONFOR:ATION

65

% POPULATION ACCORDIIZ TO LIVAE

AND U.S.D.A. CARCASS GRADE

Grade Live Slaughter Carcass Carcass
designatinn conformat.ion grade conformation grade
1 —

2  Canner

3 +

4 -

5 Cutter 6 il 3
& +

7 - 3 3 19
8 Utility 14 10 7 16
9 + 2 8 L
BEY) . 8 18 17 10
11 Commercial 20 19 18 6
g2 + 6 A 2 3
13 -
14 Standard 2 4 ¥
15 + e 2 2
15 - 2 3 1 it
17 Gond ) 2 2 11
18 I 19 S 1L ) i3]
19 - 20 21 21 iz
20 Choice 11 17 23 2
Py - 7 7 4 L
22 5= 1 il 2

23 Prine 2 I 3

24 + T

Total 123 123 e 123
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TAELE 2. HMEANS BITWEa! LOCATIONS WITHIN SAMPLES FOR BONE HARDNESS
DETERMINATIONS 0i Tii PYRO-ELECIRO HARDJJSS TESTER

Locatinn Mean

Inside of rib

1. Ventral L2,15

2. Center 45,97

3. Dorsal 47,90
OQutside of rib

1. Ventral 4y, 49

2. Center 45,81

3. Dorsal 47,14

TABLE 3. MEANS BETWESH LOCATIONS WITHIN SAMPLES FOR TZNDERNESS
DETERMIGATION BY WARNZR.BRATZLZER SiHTAR TESTS
Location Mean
Medial 15.23
Center 15.80

Lateral 16.74
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It can be noted from the simple correlation tables (tables 4, 5

N

and ) that there was a very high relationship between live conformation

and slaughter grade (r = 0.99, 0.96, 2.97). It apoeared that once an

O

animal had been classified either as youthful or mature that the
slaughter grade estimate was largely determined by the shape or form
of the animal.,

It would be well to point out here that there was a relatively
high correlation betweca live conTormation and many of the estimates of
maturity. This situation srose becauss of the confounding of maturity
with grade in the U.S.D.A. grade nomeaclature. 'len the population was

split oa the basis of cercass nmaturity end simple correlations were

o]

deternined for the separate zgroups, the correlation coefficients

between conforaation and maturity dropoed considerably, as did the
correlation between slaugnter grade and panel palatability charac-

teristics. It might be assumned from this observation that there is a
1

able gap in a number of measurahle characteristics betwesa the two

uzhter population. lach of the correlatinn in the

09
')
(]
£
“
[=5
3
o
iy
©
;_'J

(N

b D) . 1 PRI

due tno this interwval beitween the youthful

He
w

entire sanple vopulation
and mature sroups. <Tnis is torne oal when one observes sozne of the
mean tables in the appendix., Dividinz the povulation on the basis

L 2 2 . rhn ~ o 2 n3 Sivey T
presently marlketed in the wanlesale trade in a similar way.

eorrelated with carcass cenformation (1

1 < e ~ -y aags
(r = ..99) 2nd quite hishly correlsted with average DJone Dardness
h [S9¢{83 S S A e L L b Sl NN = =
o
EOE (R Inter and Intrati’
e 0.79), averaze bone dengity corrected 1or inter- ans Lnrraiisn
. < me densit;



TABLE 4, SIMPLE CORRELATION OOEFFICIENTS

FOR THE ENTIRE SAMPLE (n = 123)

= R TS _me———e—— = ]

T ——— e ——

T;;}t 2 3 4 5 6 ? a 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2766 28
1 0.99 73 .65 =91 0.92 0.84 0.29 0.86 0.58 0.46 0.74 0.38 0.67 0.21 -.Sg --;; -.gi -.gi :.2; ::ig -:;g -:67 g..;l;
2 =73 -.65 -.92 0.92 0.85 0.29 0.8 0.59 0.45 0.72 0.37 0.68 0.19 -.5 - = b .61 5 "

6 18 W -.60 ~52 0.50 0.69 0.52 0.5 O. 0.12 0.5 0.53 0.2
3 0.69 0.85 0.37 -.'g“ - - -.Zz - ‘48 _47 0.48 0.56 0.43 0,36 0.47 0,02 0.52 0.9 0.23
4 0.70 - - 65 T ) -.3? = _.66 0.54 0.79 0.58 0.57 o.gg_uiﬂ_oé}_mz
% B s R 01 0.5 0.67 0.8 0.6z -.15 0.2 0.0l -.I5
7 0.89 0.24 0.92 0.6 -.08 0.3 0.71 0.28 0.66 0.23 -.55 <-.77 .56 —-26 --63 --i“ --gg "2(2, --g
8 0.11 0.91 0.59 0.60 0.14 0.65 0.20 -.58 .82 .63 .65 -.7 “0470 -7 -.hé -'M
9 0.40 0.66 0.3 0.25 0.52 0.50 0.52 0.30 Tree- =-0n PR WD 0L BEaQt, Sul el sl
30 0.2 0.63 .07 0.35 0.20 0.29 0.67 0.2 -.59 =76 -.48 -.52 - =19 -.7h =70 -,
- 0236 =0.520.51 0.48 o M oW BB A TRE
}g 55 0.13 ’ : 0.45 0.39 0,005 reells me.26
14 0.56 0.95 0.83 28 .29 -3
L 0,58 0.5  0.61 T T, Y R | W, S oty W 5=
E -2} -9 b
18 0.27 .47 .59 =37 =37 -.bb .09 -.2 -.gf -.]3;
%?, 0,41 0.3 0,50 0,43 0.4 0.79  0.66 0.1

g 0.55  0.5h 0.75 0.13 0.5) 0.47 0.09
22 0.78 0.88 -.3 0.33 0.20 0.00
23 0.84 0.04 0.39 0.27 0.12
P 0.08 O.‘bg 0.27 0.?10
2 0,16 0,12 _0

'}é— 0BT 0.53
27 0.51

1. Live conformation 11. Firmness 21. Average bone hardness

2. Slaughter grade 12. Subjective color score 22. Cross-sectional area of rib

J. Lip or muzzle width 13. Ribeye area 23, Width of rib

4. Tail length 14. 12th rib fat thickness 24, Bone density adjusted for inter- and

5. Estimated age 15. Estimated percent internal fats intra-film differences

6. Chilled carcass weight 16. USDA yield grade 25. Above bone density corrected for X-S

7. Carcass conformation 17. Lower rib fat thickness area of rid

8. Carcass maturity 18. Value-objective color 26. Panel tenderness

9. Marbling score 19, Chroma-objective color 27. Panel flavor

10. USDA carcass grade 20. Average-warner.Sratzler shear 28, Panel juiciness

rD .18; significance at P<.05 (d.f. = 121).
r> .23; significance at P<.01 (d.f. = 121).



