- Wy ll,--.'.IIl

-




Date

This is to certify that the

thesis entitled

Qualitative Properties of Beef from Bulls
and Steers

presented by

Abdalla Sidahmed Babiker

has been accepted towards fulfillment
of the requirements for

MS degree 1n Animal Science

Robert A. Merkel

Major professor

8/5/85

0-7639

MSU is an Affirmative Action/Equal Opportunity Institution




[T

IVE

Il

LIB

| ]AH[ES

3 1293 00103 5454

MSU

LIBRARIES

RETURNING MATERIALS:

Place in book drop to

remove this checkout from
your record. FINES will
be charged i1f book 1S
returned after the date
stamped below.

1







QUALITATIVE PROPERTIES OF BEEF

FROM BULLS AND STEERS

ABDALLA SIDAHMED BABIKER

A THESILS

Submitted to
Michigan State University
In partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

Department of Animal Science

1985







flz

ABSTRACT

QUALITATIVE PROPERTIES OF BEEF FROM
BULLS AND STEERS
By

ABDALLA SIDAHMED BABIKER

Three experiments were conducted to evaluate the
effects of dietary regimen, kalgro implants and early
postmortem storage temperature oﬁ various qualitative
properties of beef from bulls and steers. Ralgro implants
had no effect (P>.05) on performaince; ~carcass traits,
palatability traits or total and soluble collagen of beef-
type bulls. Low energy diets decreased (P<.05) 1live
weight, average daily gain, Tfeed efficiency, carcass
fatness and quality grades and panel tenderness and
overall acceptability of Holstein bulls. Diet had no
eftects (P>.,05) on juiciness, tlavor, shear force values
or total and soluble collagen. While high temperature
aging ‘had no effect (PHrVU3) on -ac¢idic and nelirral
proteinase activities; 1t enhanced (P<.,05) alkaline
proteinase &dactivity. Acidic and neutral proteinase
activities were lowest (P<.05) from 16 to 48 h postmortem
and increased slightly by 168 h, but alkaline proteinase
activity was not affected (P>.05) by time postmortem.

Aging temperature did not affect meat tenderness (P>.05).
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Chapter 1

Effects of Dietary Energy Density and Ralgro

Implants on the Qualitative Properties of Beef from Bulls

INTRODUCTION

The bulk of existing data suggest that intensive
feeding improves the tenderness of meat (Zinn et al.,
197085 Bowling et al,, 1977; Aberle er al, 1981; Tatun,
1981 ): This effect is8 indirécty probably by increasing
carcass weipght and tathness, therebpy, reducing the
deleterious effects of rapid postmortem chilling practices
(Smith et aly ¢1976), It is also suggested that intensive
feeding increases collagen solubility (Aberle et al.,
1981: Wun et aliy 1981b) whiech is Ehought to be more
related to differences in tenderness than is collagen
content (Carmichael and Lawrie, 1967: Cross et al., 1973b:
Berry et al.21974),

Diet-health controversies involving meat and
animal fats have received tremendous publicity, and
consumers are concerned about the relations between life-

threatening diseases and the consumption of fat meat

(Dikeman, 1982). Thus, because of this and other economic

considerations, there is a growing consumer demand for







meat that has less fat, yet, is palatable, healthful and
inexpensive, This demand will intensify rather than
diminish according to Kauffman (1982)., Because of these
changes in consumer desires and the escalating costs of
production, it is impractical to adhere to the practice of
intensive feeding to produce expensive fat insulation,
CTatais “1'98] Y. Shortening of the finishing period,
production of leaner carcasses and the use of technology
appear inevitable to produce desirable quality meat,

