THE INFLUENCE OF SIRE UPON PERFORMANCE AND CARCASS
CHARACTERISTICS IN HEREFORD PROGENY

by

JOHN DORTON HOGAN

B. 8., Oklahoma State University, 1951

A MASTER'S THESIS
submitted in partiagl fulfillwment of the
vequireménts fog the degree
MASTER OF SCIENCE
Department of Animal Husbandry

KANSAS STATE UNIVERSITY
Manhattan, Kansag

1968

_.—approved by:

s

ey

| ) J{

ajor Professor



TABLE OF

IMRODUCTIOR ¢ € 4 & 6 & @ e B v @

REVIEW OF LITERATURE . &+ s ¢ 4 o »

Performance Testing s o o o s

Carcass Characteristice . «+ «
Carcass Measurements « o« o o »
Physical Separation . » « & o
Tenderness Studies + 4 o o ¢ ¢
METHODS AND MATERIALS ¢ o ¢ o » o o

DISCUSSIONQ.».;‘Q%;Q.tQ

S UWARY . [ 2 . L * ] * L -3 [ L] L 4 L

ACKNOWLEDGMENTS & o 5 o o ¢ » o o
LITERATURE GHEB € & 3 & o 8 & o o

AP?ENﬁIx ¢ e o & & B3 T & 8 & ° & K

ii

CONTENTS

T € € & & & & @ e e v e e & @ 1
§ & e & v & & & @0 o o o ® O W 2
* & & b @ £ 9 6 o 6 & & o o+ @ 2
e ® & o & o o ©w * O H & & B @ 16
¢ & & B e & e o F & & ¢ B2 o ® 22
« € 0 e 9 K S o B e O O o o ° 23
e ¥ % ¢ & » 8 ¢ 06 ° § e W Y & 25
# @ @ e B % ¢ e v F H > ¢« 8 @ 29
$ & o B 4 ¢ 8 e 8 b e & & ¢ e 35
¢ ® @ €& ¢ ® @ € o € * HF & @ & 65
¢ ¢ = & & O § F 8w B & o ° ¢ @ 7 1
e & & e & & & ¥ & & & © 8 & 8 72
e & ¢ @ © © & & 0 © o o O & @ 83



INTRODUCT ION

Consumer demands for meat products with a higher proportion of lean
to fat have created significant changes in the beef cattle industry in
recent years. Research workers, charged with the responsibility of find=
ing new and improved meanz of identifying superior, beeifstype animals,
have revised and refined one of the earlier tools used in selection,
performance testilng.

The problem encountered in- the selection of these superior animals
is complicated by the structure and the divergeness of the beef cattle
industry. In order for a characteristic to be of practical and economic
importance in a selection program, it wust be genetically highly heritable,
and must satisfy all segments of the industry, i.e., the producer, the
feeder, the packer, the processor, and the consumer. Information is
needed to the extent te which characteristics of prospective breeding
cattle and slaughter cattle may be used to predict differences in
carcass traits,

The generation interval for cattle is quite long (approximately
five years), resulting in the most generally accepted selection practice
adopted being that of sire testing., The formation of various Beef Catw
tle Improvement Associations (BCIA), and the adoption of various types
of performance testing programs by the beef breed registry associations
in recent years has strengthened the role of production testing as an

aid in selection,



This study was undertaken in order to develop a better understand-
ing of beef cattle evaluation, The objectives of this experiment were:
(1) to ptudy the relationship between conformation traits of sires of
the same breed and type, and that between these traigs in the sire and
the carcass traits among his progeny; (2) to study the relationship bew
tween conformation traits in 8 sire and the weaning, yearling, and the
slaughter grades and weights of his progeny; (3) to evaluate certain
live animal traits for predicting carcass value; (4) to estimate heri=-
gablility coefficients for all traits studied and to determine if sire
differences for these traits are statistically significant; (5) to study
the results of the cooking data and taste panel results for flavor,

tenderness, and juiciness among the variocus sire groups.

REVIEW OF LITERATURE

Performance Testing

Every gsince man domesticated those creatures whom he felt would aid
him in & coonstant effort for survival, he has sought to improve, by
selection, those animals which gave him pleasure, comfort, or assistance.
Earliest selection was probably based on personal preferences,; bui a8 man
learned to evaluate animals for a specific purpose, he began "breeding
the best to the best"™ (Rice and Andrews, 1951),

Visual appraisal of live animals by trained judges has proven to
be one of the most extensively uged tools in livestock improvement. One

has but to study the modern meat-type animal in order to determine how



successful man has been in controlling the genetic patterns of his live-
stock. Modern animals are the result of years of selection for those
traits which the breeders have considered economically important. We
geek more accurate evaluation of those characteristics by live animal
and carcass research,

Edinger (1925) reported using a detalled description in which the
major parts of the animal were scored in comparison to the ideal beef-
type. With the exception of the neck and brisket, each portion was
scored according to conformation and finish, The same procedure was
used for scoring the wholesale cuts, although the number of wholesale
cuts In the carcass is less than the number of major parts of the live
aninal, due to the combination of two or more of the portioneg,

Holbert (1932) proposed a Register of Merit rating similar to the
one presently used by the American Hereford Association, whereby a sire
is given credit for the showring winnings of his progeny, Most of the
present day performance testing programs differ in some manner, depending
on the number of traits being studied, gex of the animals being tested,
and the period of time covered by the test, This is not considerad unusual
as many workers have studied performance testing and have recommended
various criteria or standards of evaluation (Holbert, 1932; Winters and
McMahon, 1933; Black and Knapp, 1936; Knapp et al., 1941; Knapp and
Black, 1942).

In any type of evaluation study,; some method of standardizagtion and
record keeping must be adopted; this has led te the development of various

scorecards, Many workers have attempted to utilize gcorecards as a basis



for selection. Lush (1932) stated that no standard or scorecard based
on conformation could ever accurately predict future performance of ine
dividual steers, Knapp et al. {(1936) concluded that scoring as a tech=
nique of evaluation for differences between animals is subject to con=
siderable error and is probably of very doubtful value when differences
between animals are small. When the populatior to be studied shows large
differences, the scoring technique is undoubtedly the simplest way to
evaluate differences in conformation, Slaughter tests have shown ree
peatedly that there are material differences between the progeny of two
sires, yet scores and grades have failed to show such differences (Shelby
et al., 1955; Carter and Kincaid, 1959; Bradley et al., 1966).

Black and Knapp (1936) outlined a program for measuring performance
in beef cattle in which certain conditions should be held constant among
animals for record=ofeperformance tests, They proposed that weaning
weight, slaughter weight, feed, and method of feeding all be held cone=
stant in an attempt to reduce environmental influence, In addition, it
was believed that the period of development from feeder animal to time
of slaughter should be studied most extensively.

Knapp et al. (1942) reported that when progeny testing beef bulls,
there is a rapid increase in information gained from each successgive
animal added to the study until at least f£ive individuals are included
in the study. From five on the information gained from each successive
animal becomes relatively less until, after reaching fifteen animals,
each additional animal contributes very little information, It was also

concluded that in order to conduct a progeny test with reliable results,
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some number of animals between six and ten would be satisfactory.

Krehbiel et al. (1958) was able to show that selection for beefw=
type improvement could be made at the rate of approximately one~third
of a grade per year, A paternal halfesib estimate of heritability for
beefetype improvement was found to be 0,54, indicating that selection
for type on the basis of Scorecard was effective, Ray and Gifford (1949)
analyzed the agreement begween judges and normal changes in animals dure
ing a lifetime, using fixed standards for type and body conformation,
found ghat most animals remained in or near the same classification
during their lifetime with seasonal differences in condition or finish
having little influence on classification rating.

A method of recording performance based on the average daily gains
of the animal from birth £o one year of age and a quality score based
upon slaughter grade as determined by a committee was proposed by Winter
and McMahon (1933}, Their recommendation was based upon work which ro~
vealed that enimals of the same phenotype as determined by extexior
morphology did possess marked differences in the ability to make gains
economically., Sheets (1932) proposed a procedure based on the feedlot
record of progeny and a quality grade based oun carcass grade and tenderw
ness, Patterson et al. (1949) found that the ability of an individual
to make gains rapidly was highly heritable, Selection based on the
performance of an individual sghould thus prove ghe most effective in
improving rate of gain in beef cattle, Patterson et al. (1949) further
reported that practically no relatiomship existed between type score and

gain {r = 0.,41), The correlation reported between initial grade and



initial weight was ~,243, while initial grade and final grade were fairly
highly correlated (0.724).

Sabin et al. (1958} found age at weaning failed to give a significant
relationghlp in predicting future scores and future gains; weaning score
was the only independent variable significantly agsociated with final
gcore,. ©ondition scores and conformation scores at weaning were indie~
cators of future scores, while skeletal size and development were not
measured by weight., Bone measurements were capable of predicting future
size, but not future weight, Kidwell et al. (1957) concluded that
selection for heavy weaning weight on a progeny basis should be ef~
fective in improving post-weaning rate of gain, Weaning grade was found
to be highly correlated with subsequent grades, as indicated by the
high correlation (0,66} between weaning weight and feedlot gains,

Marlowe and Galnes (1958) concluded that type scores were not
influenced sufficiently by the age of the calf to be of any practical
importance. Sex of the calf influenced growth rate significantly in
both creep fed and nonecreep fed groups studied, but had little effect
on type score. Bull calves grew approximately five percent faster than
steer calves, and the steer calves grew approximately eight percent
faster than the heifer calves, Season of birth had a significant inw
fluence on growth of the nonecreep fed group but was of no practical
importance on growth of creep fed calves or type scores of either group,.
Age of dam was found te be the most important source of variation studied
with the largest differences occurring among the younger age groups}

maximum production was obtained during the study from cows in the



six= to ten-year age group,

Brown (1951) reported s downward trend in score for heifer calves
from calfhood to first lactation, after which the score tended to ine
crease to maturity (approximately five and one«half vears), and remain
constant until changes asgsoclated with senility began to cause a decline,.
The age at which a cow's score appeared to be most highly correlated with
lifetime average age score was three years (0,31} and one and one~half
yvears (0,30},

Black and Rnapp (1933) studied several methods of measuring porw=
formance and concluded that differences in weight at twelve months was
not significantly different in the progeny of several sires, but effi-
clency of gain could ke best demonstrated in animals weighing from 500
to 900epounds, Kidwell et al. (1956} compared Holstein vergus convene
tional Hereford cattle to determine the influence of size and type,
concluded that at a given weight and age, animals of larger mature size
gained more rapidly on less feed than animals of smaller mature size,
Also, carcasses of large animals will contain a higher proportion of
bone and muscle, and a lower proportion of fat, Differences in percent
of the wholesale cuts were found to be small. Woodward et al. (1942}
also found that large animals gained more in the feedlot, ag did Hultz
(1927)., Stanley and McCall (1945) reported a positive correlation bee
twaen rate of fesdlot gain and skeletal size,

Knox and Koger (1346) studied the relationship of type and performance,
and reported no difference in carcass grade among Hereford steers classie

fied ss to vangy, medium, and compact type. Steers classified rangy



gained more and weighed wore ghan the compact steers, with the medium
steers being intermediate in each casej the conclusion was that gain
was due to gkeletal size rather than type. These results are in agreew
ment with reports of other workers who have reported a poor relationship
between type and gain (Lush, 19323 Patterson et al., 1955).

Gregory et al. {1961} sgated that recorde-of-performance will have
its greatest impac€ ghrough application by the purebred breeders or
herds selling breeding stock £o the commercial cattleman, At the pre=
sent time there is considerable pressure being applied to such producers
to supply prospective buyers with pewformance informatiom of the sires,

fn veporting results of performance testing, authors are continually
stressing the need te remove the effect of environment from such experie-
ments in order Lo wore gccurately evaluate the Lrue genetic differences
between animals, When the environment has been as closely standardized
as possible, it is more practical to study ghe heritability of the various
traits concerned, Warwick (1958} stated that very little resesarch was
conducted measuring beef cattle performance prior ko 1930. Knapp and
Nordskog (1946), using data collected at the U, 5., Range Livestock Ex=
periment Station, Miles City, Montana, presented the first estimates for
€he heritability of quantitative fraits in beef cattle. They found small
to moderate estimates for birth and weaning weight, extremely high herita-
bility estimates for galm during a post-weaning feedlot tesg (0.99), for
efficiency of gain during the test (0.75), and for final weight at the
end of the test (0,81), Heritability estimates were above f£ifty percent

for weaning conformation score, slaughter score, carcass grade, and area



of rib eye muscle. Several of the estimates spproached one hundred per=
eent, and were thus revised by Knapp and Clark (1950). Warwich (1958)
summarized numerous studies of economic traits in beef cattle in tabue
lar form, the results appear as Table 1,

Koger and Knox (1952) reporting on heritability of grade and type
in beef cattle estimated the heritability of grade at 0.24, based on
half=sib correlations, The preliminary results showed selection for
compactness in Hereford cattle to be highly effective, indicating a
relagively high heritability for body propoxtions. These authors also
stated that grade is one of the economic characteristics of cattle whieh
must be considered in most cattle breeding operations,

Dawson et al. (1955) working with Milking Shorthorn steers, reported
the following heritability estimates om characgeristics which they conw-
sidered to be high (above forty percent): dressing percentage, 0.69;
careass grade, 0,673 slaughter grade, 0.58; days to final weight, 0.57;
birth weight, 0.51; and days to weaning, 0.45.

Shelby\EE al. (1955) stated that selection made for most of the
growth characteristics should be based on the individual's own record,
while selection for carcass characteristics should be based on half-
sib or progeny test. Data from the Miles City, Montana Station was sum=-
marized for 635 steers from 88 sire groups and paternal half-sib cor=
relations were used in obtaining the following heritability estimates:
birth weight, 0.72; weaning weight, 0,23} gain in feedlot, 0.60; final
weight at end of feeding period, 0.84; efficiency of feed utilization,

0.22; slaughter grade, 0.42; shrink, 0.91; dressing percent, 0.73;
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Table 1ls Heritability estimates for beef cattle characters.1
No, of Avg. of Range of

Character egstimates estimates estimates
8 St ; o 5 T
Calving interval 3 8 0=15
Birth weight 15 41 11=-100
Weaning weight 26 30 «13«100
Cow maternal ability 2 40 19«60
Post weaning feedlot gain 13 45 19«70
Post weaning pasture gain & 30 9243
Carcass traits:

Dregsing percent 2 71 69«73

Carcass grade 3 34 «30=84

Rib eye area 3 69 69«72

Tenderness 2 61 41-81
Conformation grades:

Weaning 16 26 0=53

Slaughter 5 39 «13=63

2

Cancer eye susceptibility 32 23=41

Larwick (1958).

carcass grade, (.16} color of eye muscle, 0.31; area of rib eye, 0.72;
and thickness of fat, 0.38.

Studies of Lindholm and Stonacker (1957) indicated that selection
for weaning weight alone was an accurate basis for selecting for ine
creased net income in Hereford calves., Kieffer et al. (1959) calculated
heritability estimates from paternal half~sib correlation for maternal
effects on birth weight (0.60), weaning weight (0.39), and condition
score (0,04}, Leﬁmann et al. (1961) reported that selection indexes
were developed and compared, based on daily gain from birth to weaning,
and a 203~day weaning weight and fype score, Weaning weight in the best

linear equation studied was concluded {o be preferable to selecting on

the basis of either growth or type singularly,
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Carter and Kincaid (1959}, working with calves raised over a six=
year period @ the Virginia Station, obtained heritgbility estimates for
weight at sixemonths (0.08), feeder grade {0.41), daily gain in the feed=
lot (0.38), feed efficiency (0.99), slaughter grade (0.45), aﬁd c8rcass
grade (0,16) for the gteer calves; weight st siw~months (0.69}, feeder
grade (0,51), daily gainm on pasture (0.54); and yearling gréde .17}
for the heifer calves, BShelby gf al. (1968) xeported estimates for
gatn in feedlot (0.46), final weight st thirteenthemonth (0.77), snd
efficiency of feed utilization (0.32). Resunlte indicate that weight at
thirteenth=month appeared to be the most valuable criterion for selection.

Christians et gl. (1962) reported the following heritability estie
mgtes obtained g the Fort Reno, Oklahoma Stgkion: slaughter weight
(1.00), average datly gain (0.88), dressing percent (0.74), and slaughter
grade (0,49), carcass weight (0.96), cercassé grade (0.78), conformaegion
(0.29), fat thickness €0.38), and rib eye avxea (0.76). Heritability
estimates for the pewcent of lean, fet and bone as determined ueing the
9«10w1lth rib sections {Hemkins and Howe, 1946), were 0,30, 0,31, and
0.41, respectively.