TABLE 5. SIMPLE CORRELATION COEFFICIENTS WITHIN YOUTHFUL
A AND B CARCASS MATURITY GROUP (n = 62)

——— e ——————

———— e e — —

P::f" 2 3 4 5 [3 ? 8 9 10 1n 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2?7 28
1 0.96 .. 42 .. N8l 043 1.3 0.56 2.30 0.53 0.57 0.43 0.52 0.41 0.13 -.26  ..35 =18 217 -2 0.06 .49 42 .41
2 0.‘;% - .83 n.83 0.50 0.29 0.55 .31 0.51 0.53 0.42 0.45 O.4% 0.08 -.30 -.41 -.20 <18 -.22 0,07 -.53 .47 -9
3 049 0,72 0,02 -.5% -.60 ..23 .50 -.10 -.30 -1 -.25 -.20 0.30 0.38 9.22 0.32 0.26 .07 0.29 0.29 0.2}
n 0.46 =36 -3 Z.37 —02 -35 -.26 -.28 .33 .16 0.36 0,23 0.10 0,06 0,07 -.18 0.27 0.27 0.17
5 _.78 .66 -.2) .55 0,22 0,00  -.38 -, 6
3 -.30 0. 0,33 .3 0.7 0.6 0.32 0.5 - -

7 0.60 0.17 9.51 0.37 -.01 9.36 0.49 0.29 0.33 0.38 0.12 .25 -3 <28 =32 <29 0.4 -1 230 2026

8 0,00 9.42 n.15 0,08 0.28 0.30  0.13 .24 <.52 W46 .52 .47 0.9 <37 <13 .10

9 0.85 0.68 0.32 0.23 0.59 0.5 0.60 0.56 0.36 0.16 5.1 0.0 0.20 0.37 -.19 .44 _..50 .42
bl 0.60 N3 1.6 %61 0.6 0.60 0.5 0,50 0,10 ..27 -.14 0,11 -.06 0,10 .02 - =52 - W

% n.23 7.45 0.50 0.50 0.46 -5 =) -
12 0.44 0.60 0.25 =3} -8B -3
13 <.22 0.37 0.48 0.17 0.40 ..37 -.12 ..33 -.33
1 0.58 0.96 0.87 0.33 -e25 =32 =%
i i ; 0.60 0.56 0.4 = ;8__-%;#1

0.583 -0 . =29
17 -2 2.7 -
18 0.1 217 -2l -0 -9 -0 -1l -0 -5 bk
19 - g -.06 -.g
_20 -,04 0,05 0,19 0.09 ..10 0. 0. 0,
= —— 0.60 0.36 0.6 -.31 0.10 0.3 210
22 0.76 0.90 .64 -.01 -.22 -.12
23 0.82 -.18 015 -.06 0.01
2 —26 0,02 .28 212
22 0.04 0,04 0,04
26 N 0.47
27 0.53
1. Live conformation 11. Firmness 21, Average bone hardness
2, Slaughter grade 12. Subjective color score 22, Cross-sectional area of rib
3. Lip or muzzle width 13. Ribeye area 23, #idth of rib
4, Tail length 14. 12th rib fat thickness 24, 3Bone density adjusted for inter- and
5. Estimated age 15. Estimated percent internal fats intra-film differences
6. (hilled carcass weight 16, USDA yield grade 25. Above bone density corrected for I-S
7. Carcass conformation 17. Lower rib fat thickness area of rib
6. Carcass maturity 18, Value-objective color 26, Panel tenderness
9. Harbling score 19. Chroma-objective color 27. Panel flavor
10. USDA carcass grade 20. Average-Warner-Bratzler shear 28. Panel juiciness

r> .25; significance at P<.05 (d.f. = 60).
r>.33; significance at P<.01 (d.f. = 60).
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TABLE 6. SIMPLE CORRSLATION COEFFICIENTS WITHIN MATURE
C, D AND E CARCASS MATURITY GROUP (n = 61)

_— e —= L e— T =
T::t 3 4 5 6 ? 8 10 1 12 13 14 15 16 17 18 19 20 a 22 23 24 25 26 27 28
1 0.9’ -2l .26 -6 0.36 0.69 0,27 0.42 0.55 9.4 0,25 0.5 0.58 0,50 0.60 0.30 -25 <27 <2
2 4 =13 .2 -.6]3. 0.38 0.6l 0.27 0.45 0.53 0.42 0.23 0.53 0.56 0.50 0.5 9.30 =27 =26 2.2
3 05 0.56 0.6 .25 -.3 .15 -.10 0.36 0.26 0.05 0.00 -.11
" 0146 e -1 0.3 oy o1z _0.03
~ 42 219 ..I5 -.30 =34 -.39 -3l -.29 -.33 . 0 =298
% = 0.47 0.3 0.52 0.43 0.23 0.39 0.52 0.39 0.33 16 I .23
? 0.53 0.76 0.31 0.49 0.5 0.40 0.49 0.22 0.23 =16 ..2  -.08
8 0.26 0.4 26 =10 <33 -2 .26 =31 .29 0.06
9 0.88 0.63 0.37 0.35 0.38 0.46 0,34 0.40 0.4 ..26 0,27 -.51 .48 .3
10 0.58 Nn,3% 0,32 0,1 0,92 0,37 0,43 0,15 0,39 -.2 -l _.45 -.28
oy ~.01 0.3 0.8h 0.8l 0.27 0.21 0.2 .35 —o3h =33 .31
12 0.38 0.30 -.28 -.14 0.00
13 0.32 0.35 =16 213 =30
1 0.55 0.9% 0.76 0.26 <1l 210 o.22
19 0.61 _0.54 0n.28 0,15 =22 -.12 0.00
16 0.7 0.15 0.23 -l -.07 .12
17 -2 <A .20
18 -e27  -.25 - 27 -4 -.18 0.19
12 0n B .26 .z
20 0. 0 0.00
oy T et
22 0.56 0.6k .57 .04 .06 .31
23 0.59 =12 -1 =08
2 =06 .17 -9
23 =01 ..12 0.0
26 0. of'z%
27 0.39
1. Live conformation 11. Firmness 21. Average bone hardness
2. Slaughter grade 12. Subjective color score 22. Cross-sectional area of rib
3. Lip or muztle width 13. Ribeye area 23, Width of ridb
4, E'n length 14, 12th rib fat thickness 24. Bone density adjusted for inter- and
5. @&stimated age 15. Estimated percent internal fats intra-film differences
6. Chilled carcass weight 16. USDA yield grade 25. Above bone density corrected for XS
7. Carcass conformation 17. Lower rib fat thickness area of rib
8. Carcass maturity 18. Value-objective color 26. Panel tenderness
9. Marbling score 19, Chroma-objective calor 27. Panel flavor
10. USDA carcass grade 20. Average-Warner.Sratzler shear 28. Panel juiciness

r ) .25; significence at P<,05 (d.f. = 59).
D .33; significance at P<.01 (d.f. = 59),
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differences (r = 0,49) and panel tenderness (r = 0.57). - When the
population was split, however, a large proportion of these relationships
disappeared in the mature zroup hut remained relatively strong in the
youthful groun. If the covariance between traits remained relatively
high and variance is reduced by reducinz the range in the traits, the

=

correlation would remain at relatively the same level or increase. That

does not scen to be the case, houever. The same relationship appears

<
T

evident for nearly all measures of maturity used in this study. It
mignt be postulated from this observation tha®t during the early maturing
process changes in tenderness associated with maturity occur at a more
regular or predictable rate than in older animals where there is also-
greater opportunity for environmental factors to influence palatab:ility.
Chilled carcass weight was quite highly correlated with ribeye
area (r = 0,77) and rib hon2 cross-sactinnal area (r = 2.47) which
would be expected.