Bull carcasses constitite a potential solution
to this dilemma. It is generally accepted that bulls are
superior to steers in average daily gain, feed efficiency
and in decreased amounts of fat (Turton, 1969: Field,
1971: Selideman et al., 1982). Although steers are
generally superior to bulls in telderness (Field, 197}1:
Seideman et al., 1982), the differences are small when
compared at young ages (13 to 14 mo) (Field et al., 1966;
Rhodes, 1969), Differences in flavor and juiciness ratings
are generally small or nonexistent (Field, 1971; Seideman
et al., 1982), Dairy bulls offer a great potential for
beef production because they may be considered as a by-
product and, therefore; lack sensitivity to supply and
demand of beef (Cartwright, 1983),

Hormonal growth stimulants are believed to

shorten the number of days on feed (Hathaway et al.,







1973), improve the daily gain of bulls (Lamm et al., 1980;
Johnson et al., 1984) and improve the quality grade of
bulls (Wierbicki et al., 1956; Raltson, 1978; Johnson et
8l., 1984), On the otheér hand, they do not affect nmeat
tenderness (Forrest, 1975; Gregory et al., 1983; Johnson
et al.,, 1984), Growth stimulants can be used to improve
daily gains, shorten the number of days on feed and to
produce a suitable amount of fat cover on bull carcasses
to. orftser Trapid <hilling @efrlects withowt DbHeilng
counterproductive to the leanness of meat.

This study has been undertaken to investigate: 1) The
effect of hormonal implants on the quality and quantity of
meat from beef-type bulls: 2) The acceptability of meat
from Holstein bulls as affected by dietary energy density;
3) The effects of dietary energy density and hormonal

implants on collagen content and solubility in young

bulls.







REVIEW OF LITERATURE

Factors Influencing Meat Quality

Tenderness is probably the most important quality
attribute to the consumer of meat (Mackintosh et al.,
19362 Cover et al., 1944 Hiner et al., 1955 Parrish et
8lsy 902 Deatherape, 190633 Jeremiah and Martin, 1982).
Since flavor and juiciness are less variable and can be
compensated for by the use of spices, tenderness remains
the main criterion for judging quality. For these reasons
research workers have devoted considerable effort to the
study of factors involved in tenderness of meat. The first
attempts were possibly those of a group of workers of the
Hygiene Institute of Wurzburg, Germany, i.e. Schindler
(1895), Schepilewsky(1899) and Lehmann(1907), (cited by
Mackintosh et al., 1936) who obtained evidence that
tenderness is closely related to the connective tissue
content.

Since then, research workers have been concerned with
the problem of meat quality, The attempts made have been
twofold: 1) to establish ways and means of measuring meat
quality, especially tenderness, and Z) to identify the
factors that contribute to differences in meat tenderness,

Excellent reviews have been written during the past







several decades by Blumer(1963), Pearson(1966), Szczesniak
and Torgeson(1965), and Asghar and Pearson(1980). These
authors reviewed the work on muscle structure and chemis-
try as it related to tenderness. Asghar and Pearson(1980)
successfully categorized the factors contributing to meat
tenderness. into structuaral factors, chemical factoers,
biophysical factors and factors related to ante— and post-
mortem treatments, The structural factors (i.e., size of
the muscle bundles, muscle fiber diameter, sarcomere
length and wavy fibers) and the biophysical factors (i.e.,
muscle pH, total water content, water holding capacity and
expressible juice) will not be included in this review,

since none of these measurements were made in this study,

Chemical ftactors

Fat, Considerable emphasis has been placed on the rela-
tionsghdip @f “fat ‘content to gaalily eharacteristics pI
meat. The results are contradictory. Helser et al. (1930)
reported that fat animals were more tender and juicier
than wnfinished ones, Panelists, however, Tavored the
flavor and aroma of roasts from animals without much
finish, They supgpested that the additional fat oun. the