Koch (1951} observed weaning weight of the calf @s a useful weasure
of a8 cow's annual production, since this observation ig taken gt the end
of the period during which she exerts maximum influence on the growth of
the calf. Many range calves aere sold gt, or shortly sfter weaning &nd
their weight determines, to a large extent, the amount the owney receives,
Koch (1951) determined the repeatability (0.52) for the extent to which

weaning weight igé & permanent chargceteristic of beef cows, concluded that
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selection for high lifeetime production could be made after the cow has
weaned her first calf, Rollins et al. (1952) reported that there was a
difference in-the genetic factors operating independently for different
periods of a calf's life. Factors affecting the growth of the calf's
life for the first four months appear to be independent of those genetic
factors which control growth from fouremonths to weaning., The difference
in the genetic factors may be concerned with the calf's ability to adapt
to postenatal conditions from birth to fouremonths, and for the period
from fourwmonths to weaning, the genetic factors determining ultimate
size and ratc of maturity may be the principle source of variation in
rate of growth,

Carter and Kincaid (1957) felt that selection for heavy weaning
weights on a progeny basis would be effective in improving poste
weaning rate of gain, Dearborn and Dinkel (1959} found that selection
for finel weight at the end of the 168~day feeding period was eightye
five percent as effective as selection at the end of a 196~day feeding
period, The correlation between 196eday final weight and the 196m~day
rate of gain was found to be 0,81, indicating that selection for either
final weight should give comparable results. Brinke et gl. (1962} reported
that age of dam was g significant source of variation in all traits studied
with the exception of the 196eday posteweaning rate of gain. Heritability
estimates of 0.40 and 0,48 were obtained for feedlot gain and final weight,
respectively., Negative relationships which might retard progress from

selection for increased weights were not discovered,



Brinks et al. (1964) calculated the following heritability estimates
from paternal halfesib analysis of vaviance: birth weight, 0.38; gain
from birth to weaning, 0.40; 180=day weight, 0.43; weaning grade, 0,28;
eighteensmonth weight, 0.50; and eighteenth month score, 0,13, Selection
for growth throughout life might best be estimated by using weight at
eighteen months,

Cundiff et al. (1964} veported that the genetic correlations obtained
at the Oklahoma Station indicate that the genes for rapid growth are
not antagonistic £o those for the production of desirable carcasses,
except that a slight increase in fat thickness may be expected, The
major genetic antagonism evidenced in this study was between carcass
grade and the percent of retail cuts., Heritability estimates were rew
ported for rib eye area (0.73), backefat thickness (0.43), carcass grade
(0.62), and estimated percent retail cuts (0.40), Results of these data
indicate that selection for any of these traits should be effective.

Wilson et gl. (1951) reported that efficiency declined as fat
deposition increased in the live animal, Swiger et al. (1965) cowpiled
a series of indexes for study of efficiency of beef production and re=
ported selection for weaning weight alone is eighty~percent as effective
as the best index studied, Minyard and Dinkel (1965) also noted that
the ability of a beef cow to wean a heavy, vigorous, highequality calf
every twelve months is one of the most important economical traits to the
beef producer. The importance of calf weaning weight was also stressed
by Minyard and Dinkel (1965), who are in agreement with results obtained

by Koch (1951), emphasizing the degree to which weaning weight contributes
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to the beef producer's income, The repeatability of weaning weight and
standard error for Herefords, Angus, and a combination of the two breeds
were reported as 0.42 # 0.04, 0,52 + 0.13, and 0.42 + 0,04 respectively,
Table 2 contains the results of the heritability estimates found
during the literature review, being gimilar to Table 1, as compiled by
Warwick (1958). Recent studies of Shelby et al. (1966), reporting the
results of ten years Record of Performance studies at the Miles City,

Montana Station are included in the summary of Table 2,

Table 2, Heritability estimates for beef cattle characters.1

No, of Avg, of Range of
Character estimates estimates estimates
% %
Birth weight 5 53 3872
Weaning weight 3 25 8«43
Average daily gain 3 55 28~88
Final weight 5 60 48«84
Carcass traits:

Slaughter weight 2 85 70100
Slaughter grade 6 46 35«58
Carcass grade 7 34 16=78
Cold carcass weight 2 76 57=96
Dressing perxrcent 3 66 S5belk
Ribeye area 5 63 26=76
3 33 24=38

Fat 12th rib

1Hogan (1968)
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Heritability estimates of grade and type have not received special
attention during this review, other than reporting heritability estimates
by the various authors cited, Koger and Knox (1952) summarized the im=
portance of grade and type in beef cattle in stating that grade is one
of the economic characteristics of cattle which must be consgidered in
wost all cattle breeding operations, The success of breeders in proe
ducing cattle with the degired quality is determined largely by the
heritability of the traits involved, Heritability of grade and type
was estimated to be approximately 0.30, and considerable progress can
be accomplished in improving the quality of beef cattle by selection,
These statements are in agreement with Tyler and Hyatt (1948), who ree
ported the official type rating for Ayrshire cattle to be 0,28 heritable,

Mention has been made previously of the difference which occurs for
different sexes (Marlowe and Gaines, 1958)., Bradley et al. (1366} studied
differences between steers and heifers. They reported steers have sige
nificantly (P/ .05) heavier birth, weaning, and final weights, faster
pre= and post-weaning gains, larger rib eye areas, higher conformation
scores and lower pexgentage of lean in the 9«10-11lth rib cut, Using &
high= and a low=-gaining sire, they found progeny of the high=gaining
sire to have significantly (P ..05) less fat thickness at the twelfthe
rib and larger rib eye areas., Also, a significantly higher (P <.05) per~
cent lean and a lower percent fat in the 9=10-1lth rib section than did
the calveg by the lowegaining sire., These data suggest that selection
for postsweaning gain increases carcass muscling and veduces carcass

fatness,
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I¢ has become g rather common practice to adjust weaning weights
of calves for sews, age of dam, creep feeding, and day of age at wean=
ing in order that calves may be compared in their prewweaning gaine,
Johnson and Dinkel (1951) cautioned that care should be taken in
applying correction factors to calves raised under different management
or climastic conditions, or to calves when the weaning weights have been
taken more than thirty days preceding or following the standard (190~day}
weaning age. Gregory (1960) also warned against setting standards,
as the standards for production traits in one environment may be unw
attainable under another set of conditions, Environmental conditions
tend to have larger difference than the true genetic differences between
herds, thus abselute standards tend to recognize superior envirenment

when the objective seems to be to recognize guperior genotypes,

Carcass Characteristics

Peters (1937) stated that type, the result of breeding, and finish,
the result of feeding, have changed markedly, The change in finish has
heen a reduction in the degree of fatnems at time of slaughter. This
trend has continued £o the present day, We are more critical of excessive
finish today than in 1937, due largely to low consumer acceptance for
excessive fat in the retail cuts, Such changes in consumer demands have
foerced a change in beef=type; no longer do we select for the shorte
coupled, shortelegged, extremely thick hodied steers of a decade ago,
but attempt to select steers which willexcel in muscling and have a

greater percentage of the carcass in the higherwpriced wholesale cuts.
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This type of selection has resulted in a larger framed, more upstand-
ing, longer bodied individual,

Peters (1937) also indicated that the only damage done to a carcass
by making it extremely fat is to make necessary some trimming and waste.
Other characteristics reported by Peters (1937) from work at the Minnesota
Station indicated that animals of small type and refinement of bone were
more expensive to produce than animals of medium to large type. Earlier,
Watkins (1936), commenting on finish stated that

Consumers, to a large degree, control or determine indirectly

trends in production and preparation for the market. When

speaking of finish in a beef carcass we refexr to the amount of

fat in proportion to the lean, the evenness of distribution of

fat and lean, and the quality of the fat and lean. The amount

of finish in a steer is in direct proportion to the amount and

kind of feed used. Beef varies in value according to the de~

gree of f£inish and the demand for the various degrees of finish.

Watkins (1936) continued,

One of the anomalies of the business is that & large percentage

of consumers insist on two things which normally do not go toe

gether, tenderness and leanness, In many cases the quality of

beef is given little consideration. It is the price which is

the determining factor. In this case, finish gete little con=

sideration. The consumer wants the smallest amount of f£at that

will produce the most palatable beef. Fat is not an end to
itselfwwit ig a means to an end, It helps to produce the most
desirable beef when properly distributed through the lean meat,

Scott (1939) continued with the same theme when he reported that
the consumer is looking for tenderness first, flavor second, and is not
looking for fat. If the average consumer could get tender beef with
some flavor and very little fat, he would be well pleased, Therefore,

the producers should produce beef with the least amount of fat necessary

for tenderness and flavor,
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Today, it is €asy to see what great prophets these authors weres
Consumer pweference Has changed ¥he amount of finish marketed in ghe
modern beef animal. Brady (1957) stated that gonsumers generally do
uet wish o eat fat because they believe this may well gesult in a
plumper figure and g shorter life, both of which are undesgrable to
themy

Consumer preferxence has changed the beef catgle mayket sy modern
technology and improved mefthods ave continuallyy stxiving o find new
meghods of satisfying this change., Some factors which researchers
have studied include esgimages on ghe live animal fop carcass value,
physical separation of #he 9«10ellth rib section, wib eye area, exe
ternal fak fhickness, carcass grade and maturity, degree of warbling,
various lives and cavcass measur menks, and organolepgic gests designed
to score flavor; tenderness and jufciness.

Hankins and E3lis (1939) reported that fatness i & large faclior
affecting the proportion of the dressed parcase in our weat anjmals,
As steers fatten, thege is an incwzage fin proporgion of the wib, plate,
rump, flank and short loinj a decrease in proportion af chuck, shani,
¥ound, and loin end} and very little changé in proportion of chuck,
These changes in proporgion suggest a gelatively heavy deposig of
fat on the back, in general down the gides, on the belly, and in ghe
posterior region of the body cavity, Relatively kight deposits in the
thigh wegion are suggested by ¢he decrease in proportion of the ham,

lamb leg, and beef round as fakness increases.,
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Hankine and Ellis (1939) have further indicated that increase in
fatness contributes very little to changee in color of leam in cattle
and lamb carcasses, Incongistency among five correlations representing
relationships between indexes of fatness and tenderness ranged a8 much
as two and twoethirds degrees among the one-quarter inch, crosswcut
slices within one rib eye section. The finest marbling occurred between
the ribs, while the coarsest marbling occurred opposite the rib., Inters
muscular fat deposits are located close to the blood vessels,

Hedrick gt al. (1964) compared subcutaneous fat and the longissimug
dorsi muscle at the twelfth rib of 1096 Good and Cholce steer carcasses
at fifty pound weight intervals (350850 pounds). Muscle area increased
one and one-half times while subcutaneous fat thickness increased three=-
fold. Differences which oceurred between right and left side measurements
were considered to be due to vribbing gnd measurement procedures,

Comparing "Comprest' and "Regular" type Hereford steer calves from
the same ranch, Willey et al. (1951) found "Comprest™ type steers had
a greater percentage of the market weight composed of the hide, head,
and shank. '"Regular” type steers had more total feedlot gain, and a
slight, but nonwsignificant, advantage in feed utilization. The esti=
mated percentages of fat, lean and bone were not significantly different
in the carcasses of the two types. Stonaker et al. (1952), working with
the same extreme types, did not find significant differences in efficiency
of gain, days on feed, and age at slauvghter, However, results indicated
that conventional steers ate more per day and reached a slaughter grade

of Low Choice approximately twentyepercent sooner than did the “Comprese™
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steers, Physical separation of the 9»10~1llth rib cuts into lean, fat,
and bone showed almost identical composition for the two types; the
percentages of the major wholesale cuts in the carcasses of the two
types were also similar,

Knox (1957) found large type cattle have distinct advantages.
Numerous cost of cattle production are fixed per head, regardless of
size, and become less when spread over the greater productivity of
large cattle, Taxes, veterinary charges, and bull services are but a
few of these fixed costs, Beef may be produced more cheaply by rapid
growing cattle which reach the desired weight at younger ages with less
feed required per unit of gain. Durham and Knox (1953) were unable to
show a significant correlation between feeder grade and carcass grade,
explaining that feeder grade is as nearly independent of condition as
possible, but carcass grade is largely dependent on condition, Yearling
grade had a low, but significant association with carcass grade,

Kieffer et al. (1958) reported gignificant sire differences for
carcass grade, marbling score, and percent bone of the 9=10«1l1th rib
cuts, while differences of lean and fat from the same ribs failed to
show significant differences., A correlation of 0.52 was reported bew

1. (1958) found the

tween rib eye area and carcass weight, Magee et
direct effect of the area of the rib eye on carcass muscling to be 8gmall
(=.0016), however, the correlation between rib eye area and carcass grade
was 0,20, Carcass grade was more highly correlated with final weilght
(0.52) than any of the other traits studied. Rib eye area was correlated

with age, final weight and gain; each of these traits were positively
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associated with carcass grade, The high heritability estimates of loin
eye area as shown in Tebles 1 and 2 indicate that a breeder may increase
the loin eye area of his cattle by selection, although this increase
would not be accompanied by an inerease in carcass grade,

Wheat and Holland (1960) found weighted average correlations between
slaughter grade and careass conformation ranged from 0.23 to 0.56,
Average correlation between carcass grade before ribbing, after ribbing,
and degree of marbling were 0.42, 0,24, and 0,25, respectively. Core
relations between carcass grade before ribbing and after ribbing
averaged 0,53 average correlagion befween carcass grade after ribbing
and degree of marbling was (.89,

Good et al. (1961) reported significant relationship between certain
bone weights and bone circumference with the rib eye area and total
weight of the trimmed major wholesale cuts. A negative correlation
{=,34) was found between the circumference of the cannon bone and the
fat cover at the twelftherib, These results agree with studies cone
ducted by Orme (1958) regarding the muscle~bone relationship in beef
caettle, Results of both studies indicate that cannon bone measurements
are related to muscling; however, the relationship is not high enough
to be useful for predictive purposes. Live weight, chilled carcass
wveight, primal cut weight, and estimated carcass lean in almost all
instances were significantly and positively related to the weights
and various linear measurements of the fore and rear cannon bones.

Cole et al. (1960) reported a highly significant correlation between

bone weight and total lean of the carcass. The strong positive
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correlagtions obtained by Wythe et al. (1961) indicated that bones of an
animal develop proportionally in length and weight, suggesting a real
assoeiation exists between bone thickness and muscling in cattle studied,
Orts and King (1959) found bone measurements to be positively and sige

nificantly (P{ .01} correlated to WarnereBratzler shear values,
Carcass Measurements

Many workers have uged live animal measurements in an atfempt to
predict carcass characteristics and retail cuts. Good et al. (1961)
analyzed data from 674esteers shown at the Ingernational Livestock
Expogition in 1956e57«58 o report circumference of round had g sig~
nificant positive correlation with loin eye area, Alsc, marbling
increases with increase in fat covering, whegreas loin eye area decreases
as fat cover at the twelfiherib increases, Allen {1963} found the cire
cumference of round and the volume of round measurementg highly corw
related with the weight of the primal and lean cuts, however individual
live animal measurements taken duving ghis sgudy indicated very little
value in predicting carcass traits or composigion of the carcass,

Birkett et al., (1963) found simple correlations between the various
length and circumference measurements studied ranged from zero to slight,
but negative, non~significant relationships., Cook et gl. (1951) cone
ciuded ¢hat there seemed §o be a slight tendency for a steer wikth a
higher average daily gain to do better on dressing percent than one
with a lower average daily gain. Steevs having a higher average daily

gain tended to have highexr glaughter grades than those @gteerg which failed
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to gain as rapidly. Slaughter grade was a fairly good indicator of
carcass grade, having a low but significant positive correlation with
dressing percentage; carcass grade had a higher positive association
with dressing percentage.

Backus et al. (1960) reported correlationg between the average width
of the rib eye with the circumference of round to range from 0.25 to
G.44, Thickness of fat over the twelftherib was significantly core=
related with all other measurements, Circumference of the round was
highly significantly correlated with the width and depth of the chest,
average rib eye width, rib eye length, rib eye area, and width of the

round,
Physical Separation

Data studied over a period of years indicates that much work has
been completed in the estimation of composition of beef carcasses and
cuts. Hankins and Howe (1946) used the 9»10e«llth rib cut for estimating
carcass composition from the threeerib cut. Results of the study indie
cated that the composition of the 9«10=11th rib is closely associated
with thé composition of the carcass, The procedure involves the complete
seperation of the cut into muascle, fat, and bone. €rown and Damon (19%9)
were able to duplicate the results of Hanking and Howe (1946), reporting
correlation coefficients between the percent separable lean, fat, and
bone to be 0.9, 0.98, and 0.75, respectively. These highly significant
correlations indicate that the possibility of using only the twelfthw

rib cut to predict carcass composition would not only have approximately
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the same predictive value, but would save time and be more economical,

Ramsey et al., (1962) worked with 133esteers of eight breeds, He
reported that fat had a more definite influence on percent separable
lean than did rib eye area, A low correlation was found between rib
eye area and percent separable lean of the 9«10«l11lth rib cut, Green
(1954) , Pierce (1957), and Goll et gl. (1961), studied meat animal
values built around wholesale yields, reported that higher grading
carcasses which usually have greater amounts of fat also have higher
yields of sghort loin, rib, brisket, and plate, but lower yields of
round, sirleim, chuck, foreshank, and bone, These dgta infer that the
cuts with a higher percentage of muscle take on proportionately less
fat as grade increases,

King et al. (1959) found the four major wholesale cuts, trimmed to
a uniform thickness of threeweighths of an inch of fat, very useful in
predicting retail value., Blumer et al., (1959) found marbling measures
ments versus percent separable fat correlated at 0.20., Additional ine
formation from this study showed 8 carcass grade versus rib eye area
correlation of 0.54, when the steers were finished with the use of
stilbestrol., Stilbestrol reduced the amount of carcass fat, while a
combination of stilbestrpl and animal fat in the ration increased care
cass fat.