Carcass conformation and carcass grade with their built-in

(P P

confounding with maturity in the whole population were each hig

wis

>
[
[
r\a

correlated with the ather (r = 92.92). fowever, when the sample was
Split, the corrslations were
determinam® of carcass srade

maturity (r = 2.42).

Mthousn marblin- leval was nov highly correlated wi

-

h panel

tenderness befors the somenis oF the saiple vopulation were analyzed

Separately (r = -.43), Following <h



- included. They wen
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fourth highest correlation with tenderness in the youthful group

D)

(r = ~.44) and the second highest in the mature group (r = -.51).
U.S.D.A. carcass grade derived from carcass conformation,
carcass maturity and marbling provided the second and third highest
correlations with tenderness in tre youthful (r = -.56) and mature
groups (r = -.44), respectively, and the second highest correlation
in the entire sample population (r = -.74). Therefore, even though
carcass grade does not perfectly predict palatability, it shouws the
closest relationship to eventual palatability of any of the non-
destructive, econonically feasible methods used in this study.
Heasures oi external fat thickness were highly correlated with
U.S.D.A. yield arade acceunting for approximately 99 percent of the

. )

variatinn. The relationship between either of these measures of

Py

external fatness and tenderness was quite low. Ramsey et al. (1942)
reported that yield r~rades caleulated to the nearest 0.05 were more
closely related to separable lean and fat than were yileld grades
calculated to the whole number onlv. then rikeye area was omitted
from yield zrade calculations, the resulting yield grades were more
highly related to sevar

t on to state that neither carcass grade nor yield
grade was suporior to a single fa! thickzess neasurenent as an

rn - - 4
. Carcass crade and vield
estimator ar S gZrade a Vi

o

2 mepcent separable lean and fat.

. : -5t aral can and bone huht
grade ware negatively associated with separatle lean

c 1. . . . et fa*
Positivel:r zssociated wilth scparat.e ta-.
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subjective color (r = 0.60) and with carcass maturity (r = 0.45) in

the entire senple population. ilere, again, the gap between ths younger

and older groups seemed to account for a large share of the correlation.
vlarner~3ratzler shear measurement of tenderiiess was the bsst

indicator of pangl tenderness evaluation irrespective of the part of the

population the steak came from.

Pone measurements showed varying degrees of correlation anong
themselves but generally they were hizgh. Iowvever, theyv were not
especially clonsely related to panel tenderness. RPone deasity corrected
for inter- and intrafilm differences as well as cross-szctional area
of the rib sample shoved a very low correlation with everything except
cross-sectinnal area of rib (r = ~.36).

Tenderness vas hignly correlated with flavor (r = 0.81) which
m2y indicate the panel had difficulty sepzrating the two characteristics

in their minds. Or, possibly, the two characteristics change at

approxinsztely the sane rate in bovines,

wore furthor snalyzed for their contribuiion in predicting tendernsss,

Correlation coefficients provide useful information on relationshios
between traits, hut olten +hase relationships may be conTounded with
other traits, Mulitinle regression anzsiysed were used tn determine the
B tionshin hetweer selected traits -3 pansl tendernssse. This method
Of analysis olso eliminahoi the pronlien of comfounding in the data.
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Partial and standard partial regression coefficients were determined for

each of the 21 characteristics analyzed. The determinations were made
for the entire slaughter group as well zs the aforementicned youthful

and mature segments.

Tables 7, 8 and 9 list the partizl regressinn cnefficients for 21

T

selected characteristics on panel tenderness. It will be noted that in
all three tzbles a nunmber of characteristics ware dropped before equation

3 1

6 without any siznificant decreazse in the coefficients of dstermination

. y 1.

{HE}. These characteristics included chilled carcass weight, carcass

conformatinn, firmness of lean, estimated percent internsl fats and

U}

Value-objective conlor measurement,

In table 7 for the eatire semple grouvp, live conformation,
muzzle width, tail lensth, average bone hardness, cross-sectional area
of the rib, width of rib and average bone density corrected for inter-
slabadiy

and intrafilm differences were all eliminated without a signi

decrease in the cnefficient of deteraination. U.S.D.A. czrcass grade

and subjectivs calor were eliminsted next with still no significaant
loss in predictive capability. This left slaughter grade, estimated



%3

TABLE 7. YLTI“L: REGRESSION EQUATIONS IOR PREDICTIHNG TENDTRIESS
TH A FAIALR SLAUGHTIR POPULATION (n = 123)
Trait PR-E(1)2 PR-9(2) PR-E(3) FR=SHE) PRLE(9) PRUE(E IPRUS(7) PR-E(S)
il 0255 -.0110
3 0711 -.0780 -.0997 -.0968 -.0943 -.1039 -,0967 -.0976
2 -.1194 028
L 0.0541
_ 5 —e0899  ~.089 12Ul g a6 L 11200 5 ~«2000 Sl Kok SlI7S
& 0,0014  0.0013 0.0013
% gRenws
3 1310  -,1323 -.1290 -.dLO05S =1201 al2h9 = 0855 e
g <1113 -, 11040 .,1040, -.0085 _.¢@)3  JMS = J00A0 - RBAS
10 0,053  0.0539  0.04LL 0.0505 0.08562  0,0457
11 0,0222
12 <1203 _1329  ..1322 . 1800 Led3290 —elal o b
i3 e BO0L . « o, 8806 4. O71B ~.J9LJ i P
14 0.0331
15 D.A38 03675 Q028 0.3440 0,3587 02,1544 09,1528 0.13489
1% =4 129
T8 0,164 0,156, 0.1A19 _H:2619 . D A6 35,1600 GENES Sl S
18 0,0122 0,711%2
39 22,2608 22.5106 <2,1081 _1_ 3408
29 DOl — 5= et A
o -.1333 e T
RE 0.8085  0.8749 0.8037 92.8003 0.7930 0.7962 0.7944 0.7895
l., Live conforaalion 14, Estimated percent
2. Slaughter grale intefnal fais
3. .Lip or nuzzle midth 155 - US . Degdiey J8itel dl graiEle
L, T2il lenzth 1A, Value-objeciive color
5. Bstimated age 17. Ave Warnsr-ratzler shesr
€. Cnrilled carcass weight 13, Av, bone handn=ss
7. Carczss conformation 19. Oross-sectional area of
8. Carczss maturitiy rib
9% Marvling score 20e -Width of Wil
10, ¥.S.D.4; carcass grads 21, Av. bone density correcied
1l. ®™Mroaness of lean for inter< and inmtrafilm
12, Subjective color differences
P3ep L2t b i sRad  LhicimecsS
& Psrtial Rezression Coefficientiz-Zjuation 1.
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The resulting regression equation was:
Panel tenderness score = 4.795 - (.N976 x slauzhter grade)

(.1176 x estimated aze group)

]

-~ (.0987 x carcass maturity notation)
=~ (40986 x martling score)

(.1339 x U.S5.D.A. yield grade to 0.1

+

of a grade)

+ (.1631 x average Warner-Zratzler shear)

It might be argued that sonme of these traits lack oracticality

(=

in their conllection and enst of collection, but from the data on this

Pt

opulatinn, this equation would most adequately

)
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g
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o
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o5
ot
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g

predict eatability qualities of rib steaks.