rogast seemed to add a8 wvery pronounced fatty ovodor and







flavor, which was not pleasing to the majority of the
panelists. Barbella et al. (1939) reported opposite
results regarding the desirability of the flavor.
Mackintosh et al. (1936) observed that changes in tender-
ness seem to be related to carcass grade and quantity of
marbling. Husaini et al. (1950a) reported a low but sig-
nificant correlation between marbling and tenderness.,
Cover et al. (1956) measured fatness by physical separa-
tion,; marbpling scores and gquantity Ot ‘ethier extract,; and
reported that tenderness and juiciness were more closely
asspciated with ether ‘effract than with other fat
measurements., Palmer et al. (1958) reported a highly sig-
nificant correlation between marbling and tenderness,
Other workers substantiated the importance of marbling as
a predictor of tenderness (Batcher and Dawson, 1960;
Zessin et dls; 1961l Murphy and Carlin, 190l: Weir et ala,
1962: Henry et al., 1963). Field et als (1960) observed
that higher marbling scores in bulls were closely asso-
ciated with higher sensory tenderness ratings than those
in steers and heifers when age is held constant. Smith et
al. (1970) reported that increasing percentage of intra-
muscular fat was correlated with higher ratings for juici-
ness, tenderness and overall satisfaction in ovine primal
cuts. However, intramuscular fat content did not appear to
be consistently Telated to flavor desirability. Berry et

al. (1974) reported that increased percentage of fat was







associated with increased tenderness, More recently the
work of Westing and Matsushima (1976) and Jennings et al,
(1976,1978) emphasized the positive relationship between
the degree of marbling and tenderness.

Hostetler et al, (1936) have shown that fatness is
not an i1mportant indicatoy of the guality artfributes of
beef., This ftinding is further supported by the work of
Hankins and E11lis (1939), who obtained strong evidence
that variationé in tenderness are caused mainly by factors
other than fatness. This same conclusion has been reported
by Ramsbottom et al. (1945). Cover et al. (1944) concluded
that fatness as an indicator of tenderness in lamb may be
regarded as of doubtful practical value. Husaini et al,
(1950b) found no correlation between tenderness at 3 or 15
days postmortem aAndg carcass grade or intramuscular fat
content, This is 1in contradiction to their earlier work
(Husaini et al:,1900a). Wierbicki et al, £(1955,1956)
failed to obtain a relationship between marbling and ten-
derness. They decided that marbling is a sex and breed
associated characteristic, I'hls decislion was later con-
firmed by Sleeth et al. (1958). The extensive study of
Cover et al., (1958) involving 203 steers also supported
these findings. This group of workers reported that coef-
ficients of correlation for tenderness with carcass grade,

separable fat and ether extract were low and inconsistent







as to sign. Judge et al. (1960) also failed to find a
significant correlation between marbling and tenderness
and they concluded that marbling was related to juiciness
in pork. In lamb muscle, Batcher et al. (1962) reported
that neither the amount of separable fat nor intramuscular
fat content affected tenderness, juiciness or flavor scores
of the cooked meat, The association between marbling and
tenderness was found to vary with animal age. Tuma et
al.(1962) reported that marbling did not enhance tender-
ness of steaks from 18-month-o0ld cattle, but in the 42-
and 90- month-old cattle, tenderness was more highly asso-
ciated with higher degrees of marbling. On the other hand,
they found that taste panel flavor and juiciness did not
appear to be related to marbling score. Others have con-
firmed that marbling is more related to juiciness than to
tenderness in pork (Onate and Carlin, 1963) and in beef
(Romans et al,, 1965),

The work of Suess et al. (1966b) clearly indicated the
very low relationship of marbling to meat quality. They
showed that marbling, grade and bone maturity, whether
considered simultaneously or singly, were associated with
less than 7% and 11%Z of the variation in tenderness and
juiciness, respectively. These observations are supported
by Crouse et al, (1978) who reported that the percentage
of intramuscular fat in longissimus muscle and adjusted