Brungardt and Bray (1963) reported untrimmed wholesale cuts are not
religble predictors of the retail yield or of total carcass muscle,
However, the percent yleld of these gsame wholesale cuts, trimmed to a

standerd three~eighths of an inch of fat, accounted for seventy=fouy
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pexcent of the variation in the retail yield. Lewis et agl. (1964)
found the correlation for percent trimmed round with percent retail
yield to be 0.857 for steer carcasses, and 0,83 for heifer carcasses.
Bray (1963) reported the use of retail yield has the advantage of
measuring the saleable portion of the carcass and should then rather
accurately reflect quentitative differences, Murphey et al. (1960),
using measures of specific carcass traits, reported procedures for
estimating the yield of boneless trimmed retail cuts from the round,
loin, rib, and chuck, Results from this procedure indicste an eighty
percent effectiveness in accounting for the variatien of these boneless
retail cuts,

Gregory et al. (1964) concluded that until a more accurate objective
procedure is available for use in practice, breeders canm exert some
selection pressure for cutability by critical live appraisal for this

trait in prospective breeding cattle,
Tenderness Studies

Alexander (1926) reported on methods of cooking as a means of
determining beef quality., The cooking procedures chief function is
to prepure the meat in a way which will enable those who test it fo
estimate the inherent characteristics of the meat under consideration,
and furthermore, to prepere it under conditions which can be standardized,
Only by uniform cooking can differences be detected between two pi%ceé of
meat, If differences are found they should not be the result of dife

ferences in the method of cooking, but differences due to the variations
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in feeding or of some characteristic of the animals, The effect of
cooking in itself must be minimized as much as possible., Cooking
should be congidered as just a cog in the machinery of determining
palatability,

Mackintosh et al. (1936) concluded that as shear value rises, the
rise is accompanied by a falling off in the palatability factor.
Changea in tenderness likewise seem to be related to the grade of ghe
carcass and the marbling in the muscle, ¥t is generally accepted that
increased finish does render the meat more tender, however, Branaman
et al. {1936) found no relationship between tenderness and fatness,
Barbella (1939) found the desirability of flavor of gthe fat and lean
to increase as the age of the animal increased from eleven months &o
thirty months of age. ¥he quantity of the juice increased rapidly with
increase in fatness. Brady (1937) found significant differences in the
diameter of muscle fiber and size of the muscle bundles for grade Here=
ford and grade Holstein cowsj significang correlations were found bew
tween the size of the muscle bundle and tenderness score, This study
indicated that textuxe is dependent on the size of the muscle bundlej
the larger the muscle bundle, the "finer" the texture; the "fimer" the
gexture, the more kender the meat,

Hankins and Howe (1949} did not find tenderness associated with
grade of carcass to any appreciable extent, using steers of various
grades and varying in age from fourteen £o eighteen months, Rantsbottom
and Strandine (1949} tested beef carcasses for changes from gwo-=hours

until twelve=days post-slaughter., Results indicated that the julciness
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of beef did not change significantly, however, test panel ratings were
higher for the Good quality beef than for Utility or Common beef,

Naumann ct al, (1953) found a low correlation between taste panel
scoring and Warﬁér-Bratzler shear value, Juiciness was more closely
related to the quantity of the press fluid than to the fat content of
the press fluid, Means and King (1955) used a taste panel composed of
forty families to evaluate loin steaks from nineteen sire groups.
Analysis of variance indicated a significant difference (P ~.,01) for
tenderness between sires when tested by either the family panel or
Warner-Bratzler shear machine using one-half inch cores. Coefficients
of correlation for panel ratings and tenderness values as measured by
Warner=Bratzler shear were all significant (P-.,01),

Palmer et al. (1958) reported that tenderness as determined by
Warner»Bratzler shear value and by taste panel were related to carcass
grade, degree of marbling, and rib eye area. Carcass grade accounted
for about eight percent of the variebility in taste panel scores, while
marbling accounted for about eleven percent of the variability,

McBee and Naumann (1959) reported that freezing and frozen storage
did not increase tendernegs, bug in some cases had a slight adverse ef=
fect, Grade had a significant effect on tenderness, with a general trend
toward lowered tenderness with lowered grade, The Warner~Bratzler shear
values were significantly correlated with taste panel scores, Webb et al
(1964) evaluated tenderness at various times during aging and found
tenderness increased with aging and was associated with changes in pH

and juiciness, Other studies have shown that tenderness and juiciness
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decrease with advancing maturity in beef cattle (Tuma et al., 1962;
Tuma et al.,, 1963). Dunsing (1959) reported consumer preference panels
consistently favored steake from the carcasses of younger animals,

Cover and Hosteler (1960) reported tenderness appears to be a very
complex gquality. Warner~Bratzler shear force as am objective measurew
ment of genderness depends for its usefulness on how accurately it res
veals variation in tenderness. Six components have been identified
and used ip scoring by tenderness panelg: softness £o the tongue and
cheek, softness to tooth pressure, ease of fragmentation of muscle
fibers, mealiness, apparent adhesion between muscle fibers, and tendexre
negs of the connective tissue, 8heax force seeme to be of little value
in determining the toughness of connective tissue.

Tyler et al, {1964) confirmed earlier results indicating that at
the same fat thicknesp, thickly muscled, high conformation cattle will
have higher cutability than thinly muscled cattle., MNo significant
differences were obtained in any of the individual palatability factors
sgudied or in the overall palatability score., Similarly, no signifie
cant differences were noted in the Warner~Bratzler shear tests, Romans
et al. €1965) found shear and taste panel test were not significantly
correlated, and that meither maturify, marbling, nor core location had
a significant effect on tendernesg as determined by the Warner-Bratzler

shear. Steaks from the longissimus dorsi of the more magure carcasges

were generally considered less tender than those from the lesg mature
carcasses by the taste panel. The taste panel could not detect dife

ferences in tenderness due to marbling or gample location, The flavor
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of the steaks from the less mature carcasses were generally preferred
by the panel.
Zinn (1964) in a review of tenderness studies, reported that

tenderness was considered to be sixty percent heritable.

METHODS AND MATERIALS

Data were collected from 114 calves (62 steers and 52 heifers) born
in the fall of 1964 at the Clifford Houghton Stock Farms at Tipton,
Kansas, Six sires were used in the study. Four of the sires, Royal
Husker 3rd, R. Silver Return 632nd, Mill Iron 836E, and Onward Rupert
were bred artificially, while Royal Husker K38 and M, Crusty Domino
were used in natural service in the role of '"clean=up' bulls, The
bulls used artificially sired 68 per cent of the calves, while the
bulls used in natural service sired the remaining 32 percent of the
calves studied., All individuals in the herd, cows as well as the sires,
were type classified according to the form used by the American Angus
Asgociation as the Herd Classification Report., An example of this form
is included as Table 13 in the Appendix., All progeny were scored at
time of weaning and again just prior to slaughter, An example of the
form used to record this information is included as Table 14 in the
Appendix.

Weaning weight and weaning score was collected on all calves in the
herd, Data were not collected on the heifer calves following weaning
phase of the study. All of the steer calves were placed on feed and

study continued through the carcass phase of the experiment, Fifty
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randomly selected steers were used for detsiled study of the wholesale
rib cut and organoleptic study,

Weaning and slaughter scores were placed on the individual progeny
by a committee comprised of Dr. Don L. Good, Mr. John R. Teagarden, Mr,
Edward As Lugo, Jr., and the author., Code sheets designed for the study
are included as Tables 18 and 19 of the Appendix, All welghing and
scoring was done at the Houghton Ranch using the available facilities
and under normal vanch conditions., Weaning weights were obtained and
later adjusted to g standard 210=day weaning weight according to the
schedule compiled by Smith and McAdams (1963)., Table 23 in the Appendix
contains the Age Calendar Chart used, while Table 24 in the Appendix
contains the Correction Values for Adjusting Weaning Weights to 210=
days.

The average age at weaning was approximately 275~days; the average
date of birth being September %, 1964, All calves had access tu @ creep
ration comprised of steam~rolled milo from shortly after birth until
weaning on June 11, 1965. All of the steer calves containued on fead
following weaning. The ration received for the vemainder of the fulle
feeding period contained one and one~half pounds of forty~two percent
protein supplement per head, per day, and a grain combination consisting
of ten percent cracked corn and ninety percent steamerolled milo. The
ration was fed in a self-feeder throughout the feeding period., Lowe
quality alfalfa hay fed freewchoice was included in the ration from time
of weaning until October 15, 1965, Beginning October 15, 1965, all steers

were changed to a ration containing good=quality sorghum silage fed



31

free=choice, and goodwquality prairie hay, also fed freeechoice. The
steers remained on the ration until time of slaughter,

All steers were subjectively scored for slaughter traits and
individually weighed and identified ou January 31, 1966, The steers
were loaded on trucks for shipment to the Kansas City, Missouri Stocke
yards, a trip of approximately 227 miles, late in the afternoon of
January 31, 1966, All grading was performed by the same committee
which scored the animals at weaning.

The steers were individually weighed at the stockyards on the
morning of February 1, 1966. Weilghing was cOmpleted'shortly after
aeven A.M., and the cattle moved to the MaurereNeurer Packing Company.
Slaughter began at approximately eight A.M. Objective measurements
were taken on the killefloor of the right and left forearm and cannon
bone by wmeans of a flexible steel tape., The dressed tarcasges were
individually tagged with the corresponding ear tattoo of the steer and
the hot carcags weights were recorded, Individual hide weights were
also obtained at this time, Dressing percentage was calculated using
the weights obtained at the stockyards and the hot carcass weights,
allowing for a twoepercent cooler shrink., Shrink was caleculated using
the ranch weights prior to shipment and the weights obtained at the
stockyards,

Individual carcass data were obtained the following morning in
the MaurereNeurer Company coolers., Measurements of the round were
taken following the recommendations of the A.S.A.P. (1959), The length

of the round was determined at two points, forty and seventy percent
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the round was determined by the distance between the anterior ¢ip of
the aitch bone to the highest point of the hock joint, Circumference
of the round was determined by marking three point with skewers at
tight angles to the line used to determine the length of the round,

A flexible steel tape was then used to measure the circumference of
the round at the two designated points,

The carcasses were ribbed at ten AM. on the morning of February 2,
1966, Tracings were made of the crogs=sectional aree of the rib eye and
fat thickness at the twelfth rib recorded, The rib eye area was later
determined by use of a compensating polar planimeter to measure the
crosgesaectional area traced on the acetate paper. Thickness of fat was
determined from the tvacing, using the method outlined by the A.S.A.P,
£1959)., A federal grader evaluated cach carcass for conformation score,
marbling score, maturity scoy¥e and final carcass quality score, The
numerical values for the various grades concerned are included in the
Appendix as Tables 15, 16, and 17, Chilled carcase weight was obtained
just prior to the breaking of the right side into the wholesale cuts.

The wholesale cuts, the vound, loin, rib, and sgquare~cut chuck were
individually weighed as they came from the breakingesaw. The round, loin
and square=cut chuck were then trimmed to the nearest three~eighths inch
of fat and the weight of the fat trim recorded. The wholesale rib cut,
contalning the sixth through the twelfth rib, was returned go the Meats
Laboratory at Kansas State University Zor detaliled study, The wholessgle

rib cuts were photographed and appear grouped in the various sire groups
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The {ifty randomly selected ribs were trimmed to the nearest threee
eighths inch of fat and the fat trim recorded, The rib was then broken
into the 6-7«8th rib cut, which was sent o the College of Home Economics,
Department of Foods and Nutrition, for organoleptic studies. The twelfth
rib was separated from the remaining 9=10ellth rib cut and used for labe
oratory studies of color, pH, and ether extract. The 9=10ellth rib cut
was used for physical separation studies of lean, fat, and bone according
to the procedure outlined by Hankins and Howe (1946),

The results of the study were analyzed using the IBM 650 Bigital
Computer for the simple correlation coefficients and the Analysis of
Variance, Duncan'e New Multiple Range Test (NMBRT) was selected as the
method of determining which of the individual sires were significantly
different for a particular characteristic studied, Data for the heritae
bility study was analyzed an the IBM 360 Digital Computer, using a
paternal halfesgib relationship from the Analysig of Variance according
to the procedure outlined by Becker (1964),

Duncan's New Multiple Range Test does not require g prior 'F" test,
but does require that one obtain an unbiased estimate of sampling variance
appropriate to the situation being studied, so an Anglysis of Variance
often is run before applying the NMRT (Fryer, 1966),

The cooking and palatability evaluations of the 6e7«8th rib roasts
were studied seéparately by the Department of Foods and Nutrition, College
of Home Economics at Kansas State University., The roasts were delivered

to the Department in a frosen state., The cooking method used was initiated
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by a forty~eight hour thawing period in a refrigerator. The roasts were

then placed on a rack in an open pan and cooked in a rotary gas oven at

three hundred degrees Fahrenheit until internal temperature reached one

hundred fifty-eight degrees Fahrenheit, then allowed to stand until they

reached a maximum temperature. The cooking losses were determined ace

cording te the following schedule:

I. Losses in weight (in grams)

Loss due

A

B.

C.
Loss due

B.

E.

F,
Go
I, Losses as

Loss due

to evaporation

In the oven: Weight of the platter, roast and the
thermometer minug the weight of pan, roast, ther~
mometer apd the drippings.

Outside the oveny Weight of the platter, roast,
thermometer, minug the weight of platter, roast,
drippings and thermometer.

Total volatile cooking loss: Add A and B.

ta drippings

in the oven: Weight of the pan and drippings minus
weight of the pan.

Outsgide the oven: Weight of platter and drippings
collected while standing minus weight platter.

Total dripping loss: Add D and E,
Total cooking loss: Add € and F,
percent of weight:

to evaporation — weight of the uncooked roast,

Loss as drippings -~ weight of uncooked roast,

Total loss during cooking - weight of the uncooked roast.

A palatability panel of ten memberg scored one~half inch cubes of

meat from the longissimus dorsi muscle and tasted a sample of inside fat.
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A sample scorecard of the type used in the study is included in the
Appendix as Table 21. The mean cooking time, cooking losses, and
flavox scores for the roasts are included as Table 22 in the Appendizx,
Table 20 in the Appendix contains the numerical values for scoring the
flavor, juiciness and tenderness of the roasts.

WarnersBratzler shear values were determined by using two oneeinch
cores cut from the longissimus dorsi muscle (lateral and medial positions),
From the two cores, four readings were made and averaged.

Approximately one hundred grams from the longissimus dorsi were ground

for use in determining press fluid from the Carver Laboratory Presg, These
were done on the day following cooking and palatability tests. Two, twentys
five gram samples were packed in 4 cylinder and over @& fifteeneminute
period the serum was pressed out, collected in @ graduated test tube and
allowed to stand in the refrigerator until separated. Then the meassuree

ments were recorded and averaged for each roast.

DISCUSSION

& brief review of some of the characteristics and methods used should
prove helpful in discussing the results obtained in ghis gtudy whieh inw
volved analyzing information collected during the period from birth to
glaughter. Progeny of six sires were phenotypically studied and compared;
simple correlation coefficients were calculated for each of the sixty
traits studied. The correlation coefficients obtained are included as
Tables 3 through 9 in the Appendix. An analysis of variance was used to

show the variation between sire groups and the significance level was
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noted if differences were present, The mean square differences between
the sires and among sire groups and the calculated "P" ratio of the
analysis of variance are included as Table 10 in the Appendix.

Duncan's New Multiple Range Test (NMRT) was additionally calculated
to determine between which sires significant (P £ ,05) differences did
occur, An occasional difference will be noted if the NMRT is compared
with the analysis of variance, This is emphasized by the degree or the
intensity of the comparison, as the analysis of variance is considered
a more conservative test, The Duncan's NMRT ig included as Table 11 in
the Appendix,

Concerning the six sires compared in the study, Royal Husker Jrd,
Re. Silver Return 632nd, Mill Iron 836E, and Onward Rupert were used
artificially, while M., Crusty Domino and Royal Husker K38 were used in
natural service as "clean=up™ sires. It would appear that the differences
in age of the calves resulting from the difference in time of mating will
account for a considerable amount of the variation reported between the
sires, The average age at weaning of the calves sired by the six bull
wag approximately 275~days; calves sired by the bulls used artificially
averaged 292edays compared to 24l~days for the calves sired by the
cleanwup" bulls, The resulting variation in age is reflected in
those characteristics which include weight and measurements as the
criterion,

Heritability estimates of gpecific traits were calculated according
to the method recommended by Becker (1964); the estimates are included

as Table 12 in the Appendix. In some instances, these data may not
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reflect in proper perspective, the true gemetic potential of some of the
individual progeny included in the study., This statement must take into
congideration the variation in fat thickness at the twelfth rib which
ranged from D.75 to 1.75~inches for the progeny. A number of the care
casgses did carry an excessive smount of finish, which is not consistent
with today's market demands., The use of a creep feeder during the pre=
weaning shase and the use of a self~feeder during the postsweaning period
did not allow for the measurement of & very economically important chare
acteristic, feed éfficiancy, All steers in the study were marketed at
the same time, rather then &t & constant age or weight., The percentages
of the trimmed wholesale cuts of beef, the round, loin, rib and square=
eut chuck, were therefore lowered on those individuals carrying an execess
sive amount of finish. These data require careful consideration of the
management practices and the environmental conditions present when come
paring the various sire groups.