When the over-all sample was split and analyzed ssparately as
youthful and mature, the traits in the youthful group (table 2) which
lacked significant predicltive capabilities in addition %o those zlready
mentioned wers live conformation, tail length, marblineg score,
subjective color and cross-sectional arez of rib, From the 6th through

the 13th equation, the following traits were eliminated in order with

rd

no siznificant loss of predictability of tenderness: muzzle width,
carcass maturity, U.S8.D.A. yield grade, 12th rit fat thickness, average

bone hardness, averaze bone density and width of rib. Slaughter grade,

estimated age, U.5.D.A. carcass zgrade and arner-

remained in the equatinn to zccount for slishtly over 52 percent e

k_!-
,J
’_l.
o]
J
X}

3
)
*...l
s
o
S
(SN
M
r -
)
O
0]
0"
L]

variatio
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TABLE 8. MULTIPLZ REGRESSION EQUATIOHS FOR PREDICTING TENDERNESS IN
THE YOUTHFUL A AMD B CARCASS HWATURITY GROUP (n = 62)

Trait PR-E(1)2 PR-(2) PR-7(3) PR-#(4) PR.A(5) PR-1(6) PR-1(7) PR-®(8)

7 = 056 L3050 — GBER 1 2, 037

2 -.1697 -.1687 -.1999 -.1669 -_-.2937 -.1995 -_.2285 _,2249
3 = 1640 _. 1820 w2068 |- 85 =.2086 ). %207

L =l 00

5 -.2502 =.2680 _.32h5 -.3323 '=.3005 _. LTSNS0 TaeiiE
6 0.0007

P 0.0673 0.0734 0.0559

8 -.1159 -.109% -.1039 " -.0902 -,0912 -.0871 -.0N699

9 =01 53
1 - =.1832.. - N7 - 2Ls7 - NI 28 - L B 0
13 - D12
T2 = 1209m 01380
13 0.7800 1.2332 1.5814 1.51%60 1.3857 .1.111s Ri297° TlEes
14 0.18564 0.1682

15 1737 -.2556 23299  -.32%0 +.2832 _.2270 St G800 L

16 0.0L462
h» 3 0.1816 0.1728 o017 0.1735 0.1713 0.1715 0O.1629 001G

18 0.0233 0.0227 9.0255 0.0302 0.7282. 02,0264 0.0256 0.0397
19 -2.1255 -2,4533 242080 2. 8o} _2J81e0
20 0.0697 0:9653 -0, 0745~ 0,0729 . 0.8717 0, 07158 ST 7Rer s e TR
5 — 1380 _.1533 —.1080- —.1702 —slo57 iuasnr il GOIE S
R= 0.7561 0.74L5 0.7344 02,7309 0.739%% 0.7249 0.7193 0.713%4
1. Live conformation 14, =stimated percent internal
2. Slaughter grade fats
3. ILio or muzzle widih 156 S0 AL Szilcilid MardE
L., Tail length 16. Value-objeactive color
5. Zzstimated ace 17. Av. Tlarner-Fratzler shear
6. Chilled carcass weight 12, Av. bone hardness
7. Carcass conformation 19. Cross-sectional ares of ridb
8. Carcass maturity 20. #dth of rib
9. Marlling score 2l. Av. bone density corracted
10. 7J.3.D.A. carcass grads for inter- and intraiilm
11. Mraness of lean differences
12. Subjective color

13. 12th ri% Fat thickness

Partial Recression Coefficients-yuation 2.
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Trait PR-2(9) PR-3(19) Pa-s(11) PR-E(12) PR-2(13)
1
2 -.2135 —.2001 221950 e 1815 -.1655
3
I
S = 4109 -.b009  -.3369 22335 -.2730
3
7
8
9
10 = 12820 —.2317 -.251L -.2793 -.2680
T
12
13 0.54562
14
14
16
17 0.1A12 0.1562 0.1592 0.1629 0.1659
18 0. 0304 0.0299
19
20 n,0737 N.0972 9.0618 0.N244
bl _.2524 -.2A75 _-.111k .
R 2.7117 0.7943 0.6915 0.695U 0.6812

— T ER . ] e



The resulting regression equatinn was:
Panel tenderness score = 9.2097 - (9.1665 x slauzhter grade)

(0.2730 x estimated age group)

(0.2689 x U.S.D.A. carcass grade)

(0.1669 x average Warner-Bratzler

+

shear)

In the older half of the sample population, muzzle width,
estimated age, subjective color, average bone hardness, width of rib
and average bone density were all eliminated before equatinn 6 in
addition to the *traits previously mentinned. From equation ¢ through
12, the following traits were eliminated in the order listed: tail

length, cross-sectional area of rib, U.3.D.A. carcass grade, carcass

%

maturity, live conformation and slaughter zrade. MMarbling score, 12th

rib fat thickness, U.S.D.A. yield grade and ¥arner-Zratzler shear

remained to account for approximately 50 percent of the variation in

3

tenderness in a regressinn equation. The resulting equation was:

Panel tenderness scors = 1.4454 - (9.1082 x marbling score)

(1.A924 x 12th rib fat thickness)

(0.6492 x TJ.S.D.A, yield grade)

-+

+ (17.1859 x average Warner-TSratzler
shear)

An interestinz ohservation concerning the components of this

equation are the opposite signs of 12th ridb fat thickness and U.S.D.A.