fat thickness independently accounted for only 2 to 3% and







6 to 8% of the variation in tenderness and juiciness,
respectively. They suggested that an increase of 30 units
in marbling is required to increase panel tenderness one
unit., These ideas were substantiated recently by Tatum et
al, (1982) who suggested that large differences in
marbling would be required to effect a detectable change
in palatability. Jost et al. (1983) reported that marbling
alone accounted for only .4% of the variation in tender-
ness and did not remain in the predictive equation for
estimating flavor or juiciness. Others, however, failed to

find a close assocliation betwveen intramuscular t£tat and

tenderness or juiciness (Cross et al.,1973b; Reagan et

81 29155

Connective Tissue Proper. Connective tissue proper is an
inherent component of meat. 1t constitutes the fibrous
network that holds the muscele Iibers, other cells and
structures (vascular and nerve elements) found in muscle
in place. Connective tissue proper is made up of a sparse
population of ¢cells, ground substance and the tibers
(mainly collagen and to a much lesser extent, elastin),
The gronnd substance, whicéh 18 composed o0f
glycosaminoglycans and proteoglycans, has received almost
no attention as to 1ts relationship to meat quality,

Collagen is the most abundant constituent of connective
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tissue proper in muscle and has been found to be
associated with toughness of meat.

The early work was focused on the total amount of
collagen present in muscle. The first attempts to separate
collagen quantitatively from muscle were those of the
German group of workers (Schindler, 1895; Schepilewsky,
1899; Lehman, 1907) who were cited by Mackintosh et al.
(1936)., They devised a mechanical and a chemical method
for the separation of connective tissue from the rest ot
the flesh and concluded that tenderness was closely
related to the conneetive tiss8lue content of the Tlesn,
This finding seemed to fascinate many researchers,
Mackintosh et al, (1936) obtained @a low but significant
correlation between collagen nitrogen and panel tenderness
as well as between shear values and collagen nitrogen,
They concluded that the three variables were measuring
some factor related to tenderness and probably the same
property. Hiner et al. (1955) concluded that both collagen
and elastin fibers are factors inrluencing tenderness,
Nottingham (1956) confirmed these findings and reported a
high correlation between connective tissue content ana
shear force measured parallel to the fibers. Other workers
nsed hydroxyproline as a measure for the amount of
connective tissue, Parrish et al. (1962) suggested that

hydroxyproline was a better measure of tenderness in low-







|

quality steaks than in high-quality steaks. Prost et al,
(1975a) reported large difference in hydroxyproline due to
the carcass quality grade but failed to obtain differences
due to the age or sex of the animals,

Many dissenting views are reported regarding the
lack of significant correlations between collagen content
and tenderness of meat, Mitchell et al. (1928) observed
nonsignificant differences in connective tissue content
due to sex or age of the animals., They also found no
relationship between the ordinary market grade of beef
carcasses and the connective tissue content of the lean of
the ribeye or of the round muscles., They concluded that
insoefar as the tenderness of meat 18 related to 1its
content of connective tissue, theilir results lend no
support to the beliel that the appearance, texture and
firmness of its lean gives reliable information concerning
its tenderness. Those conclusions are substantiated by
Ramsbottom et 8ls (1945), BHershberger et al. (1951),
Wilson et al, (1934), Griswold (1958a.b), Panl (1962a.,b),
Carpenter et al. (1963), and Ritchey and Hostetler (1964),
Cover and Smith (1956) reported that collagen content was
associated with tenderness only when the same muscle was
cooked by different methods but not when different muscles
were compared by the same method of cooking. Shrimpton and
Miller (1960) could not explain differences in tenderness