Average day of age at weaning was one of the characteristics included
in this study, Analysis of variance shows a eignificant (P < ,01) dif=
ference among sires for thie particular trait, while the NMRT shows that
the greatest difference occurred between the sires used artificially
and those used in natural service. Bearing in mind that age at weaning
is a factor under the direct control of management, it is also a factor
which does have considerable importance when related to other characters
istics such as weaning weight, weaning condition, and weaning grade,

Age at weaning was found to be significantly correlated with weaning

weight (0.49) and age at slaughter (0.89). A low ecorrelation {0.08)
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was found between age at weaning and carcass maturity score; a negative
correlation (=,05) was found between age at weaning and average daily
gain. Age at weaning falled to indicate future scores and future gains,
ags did studies by Sabin et al. {(1955). Simple correlation coefficients
between age at weaning with slaughter grade and carcass grade were 0,08
and 0.33, vespectively,

Koch (1951) and Minyard and Dinkel (1965) stressed the importance
of weaning weight as related to the income of the producer. The analysis
of variance of this trait indicated a significang (P . .01) difference
between sires, The NMRT again shows that the difference in weaning
weight was largely due to the difference in age of the calves in the
four artificially inseminated group versus the calves sired by the
bulls used in natural gervice,

Simple correlation coefficients calculated between weaning weight
and other characteristics studied were: adjusted weaning weight, §.76;
feeder grade, 0.65; average daily gain (at weaning), 0.80; weaning
mugcle score, 0,71; weaning bone score, 0,68; weaning condition score,
6.71; slaughter weight, 0.,73; hide weight, 0.63; chilled carcass weight,
0.74; length of round, 0.59; and the circumference of round at seventy
percent of it's length, 0.55. Kidwell et al. (1957) concluded that
gselection for heavy weaning weight on a progeny basis should be effec~
tive in improving posteweaning rate of gain, The heritability estimate
of weaning weight was 0,31, which is identical with the average of fiftye
two studies summarized by Petty and Cartwright (1966), Warwick (1258)

reported an average heritability of 0,30, based on a similar summary of
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twenty=-six reports. Lindholm and Stoneacker (1957} reported that
selecting for weaning weight alone was an accurated basis for selecting
for inereased net income in Hereford calves.

Weaning weights were adjusted to a 210eday equivalent according to
the schedule compiled by Smith and McAdams (1963). It should be noted
that the means of the sire groups ranged from 236edays to 297=days at
weaning. These ages go comsiderably beyond the recommendations of
Johngon and Dinkel (1951) in applying correction factoxs to weaning
weights.

Analysis of variance showed a nom-gignificant difference among the
six sires when weaning weights were adjusted to a 210wsday equivalent,
The calculated heritability estimate for the adjusted weaning welight
was essentially zero. Simple correlation coefficients between adjusted
weaning weight awd other $raits considered were: average daily gain,
0.91; feeder grade, 0.58; weaning muscle score, U.60; weaning condition
score, 0,66 chilled cavcass weight, 0.50; and rib eye ares, 0,50, The
adjusted weaning weight was a poorer indicator of future scores and
future gains than was actual weaning weight,

Average daily gain might possibly be considered a more significant
characteristic than either age at weaning ox weaning weight when comm
paring the sire groups in this study, due to the difference in age of
the various sire groups, The means of the gix sire groups studied
should be considered acceptable to most producers, ranging from 1.5
pounds to l.74 pounds per day. A low heritability estimate (0.06)

was obtained foy average daily gain.
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Simple correlation coefficients between average daily gain and other
characteristice studied were: feeder grade, 0.62; weaning muscle score,
0.36; weaning condition score, 0.70; slaughter weight, 0.57; chilled
carcass weight, 0,57; weight of the right side of the carcass, 0.50;
weight of the trimmed round, 0.53; weight of the trimmed loin, 0,50;
weight of the trimmed chuck, 0,37; and weight of the trimmed rib, 0.45.
Although all work reported has dealt with average daily gain during the
posteweaning period, it would seem reasonable to assume that calves with
a higher average daily gain during the period prior to weaning, do have
the ability to gain rapidly during the poste=weaning period.

Feeder grade is one of the important economic characteristics ine
cluded in this study, affecting at least two of the segments of the beef
cattle industry, the producer and the feeder., Minydrd and Dinkel (1965)
reported that weaning weight and feeder calf grade comprised the basis
of many producers' annual income, The analysis of variance does not ine
dicate a significant difference between sires, however, the NMRT indie
cates that Royal Husker K33 and his sire, Royal Husker 3rd, differed
gignificantly (PZ .05) from M. Crusty Domino when their progeny were
compared,

Correlation coefficients between feeder grade and other traits cone
sidered were: weaning nmuscle score, 0.88; weaning bone score, 0.72;
weaning coundition score, 0.75; slaughter grade, 0.,30; and carcass grade,
0.19. The relationship between feeder grade and final grade is much
lower than the relationship (0.72) reported by Patterson et al. (1949)

—

for these traits. In explaining the lack of agreement befween the two
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studies, it is necessary to note that the lack of marbling in the carcasses
lowered the final carcass graded

A heritability estimate of (.19 was obtained for feeder grade, Petiy
and Cartwright (1966) in a review of several studies, reported the average
heritability estimate of feeder grade to be (.32, Carter and Kincaid
(1959) obtained an estimate of 0,41 while Brinks et gl. (1964) reported
ani estimate of 0,28,

Weaning muscle score was one of the traits which received considerable
attention throughout this study, as muscling is becoming increasingly
important as & factor in determining the walue of the beef carcass. The
weaning muscling score was a combilnation of three subjective observations
of the forearm, round and overethe~top (loin} evaluations by the grading
comuittee, The statistical data did not indicate a significant difference
between the sires studied., A rather low, non-significant (0.09) heritae
bility estimate was obtained for the trait., It is necessary to emphasize
that the sires used in this study were selected sires, resulting in a
very small variation between the means of the sire groups. The method
employed in calculating the heritability estimates (Becker, 1964) re=
quires a wide range in sire means in order to obtain a high heritability
estimate for a characteristic.

Correlations between weaning muscling score and other characteristics
studied were: weaning bone score, 0.78; weaning condition score, 0.73;
chilled carcass weight, 0.50, Weaning muscling score did ngt prove to

be an efficient indicator of future grades and of carcass muscling,
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Weaning bone score is another of the characteristics studied which
the analysis of variance indicated hgd a significant sire difference,
Royal Husker 3rd had a significantly higher (P / .05) weaning bone score
than did M, Crusty Domino and Mill Iron 826E. Studies by Cole et al.
(1960) indicated a strong relationship between bone weight gnd total
lean of the carcass., Wythe et al. (1961) suggested that bone of an
animal develop proportionstely in length &nd weight, suggesting a resal
asseciation exists between bone thickness and muscling. 4 heritability
estimate of 0.23 was obtained for weaning bone score, but again it should
be noted thet the individual sires in the study were selected sires and
excelled in many of the traits undergoing study, Although one sire was
significantly different, the range of the scores were not widaly dige
persed, thus lowering the estimate,

Weaning bone score was found to have the following simple correlation
coefficients with other characteristics studied: weaning condition score,
0.61; glaughter grade, 0.30; slaughter bone score, 0.26; glaughter weight,
0,443 hide weight, 0.523 ehilled carcass welght, 0.43; circumference of
cannon bone, 0.49; weight of the trimmed round, 0,50} weight of the trimmed
echuck, 0.,42; weight of the lean~9=10ellth rib, 0.31; weight of bones9=10ellth
¥ib, 0.29; and weight of the longissimus dorsi musclem9«10=1igh zib,

0.43, Although the correlations betwegen weaning bone score and slaughter
bone score (0.45) and weaning muscling score and slaughter bone score
{0.45) may indicate a lack of continuity, the correlations are higher

than those reported by Lugo (1967) in a previoug group of individuals from

the same herd, These datz would seem to indicate that some selection
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progress can be made in the characteristica as indicators of future
gcores and grades,

Weaning condition score is generally accepted as the product pf
genetic potential and the enviromment provided, The mnalysis of variance
did not indicate a significant difference begween the various sireg when
considering weaning condition, The NMRT indicated that, despite being
significantly older than the other calves, the progeny of Mill Iron
836E sgored significantly lower scores than did other progeny groups,

The difference in the ages of the calves ereate some difficulty in
explaining the differences in weaning condition, These differences may
iie in the milking ability of the damg, the season of birth, or may ipe
dicate @ lack of inherited ability to make rapid gains during this period,
Lower condition scores apparently did not influence the feeder grade,

but would tend to influence weaning weight,

Durham gnd Knox (1933) reported that feeder grade is as nearly
independent of condition as possible, but carcass grade is largely
dependent on condition, When comparing the weaning condition and
slaughter condition scoreg, Mill Iren progeny were again scored lower
for slaughter conditiom with a gignificant difference (P < .05) obtained
between Mill Iron and geveral other sires, These data would therefore
indicate that the progeny of Mill Iron do lack the ability to make as
rapid gains as progeny of other selected sires.,

The heritability estimate of weaning condition ecore was found to be
0.12, Weaning condition score may be used to indicate future ability &o

fatten rapidly, but this ability is dependent upon the environmental
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conditions imposed on the individual,

Weaning condition score was found to be correlated with slaughter
grade, 0.41; slaughter condition score, 0.34; slaughter weight, 0,37;
hide weight, 0.48; chilled carcasg weight, 0.38; depth of fat at the
twelfth rib, 0.18; dressing percent, 0.24; weight of the trimmed round,
0.35; weight of the trimmed loin, 0.30; and weight of the trimmed chuck,
0.36, With the exception of the chews score (0.37) the correlations
between weaning condition score and the physical separation and cooking
characteristics were low and nonesignificant,

Slaughter grade remaine one of the very important economic chaxace
teristics related to the carcass value as it is the most common esti-
mator of carcass value used today in buying market cattle, Many livew
stock judge® have been trained te evaluate the amount of finish which
an animal carries subcutaneously, but slaughter grade cannot evaluate
internal marbling, the intermingling of the fat between the muscle
bundles, and therefore often fails as an indicator of final carcass
grade., Animsls slaughtered during this study failed to achieve the
predicted carcass grade due to lack of internal marbling, resulting in
a negative and nonesignificant correlation (=.03} between the twoc char~
acteristicg, Rosg (1963) using calves from the Houghton herd reporked
the correlation of 0.13 for calves born in 1961,

Ross (1963) reported a significant correlation between slaughter
grade and carcass conformation score of (.47, while Wheat and Holland
(1960) reported the correlation to be 0,56, The correlation obtained

during this study is slightly higher (0.61) than the previously reported
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predicting carcass values, The heritability estimate of slaughter grade
was O.12, again emphasizing that slaughter grade is largely dependent
upon fatness or condition. The NMRT indicates that a significant dife
ference (P L .,05) occurred between Onward Rupert and Mill Iron 826E for
slaughter grade, The difference was felt to be due to condition as
indicated earlier in the discussion,

Correlations between slaughter grade and other characteristics were:
slaughter muscle score, 0,75; slaughter condition score, 0.81; slaughter
weight, 0.33; hide weight, 0.46, chilled carcass weight, 0,31; and depth
of fat thickness, 0,24,

Slaughter muscling score was a combination of several subjective
scores as was weaning muscling score. The analysis of variance indie
cated a significant difference (P £ .05) did exist between some sires.
The NMRT indicated that the progeny of R. Silver Return 632nd and One
ward Rupert were significantly heavier muscled than the progeny of Mill
Iron 836E. Slaughter muscling score was calculated to be 0,22 heritable,

Slaughter muscling score was found to be positively correlated with
the following characteristics: slaughter bone score, 0,33; slaughter
condition score, 0.72; slaughter conformation score, 0,66; hide weight,
0.48; and weight of the trimmed round, 0,38,

The heritability estimate of slaughter bone score proved to be
slightly negative and was considered to be essentially zero. Sires
used in thie study were selected sires, ard one of the characteristics

in which all sires might be considered above average was substance or the
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amount of bone of each sire. As mentioned previously, when the variation
between sires was swall, the resulting heritability estimates are low,

Simple correlation coefficients between slaughter bone score and
other related carcass characteristics were: slaughter conformation
score, 0.34; slaughter weight, 0,44, hide weight, 0.57; chilled carcass
weight, 0.41, circumference of round at forty percent of it's length,
0.41; circumference of shank, 0.52; circumference of forearm, 0.47;
weight of the trimmed round, 0.52; and weight of the trimmed chuck and
rib 0,43, These correlations are slightly higher than those reported by
Lugo (1967) in a previous study with cattle from the same herd,

Analysie of variance indicated & nonesignificant difference between
gires for slaughter condition. These results were not as expected due
€o the age differémce in the calves. 8laughter condition was based
upon the apparent amount of finish which the committee subjectively
scored, Correlations between slaughter condition score and other chare
acteristics were: slaughter grade, 0,81; slaughter conformation score,
0.58; slaughter muscling score, 0,72; and chilled carcass weight, 0,09,
Negative, nonw~gignificant correlations were obtained between slaughter
condition score and marbling score, =,00; carcass quality score, =,00;
and dressing percent, =,13, The heritability estimate of slaughter conw
dition score was found €o be 0,19,

The analysis of variance indicated a significant difference between
sires for total slaughter conformation score, Progeny of R, Silver
Return and Onward Rupert had significantly higher (P ,_,0%5) conformation

scores than the other four sires included in the study. Progeny of these
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two sires were larger framed than progeny of the other sires, and cone=
sequently received higher scores, The higher scoves are reflected some=
what in the scores for slaughter weight, slaughter muscling, slaughter
condition, and slaughter grade. The gorrelation bebween total confore
mation score and slaughter conformation score wes low (0.07), indicating
that meny of the characteristics considered important in the live animal
are mot important o the shape of the carcass.

The heritability estimate of total slaughter conformation score was
found to be 0.26, indicating that some pyogress can be made in selecting
superior phenotype. The lack of higher correlations between total cone
formation score and other correlations was very disappointing, Hide weight
was the wost highly correlated (0,44) characteristic found, Studies by
Lugo (1967) indicated that conformation scoré was a very good indicator
of carcass muscling and was not influenced by sex of the progeny, A
brief look at the scorscard used to formulate the slaughter conformaticn
score (Table 14} may explain the lack of significant correlations.

Total conformation scoxe included type, size, quality, feet and legs,
and head and neck as five of the ten factors used, Slaughter weight
would mask the effect of type, and depending on the amount of finish,
would tend to mask the effect of size. Feet and legs, and head and neck
are removed at time of slaughter and thus are not considered g part of
the beef carcass,

Slaughter weight was found to be one of the most gignificant charace
teristics of the study, and should continue to be g very economically

important characteristic as long as livestock is sold on a price=per=pound
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basis. The analysis of variance indicated highly significant differences
(® ~,01) between sires for slaughter weight. Duncan's NMRT indicated
that R. 8ilver Return and Onward Rupert were significantly heavier at
slaughter than the progeny of the remaining four sires tested. Slaughter
weight was found to have a very low {0,03) heritability estimate.
Slaughter weight was found to be highly correlated with the followe
ing characteristics: hide weight, 0.71; chilled carcass weight, 0.99;
depth of fat at the twelfth rib, 0.40; dressing percent, 0.62; length
of round, 0.79; forty percent circumference of round, 0.61; seventy
percent circumference of round, 0.76; weight of the right side of ghe
carcass, 0,82; weight of the trimmed round, loin, rib, and chuck; 0.84,
0.87, 0.86, and 0.93, respectively; weight of the lean, fat, bone, and

longissimus dorsi muscle of the 9=10ellth xib, 0.64, 0,67, 0,65, and

0.66, respectively; dripping percent of the Lotal cooking loss, 0,55;
flavor score of the fat and lean, 0.38, and 0,35, raspeectively,

Hide weight, corrected for animal weight at slaughter, was one of
the characteristics receiving special attention during the course of this
study. The range for the hide weights was from eighty= to one hundred
sixteen pound# among the individuals progeny, while the means of the
sire groups ranged from ninety~one o one hundrede=seven pounds. Onward
Rupert calves had a significantly heavier (P £ ,05) hide weight than did
four of the sires studied, being closely followed by progeny of R, Silver
Return 632nd. The heritability of hide weight was estimated to be 0.34,
suggesting that this grait might well be considered at time of sire

gselection,
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Simple correlation coefficients obtained between hide weight and
other traits studied were: chilled carcass weight, 0,68; dressing pex=
cent, 0,37; circumference of round at forty and seventy percent of it's
length, 0,51 and 0,53, respectively; circumference of the forearm, 0.64;
circumference of cannon bone, 0,67; weight of the right side of the
carcass, 0,63; and weight of the trimmed round, loin, chuck, and rib,
0.68, 0.56, 0.67, and 0.58, respectively.,

The analysis of variance indicated a significant difference (P .05)
between sires when comparing the gire's progeny for age at time of
slaughter. Progeny of Mill Iron 836E were significantly older than
calves sired by the other five bulls during the weaning phase of the
study, but were only significantly different than calves sired by M,
Crusty Domino and Royal Husker K38 at time of slaughter. When chronoe
logical age was compared to physiological age (age at slaughter versus
carcass maturity score), no significant differences were found among
the six sires, The correlation between age at slaughter and carcass
maturity score was very low (0,05) and non-significant,

Chilled carcass weights were obtained twenty-four hours after
slaughter, The analysis of variance indicated & significant sire
difference (P L .01) between sires for chilled carcass weight. Progeny
of R, Silver Return were significantly heavier than progeny of Mill Iron
836E, M, Crusty Domino and Royal Husker X38. Progeny of Royal Husker
K38 were also considered significantly lighter than progeny of R, Silver
Return, Onward Rupert, and Royal Husker 3rd, but were not significantly

different than progeny of Mill Iron 836E or M. Crusty Domino.
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Correlations of interest between chilled carcass weight and other
characteristics were: weaning weight, 0.74; weaning muscling score,
0.50; average daily gain, 0.57; weaning bone score, 0,43; hide weight,
0.68; dressing percent, 0,70; length of round, 0.,81; circumference of
round at forty and seventy percent of it's length, 0,61, and 0.76, ree=
spectively; weight of the trimmed round, loin, chuck, and rib, 0,84,
0.88, 0496, and 0.86 respectively; and weight of the lean, fat, bone, and

longisgimus dorsi muscle of the 9e10=1llth rib cut, 0.69, 0.63, 0,66,

and 0,66 respectively. The heritability of chilled carcass weight was
estimated to be 0.29,

Statistical analysis did not reveal a significant difference between
sires for carcass conformation. All progeny studied had an acceptable
live conformation score, and two of the sires, R. Silver Return and
Onward Rupert, were significantly different when animals were scored
on a live basis., Several factors which make up the live score are not
congidered when scoring the carcass conformation and account for the
lack of agreement bctween the two graits. A positive, but low (0.20)
correlation was found between live conformation score and carcass cone
formation score. In general, carcass conformation score did not achieve
high significant correlations with other traits considered., The heritae
bility of the trait was estimated to be essentially zero, a fact best
explained by the lack of variation in the scores of the progeny.