X in derivatimm of the

|

yield de. This is apvarentily ifue to 2 guir

e

A3}

r

regression egnuatinn tecause it has already been noted Lhere was an
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TABLE 9., MULTIFLE REGRZSSION EQUATIONS FOR PREDICTI!HG TENDERWESS IN THEZ

HMATURE C, D AND E CA

il

CASS MATURITY GROUP (n = 61)

Trait PR-Z(1)% PR-%(2) PR-3(3) PR-3(4) PR-E(5) Pr-=(6) PBR-E(7)

B 0.1916 0.1580 0.18%62 0.,1948 0.1416 0.,1094 0.,0802
2 =160 . 13430 -.1537  -.1573 0 -.1159 -.1053 -.0799
i 0.0101
4 03730 - 0,1704 @©.,1928 0.1856 04758 =0 L6E]
8 =QI6
& 0.000%
7 ~+ 0607 | L2dD586. - JGEEP ' . 0803 . scoiilil
2 -.5487  _.45665 -.4553 L. B43Lh 0 _ 4190 L.3605 -.3769
9 -2891  _,2334 - 2h8h 2278 Li2047 L AL iR
10 042519 02386 0. 26U8. " . Ny2B53 - 110 FOOTE vl 2 BN I
o]t (T ]y A o AR R L
12 0.1142
T -2,0690 .1.8584 -1.79701 .2.0588 .1.8287 LA.co08 L NENEE
14 ~-.0720
LS 0,7225 . 0.67240 _0.£841 . 0.7500 056925 . D gaal:  IGNEEee
16 -. 049"
107, 0.1653 0.1671 0.1622 0,1663 0.,1688 0.1672 0.1681
13 -.00083
19 =7.3101 -7.1257 <8713 -8.0680 J5:7607 =SeEle0s=linolits
20 - D40 R Sk
21 0,1792 0;1774% -0, TL88: * 0, Fi59
RZ 0,7079 N.7013 0.,6972 0.6332 «0,6854 | GA860 CugRESG
l. Live conformiation 14, Tstimated perceat internal
2. Slaurzhter grade fats
3. Lip or muzzle width 15. U.S.D.A. yield grade
L4, Tail length 1A. ‘J2lue-objective color
5. GEstimated age 17. Av, Jarner-Eratzler shear
6. Chilled carcass weicght 18. Av. bone hardness
7. fCarcass confornztion 19. Cross-sectionszl area of rib
2. Carcass maturity 20, Width &£ FIB
9. IHarbling score 2l. Av. bme density corrected
10. U.S.D.A. carcass grade for inter- and intrafilm
11, firmness of lean differences
12. Subjective color
13. 12th rib fat thickness

2 Parti2l

~

Rezression Coafficients-Zguation 1.
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TABLE 9 COWTINUED

e

Trait PR-2(3) PR-2(9) FR-E(10) PR-Z(11) PR-13(12)
1 0.0923 0.1457 n.120%
2 -.0%99 -.1345 -.1496 -.0205
3
L
5
[
4
8 -.3027 -.2564
9 -.1487 -.1043 5 k@22 . 1 1) s l082
10 0.0877
LL
32
L3 -2.1803 -2.2054 -1.8423 =l. 6300 -1.692L
i
15 0.7689 7. 7804 0.7040 0.6518 N.6492
16
7 0.1699 0. B2 0.1859 0.1842 0.1850
18
¥9
20 -
21

R® 0.4373 0.4341 9.6755 0.6010 0.5997
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extremely hich positive correlation between 12th rib fat thickness
and U.S.D.A. yield grade.

Warner-Bratzler shear was the single best predictor of beef
palatability. This method of predicting tenderness is certainly less
time consuming and less costly than convening a group of panel members
to pass judguent on hteef steaks. However, it still requires time to
cook and measure each sample besides destroying a steak which makes it
economically impractical in a commercial situation. Therefore, further
study of other characteristics and particularly some of the bone
measurements in youthful carcasses may still be warranted. Even if
they were not as effective as Warner-Sratzler shear 2lone, they might
prove to be economically practical and have additive value to the
U.S.D.A. carcass grading system now used.

The tone measurements developed and used in this study lacked
some of the hoped for close relationship to tenderness. [owever,
average bone hardness, average bone density and width of rib remained
in the multiple regression equations longer than carcass maturity in
the youthful zroup. This may indicate possible usefulness for these
more objective measurcments of bone characteristics in predicting
tenderness in vouthful carcasses. Perhaps with further refinement of

techniqus or different approaches tn this study, stroncer relationships

A sinple, inexpensive measure of bons which is closely related

to tenderness would be very useful in establishing in-line gradine

2

systemns yhere the carcasses could ne graded For eventual tenderness

L 1 D ov_.

while passing througl the beef kill and dressifig linss. Inventory
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control and sales programs in packing plants could be much better
coordinated.

A measurement such as bone hardness or width of rib should be
economically feasible in a commercial situation if something were to be
gained from using it. Tone density, as determined in this study, would
entail considerably higher equipment, labor and supply costs. However,
all of thess require more time than a quick visual appraisal of the
degree of osgsification or lack of it in the buttons for carcass
maturity determination.

Returning to carcass maturity, after observing the distribution
of tenderness resns within carcass maturities in appendix table A, the
youthful, well-Fed portinn of the sanple povulatinn nearly all have
acceptable eating qualitiss. Therefore, the problen of tenderness or
lack of it may aot be worthy of extensive research time and effort.

Research time and money might be more expeditiously spent on
enzyme preparations or other chemical or mechanical means of makinz

meat more teader. Frover education in coal

‘2\
|_:.
‘2
3}
3

nd handling techniques

Seiale Tven if we did know what influenced or caused

anderness in meat genetically, it is qu-stionable whether it woul
receive nuch sa2lection pressurse hecause o7 trhe cuch srezter econonic
importance of mzany production traits.

time, effort and monsey should be spent studying
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such nearly exltinct creatures. In the past, this may not have been
true. ilowever, with present methods of feeding and handling cattle,
they reach market ait nmuch earlier ages, therefore, what once may have

1,

been a serious proolem is no lonzer such a problem.
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SUIIIARY AND CONCLUSIOHNS

Randomn selectinn of 123 female bovines from the slaughter
population of a large midwestern packing company was performed over a
period of seven work dayse. 4 full range of measurable traits was
represented in this sample population,

Traits recorded for the individual live animals included tyrve,
breed or combination, color pattern, live conformation, slaughter
grade, lip or muzzle width, horn size, tail length and estimated age.

On the slaughter floor they were checked for pregnancy and
stage of pregnancy.

Approximately 24 hours post.mortem, a U.S.D.A. meat grader
assisted in the cnllection of carcass information. This informatinn
included warm and chille! carcass wsizght, carcass conformation,
carcass maturity, marblins score, J.S5.D.A. carcass grade, Tirmness o
lean, subjective color score, 12th rib fat thickness, estimated
percent internal fats, U.S.D.A, 7ield grade, fat thickness over lower

en grading was performed,

Trne let wholesale rib was removed from each carcass and allowed
o age seven dzys post-moriem tefore ruscle, bone aad cartilage samples

.

were talen.

sleventh rib stesks were removea Tor

,
~ PN SN, WL IR L -4 P K

use by a ssven maaber mixed exoerlence taste panel, Standarfized

cocking a~d eminlins techainues were usede The samples were rated on an



rib steaks were measured for objective conlor by a Photovolt Model Ho.
610 Reflectance ifeter.