of broilers by thelr cohnective tissue conptent. Other
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workers, using hydroxyproline as a measure of collagen
content, found that it was not a critical measure of
tenderness (Wierbicki et al. 1955; Hunsley et al. 1967;
1971 ), Field (19068) and Field et al. (1970b) reported
nonsignificant correlations between tenderness measures
and either collagen content, labile collagen or epimysial
thickness:. Purchas (1972) showed that a 1% increase 11
nonconnective tissue tenderness produced the same result
as a 107 increase in connective tissue tenderness.
Another approach used by researchers is measuring
the alkali-insoluble proteins as an index of connective
tissvey Busaini et als (1950a,b) obtained a high
correlation between tenderness and alkali-insoluble
proteins, They concluded that connective Tissue as
represented by alkali-insoluble protein is in part
responsible for tenderness differences. Loyd and Hiner
(1959) measured the hydroxyproline content of the alkali-
insoluble protein fraction and showed a significant
correlation of this measure with two measurements of
tenderness. A dissenting view was reported by McClain et
al., (1965b) who did not find significant differences in
alkali-insoluble collagen between tenderness groups
Wilson et al. (1954) reported that samples from
steers and cows contained less collagen and elastin than

veal, although veal was more tender than the older groups.
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They discussed the probability that veal connective tissue
might have different chemical or physical properties, This
was confirmed by the findings that total collagen is not
related to age of the animal (Kauffman et al.l964;
Ritchey et al.,1904: Hunsley et al, 1967,1971: Reagan et
al., 1976)., These observations together with the lack of
significant relationship between collagen content and
tenderness drew the attention to the properties of
collagen, Therefore, collagen solubility and cross-1linking
were extensively stndied., Kanffman et al, 11964)
concluded that tenderness measures were not significantly
related to €ollagen selubility or the amount of total
connective tissue, McClain et al, (19658) reported that
although age difference in soluble collagen were evident,
acid- and salt- soluble collagen in foreshank muscles of
cattle did not differ significantly between tender and
less tender groups, Smith et al. (1970) confirmed these
conclusions and reported no correlation between tenderness
and collagen solubility. However, Cross et al.( 1972)
reported a significant correlation between tenderness and
the percentage of soluble collagen. Cross et al. (1973a,b)
concluded that the percentage of soluble collagen was more
cleasely Telated to panel ScCOres ror the amount of
detectable connective tissue than was Ttotal collagens
Berry et al. (1974), however, associated both decreased

collagen content and increased percentage of soluble







14

collagen with increases in beef tenderness. Reagan et al.
(1975) concluded that collagen content was closely related
to subjective measures, while collagen solubility was more
closely related to objective measures of tenderness., Other
workers have successfully correlated tenderness with
collagen solubility (Herring et al., 1967; Field and
Pearson 1969; Field et al.,1970c; Williams and Harrisson,
1978)., Most recently Wu et al. (1981b) showed that high
energy diets increased collagen solubility but they failed
to find differences in quality measures due to feeding
regimen, Hall and Hunt (1982), however, reported a small
and inconsistent effect of dietary regimen on total and
soluble collagen, and found a nonsignificant correlation
between measures of collagen solubility and palatability
traltss

Farlier, the ezxzcelleat werk af Gol'l et als
(1962:1963:1964a,c,d) on the age-associated changes in the
properties of bovine collagen, clearly indicated the exis-
tence of more frequent or stronger cross-linkages within
and among the molecules of more mature collagen, oSuch
crogs—-l1inks may affect the rate of solubilization of
collagen and thereby exert an effect upon meat tenderness
independent of the total amount of connective tissue pre-

sent, Other workers confirmed those findings (Hil11,1966;

Carmichael and lawrie,l907; Kruggel et al.,1970:
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Shimokomaki et al.,1972; McClain,1976). Other workers have
reported on the effects of aging and heating on the
properties of collagen, Winegarden et al.(1952)
interpreted their results to mean that cooking steaks and