The analysis of variance and the NMRT indicated a significant
difference between the progeny of the sires when carcass marbling

scores were compared, Calves sired by M. Crusty Domino failed to
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achieve the marbling scores of the other scores of the other sires,

The emphasis placed on marbling grade in determining final carcass
quality grade is reflected in the price differences which occur between
the various federally graded beef carcasses. A study of the physical
separation data indicated that calves sired by M., Crusty Domino were
not carrying the amount of fat exhibited by progeny of the other sires.
Comparing Crusty calves with calves of the same age sired by Royal
Husker K38, it 1s noted that Crusty progeny were significantly lower

(P 4. .053) in marbling scores. It would therefore secem reasonable to
conclude that one sire included in the study lacked the genetic ability
to transmit to his offspring, the inherent potential to deposit fat
within the muscle bundles, It is interesting to note that the progeny
of M, Crusty Domino did not differ significantly from other sires when
fatethickness at the twelfth rib was compared, yet had the least amount
of fat and the highest amount of lean and bone in the physical separe
ation studies. Tenderness studied failed to indicate that the additional
marbling found in the offspring of the other five sires increased
palatability.

Heritability of marbling was estimated to be 0,23, causing selection
for the trait to be rather marginal. The increased economic henefits,
or the lack of these benefits would certainly be a consideration in
selecting sires when performance testing information is available to
the buyer.

Simple correlation coefficients between carcass marbling score

and other traits considered were: final carcass grade, 0.90; fat
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thickness at the twelfth rib, 0.07; rib eye area, «.02; weight of the
fat in the 9«10«1llth rib, 0,20; and the dripping percentage of the
total cooking loss, 0.32. Marbling score had a low (0,.16) correlation
with Warner-Bratzler shear value, and a correlation of «,00 with chews
score. These results are in general agreement with previous studies of
Ross (1963) and hugo (1967).

Carcass maturity scores did not indicate a significant sire dif=
ference in physiological age of the offspring., A correlation between
maturity score and rib eye area was found to be 0,40, The only signie
ficant correlation of importance between maturity score and tenderness
studies was a corxelation of 0,34 between maturity score and the lean
flavor score. The heritability estimate of the trait was estimated
to be essentially zero.

A gignificant difference (P / .05) occurred between sires when their
progeny were compared for final carcass grade or quality score., It is
interesting £o note when comparing off-spring of the six sires that
Mill Iron ranked last when weaning and slaughter condition were scored,
ranked second when marbling scores of the same progeny were compared;
ranked second for fatethickness at the twelfth rib, and ranked third
when the weight of the fat in the 9«10~llth rib cuts were compared.

Mill Iron, Royal Husker 3rd, and Royal Husker K38 had a significantly
higher (P ( .05) carcass quality score than did R, Silver Return 632nd,
Onward Rupert, and M. Crusty Domino. M. Crusty Domino progeny were also
significantly lower in final carcass grade than were progeny of Mill Iron

and Royal Husker 3rd. The correlation between final carcass grade and
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marbling score was 0.90, again emphesizing the importance placed on the
amount of marbling present in the longissimus dorsi muscle,

Simple correlation coefficients between carcass quality score and
characteristics related to tenderness were: f£lavor score of the fat,
0,26; juiciness score, 0.34; WarnereBratzler shear value, 0,19; and
press fluid, 0.03. A correlation of 0.16 was found between carcass
quality score and weight of the fat in the 9=10=1lth rib cut. The
heritability estimate of carcass guality was (.19.

Magee et al. (1958) found final carcass grade more highly correlated
with slaughter weight (0.52) than any other trait studied, A lower cor=
relation (0.12) was observed in this study. Wheat and Holland (1960)
reported the correlation between carcass grade and marbling score to
be 0,89, which compares with 0,90 found in this study.

The longissimus dorsi muscle in elaughter animals has played an
increasingly important role in recent years as an indicator of total
muscle of the beef carcass., Statistical analysis of these data showed
a nonwsignificant difference between the six sires for rib eye area,

The narrow range among the means of the sire progeny resulted in a
heritability estimate of essentially zero. The results are in disagree=
ment with the results reported by Warwiéh (1958), who reported a range
of 0,69 to 0,72 in a review of heritability estimates.

The longissimus dorsi muscle, more commonly referrred to as loin
eye or rib eye area, was found to have the following correlations with
other characteristics included in the study: adjusted weaning weight,

0.50; feeder grade, 0.21; weaning bome score, 0.26; slaughter weight,
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0.31; slaughter grade, 0,17; hide weight, 0.31; chilled carcass weight,
0.40; maturity score, 0.40; weight of the trimmed round, loin, chuek,
and rib, 0.44, 0,41, 0.36, and 0.38, respectively; and weight of the
longiseimus dorsi muscle in the 9e10=1lth rib cut, O.44. Other core

relations of interest in the effect of the longissimus dorsi muscle

on factors affecting carcass grade were: conformstion score, 0,20;
marbling score, «,02; carcass quality score, =,08; fat thickness at
the twelfth rib, «.13; and dressing percent, 0.29,

These data are in agreement with studies of Rieffer et al. (1958)
and Magee et al. (1958), both of whom reported correlations of 0.52
between rib eye area and carcass weight. Magee et al. (19538), however,
reported a correlation of 0,20 between rib eye area and carcass quality
score, compared to a ».08 correlation for this study, Rib eye area
would be considered as an indicator of total carcass muscling bug
increasing the rib eye area alone would not be accompanied by an ine
crease in cavcass grade.

Yat thickness as neasured at the twelfth rib has become increasingly
important to the feeder, the packer and the consumer in recent vearse
Increased production, feeding, and processing costs are naturally re=
flected in increased costs to the consumer, This in turn has led €o
increased consumer demand for closely trimmed retail cuts. Statistical
analysis of these data do not indicste a significant sire difference in
the amount of fat in the carcass, as determined by the measuremeat at
the twelfth rib. It is interesting to note that the sire whose progeny

had the greatest amount of fat covering at the twelfth rib, had the
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least amount of marbling of the six sires studied. The heritability of
fat thickness was estimated to be 0.07, suggesting that the amount of
subcutaneous fat present in the carcass is probably due to the length

of time animals are fed and the ratiocn fed. Miller et al. (1964) cone
cluded that muscle area increased one and one~half times and subcutaneous
fat increased three~fold when animals increased in weight from three
hundred and fifty to eight hundred and fifty pounds, One would expect
this ratio to increase further until market weight is reached,

Fat thickness at the twelfth rib was found to have the following
correlations with other factors studied: marbling score, 0.07; chilled
carcass weight, 0.38; carcass quality score, 0,15; rib eye area, 0.13;
slaughter weight, 0,40; weight of the ¢rimmed round, loin, chuck, and
rib, 0,20, 0.32, 0.30, and 0.30 respectively; dressing percent, 0.24;
and weight of the fat in the 9«l0ellgh rib cut, 0,38, The correlation
between fat thickness at the twelfth rib with WarnereBratzler shear
value was higher (0.21) than the correlation between marbling score
and WarnereBratzler shear value (0,16).

Dressing percent continues go be one of the standards by which we
evaluate slaughter animals. Royal Husker K38 progeny were found to have
a significantly lower (P / ,05) dreséing percent than progeny of the
other five sires, One of the five individuals comprising the Royal
Husker K38 sire group had a low (52.9) dressing percentage, thus lower=
ing the means for the entire group. The heritability of dressing percent
was estimated to be 0,03, a much lower estimate than those reported by

Warwick (1958},
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Simple correlation coefficients between dressing percent and othex
traite studied were: weanlng weight, 0.463 slaughter weight, 0.62;
hide weight, 0,37; age at slaughter, 0,33; length of the round, 0.67;
circumference of the round at forty and seventy percent of it's length,
0,43 and 0,53 respectively; weight of the trimmed vound, loin, chuck,
and rib, 0,59, 0,63, 0,66, and 0,61 respectively; weight of the lean,
fat, bone, and eve muscle of the 9»10«1lth rib cut, 0.40, 0.57, 0,50,
and 0,48 respectively,

Dressing percent would therefore be considered a very good indiw
cator of those traits which use weights and measurements as the evalu=
ation standard, Dresgsing percent had a low, but positive correlation
with slaughter grade (0.12) and final carcass grade (0.15), agreeing
with results obtained by Cook et al, (1951).

Progeny of M, Crusty Domino and Royal Husker K38 were found to be
statistically different (P /_.05) from the progeny of the other sires
included in the study when the length of the rounds were compared.

The manner in which this measurement was obtained was related to
skeletal size, and again might be best explained by the difference in
the age of the various progeny groups.

The length of round as measured from the tip of the hock to the
anterior edge of the aitch bone was calculated to have a heritability
estimate of 0.17. Correlation coeificients between length of the round
and other traits were: weaning weight, 0.59; average daily gain from
birth until wearing, 0.46; slaughter weight, 0.79; hide weight, 0.41;

chilled carcass weight 0.81; weight of the right side, 0,76; dressing
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percent, 0.67; circumference of the round at seventy percent, 0,71;
and weight of the trimmed round, loin, chuck, and rib, 0.65, 0,71,
0.80; and 0,66 respectively,

Significant differences (P.£ .05) were found between the sires when
the circumference of round measurements of their progeny were compared.
Progeny of R, Silver Return 632nd were again significantly higher in
the circumference measurementse than were calves sired by M, Crusty
Domino and Royal Husker K38. The heritability for the circumference
of round measurements were egtimated to be 0,16 for the circumference
at forty percent and 0,22 for the circumference at seventy percent of
the length of the round, The measurements were taken with the carcass
suspended from the rail. The forty percent measurement would therefore
indicate that selection for fullness in the lower portion of the round
ig more difficult than selection for muscling in the upper portion of
the beef round,

The following correlations were found between the round circumference
at forty and seventy percent, respectively, of it's length with the
following characteristics: weaning weight, 0,36 and 0,55; weaning
muscling score, 0.23 and 0.34; weaning bone score, 0,37 and 0,31}
glaughter mus¢ling score, 0,34 and 0,34; slaughter bone score, 0,41 and
0.35; slaughter weight, 0,61 and 0,76; hide weight, 0.51 and 0,53;
chilled carcass weight, 0,61 and 0.76; dressing percent, 0,43 and
0.53; weight of the grimmed round;, loin, chuck, and rib, 0.67 and 0,67

0.52 and 0.70; 0,56 and 0.74; and 0,57 and 0.67,
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These data agree with results reported by Allen (1963) indicating
that the circumference of round measurements were highly correlated
with the weight of the primsl wholesale cuts, and are in disagreement
with results of Birkett et al.(1963), who reported that the correlations
between the various length and circumference measuremente ranged from
zero to slight, nonwsignificant relationships. Birkett et al. (1963)
ugsed many measurements taken both on the live animal and the carcass.
Data from this study disagrees slightly with results reported by Good
et al. (1961), who reported a significant positive correlation between
circumference of the round and loin eye area., Results from this study
indicated a poegitive correlation between the traits, but the correlation
was not considered significant.

Other measurements taken at time of slaughter included those of
the right and left forearm and the right and left cannon bone of the
fore legs. These measurements were obtained just prior to the removal
of the head from the carcass and were difficult to obtain accurately,
Some slight difference will be noted between the individual measurements
which should be regarded as experimental error in obtaining the measuree
ments, and to some degree, to accumulation of foreign material attached
to the hair. M, Crusty Domino progeny had significantly smaller (P £_,.05)
forearm measurements than the progeny of the other sires. The age of the
sire's progeny should receive consideration when comparing the objective
measurements., The results of the subjectively scored weaning and
slaughter muscling scores, as well as the physical separation data

fail to verify the indication of lighter wmuscling for this sire.
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An gverage of the two forearm meaguremen#s indicated & hepitabilify of
0.19 for the circumfegence of £he forearm,

The measuremeny of the cannon bone indicated that smaller circume
ference measurements were obtained for Lthe younger calves gized by M,
Crusty Domino and Royal Husker K38, M. Crusty Domino progeny had sige
nificantly lighter (P < .05} bone weights of the 9=10ellth vib cuts, but
had a higher percentage of bone in these cuts ghan did Royal Husker 3mpd
or R. Silver Return 632nd.

Positive signifiicant correlagions were obtained begtween the g¢ire
cumference &f the forearm gnd the circumference of the cannon bone
measuremeng a&nd between these measurements and weaning weight, feeder
grade, weaning muscling score, glaughter muscling score, slaughtew
bone score, slaughter weight, hide weight, carcass comformation score,
chilled carcass weight, dressing percent,; weight of the trimmed whole~
sale cuts, and ghe physical separation characteristics.

Resulgs of these data agree with the resulks of Orme et al. (1959}
who reported that cannon bone measurements were reiated to carcass
muscling, bug that the relationship was not high enough o be useful for
predictive purposes. GCole et al. (1960) repor¢ed a highly sigﬁificant
correlation between bone weight and the total lean of the carcass, while
Wykhe et al. (1961) suggested that 8 real associagion exists between
thicknegs and muscling jn beef cattle, Resulfs of these data indicate
that such an association does exist, and while fotal physical separation
was not done, the use of fhe 9»10=11th rib cut as .an indicator of total

carcass lean would indicate that the relationship does exist., Results of
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this study are not in agreement with studies reported by Orte and King
(1959) who reported bone measuremente to be highly correlated with
WarnereBratzler shear valueg,

Weights of the individual right sides were recorded and included
in these data as a means of comparing the weighte of ghe clogely trimmed
wholeegale cuts on a percentage basis., Carcasses from progeny of R,
8ilver Return 632nd were found to be significantly heavier (P < ,05)
than progeny of the other sires of ghe study, Progeny of Royal Husker
K38 were also significantly lighter than calved sired by Royal Huskex
3rd and Qoward Rupert, The heritability estimate for the weight of the
side (0.35) was higher than the heritability estimate for the ehilled
carcass weight (0.29), but the correlation coefficients between the
weight of the side and chilled carcass weights with other characteristics
of the study are very similar,

Bray (1963) reported that the use of retail yield has the advantaée
of measuring the salable portion of ghe carcass and should then rather
accurately reflect quantitative differences, The analysis of variance
indicated a significant difference (P < ,01) between sires when the
weight of the closely trimmed loin and square=cut chuck were compared
and a significant difference (P <£.05) between sires when the weight of
the closely trimmed round and rib were compared.