A four and one-half inch section of the distal end of the 12th
rib was removed for bone sectioning. An 0.18 inch thick cross sectinn
was cut on a Lipshaw ilodel 25 bone saw for exposure to x-rays. The
resulting radiograph was measured for transmitted light by a Photovolt
tlodel No. 425 densitometer wired to a Fhotovolt zalvanometer to
improve the sensitivity of the readings. A tracing was made on
semilogarithmic paper which was subsequently measured for area by a
compensating oolar planimeter. The area was adjusted for various
inequities between samples. These measurements were now designated
bone density measurements,

A 0.135 inch thick lonzitudinal ssction of this same rib bone
was removed on the saw *o be used for hardness ftesting. The sample
was tested on a Pvro-Ilectro metal hardness tester after various

modifications had been made on the instrument. An averacge for 12

tardnesss measurerents on each sample was used bacause of the somewhat

Q
>]

wide variability experienced even the same tone sample. Definite
differences betwaen samoles were noted, however.
Statistical analysas of the data were performed. ieans and

standard deviations for a nwiher of characteristice were determined

within subclasses of selacted traits. 3imple correlations were ceter-

mined between z1l recorded traits

fnyr the entire sample grouv as well
mle

as the youthful and mature halves of thne sa.f
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and panel tenderness in the total sample. The strength of the
relationship between maturity measures and tenderness was reduced when
the separate segments were analyzed. It could be postulated from this
observation that the female slauzhter population is not distributed in
a smonth, continuous pattern but is separated primarily into two rather
specific grouvs, the youthful and the mature.

ffultiple regression equations were derived using 21 of the more
highly correlated or interesting recorded traits. OCnefficients of
determination for the shaortest esquatinns on the entire sample, the
youthful zroup and the mature groun were RZ = 0.7°95, 0,4812 and 0.5997,
respectively.

Warner-2ratzler shear measurements provided the best single
predictor of eventual tenderness in each segment of the sample as well
as under all methods of statistical analyses,

Subjective evaluations of animel aze, slaughter grade and carcass
grade supplied some ussful contributions in predictineg tenderness,

particularly in the more youthful zrouo., Jarner-“ratzler shear values

.
o
9
2"
T
p
¢
:
L]

were the most effective contribultors to tenderness vredictiouns

In some portinas of the analysis, bone characteristics, such as

bone hardness, widilh of rib and bone density measures, shoivied enouzgh

b

relation to panel tendsrness to warrant further study.

, generastly, the vouthful

n

Tven though there ave exeepling

the mature carczsses with fewr examvlss of

: -~ b2 B «r: -
L s wesat poscarchers mizht be better advised t
the slauchter population, meat rescarciers migat be & tter advised to
. B . N < o
Scend less tine and eftor: tryinz to find clzracierisiics related to



tenderness in youthful, well-fed cattle and devote their energies to
other problems.

However, as long as people enjov beef and consider tenderness
a very desirable attribute, study of the inherent differences in
tenderness will probably continue. Perhaps more attention should be
devoted to improving tenderness in the more variable and often times

more obiectionahle mature segment of the population.

88
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APPENDIX

TABLE 1. MEASS AND STANDARD DEVIATIOXNS FOR VARIOUS

HARACTERISTICS

WITHIN TYPES

96

Type Beef Dairv
1 2 3 L 5 Average

No. of animals 94 6 7 3 11
Chilled carcass wt,

dlean 5656 549 67" 531 651 521

S3500)5 87 115 205 A3 131 107
Ribeye area

lean 19.14 9.98 5,96 11.43 11.97 192.39

SR 1.18  1.h5s  1.77 2.47 2.56 1.45
Av. bone hardness

HMemam 43.9 Lok U45.3 59.1 5.4 45,9

S.D. 11.0  1%.1 19.5 Aol B.5 INESS
Rib bone width

Hean 390.4 29.3 31.3 31.%3 33.4 30,7

3.D. 4.0 2.9 5.8 2% L,2 4.1
Av. bvone density?

HYean 8.29 3,42 3,87 9,91 1n.45 3. 57

S.D. 1.73 1.36 2.12 1.52 1.38 <A
Av. Warner-Cratzler shear

Mean 15.87 17,21 14,21 19.%% 15.65 15.93

3.D. 4,91 5.7 3.33  3.19 3.14 L.48
Av, panel tenderness

Hean 3.75  L.93  3.04  5.20  4.30 3.85

5.D. 1.57 1l.R2  1.3A 7.93 1l.14 1.57
Av, panel flavor ;

sean 3.5 3.59 A2 3.85 3.61 3.39

5.D. noal 9.99  0.43 2.9% 9.49 9,92

& Raw da‘z2 corrected Tor inter- and intrafiln differences.



SR Al )

TAVLE 2. MEAYS AND STLTDARD DETIATIONS ™OR VARINTS
CIARACTERTSTICS WITEIT SIALDHTER GRADES
USDA Av. bone Av. bone Av. Warner- Av, panel Av. panel
Slaughter No. of Ribeye area yield grade hardriess density® Sratzler shear _tendernsss flavor
grade animals  Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean - Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev
? - 3 9.23 1.64 2. 50 2.56 56.5 8.7 10.17 1.60 19.29 4.07 5.10 1.57 3.90 0.86
8 Utility 10 9.90 1.39 2.35 0.40 53.1 3.5 9.99 1.3¢ 18.27 6.27 5.22 1,54 4,25 0. 84
10 - 18 10.32 1.25 2.79 0.96 5646 9.2 9.21 1.64 18.23 L.o6 5.03 1,08 4,18 0.69
11 Commercial 19 11.17 2.2 3.18 1.13 56.3 8.6 10.37 1.69 20.99 4,15 5.23 1.28 4,08 0.91
12 + 6 11.27 1.26 3.40 1.56 56.2 5.8 10.27 1.76 17.45 2.35 4.69 1.32 3.45 0,64
14  Standard b 9.50 = 2,70 == 42,5 == 8.67 == 12,60 = 3.43 = 2.85 rE
16 5 3 9.00 0.75 2.10 2.53 40,7 4.8 7.20 0.65 13.78 2.52 3.82 0.37 3.53 0.35
17 Good 2 10.65 0.92 2.05 0.07 38.1 4.7 7.483 0.28 12.34 2.90 2.32 0.25 2.45 0.17
18 + 14 9.26 1.02 3.39 0.56 32:.9 8.3 2.23 0.88 12,37 2,13 2,90 0.75 2.82 0.45
19 - 21 10.37 0.99 3.4 0.83 37.1 6.4 7.40 0.58 13.92 2.9 2.76 0.99 2.82 0.55
20 Choice 17 10.11 1.12 3.48 0.68 35.7 6.1 7.25 1.15 13.07 3.40 2.64 1.06 2.7 0.72
a & Ye 10.85 1.06 4,54 1,11 29.3 5.7 8.11 1.63 13,58 2.93 2,78 0.61 2.91 0.29
= - 1 11.00 =5 3.60 o 41.3 o= 8.41 =5 11.22 - 2.29 == 2.14 L.
23_Prime 1 10.00 - 4.60 = 49,2 s 9.11 = 16.47 = 3.43 - 2.85 i
Average 10.30 1.45 3.22 0.99 4s.9 11.8 8.57 1.80 15.93 4,68 3.85 1.57 3.39 0.92
% Raw data corrected for inter- and intra-film differences.
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TABLE 3, MEAIS AND STANDARD DEVIATIOHNS FOR VARIOUS