roasts to rare and medium doneness (55 to 65 C) brings
about little, if any, change in the connective tissues of
the muscles studied., IThey also reported that agineg
connective tissues for 35 days as compared to 10 days
increased the tenderness of the connective tissue only
slightly, deFremery and Streeter al. (1969) concluded that
postmortem tenderization of chicken meat is not related to
changes 1n conpnective tissues Although McecClain et al,
(1970) found a 50%Z and a 347 decrease in yield of the
bovine and porcine intramuscular connective tissue,
regspectively, atter +2 h w©of dging, they did not find
marked differences in the heat absorbed during thermal
shrinkage or the thermal shrinkage temperature of the
connective tissue isolated. They concluded that the
connective tissue isolated had not been greatly altered.,
Kruggel and Field (1971) reported a decrease in the amount
of soluble collagen from muscles aged 21 d. They suggested
that this may be due to molecular changes in intramuscular
connective tissue, and that stretching may have exposed
the collagen molecules to physical or enzymatic changes
resulting in the cleavage of cross-links. Those results

were generally confirmed by Pfeiffer et al. (1972). Other
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workers, however, reported that postmortem aging had no
effect on connective tissue solubility and that the
tenderization brought about by aging is not accompanied by
significant changes in collagen solubility (Pierson and
Fox,1976; Jerimiah and Martin,1982). Thermal behavior of
connective tissue was also considered by many workers.,
Winegarden et al, (1952) reported that connective tissue
softened, lost weight, shortened, decreased in width, and
increased in thickness during heating, and that the degree
of changes increased as the time and temperature of
heating were increased, and as the collagen content of the
tissues Llrncreaseds Later Geoell et al, (1962) found the
thermal shrinkage temperature increased with animal age,
e85 53 6 6 veal ¥o 70 G for aged cows, Bitcliéey and
Cover (1962) and Ritchey et al. (1963) reported a
considerable decrease in collagen nitrogen as cooking
temperature was increased. Field et al. (1970a) observed a
decrease in the melting point of epimysial and
intramuscular collagen after 24 h of aging. Recently,
Judge et al. (1981) found a decrease in the thermal
shrinkage temperature of bovine collagen due to carcass
electrical stimulation. They proposed hat this reduction
in thermal stability may result from a decrease in the
number or strength of collagen cross-1links., Judge and

Aberle (1982) observed an increase in the thermal
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shrinkage temperature of bovine intramuscular collagen due
to the age of the animal, and a decline due to postmortem

aging.,

Intracellular Components. As the problem of tenderness
has been attacked on many fronts, the role of the
intracellular components has been studied. Those include
intracellular proteins, nonprotein nitrogenous compounds
and ions, Husaini et al. (1950a,b) failed to find any
correlation between tenderness and soluble protein
fractions, Wierbicki et al. (1954) using Sorensen's
buffer for extraction observed a relation between
tenderness and the percentage of total nitrogen extracted.
They suggested that increases in tenderness with
postmortem aging may be related to the dissociation of
actomyosin or some similiar protein changes which increase
protein extractability. Later work by Wierbicki et al.
(1956) did not support this suggestion. They presented
evidence which indicated that tenderness may be related to
the degree of hydration of meat proteins., Carpenter et al.
(1961) concluded that extractable nitrogen was not a
reliable indicator of tenderness, Hill (1962) compared the
fiber composition of tough and tender muscles from beef,
l]amb and pigs. He suggested that, on a stroma-nitrogen-

free basis, the greater myofibrillar nitrogen content and
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the smaller sarcoplasmic nitrogen content are to some
extent reflected in greater toughness of the beef
semitendinosus compared to the longissimus muscle,
Extending his argument he suggested that the greater
sarcoplasmic and lower myofibrillar nitrogen.contents of
lamb and pig muscles, when compared with beef muscles, are
reflected to some degree in the greater tenderness of the
muscles of these two species.