Reviewing the NMRT, indications were that progeny of R, Silver
Return 632nd were significantly heavier (P £ .05) than the progeny of
the other sires, while the younger progeny of M, Crusty Domino and

Royal Husker K38 were significantly lighter than the other four sires.
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The uese of the weights of the closely frismed wholesale cuts calculated
as a percentage of the weight of the side arée therefore of some ime=
portance in comparing the progeny. Data indicated that the youngex
calves, glthough lighter, compared favorsbly with the other groups
when the wholesale cuts were compared on a percentage basgis,

The heritabiligy estimates for thée weight of the closely grimmed
round was 0,22; &trimmed %oin, 0.31; trimmed chuck, 0.31; and the trimmed
rib, 0.46, Heritability estimates for khe weight of the trimmed wholew
sale cuts are of greater magnitude ghan are the heritability estimates
of the grimmed wholesale cuts when expressed as a percentage of the
side, These dafa indicate that ghe heritability estimates are of gufe
ficient magnitude to influence some selection improvement by producegs.,

The individual correlationg between the welghts of the various trimmed
wholesale cuts with other characteristics have been discussed earlier,

In general, the closely trimmed cuts were found £o have high correlations
between wéaning weight, slaughter muscle score, slaughter bone score,
slaughter weight, hide weight, chilled carcass weight, gib eye areas,
dressing percent, length of the round, circumference of the round, fore
arm, and cannon bone, and the weight of the fat, lean, bone, and

longissimus dorsi muscle of the 9=10~1lth rib cut., Reguls of these

data would tend to be in agreement with results of Gregory et al. (1964}
who concluded ghat until a more accurate objective procedure is available
for use in pragtice, breeders may exert some seléection pressure for

cutabilitgy by critical live appraisal for muscling in prospeckive

breeding cattle,
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Progeny sired by Royal Husker K38 were found to have significantly
less (P £ ,05) weight of fat in the 9~10-1ith rib than did R. Silver
Return 632nd or Royal Husker 3rd. WNo significant differences were
found between the sires when comparing the weight of £he lean from
the threeerib cut, but Royal Husker 3rd had significantly less lean
(P ,_ .05) than Royal Husker X38 and Onward Rupert when the sires were
compared on a petcentage of separable lean to fat and bone in the
weight of the 9=10-lilth rib cut, Idengical comparisons were found
to exist when weight and percentage of bone were compared in the
various progeny groups, Significant differences were not found between
sires when the weight of the longissimus dorsi muscle of the 9«10ellth rib
cuts were compared, but R. Silver Return had significantly less (P <..05)
muscle than did Royal Husker K38 when the percentage of eye muscle was
compared,

Heritability estimates were calculated for both the weight and the

percentage of lean, fat, bone, and longissimug dorsi muscle in the

9«10«llth rib cut; weight of the lean was estimated to be 0,09 herie
table, while the percent of lean was estimated to be 0,19 heritable}
weight of fat was estimated to be 0,22 heritable, compared to a herita=
bility estimate of 0,17 for the percent of fat contained in the threee
ribs; the weight of Lthe separable bone was estimated to be (.15 herie

table estimate of 0.01l; the weight of fhe longissimus dorsi muscle was

estimated to be only 0,02 heritable, while the percentage of the total
weight of the 9«10~1llth rib cuts comprised by the longissimug dorgi

muscle was estimated to be 0,23 heritable.
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Rather high correlations coefficients were found between the weight

of the peparabhle lean, fagy bone, and longisgsimus dorsi muscle gnd the

chilled caxcass weight. These correlations wege 0,69, 0.63, 0.66 and
0.66,; respectively. The weight of the fat in the 9«10«11th rib was found
to be cogrelated with the fat thickness at the twelfth rib, 0,383 marbling
score, 0,20; and dripping losses during cooking, 0.57, Hegative core
gelagions were found between weight of the faf in the SelQ«llth rib cut
and juficiness gcore, ~,14; shear value, »,21; and press fluid, «,05,
Almost identical correlations were found when the percentage of fat was
compared to ghe weight of the fat in the 9=»10=llgh rib cug. Branaman

et al. (1936) found no retationship between tenderness and fatness.

The weight of the lean and the weight of the longigsimus dorsi
muscle wexe found ¢4 have positive significant correlationsg with weaning
weight (0.50 and 0,55 respectively), Weight of the longissimus dorsi
muscle of €he 9=10«llth rib cuts were positively correlated with weaning
bone score, 0.43; weaning muscling dscore, 0.29% slaughter bone scorey
0.38; and slaughter weight, 0.66., %he correlagtion between weight of the
longigsimus dorsi muscle jn ghe 9«10~11lth rib cut with rib eye area was
0.44., Correlations between the weights of the lean, fat, bone, and the
longissimus dorgi muecle were found to be positively correlated with
the various lenggh and circumference measuremenks used during the study
yanged from 0,28 to 0,56, Correlakion coefficienks between the physical
separation weights and the wejights of the closely trimmed wholegale cugs
were the most highly correlated traits measured when the varfous phases

of the study were compared,
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Mention has been made earlier in the discussion regarding the rather
low marbling scoreg obtained by the animals included in the study. These
lowered score perhaps account for the lack of agreement of these data
with studies of Blumer et al. (1959), who reported a correlation coefw
ficient between marbling score and percent separable lean of (,20; come
pared to ghe «,17 correlation for these traits found during this study,
Hankins and Howe (1946) and Crown and Damon (1959} also reported higher
correlations between the percent of separable lean, fat, and boue than
were found in this study, The most logical explanation for the lack of
agreement between the sgudies would seem to lie in the fact that signie
ficant differences were not found between the selected sires when the rib
eye areas were compared,

The results of the tenderness studies were unable to show significant
differences between ¢he progeny of the various sires ather than a dife
ference in cooking losses, ¥lavor scores of the lean and fat were each
more highly correlated with the weight of the chilled carcass and dresse
ing percent than any other characteristic of either the carcass or
slaughter phase of the study. Flavor scores of the fat and ghe lean

were more highly correlated with the weight of the longissimus dorsi

muscle in the 9=10~llth rib cut than of any other characteristics of
the physical separation phase of the studys A correlation coefficient
of 0,57 was found between the flavor score of the fat and the flavor
score of the lean. A correlation of 0,55 was found between the chews

score as evaluated by the taste panel with Warner=Bratzler shear score.
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1. (1965} reported shear and taste panel scores were

o=

Romans et
not eignificantly correlated, The tdste pdnel used £o evaluate the beef
roasts in this study did not indicake that carcass grade influenced the
tenderness of the 6w»7«8th vib roasts, The narrow range of the carcass
grade scoyxe did not allow for extreme difference in cgrcass gradesg,

The same narrow range between the means of the progeny groups will
perhaps account for the disagreement with studies of Zinn {1964},

who indicated that tenderness is sixty percent herigable,

SUMMARY

Fifty randomly selected steers born and fed #t the Clifford
Houghton Ranch of Tipton, Kansas, weze used in this study. The steers
were the progeny of six selected sires:s Four of the sires were used by
means Of artificial insemination for approximately three heat periods.
The remaining two sires were used in natural service as "clean=up"
bulls. The resulting progeny were boyn in the fall of 1964, All calves
had access to a ¢reep feeder ungil weaned, and were then placed on &
self~feeder until slaughtered on Feburary 1, 1966,

The study included several phases, beginning with the weaning traits
and continuing through slaughter, carcass study, detailed physicel separ=~
ation of the fifty rib cuts, and organoleptic studies designed 2o evalue~
ate tenderness, Live animal scores were placed on the individuals by a
comnittee recording weaning and slaughter weights, weaning and slaughter
muscling, bone, and condition scoresi an overalleconformation score was

placed on the individugls and individual hide weights were recorded ag
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time of slaughter. Chilled carcass weight, dressing percent, weight

of the right side, carcass conformation, marbling, maturity, and fina}
cagcass quality grades were recorded for each individual, The objective
measurements taken included the length of the round, ¢ipcumference of
the round at forty=- and seventy~percent of it%s length, and forearm and
cannon bone cirgumference of gthe fore 1limb,

The weights of ghe four majox wholesale cuts, the round, loin,
chuck, and rib, were recorded as the carcass was broken down, then the
outside fat was trimmed to a uniform depth of threeweighths of an inchj
the fat trim was recoyded, The wholesale rib cut was returned to the
Meats Lgboratory at Kansas State University for physical separation
studies. The 6~7=8th rib cut was used by the Department of Foods and
Nutrition for genderness studies; the twelfth rib was removed for lagbe
oratory analysis for pH; eolor, and ether extract gtudies; ghe 9=10~1lth
rib cuts were used to determine the weight and the percentage of lean,
fat, bone, gnd longissimus dorsi muscle of the individual steegs.

Simple correlation coefficients were calculated between ecach of the
characteristics studied. Dungan's New Multiple Range Test (NMRT) was
calculated to show significant differences between the progeny of the
individual sires for each characteristic of ghe study. Heritability
estimates were also calculated for the indiwvidugl characterisgics ace
cording to the method of Becker (1964).

Heritability estimates of sufficient magnitude which could be cone
sidered as having some influence during Bire selection included: weaning

weight, 0.31; feeder grade, 0.19§ weaning bone score, 0,23; slaughter
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muscling score, 0.22; glaughter conformation score, 0.22; hide weight,
0.34; age at slaughter, 0.46; carcass quality score, 0,19; seventy per=-
cent circumference of round, 0,22; cannon bone circumference, 0.,19;
weight of the trimmed round, 0,22; trimmed loin, 0,31; trimmed chuck,

0,31; trimmed rib, 0.45; the percentage of the longissimus dorsi muscle

in the 9=10«1llth rib cut, 0.23; taste panel tenderness score, 9.21; and
Warner=Bratzler shear valuwe, 0,20,

Statistical analysis of these data, using the analysis of variance,
indicated a significant difference between the sires at the (P < .0%)
level for the following characteristics: weaning and slaughter age
and weight, chilled carcass weight, dressing percentage, weight of the
right side of the carcass, and gthe weight of the trimmed loin and
chuck, Additional differences found between sires at the (P £ .05)
level were: weaning bone score, slaughter conformation score, slaughter
nuscling score, marbling score, seventy percent circumference of the
round, weight of the trimmed round and rib, weight of the fat and weight
of the longissimus dorsi muscle in the 9«i0-llth rib cut, and the peg=
centage of weight loss during cooking due to dripping.

Duncan's NMRT indjicated between which of the gires significant
differences (P £ _.05) did occur, Mill Iron 836E progeny were found £o
be the oldest calves in the study, had the lowest average daily gains,
had the lowest feeder grades of the four older progenmy groups, were
lowest in muscling scores, had the lowest weaning and slaughter condiw
tion scores, and had the lowest slaughter grades, Mill Iron progeny also

had the lowest petcéntage of trimmed loin and rib, and the highest
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percentage of trimmed chuck and round,

Steers sired by Royal Husker 3rd were more consistent in their
scores and performance than were obher sires, Royal Husker 3rd progeny
had the highest feeder grades, weaning muscling scores, weaning bone
gcores, weaning condition scores, asnd achieved the highest marbling
scores, The steers ranked second in weaning weight, slaughter grade,
final carcass grade, dressing percent, and Warner-Bratzler shear value,

Progeny sired by Ounward Rupert were found €o have the highest
slaughter grades, slsughter muscling and conditiom scores, weight of
longigsimus dorsi muscle from the 9«10ellth rib cut, carcass cenfore
mation scores, and the greatest circumference of forearm and cannon
bone, The skeers ranked second in slaughter conformation scores and
slaughter weight. However, the Onward Rupert progeny ranked fifth on
marbling scores and final carcass grades, Tenderness studies reveagled
that Onward Rupert steers had the greatest number of chews, as evalue
ated by the taste panel, and suffered the greatest loss during cooking.

Steers sired by R. Silver Return 63%nd were found to hgve the
heaviest weaning weights and the highest average daily gain at weaning
of the groups studied, The heavier weights at weaning were indicative
of the heaviex slgughter and carcass weights achieved by the steers,
Steerg from ghis progeny group had the highest conformation scores af
time of slaughter, the highest dressing percentage, and were the highest
ranking whén the weights of ghe closely grimmed wholesale cuts wewxe
compared, These progeny also had the greatest length and circumference

of round,
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Steers sired by R, Silver Return 632nd also had the greatest amoung
of fgt covering ag the gwelfth rib and a higher percentage of fat in the
9=10=11th rib cykt. However, the Silver steers had the most lean and bone
in the 9~10<llth rib cut. Tenderness studies gevealed that Silver ptrogeny
had the lowest number of chews score, vequired slightly less time to cook,
and had the least amount of press fluid.

Calves sired by M, Crusty Domino and Royal Husker K38 were signie
ficantly (P £ ,05) younger than the other progeny groups and were conw
sidered to be g2 a disadvantage when £he characteristics which use weight
alone as & criteria were studied, When percentage figures were used,
Royal Bugker K38 wae found £o have the greatest percent of grimmed loin
and rib, as well g@s having the greatest percentage of longissimus dorsi
muscle of the 9»10«1llth rib cut, Taste panel sScores indicated that the
panel considered progeny of the two sires less tender than progeny of the
other sires.

Weaning weight was found to be & reliable indicator of fuguze
weights eand therefore useful in predicting future performsnce, but
was not correlated to future conformation type scores, The 210=~day
gdjusted weaning weight was less closely related to future weighg and
performance than was the actual weaning weight, The lack of agreement
may have been due to the age of the calves at weaning,

Feeder grade was not a veliasble indicator of actual slaughter grade
or final carcass grade, Feedex grade was independent of condition,
while slaughter grade and final carcass grade were very dependent on

condition, with a great deal of emphasis placed on the deposition of
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fat begween the muscle bundles,

Weaning bone; muscle, and condition secores did not have the high
correlation with slaughter bone, muscle, and condition score which ore
might expect, Slaughter bone scores had a higher correlation with face
tors comprising "cutgbility" than did slaughter muscling scores, These
data indicate that Ehe size of the bone does have & significant relatione
ship with the amount of lean, red meat of the beef carcass.

A gorrelation of 0,00 was found between slaughter grade and marbling
grade, while the correlation between slaughtew grade and final carcass
grade was ~,03. The coryelation between carcass grade and marbling grade
was 0,90, With the exception of the final carcass grade, marbling had a
nonegignificant influence on ogther characteristics which influence the
value of the carcass. Nonesignificant correlations were found between
marbling and ¢enderness, julciness, and flavor, A significant difference

(P L. ,03) was noted between sire groups for marbling,
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EXPLANATION OF PLATE 1

Wholesale rib cuts from M. Crusty Dominoc Pregeny

84



85

PLATE I

95 M8/ 7/ w107 e 1085

MCRUST
DOMiNO

119 164 165 181 5

—— L ——— —— —
———

M CRUSTY
DOMINO



EXPLANATION OF PLATE II

Wholesale rib cuts from Royal Husker 3rd Progeny
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EXFLANATION OF PLATE III

Wholesale rib cuts from R. Silver Return 632nd Progeny
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EXPLANATION OF PLATE IV

Wholesale rib cuts from Mill Iron 836E Progeny
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EXPLANATION OF PLATE V

Wholesale rib cuts from Onward Rupert Progeny

92



213
ONWARD
RUPERT

ONWARD
RUPERT

245

A 3IVid

€6



EXPLANATION OF PLATE VI

Wholesale rib cuts from Royal Husker K38 Progeny
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Table 32, Simple correlstion coefficients between weaning and slasughter chawesgeristics.
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Table 3b, Simple correlation coefficients between weaning and carcass weights and measurements.
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Table 3c. Bimple correlation coefficients befween weaning characteristics and primal wholesale cuts,
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Table 3d, Simple correlation coefficiente between weaning and cooking characteristics.
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Table 4as, Simple correlstion coefficients between slgughter and

carcass characterisgics,
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Tsble 4b., Simple correlation coefficients between slaughter characteristis and carcass weights and
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Table 4c¢c, Simple correlation coefficients between slaughter characteristics and physical separztion
9«10el1lth rib cut,
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Slaughter
bone score 0. 13 0002 0026 0.00 0.31 "'002 0.38 0. 15
Slaughter
cond, score 0.15 O.14 0.08 o7 .06 ~e25 0,08 =,08
Slaughter
conf. s8core 0.23 0' 15 0024 '”.05 0. 13 ""‘022 0028 9001
Slaughter
weight 0.67 0.36 0,64 =,33 0.65 =40 0.66 o 26
Hide wt,. 0.36 0,15 0.42 », 14 0.49 «,09 =38 0,04
Day of age
et slaughter 0,29 0,04 0.34 “, 14 6.43 =10 0.24 =,30
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Table 4d, Simple correlation coefficients between slaughter and cooking characteristics,
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Slaughter
Grade 0.02 0,06 0,14 0.16 0.17 0,07 2,17 =402 0.05 =07 0,06 =01
Slaughter
mugcle score =,02 0,12 0,19 0.24 0,12 0.05 w24 «,09 0,11 =13 =e12 =, 13
Slaughter
bane s8core "'.&1 -.07 0033 001& 0019 0.20 0.01 1"‘.06 “'006 0.00 ‘023 0@02
Slaughter
cond, score 0,06 0,04 0,93 0,07 0,02 =,08 “el9 -0l 0.09 =,09 0.15 .04
Slaughter :
conf, score =13 0,02 0,11 0.10 0,08 =01 =,18 =19 0,07 =,18 =,12 =,06
Slaughter
weight «,33 =,12 0.55 0,27 0.38 0.35 =07 =,02 0.06 =,03 =, 18 o 06
Hide wt, 2,38 0,04 0.43 0.32 0,31 0.17 0,09 0,01 0,00 0,03 -, 13 -, 15
Day of age
at slaughter 0,09 0,03 0.27 0.21 0,14 0.10 =,07 0,24 0,39 ©,23 0.17 .09
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Table 58, Siwple correlation coefficients between carcasg characteristics and weights and measurements,
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Chilled
carcass wte 0,20 0,18 0.,3% 0.14 0,40 0,38 6,70 0,81 0.61 0,76 0,56 0,58 0,54 0,65 0,92
Conformation
score 0,06 0.18 0,02 0,20 0.05 0.11 0,02 0,18 Q.17 0,38 0,35 0.3 0,32 0,03
Harbling
score 0,13 0,90 «,02 0.07 0,12 0,22 0,1Z 0,15 0,04 0,06 «,10 =,01 0,20
Maturity
score 0.00 0,40 _a.02 0,10 0.23 0.01 0,06 0,09 0,08 0,05 0,19 0.26
Qusglity
score -’008 6008 0. 15 Q.l? 0.{)2 0.05 -QM ".0&' e Iﬂ "’.04 - 16
Ribeye area =13 0.29 0,31 0.19 0G.31 0.29 0,34 0,15 0,22 0,31
Back=fat )
ghickness 0,24 0,19 0,16 0,27 0,11 0,12 0,07 0.12 0,35
Dressing
percent 067 0,43 0,53 0.29 0,32 0,29 D.41 0,62
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Table S5b. Simple cerrelation coefficients between carcass characteristics and primal wholesale cuts,
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Chilled
carcass wt.0.,84 0,88 0,96 0,86 2,20 =,16 «,00 =,14 0.69 0,40 0,63 =,40 0,66 =,40 0,66 -, 27
Conformation 7 B
score 0.21 0,16 0,16 0.29 0,24 0,19 0,25 0,37 0.27 0,31 0,14 =,25 0,22 =.,13 0,20 - 15
Marbling ‘
score 0,04 0,08 0,17 0,15 2,26 «,26 =,06 =,08 0,20 0,11 0,12 «,17 0,20 =,10 .07 -, 22
Maturity
score 0.32 0,3} 0.32 0.26 0,06 0,06 0,05 =,04 0,16 «,01 0.24 =,00 0,15 «,16 0,35 0.14
Quality
sacore ".02 0.05 0.13 0.15 ""928 \“022 ‘005 ""002 0016 0.02 gol"’ "‘014‘ 0025 9006 0.09 ‘022
Ribeye
area 0.44 0,41 0,36 0,38 0,16 0.18 0,02 0,07 0.12 «,06 0.33 0,12 0.20 =,12 0,44 0.23
Backefat
thickness 0,20 0,32 0,30 0,30 ~=.25 0,05 «,12 «,09 0,38 0.20 0.35 ~.,23 0,24 =,36 0,l% w bk
Dressing
percent 0,59 8,63 0.,66 0,61 0,08 0,00 =,07 0,57 0,62 0,80 =,39 0,50 0,48