CHARACTIRISTICS WILIH HUZZLE WIDTHS

98

Lip or Harrow Broad
muzzle width 1 2 3 L 5
Jo. of animals 19 b3 33 20 8
Value-nbjective color

Mean 3.95 3.86 3457 3.49 3.9%¢

Spl. 0.20 0.27 Q.37 0.85 0.24
Av, bone hardness

Mean 35.2 38.3 51.5 59.8 53.8

S.D. 6.2 7.L 10.1 5.l 7l
Width of rib

Hean 28.7 28.3 32.2 33.5 35.4

S.D. 2.3 2.6 3.7 Lh,5 L.0
Av. bone density?®

ilean 7.21 753 9.39 10.22 .87

IR 1.21 .93 1.A9 1.A0 1.76
Av, Warner-3ratzler shear

dean 13.13 14,04 17.00 18.45 21.58

S.D. 3.00 3.55 5.7 2.96 5.17
Av. parel tenderness

ilean 2.76 3.12 4.35 5.03 5.39

$.D. 0.94 1.32 1.56 1.12 1.04
Av, panel flavor

Mean 2.8 3.02 3.59 3.98 4,48

S.D. 0.55 0,82 N.91 0.69 .83

a

Raw data corrected for inter- and intrafilm differences.



TARLE /.

MEANS AMD STANDARD DEVIATIONS FOR VARIOUS
CIARACTERISTICS WITHTY ESTIHATED ANIMAL AGES
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TAELE 5. MBAXNS

VIATIONS FOR VARIOUS CHARAC
AT OR OYPREFIATE BOVIVES

-1

TS

100

RISTLES

Pregnancy 1o Yes Averege
doe. of animals 86 28
Value
Mean 3.72 3.61 3,70
S, 0.33 n.43 0.36
Chroma
ifean 5.01 L,71 4,93
S.D. 1.07 1.10 il. 07
Av. bone hardness
ilean 43,7 49,9 45.9
Sielle 11.2 11.0 19 83
Av, iVlarner-Zratzler shear
vlean 15.67 16.02 15.93
SAIDA L.s1 50 & L,68
Av. panel tendernass
Mean 3.73 3.96 3.85
S 1.55 1.59 1057
Av. panel flavor
Mean 3.30 3.66 3.39
S.D. N.92 0.91 0.92




TABLE 6. I/EANS AND “mATDARD DEVIATIONS FOR VARIOUS
CHARACTEIRISTICS WITHIN CARCASS MATURITIES

iZoe

oo Av. Warner-
of Av. bone ib bone Av. bnne Bratzler Av. panel Av. panel
Carcase ani-  Value haréness vridth density? shear tenderness flavor
matueity mals visan  3.0D. Mean B3.D.  lfean 5.D. Mean S.D. Mean  S.D. lean S.D. Mean S.D.
2 8 19 3.4 0.4 .3 AJA 0 3602 3.9 11,93 1.64 18.96 3.4 5.02 0,94 3,84 9,67
J - O 3.32 0.29  53.8 5.6 33.8 b2 2.01 N.93 22,21 L.kl 5,81 0,71 4.1 0.75
bk 8 Sk 0.2L 57.4 0 A7 31,8 2.2 9.27 1.22  19.90 5.39  5.49 1.26  L4.27 1.00
g B 5 339 0.200 57,1 3.b 31 2 .5 9.9 1.4 17.11 2.06 4,61 1.05 L.D2 0.40
G A 3.70 0.1 52,5 10,7 3L 3. 9.13 2.06  17.26 2.% bo56 1.28  3.79 1.00
T 5 3.39 0,33 si.2 L0 32 P 3.3 9.3 1.26 18,72 AJAL L.,97 1.59  4.23 1.1
S 7 3.5% 036 L2000 10,5 3.3 h,2 .05 139 17.79 6ok 4,12 1.95  3.85 0.74
9 - 3 3.9% 040 45,9 3.8 29.0 3.9 8.9 0,57 13.9% 3.03 2.62 1.05 2.90 0.50
10 4 1 3.5 — 3504 327 e %72 - 20.20) i 7.0 e 5028  aa
11 B 1 3.76 e 43 P === 30.0 e 7 __ 15.79 - T R — 3.72 ==
12 5 2 L0403 37.6 5.4 34,5 2.1 280 1.33 10.50 1,17 1.72 & 2.72 1.0
12 - 35 3.93 0.2 37. 0 7.0 284 2.0 7.39 0.77  12.94 2,70 2.81 n.82 2,76 0. 50
1 A 23 3.92 0.9 35.9 LA 27.9 2.7 7.13 107 13.53 3.04 2.77 O.CC 2.2F

n (J/

PR P

Raw data corrected for inter- and inirafilm Jdifferences.

TOT



-

AT T A
TADLA 7. M

THARATT
Chilled 12th rib % Anternal Av. wWarner- Av. panel Av. panel Av. panel
No. of carcass wt. fat thickness fats Sratzler shear tenderness flavor juiciness
Marbling animals Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. HMean Std. dev. Mean Std. dev. Mean Std. dev.

3 Prac. dev. 3 533 110 0.12 0.06 1.50 0.50 20.59 8.58 5.62 2.08 4.43 0.49 5.67 1.00
5 - n 534 47 0.31 0.22 1.63 0.63 17.02 2.3 5.07 0.99 4,68 0.87 4,75 0.14
6 Traces 5 182 56 0.15 0.07 1.70 9,45 18.89 5.75 4,43 1.75 3.77 1.02 4.08 0.41
7 + 5 563 73 0.34 .15 1.50 .50 22.11 7.11 5.74 0.83 4.83 0.59 4.63 1.55
8 = 12 560 82 0.26 0.14 1.92 0.76 15.60 4,38 4.27 1.34 3.71 0.68 4,65 0.61
9 Slight 7 554 55 0.51 0.15 2.57 0.73 18.89 6.03 5.08 1.85 4,06 1.12 4,74 0.73
10 + 14 561 97 0.4k 0.20 2.86 0.57 16.02 3.81 4.18 1.31 3.18 0.75 3.96 0.53
n . 7 560 84 0.3 0.14 2.21 0.39 15.92 4.90 3.65 1.20 3.36 0.74 3.47 9.55
12 Small 6 533 69 0.65 0.42 2.75 1.17 13.92 3.49 3.56 1.59 3.29 0.91 3.46 0.88
13 + 12 558 82 0.53 0.22 2.79 0.81 13.95 4.20 3.54 1.50 3.14 0.76 4,31 0.61
14 - 7 601 50 0.59 0.26 3.2 0.81 13.66 2.76 3.27 0.85 3.18 0.45 4.03 1.01
15 Modest ? 580 171 0.66 0.34 3.07 0.53 13.37 2.22 2.80 1.43 2.94 1.07 3.63 0.89
16 + 12 633 110 0.64 0.36 2.96 0.54 15.07 3.57 3.13 1.18 3.16 0.77 3.91 0.68
17 - 8 606 95 0.49 0.17 2.8 0.70 15.19 4.32 3.03 1.86 2.7 0.67 3.53 0.94
18 Moderate 4 732 268 0.83 0.25 3.13 0.48 14.34 L.bs 3.26 1.91 2.75 0.61 3.5 0.69
19 + 6 634 73 0.63 0.24 2.75 0.42 17.44 5.03 3.43 1.28 3.02 0.79 3.87 0.80