Hégarty et al.,(1963) indicared that myvofibrillear
protein solubility was highly correlated with tenderness
as determined by shear and panel measurements. Aberle and
Merkel (1966) indicated that the amount of extractable
myofibrillar nitrogen was negatively related to Warner-
Bratzler shear values as aging proceeded. Similiar results
were reported by Khan and VanDenBerg (1964), Dikeman et
al. (1970), and Ma and Addis (19/3): Goll et al, (1964b),
however, stated that protein solubility did not appear to
be related to tenderness, thereby, confirming the reports
of Husaini st -al, (1950a,b)s Other workers reported that
the myofibrillar proteins are in some way related to the
tenderness of meat (Purchas, 1972: Cross et al., 1973a.b:
Marsh, 1977)., Muscle hemoglobin and myoglobin are also
studied as possible determinants of tenderness. Although
Husaini et al. (1950b) detected no relation of muscle

hemoglobin to tenderness after 3 d postmortem, they

......
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observed a significant correlation at 15 d as tenderness
increased between 3 and 15 d Wierbicki et al. (1955)
reported that color (cyanometmyoglobin) showed no
relationship to tenderness, except that it may reflect
some age or sex differences., Tuma et al. (1963) confirmed
thais fTinding Dy Dperasuring color by Photovalt
Reflectometer, Other reports claimed that a significant
but an inconsistent relationship exists between muscle
color (myoglobin) and tenderness (Martin et al.,1971;
Berry et al.,1974), Some of the enzymes involved in the
cell metabolism also have been studied. DeFremery and Pool
(1963) reported that intravenous injections of sodium
iodoacetate, which inhibits phosphoglyceraldehyde
dehydrogenase, resulted in poultry meat which was more
tender without aging. Although Lee et al. (1976) could not
find any relevance of creatine phosphokinase (CPK) and
lactate dehydrogenase (LDH) concentrations to the
tenderness of broilers; Martin et al. (1977) reported that
plagma cocentratieons of LPEK 8t Blaughter were
significantly less for the tough group. Anglemier et al,
(1961) reported a significant correlation of .78 between
tenderness and alkaline phosphatase activity.

Nonprotein nitrogenous compounds present in muscle
tissue also has received a great deal of attention as to
their role in explaining differences in tenderness.,

Husaini et al. (1950a) failed to identify any correlation
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between tenderness scores and the nonprotein nitrogen
fraction, Khan and VanDenBerg (1964) observed a decrease
in the nonprotein nitrogen fraction during the onset of
rigor mortis., They postulated that during the post-rigor
tenderization period amino acids and peptides increased in
meat as a result of proteolysis. Aberle and Merkel (1966)
reported that soluble nonprotein nitrogen increased
significantly during postmortem aging. Earlier Ma et al.
(1961) observed that the tender longissimus and psoas
muscles contained more leucine-isoleucine than the 1less

tender semitendinosus,

Ante- and Postmortem Factors

Breed and Sex Effects. The relation between breeding and
tenderness has long been an issue of debate. Differences
in palatability factors due to breeding were reported by
(Purchas;1972: Luckeéett et al;,;1975b: Winer et al,,1981);
In all three studies the Brahman breed was involved. It is
noticeable in the lTiterature that gqiftréerences 1in
tenderness exists between breeds whenever Brahman or
crosses involving Brahman were studied and compared with
other breeds., Wheeling et al, (1975) reported
significantly lower shear values for Hereford x Angus

steers when compared to Galloway x Hereford-Angus, Brown
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Swiss x Hereford, or Charolais x Hereford steers.
However, sensory panel ratings for tenderness, flavor and
juliciness were not significantly different between those
crosses, Other reports, however, suggested no significant
differences in palatability attributes due to breeding
(Husaini et al.,1950b; Jeremiah et al.,1976; Jeremiah and
Martin,1977;: Berry et 841,1977; lLewis et a8l1,,1977; May &t
al.,1977; Johnson et al,.,;1984), It is interesting to note
that Suess et al. (1966a) reported significant sire
differences in tenderness for the semimembranosus but not
for the longissimus muscle; conversely significant sire
differences existed ftor i1ongissimus jJjuiciness but not ftor
the semimembranosus. Jeremiah and Martin (1982) reported
that bovine breeds may differ in total dintramuscular
collagen content of certain muscles, however such
differences may not be of practical significance.