e 13

«o30
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Tgble 5c, Simple corzelation coefficients between carcass and cooking characteristics.
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Chilled
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Conformation
score =, 20 =, 16 0.32 0.08 -, 04 =, 10 -,13 -, 11 0.06 -, 04 0.03 -, 01
Marbling
s8COre O. 16 0.23 0.‘09 B 16 ‘802_‘3 9»008 9023 0009 0»01&' ‘?Q-eoo 0—. 16 %08
Maturity
score 0.05 ®,11 Q.18 0,03 0,04 0.23 0.10 0.15 .06 0.11 0.02 0.08
Quelity ‘
score 0. 17 L™ 23 0.08 00‘15 00 26 0. 11 0.34 e% 13 e‘oog 0991 0@ 19 0'. 03
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area -, 10 -, 03 =01 2,02 0,21 v, 08 0.07 2,03 =, 07 Q.07 e 10 0.24
Backefat
thickness -, 00 Q.10 D.28 0,28 0., 0% 0.08 0.20 Q.11 0.14 0,01 0.21 «,07
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Percent ¢.18 L 11 0.&‘3 9'4.29 9.27 0. 28 0. 12 "o 15 e. 18 %2& -y 13 ’-501




Table 6a, Simple correlation coefficients between carcassz weights and megsurements.
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(407) 0.72 0,48 0.53 0.46 0,48 0.53 0,67 0,52 0,56 0.57 0,16 =~,09 =,00 0,01
Circ, round
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Table 6b, Simple correlation coefficients between carcass weights and measurements and physical
separation 9»10«11 rib cut,
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Circ, round
{460%) 0.45 0.21 0.54 «.09 0,50 -, 32 0.47 ~o 17
Circ, round
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Table 6¢c, Simple correlation coefficients between carcass weights and measurements and cooking

characterisgics,
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Circ, left
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Table 7. Simple correlation coefficients between weights and measurements of the wholesale cuts and
physical separation 9~10=11 rib cut.
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Table 8a., Simple correlgtion coefficients between physical separation characteristics of 9«10~1lth

rib cut,
T e
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Weight fat
9«10-~11 rib 0,81 0,54 -,73 0.50 =73 0,54 =61
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Weight lean
Percent lean
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Welght ribeye
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Percent ribeye
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Table 8b, Simple correletion coefficient® between physical sepavagion 9«10~11 rib and cooking

characterisgics,
T T T e —— e S
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9’10-11 rib “‘329‘ 0036 0.57 0099 001?9 '0.29 ,.14 -.13 ‘.18 ..2l ".05 '.ol
Percent fat
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Table 9s Simple correlation coefficients between cooking characteristiecs,
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Ci)eking 1033, Valatila 7; ..15 0.75 °003 -.01 ‘.37 “e 19 "‘.16 ) 10 .005 ._.31
eﬂﬂking 1088, dripping ﬁ 0.5&‘ 0.33 0943 9006 0.10 ”002 Q.OZ "'.,.18 - 11
Tﬁtal COOking losses Q.23 0028 "035 ‘7.10 3@13 -‘008 -.07 "934
Flavor score, fat 0,57 0.16 0,14 0,01 0.14 «,13 =,06
¥ lavor score, lean 0.23 0.18 0.01 0.12 .24 -1l
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Number of chews =485 0.55 - 37
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Table 10a. Analysis of variance of weaning and slaughter characteristics.

==

Prait MSgires MSError Feratio
D. F. 5 44
Age at weaning 6997.7400 293,4750 23, 8444%%
Weaning weight 19481,6000 4417 ,9545 &,4096%*
210 day adj,
weaning weight 878.6000 2571.4545 0.3417
ADG/day age 0.0646 0.0528 1.2224
¥eeder Grade 4,0351 1.,7396 2.3194
Wean, muscle
score 5.9951 4,3101 1.3909
Wean, bone score 2.2529 0.7990 2,8197%
Wean., cond, score 0,5%462 0.6020 1.5717
Slaughter Grade 1,1538 0.7162 1.6110
Slaughter
muscle score 8,1979 3.1507 2.6019%
Slaughter
bone score 0.4840 0,5091 0.9507
Slaughter
cond, score 1.1115 0.5960 2.2412
8laughter \
conf, score 32,5260 10,9857 3.3249%
Slaughter wt, 29301, 6000 7096,8863 4,1288%%
Hide weight 429,.5160 74,9773 5.7286%*
Day of age at "
slaughter 5942,0000 183,2727 32,4216™%
*p i_o05

**p ¢ .01
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Table 10b, Analysis of variance of carcass characteristics and

megsurements,
s

Trait MgSi.res MSEtror F*ratib
D, ¥, S 44
Chilled carcass wt. 15394,2000 3817.0227 4,0330%*
Conformation score .1788 2997 « 5964
Marbling score 14,0378 4,9162 2,8554%
Maturity score .0218 +2616 .0832
Quality score 3.1049 1.0513 2.9535%
Ribeye aresa 5881 «6513 .9031
Backfat thickness .0702 0523 1,3432
Dressing % 10,2600 2.7930 3.6735%*
Length of round 1.3748 6696 2.0531
Circ. Round

(40%) 3.2502 1.5994 2.0321
Circ. Roumd

(70%) 7.0088 2,6801 2.6151%
Cire, right

forearm 1.9828 «3193 2,3458
Circ. left

forearm 1.5766 7355 2.1436
Circ. right

shank « 2968 1350 .2,1980
Circ. left

shank 3421 1438

2,3789

*p ¢ .05 level
**p £ 01 level
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Table 10c, Analysis of variance of carcass characteristics and
physical separation of 9~10ell rib cut,

Trait MSgiras MSgprror Feratio
D.F, 5 44
Wt, right side 5226,2600 822,5750 6.3535%%
Wt. trim, round 137.6320 52,0814 2.6426%
We, trim. loin 99,1580 21,6364 & ,5996%%
We., trime chuek 263.6280 61,3489 4,2972%%
We, trime rib 12,7698 4,3366 2.9447%
Frim, round as 4

% side <0005 0002 1.9268
Trim. loin gze

% side +0002 <0001 1,7392
Trim, chuck as

% side .0001 «0002 .7819
Trim. rib as

9 gide +00003 .00001 1.5604
Weo fat ‘

91011 rib 514118.,0000 197531.,1300 2,6027%
Percent fat

9«10«11 rib 0038 +0018 2,0470
Wt. lean _

9=10-11 rib 1308860000 892047720 1,4673
Percent lean

9e10=11 rib <0027 ,0012 2.238%
Wi, bone

9w10=1l rib 12571,4000 6565,7272 1.1947
Percent bone

9«10«11 rib .0602 .0002 1.0598
Wt. ribeye muscle

9w10«11 rib 957 9,4000 12941,5680 7402
% ribeye muscle

9=10-11 rib 0007 .0002 2,7646%

%2 (£ ,05 level

wkp 4. 401 level



Table 10d. Anglysis of

variance of cooking chapacteristics,

117

Traig MSgires MSgrror Feratio
D.F. 5 b4
Cooking tine
Cooking loss

volatile % 3.4126 2,1233 1.6072
Cooking loss

drip % 3,3854 1.1319 2.9908%
%otal cooking

losses 6.4560 2.8150 2,2934
Flavor score

fat 20553 2729 «2028
Flavor score

lean 0870 1105 7870
Juiciness

gcore ° 2392 .2383 . 9660
Initisl

tenderness 4132 «2159 1.9165
No., of chawe

score 22.5608 8,7676 2,5732
Chews

score 2923 . 15727 1.8522
Shear

value 21,6100 8,8354 2,4459
Press

£fluid AT155 «5943 3001

*p £ .05 level
ek
P L .Ol lavel



Table 11. Duncan's New Multiple Range Test (NMRT) for significant
(P £.05) sire difference,

118

Ordered array of sires by means of their

Charecteristic progeny
Age at weaning 4a 3b § be 2 bed ¢ e 1 e
Weaning weight 3a 2ab 4@be sabed 6 cde 3 .
210~day adjusted

weaning weight 62 k 28 48 12 5%
Average dailly gain

per day of age 3a 2a 6@ 12 52 La
Feeder grade 28 6ab 3abc sabe 4abe 1
Weaning muscle score 28 34 58 18 68 4a
Weaning bone score 28  sab  3ab gab 4 b y b
Weaning condition
Slaughter grade 58 28b  3ab 18b 68b &b
Slaughter muscle

score sa  3ab  gabc  jabec 6abe 4 ¢

Slaughter bone
score 18 32 58 28 6a 4&

S8laughter condition

score 58 1ab gabe gabed gabcd 4
Conformation score 3 58b 2 b 4 b 1P 6P
$laughter weight 32 s8b b 4 b 1 b 6P
Hide weight 58 3ab 2 ¢ & ¢ 6 ¢ 1

Day of age at
slaughter 48 3ab gabc gabed g e

Chilled carcass
weight 3é 5ab pabe 4 bed 1 bed 6



Table 11 (continued)
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Ordered array of sires by means of their

Characteristic progeny
Carcass conformation

score 54 4La 62 2a 38 18
Carcass marbling

score 28 4ab gabc 3abe sabe 1 ¢
Carcass maturity

score 62 22 58 48 3a i&
Carcass quality

gcore X zab 6abc 3 be 5 be 1 ¢
Ribeye area 5@ L& 68 ja 12 24
Fat thickuess

12¢h rib 3a La 52 12 2a 6&
Dressing percent 3a 2ab 4abe sabcd 1abcde 6
Length of round 3a  2ab  4ab 5ab 1b 6 b
Circumference of

round (40%) 3a 5ab 28b 4ab 1 b 6 b
Circumference of

round (70%) 3a  s5ab  gab 43b 1 b 6P
Circumference of

right forearm 58 3ab 4ab gab 2 b 1b
Circumference of

left forearm 58  3ab  4ab 2 b 6ab 1 b
Circumference of

right shank 58 3ab 2abe 4abe 1 6@bc
Circumference of

left shank 58 3ab  geb 4ab 1 b 6D
Welght of the

right side 3@ g2b gsbec 4 bed g bed 6
Welght of the

trimmed round 38 sab  gabc  4abe 1 ¢ 6 ¢



Table 11 (continued)
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——— ot e ot — — x v
Ordered array of sires by means of their

Characgeristic progeny
Weight of ghe

trimmed loin 38 sab 4 b 2b 1b 6 b
Wedight of the

trimmed chuck 3a 2 b 5b 4 b 1 b 6 b
Weight of the

grimmed rib 32 4ab 5D 2 b ib 6B
Trimmed round as ‘

percent of side 42 sab 2 b 3b 1k 6 b
Trimned loin as

percent of side 68 18b 38b 2ab 5ab 4 b
Trimmed chuck as

percent of side 42 sab 1 b 2 b 6 b 3b
Primmed rib as

percent of side 68 3@ 18 28 58 4a
Weight of fat

9e10=11th rib 38  pab sabe jébe sabe 6 ¢
Percent fat of '

9-10e11th rib 38 g8b  jabc  sabe 5 ¢ 6 ©
Weight of lean

9=10=11th rib 3a 58 L@ 28 18 68
Perceng lean of

9e10-11th rib 62  sab  gabe  jabe 3 be 2 ¢
Weight of bone ‘ ;

9~10=11th rib 3@  48b  gab 2ab 1b 6ab
Percent of bone

9=10e1l1lth rib 68 4ab Sabc 1abc 9 be 3 be
Weight of eye muscle

9«10=11th rib 58 32 22 42 12 6d



Table 11 (continued)
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Ordered array of sires by means of their

Characteristic progeny
Percent of eye muscle

9=10=11th rib g8 18b  gabc  gabe 48b 3b
Cooking time

6-7=8th rib 28 58 4a 62 18 3a
Cooking loss

(volatile %) sa  eab  gab 3ab 48b 1b
Cooking loss

(drip %) 28 3ab jabe sabc 4abe 6 ©
Total cooking loss 5a 28b  3ab 18b 4 b 6 Db
Initial tenderness 6a 18b  3ab 2ab 5ab AR
Number of chews 58 68 4a 18 28 3a
Chews score 48 18 6# 58 3* 28
Shear value 68 22 1@ 48 38 58
Press fluid 48 18 68 58 28 3a
g, by c, d, e ¢ sires with the same superscript are not significantly

different (P

Sire dezignation:

Onmward Rupert

A WS

M, Crusty Pomino
Royal Husker 3rd
R, Silver Return 632nd
Mill Xron 836E

Royal Husker K38

«05).



Table 12. Heritability estimates,
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Trait Estinate

1. Day of age at weaning «4885
2. Weaning weight «3048
3. Adjusted weaning weight »,2372
4, ADG .0621
5. Feeder grade «1922
6., Weaning muscling score .0791
7. Wesning bone score « 2304
8, Weaning condition score «1075
9. Slaughter grade «1195
10, Slaughter muscling score .2151
11, Slaughter bone score »,0122
12. Slaughter condition score .1852
13. Slaughter conformation score « 2603
14, Slaughter weight .0295
15, Hide weight 3398
16, 4Age at slaughter 4546
17. Chilled carcass weight «2915
18, Carcass conformation score ~e1222
19, Carcass marbling score 2327
20, Carcass maturity score -,4093
21, Carcass quality score «1926
22, Rib eye area «+0025
23, Backefat thickness .0708
24, Dressing percent 0277
25, Length of round .1668
26, Circumference of round (40%) « 1647
27. Circumference of round (701) «2200
28, Circumference of right forearm «1990
29, Circumference of left forearm «1759
30, Circumference of right shank .1812
31, Circumference of left shank . 1974
32, Weight of right side 3520
33, Weight of trimmed round «2186
34, vieight of trimmed loin <3109
35. Weight of trimmed chuck 3099
36, Weight of trimmed rib #4557
37, Trimmed round as percent of side « 1446
38, Trimmed loin as percent of side .1209
39, Trimmed chuck as percent of side 0069
40, Trimmed rib as percent of side «2418
41, Weight of fat 9-10=1lth rib 02151
42, Percent of fat 9-10-1lth rib 1664
43, Weight lean 9~10-1lth rib .0916
44, Percent lean 9=10-~11th rib «1849



Table 12 (continued)
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Trait Estimate
45, Weight of bone 9=10-1lth rib « 1499
46, Percent bone 9»10-1llth rib 0112
47. Weight of longissimus dorsi 9=10-1lth rib -, 0145
48, Percent of longissimus dorsi 9-10-1llth rib «2313
49, Cooking time 6#7-8th rib =o0422
50. Cooking loss (volatile %) +1126
51, Cooking lose (drip %) 1342
52, Total cooking loss «1900
53. Flavor score (fat) e,3205
54, Flavor score (lean) =o,0567
55. Juiciness score «,0084
56, Initial tenderness score «1520
$7. Tenderness score 2129
58, Chews score « 1445
59, Warner«Bratzler shear score 2029
60, Press fluid =,0537
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Table 13.

AMERICAN ANGUS ASSOCIATION

Herd classification report,

OWNER
CHAIN NO. REGISTRATION NO.
SIRE DAM

GENERAL APPEARANCE

e e ————— e e

DATE OF LAST CALF
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TYPE SCORE

HERD CLASSIFICATION REPORT

REPORT NO. CONDITION ({1-5)
TATTOO
LEFT EAR  RIGHT EAR MO. DAY YR YRS. MOS.
SEX BIRTH DATE | AGE
MO. DAY YR.
lgp S CLASSIFIER DATE.