20 = 1 8u1 aci. 0.85 - 2.50 - 20.70 = 6.14 &5 4,27 =5 4,71 —

21 sl. abun. 1 578 =5 0.70 AL 3.00 s 10.88 = 1.86 ~ 2.00 = 3.57 c

23 Hod. abun. 1 656 = 1.50 = 4,00 = 14,17 = 2.14 — 2. - 2.71 ST

27 Abundant 1 763 - 0.40 = 2.50 - 19.39 -- 2.8¢ - 3.43 - 3.66 &

20T



TABLE 8, MEANS AYD STAYDARD DEJ/IATIONS FOR VARIOUS
CHARACTERISTICS WITHIN TARCASS GRADR

— e —
USDA Av. bone Av. bone Av. Warner- Av. panel Av. panel Av. panel
Carcass wo. of Yield grade Value hardness density?® Bratzler shear tenderness flavor juiciness
grade animals Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean  Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev.
5 Cutter 3 3.00 2.36 3.41 0.22 52.9 6.4 8,68 1.39 20.05 2.25 5.48 1.19 L.86 0.15 5.11 0.42
6 + 1 2.90 - 2.89 == 45,3 - 11.5% - 30.07 e 6.14 == 5.43 == €.29 o
7 - 19 2.39 0.62 3.29 0.25 57.5 9.4 .64 1.79 18,54 4,41 5.41 1.19 4.15 0.73 4.59 1.00
8 Utility 16 2.59 0.63 3.53 0.32 53.3 6.6 9.58  1.¢8 18.71 4.81 5.09 1.19 4,06 0.73 4,28 0.65
) & 4 3.15 1.15 3.43 0.14 59.0 8.2 9.89 _ 1.07 20.23 L0l 5.79 0.63 4,32 0,37 4,11 0,07
10 s 10 4,12 1.24 3.69 0.32 58.9 7.0 19.61  2.02 16.77 3.77 3.96 1.03 3.40 0.72 3.87 0.72
11 Commercial 6 L.17 0.44 3.53 0.35 50.2 5.8 9.24  0.99 17.84 3.15 4,05 1.17 3.50 2.82 4.20 0.55
12 + 3 4.30 1.67 4,13 0.27 b5.2  12.9 9,85  1.45 14,71 .43 2.14 0,72 2.8f 0,52 3.03 0.55
14 Standard 1 1.30 - 3.50 == 35.4 == 8,72 - 28,24 == 7.00 == 5.28 - 3.86 -
15 + 2 2.50 0.57 3.72 0,06 372.2 4.9 2.57 0,18 13,74 3,04 3.22 1.31 3.29 0.61 5.29 0.81
16 - 1 2.10 = 4.02 = 3.8 - 7.28 - 14.39 - 2.14 5 2.57 == 4,27 s
17 Good 11 3.34 0.68 3.94 0.721 3.3 7.0 €.80  0.98 13.80 3.47 3.22 0.66 2.82 0.35 3.97 0.78
18 + 13 3.38 0.96 3.86 0.14 40.6 5.3 2.28  0.52 . 14.00 3.1 3.30 0.82 3.99 0.65 __ 3.25 . 90.79 .
19 - 17 3.50 0.62 3.98 0.23 34.8 6.9 2.50 0,71 12.14 1.90 2.61 0.83 2.75 0.50 3.83 0.84
20 Choice 12 3.2 0,92 3.97 0.2 37.5 b6 2.93 1.4 13.30 3.15 2.20 9.72 2.53 0.54 3.75 5.7
A + 4 4,03 1.08 3.83 - 37.0 4.6 6.93 1.21 12.04 2.85 2.22 1.09 2.50 0.58 3.39 0.80
& Raw data corrected for inter- and intra-film differences.
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PABLI 9. HEANS AND STANDARD DEVIATIONS FOR VARIOUS

CHARACTERISTICS WITIIN SUBJECTIVE COLORS

Light Very light
Subjective colors Dark Md, Cherry cherry cherry Daric
red dark red recd red red pink Average
2 3 L 5 6 7

Do 0of carcasses 1L 27 17 51 12 2
e

Jaan 6.5 5.91 7.1.3 7.18 5.72 524 663

5.0 2.59 1.3 2.12 2.59 2.21 1.38 2.36
Volue

Sean 3.26 3.03 3.78 3.85 L,o1 4,31 3.70

. Uk N30 Ne25 .27 N.27 0.15 0.07 0.36
Chirona

Jean L2 L.23 o746 5.04 9862 5¢80 L,93

3.D. 1.26 1,00 1.02 1.00 0.71 0e35 1.07
Av. liarner-Sratzler shear

Veon 19.N5 19.25 13.29 14,48 14,01 15.22 15.93

S, 13,06 L,o1 2.65 3.63 L.39 8.27 b.6S
Av. panel tenderness

dean SPRES] 5426 2.94 3.38 2457 2.86 3.85

Soltlc 1.01 1l.20 1.15 1.23 0.99 1.62 1.57
Av. penel flavor

Hean L,06 4,08 3.07 3.4 2.74 2.71 339

810 N.75 Ne85 NIBS N.76 0.61 0620 0,92
Av. panel Julciness

Mean 77 L,27 3.9N 2,92 3.37 3.43 4.08

S aldks N.32 N0.532 N.71 0.35 D480 N.81 0.37

70T
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TABLE 10, MZANS FOR VARTIOJS CHARACTERISTICS WIICH
#AY BE USEFJL IX OTIHER REZRESSION EQUATIONIS

Total Youthful Mature
sample group group
mean mean mean
Trait n = 123 n =62 n = 6L
Slaughter grade 14,97 18.75 11.11
Estimated age group 3.92 2.02 5355
i{arbling score 12.24 12.76 11.72
Carcass maturity 8.95 13.26 1. 5
U.S.D.A. carcass grade 13.4D 13.32 8.39
Chilled carcass weipght, 1lb,. 531 538 625
12th rib fat thickness, in. 1490 o 5hl 435
U.3.D.A. yield grade 3622 3.35 3.09
Yiarner-3ratzler shear 15,93 13.37 13.53
Av. bone hardness 5,0l 36.88 55,14
Width of rib, mm. 30,72 23.590 32.91
Av. bone density corrected 857 737 9.72

for inter- and intra-
film differences
Panel tenderness 3.85 2.585 L.R7
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