One Tick (/) Slight Degree — Two Ticks (y/ ¢/} Pronounced Degree

BEEF CHARACTER

HEAD & : REAR QUARTERS
CONFORMATION SIZE HREED E R AR/ PEFT & T8GS L RIB & BACK LOIN hGUND)
20 10 8 12 8 10 10
L GaTace SMALL i Ciamctr SUBSTANCE: | | SHOULDER: |  RIB: low NARROW NARROW : |
SHALLOW NARROW FINE NARROW NARROW NARROW SLOPES SHALLOW
UPSTANDING LONG COARSE COARSE | sHALLOW ROUGH SHORT Fitiness
COMPACT coARsE HOCKS: OPEN BACK: ROUGH HOOKs | USHT towss
HORSEY NECK: SICKLE TOO STRAIGHT WEAK e
QUALITY: UDDER: Low STRAIGHT FORE RIB: ARCHED REMARKS
ROUGH UNSOUND COARSE BOWED SHALLOW NARROW
PATCHY LARGE TEATS s CLOSE FLAT UNEVEN |
=Sl EARCEIVEAT SR | iDEw IAE! LS CLEISE! !
LACK UNSOUND
THROATY
CAPACITY FEET i
o N 4
v—— e s ~- e e e e —

HC-1B



fable 14, Scorecard for feeder and slaughter characteristics,

Tattoo

_Weight

Price

Yield grade

Slaughter grade

Rounds @core

_Feeder grade

Forearm score_

Cver top score

Bone score

Condition score

Coat color score

CLASSIFICATION SCORE

Type |8ize | Quality

Shoulder- |Rib & ‘ Thighs &

& Chest Back Loin | Rump | Rounds

| Feet & ad &
Legs eck

Total score

(14
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¥able 15, Numerical values for feeder grade, slaughter grade and
carcasg grade scoring aystem,

Prime 15 16 17
Choice 12 13 1%
Good 9 10 11
Standard 6 7 8
Commercial 3 4 5
Utility, Cutter and Canner 0 1 2

Rable 16, Numerical values for marbling scoring system.

Extremely Abundant 34 35 36
Very Abundant 31 32 3
Abundant 28 29 30
Moderately Abundang 25 26 27
Slightly Abundant 22 23 24
Moderate 19 20 21
Modest 16 17 18
Small 13 14 15
8light 10 11 12
¥races 7 8 g
PPactically Devoid 4 3 6

Devoid 1 2 3

Table 17. Numericsl values for carcass maturity score system,

Minus - fverage = Plue “
Awmaturity 1 2 3
Bematurity 4 5 6
- 7 9

Cematurity 8
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Table 18, Numerical values for feeder and slaughter muscling scores.

—— = =
= - — =

Minus Average Plus

Very Heavy Muscle 16 17 18
Heavy Muscle 13 14 15
Moderately Heavy Muscle 10 11 12
Medium Muscle 7 8 9
Slightly Light Muscle 4 5 6
Light Muscle 1 2 3

Table 19, HNumerical values for feeder and slaughter visuzl bone score.

Very Rugged
Rugged
Moderately Rugged
Medium

Slightly Light
Light

- W B

Table 20, HNumerical values for scoring flavor, juiciness, and tendere
ness of beef lean.

e
=

Flavor Juiciness Tenderness Score
Very Desirable Very Juicy Very Tender 7
Desirable Juicy Tender 6
Moderately Desirable Moderately Juicy Moderately Tender 5
Slightly Desirable Slightly Dry Slightly Tough 4
Neutral Dry Tough 3
Slightly Undesirable Very Dry Very Tough 2
Undesirable Extremely Dry Extremely Tough 1




Zable 21,

Score card for beef,

Judge Code Date
, Tenderness
Sample | Desirability of Flavor
No, Fat Lean Juiciness initial No, Chews Score Comments
Descriptive terms for scoring:
Desirability of Flaver Juiciness Tendexrness
7. Very desirable 7. Very juicy 7. Very tender
6. Desirable 6, Juicy 6, Tender
5, Moderately desirable 5. Moderately juicy 5. Moderately tendex
4, Acceptable 4, Acceptable 4, Acceptable
3, Slightly undesirable 3, Slightly dry 3. Slightly tough
2, Undesirsble 2. Dry 2, Tough
1. Very Undesirable 1. Very dry 1, Very tough

821



Table 22, Mean cooking ¢ime, cooking losses and flavor scores for roasts,

Code and number Cooking time i . Cooking losses Flaver scores!
of animals used min/1b Volatile (%) Dripping (%) Total (T) Fat Lean
OR 9 39.3 18.0 6.1 24,1 5.1 5.4
SR 10 37.1 16,6 6.8 23.4 5,0 5.5
MCD 9 37.4 16,3 6.2 22,5 5.0 5.5
RH 9 40.4 16.7 6.8 23.5 5.0 5.6
MI 8 39.2 16.4 5.7 22,2 5.1 5.3
RHK -] 38,6 16,8 4.9 21,7 4.8 5.3

Ltaximum possible score, 7.

621



Table 23, Mean tenderness and juiciness scores and shear values and press fluid yields for

roasts,.

Code and number Tenderness gcoresl Shear value Juiciness Press fluid
of aninals used Initial score No, of chews Chews score lba4 gcorel nl/25 g
OR 9 5.4 25 5.4 16,7 5.5 6.6

SR 16 5.6 25 56 14,8 5.2 2.0

MCD 9 5.7 23 5.6 15,7 5.4 6.8

RH 9 5,5 25 5.5 15,2 5.5 6.7

ML 8 5.2 27 5.2 19.2 5.5 6.4

RHE 5 5.9 22 5.9 15,2 Sett 7.1

Iaximum possible scorey ¥.

ZCQIQ used » 1%,

0¢1



Table 24,

Age calendar chart.

Day Jan. Feb, HMar, Apr, May June July Aug. Sept. Oct. Nov, Dec.
1 1 32 60 91 121 152 182 213 244 274 305 333
2 2 33 61 92 126 153 183 214 245 275 306 336
3 3 34 62 93 127 154 184 215 246 276 307 337
3 & 35 63 9, 128 155 185 2i6 247 277 308 338
5 5 36 64 95 129 156 186 217 248 278 309 339
6 6 37 65 96 130 157 187 218 249 279 310 340
7 7 38 66 97 131 158 188 219 250 280 311 341
8 8 39 67 98 132 159 189 220 251 281 312 342
9 9 40 68 99 133 160 190 221 252 282 313 343

10 10 41 69 100 134 161 191 222 253 283 314 344

11 11 42 70 101 135 162 192 223 254 284 315 345

12 12 43 71 102 136 163 193 224 255 285 316 346

13 13 44 72 103 137 164 194 225 256 286 317 347

14 14 45 73 104 138 165 195 226 257 287 318 348

15 15 46 74 105 139 166 196 227 258 288 319 349

16 16 47 75 106 140 167 197 228 259 289 320 350

17 17 48 76 107 141 168 198 229 260 290 321 351

18 18 49 77 108 142 169 199 230 261 291 322 352

19 19 50 78 109 143 170 200 231 262 292 323 353

20 20 51 79 110 144 171 201 232 263 293 324 354

21 21 52 80 111 145 172 202 233 264 294 325 355

22 22 53 81 112 146 173 203 234 265 295 326 356

23 23 S4 82 113 147 174 204 235 266 296 327 357

26 24 55 83 114 148 175 205 236 267 297 328 358

25 25 56 8 115 149 176 206 237 268 298 329 359

26 26 57 85 116 15 177 207 238 269 299 330 360

27 27 58 8 117 151 178 208 239 270 300 331 361

28 28 59 87 118 179 209 240 271 301 332 362

29 29 88 119 180 210 241 272 302 333 363

3 30 89 120 181 211 242 273 303 334 364

31 31 90 212 243 304 365
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Table 25, Correction values for adjusting weaning weight to 210 days,
Age Steer Calves Heifer Calves

of Age of Dam L 4 Age of Dam
Calf 3 & 5 6 7 3 [ 5 6 7
150 131 113 108 82 82 155 137 129 106 106
151 12 111 103 80 80 153 135 127 106 104
152 128 110 102 79 79 152 134 126 103 103
153 127 109 101 78 78 151 133 125 102 102
154 128 107 99 76 76 4% 131 123 100 100
158 124  10é 98 75 75 148 13¢ 122 99 99
156 122 104 96 73 73 46 128 130 97 97
157 121 103 95 72 72 145 127 119 96 96
158 120 102 9% 71 73 144 126 118 95 95
159 118 100 92 69 69 142 124 1lée 93 93
160 117 29 91 68 68 141 123 115 92 92
161 116 98 90 67 67 140 122 114 91 91
162 114 96 88 65 65 138 120 112 89 89
163 113 95 87 64 64 137 119 111 88 88
164 112 94 86 63 63 136 118 110 87 87
168 110 92 84 61 61 134 116 108 85 85
166 109 91 83 60 60 133 115 1907 84 84
167 107 89 81 58 58 131 113 105 82 82
168 106 88 80 57 57 130 112 104 81 81
169 105 87 79 56 56 129 11r 103 80 80
170 103 85 77 54 54 127 109 101 78 78
171 102 84 76 53 53 126 108 100 77 77
172 101 83 75 52 52 125 107 99 76 76
173 99 81 73 50 50 123 105 97 i 74
174 98 80 72 4y 49 122 104 96 73 73
1725 97 79 71 48 48 121 103 95 72 72
176 as 77 69 46 46 119 101 93 70 70
177 sS4 76 68 45 45 118 100 92 6% 69
178 23 75 67 &4 44 117 9% a1 68 68
179 91 73 65 42 42 115 97 89 66 66
180 30 72 64 41 &1 114 96 83 65 65
181 68 70 62 39 39 112 94 86 63 63
182 87 69 61 38 38 111 93 85 62 62
183 86 68 60 37 37 110 92 84 61 61
184 84 66 58 35 35 108 90 82 59 59
185 83 65 57 34 34 107 &9 81 58 58
186 82 64 56 33 33 106 38 80 57 57
187 80 62 54 31 31 104 86 78 55 55
188 79 61 53 30 30 103 85 77 54 54
189 78 60 82 29 29 102 84 70 53 53
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Table 25 (continued)

Age Steer Calves 7 . Heifer Calves
of Age of Dam __Age of Dam
Calf 3 4 5 6 7 3 & ) 6 7
150 76 38 50 27 27 100 82 74 31 31
191 75 37 49 26 26 99 81 73 30 30
192 73 55 47 24 24 97 79 71 48 48
193 72 34 46 23 23 96 78 70 47 47
194 71 33 45 22 22 95 77 69 46 46
195 69 51 43 20 20 93 73 67 44 bt
196 68 30 42 19 19 92 74 66 43 43
197 67 49 41 18 18 Pl 73 65 42 42
198 63 47 35 16 i6 89 71 63 40 40
199 64 46 38 15 15 88 70 62 39 39
200 63 45 37 14 14 87 69 61 38 38
201 61 43 35 12 12 85 67 59 36 36
202 60 42 34 i1 i1 84 66 58 35 35
203 39 4l 33 10 10 83 65 57 34 34
204 57 39 31 8 8 81 63 35 32 32
205 36 38 30 7 7 80 62 4 31 31
206 54 36 28 3 5 78 60 52 29 29
207 53 35 27 4 4 77 59 51 28 28
208 52 34 26 3 3 76 38 50 27 27
209 30 32 24 1 1 4 36 48 25 25
210 49 31 23 0 0 73 55 47 24 24
211 438 30 22 =] el 72 54 46 23 25
212 46 28 20 ®3 =3 70 32 44 21 21
213 45 27 19 ~l -4 69 51 43 20 20
214 b4 26 18 -5 -3 68 50 42 19 16
213 42 24 16 =7 -7 66 48 40 17 17
16 41 23 15 =8 =3 €3 47 39 16 16
217 39 21 13 =10 ~10 63 45 37 14 14
218 38 20 12 «il ~11 62 44 36 13 13
219 37 19 11«12 =12 61 43 35 12 12
220 35 17 9 el4 <14 59 41 33 10 16
221 34 16 8 =15 15 58 40 32 9 9
222 33 15 7 =16 «l6 57 39 31 8 8
223 31 13 5 =18 18 55 37 29 6 6
224 30 12 4 «19 =19 54 36 28 5 3
225 29 11 3 «20 ~20 33 35 27 4 4
226 27 9 1 =22 22 51 33 25 2 2
227 26 8 0 =23 =23 50 32 24 1 1
228 25 7 w1l 24 =24 49 31 23 0 Q
229 23 3 «3 =26 =26 47 29 21 «2 -2
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Table 25 (continued)

— e —

e =2

— s

Age - Steer Calves _ Heifer Calves

of , Age of Dam _ _Age of Dam ,

Calf 3 4 5 6 7 3 & 3 6 7
230 22 & wlh w27 =27 46 28 20 =3 -3
231 20 2 -6 «29 «29 bt 26 18 -3 -3
232 19 1 =7 =30 =30 43 25 17 6 w6,
233 18 0 «§ =31 «31 42 24 16 w7 -7
234 16 »2 10 «33 33 40 22 14 -9 -9
235 15 =3 =11 <34 34 3¢ 21 13 «10 «10
236 14 wf 12 =35 =35 38 20 12«11  «11
237 12 «6 w14 @37 =37 36 18 10 =13 =13
238 i1 w7 «13 =38 38 33 17 9 =14 <14
239 10 «8 l6 =39 39 34 16 8§ =153 =15
240 8 «l0 <18 <41 <41 32 14 6 =17 =17
241 7 =11 =19 =42 42 31 13 5 «18 =18
242 5 13 =21 <44 =44 29 11 3 =20 20
243 4 =14 22 w43 45 28 10 2 =21 «21
244 3 =15 =23 46 <46 27 9 1 =22 =22
243 1 =l7 =23 =48 <48 25 7 =l =24 =24
246 0 =18 =26 =49 =49 24 6 «2 @25 =25
247 =1 =19 =27 =50 =50 23 3 «3 =226 =26
248 =3 w2l =29 =52 352 21 3 «5 =28 28
249 o4 =22 =30 53 <33 20 2 wf w29 =29
250 w5 23 31 =54 54 19 1 =7 =30 =30
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Fifty randomly selected steers born and fed at the Clifford Houghton
Ranch of Tipton, Kansas were used in this study, The steers were the
progeny of six selected sires, Four of the sires were used by means of
artificial insemination for approximately three estrous cycles., The
remaining two sires were used in natural service as "“eclean-up" bulls,
The resulting progeny were born in the fall of 1964, All calves had
access to a creep feeder until weaned, and were them placed on a selfe
feeder until slaughtered on February 1, 1966,

The study included several phases, beginning with the weaning
traits and continuing through slaughter, carcass study, detailed
physical separation of the 9»10=llth rib cut, and organoleptic studies
of the 6=7«8th rib cut., Live animals were subjectively scored for
weaning and slaughter muscling, bone, and condition; an over=all condie
tion score was placed onh the animals at time of slaughter., Weaning
weight, slaughter weight, hide weight, chilled carcass weight, weight
of the right side, and weight of the trimmed wholesale cuts were ree
corded, Shrink dressing percent, carcass conformation, maturity,
marbling, and final quality grade were also recorded, Other objective
measurements included the length and circumference of the round, fore=
arm, and cannon bone circumference of the fore limb,

Heritability estimates were calculated for each of the sixty chargec~
teristics studied, Estimates of sufficient magnitude go perhaps exert
some selection pressure at time of sire selection included: weaning
weight, 0.31; feeder grade, 0.,19; weaning bone score, 0.23; slaughter

nuscling score, 0.22; slaughter couformation score, 0.22; hide weight,



0.34; age at weaning, 0,463 carcass quality score, 0.19; and weight of
the trimmed wholesale round, loin, chuck, and rib, 0.22, 0.31; 0,31,
and 0,45 respectively,

Significant differences were found between the sires at the (P< ,01)
level and included: weaniﬁg and slaughter weight and age, weight of
the right side of the carcass; dressing percent, and the weight of the
trimmed wholesale loin and chuck, Additional differences occurring at
the (P< ,05) level included: weaning bone score, slaughter conformation
score, seventy percent round circumference, marbling score, weight of
the fat and weight of the longissimus dorsi muscle in the 9-10-1llth rib
cut, and the percentage of weight lost during cooking due to dripping,

Weaning weight was found to be & reliable indicator of future weights
and therefore useful in predicting performance, but was not correlated to
future conformation type scores.s The 210=adjusted weaning weight was
less closely related to future weight and performance than was the actual
weaning weight,

Feeder grade was not a reliable indicator of actual slaughter grade
or final carcass grade, Feeder grade was felt to be independent of con=
dition, while slaughter grade and final carcaszs grade were very dependent
on condition, with a great deal of emphasis placed on the intermuscular
deposition of fat.

A correlation of 0.00 was found between slaughter grade and marbling
score, while the correlation between slaughter grade and final carcass
grade was »,03, The correlation between marbling score and final carcass

grade was 0,90, With the exception of the final carcass grade, marbling



had 2 nonegignificant influence on other characteristice which influence
the value of the beef carcass., HNonegignificant corrvelations were found
between marbling score and tenderness, juiciness, and flavor., A signie

ficant difference (P /.05) was noted between sire groups for marbling,
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