The consumer demand for lean, yet tender meat, and
excess fat from steers and heifers compared to bull
carcasses have attracted attention to the effects of sex
on meat quality and quantity. Many workers assumed that
sex condition has little effect on tenderness and that the
differences are perhaps not commensurate with increased
cost of producing meat from castrates, (Wierbicki et
al,,1955,1956; Palmer,1963; Suess et al.,l1966a; Warwick et
8l,1970¢ Prost et al.,19/i5b3 Arthaund et 8l:,1977; Landon

et al.,1978). Others have observed that steers produce
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more marbling, higher grades and more tender meat than
bulls, Hunsley et al., (1967,1971) reported that age and
sex are of equal importance in affecting tenderness. Field
et al. (1966) could not detect any significant differences
between bulls and steers or heifers in the age range of
300 to 399 d. Beyond that range, however, differences
started to widen in favor of steers and heifers. Riley et
al, (1983) dndicated that biulls and steers which had- at
least 7.6mm fat thickness did not differ in 28 out of 30
possible comparisons of palatability characteristics,
Differences in the connective tissue content between sexes
were not evident tdg Mitchell et ale £1928) and Prost et
al. (1975a). Most studies show that intact males are
supérior to castrates and ftemales in cutability, feed
efficiency and the amount of lean to fat, and that
differences in tenderness are very small to hinder the
production of meat from intact males (Turton,1969;

Brannang,1969; Rhodes,1969; Field,1971; Seideman et

g8l .. 1982 );

Nutritional Eftects. With few exceptions, there seems to
be a general agreement between researchers that high
planes of nutrition produce carcass with greater fat
cover, higher marbling scores, larger ribeye areas and

higher quality grades. Animals normally perform well
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under high plane of nutrition, gain faster and dress out
higher than animals on low planes of nutrition,
Chemically, carcasses from animals fed on high planes of
nutrition, have higher ether extract and lower moisture in
their longissimus muscles than animals on lower planes of
nutrition (Wanderstock and Miller,1948: Jacobson and
FERnton,19502 Vitien 2. 8als:x97): Utlevy et ali:; 1975
Wheeling et al.y1975: Dinius et al.,1976;5 Bowling et
8l.;19772 Dinineg and Crogs,197/8: Harrison et al..;l1978:
Summers et al.,1978; Young and Kauffman,1978; Aberle et
al.;1981: Bidner et Aal.,1981: Ridenour et al.,1982),
Hershberger et al. (1951) reported no relationship between
the rate of gain and quality grades or yield of edible
meat in cattle. Bidner et al. (1981) reported that
although grain feeding increased subcutaneous fat and
marbling, it did not significantly influence gquality ox
yield grades. In contrast, Ridenour et al. (1982) reported
that a8 high concentrate diet throughout the growing and
finishing phase did not significantly affect slaughter and
carcass weight, fat thickness, skeletal and lean maturity
or yield grade. No significant differences in animal
performance or carcass characteristics due to protein
sources (Greathouse et al.,1974) or protein level (Kelly
et al.,1963) have been reported. Increased length of time
on high energey diets has been found to increase the

percentages of crude protein, ether extract, crude ash,
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and to decrease moisture (Zinn et al.,1963). Zinn et
al.(1970a) found that the length of time on feed increased
average daily gain up to 180 d, and marbling and carcass
grade up to 240 d.

The effect of feeding regimen on the quality
characteristics of meat is more controversial., A number of
studies have indicated that high energy diets produced
meat of superior quality traits, These traits include
higher panel scores for tenderness, juiciness, flavor and
overall desirability, lower shear force values, brighter
lean c¢color and whiter fat colors (Wanderstock and
Miller,1948; GLGrahanm et a8li;1959: Shrimpton and
Miller.,1900 Dube et al;, 971 Bowlineg ‘et - aly:19 i
Sunmers. 8t 8l.:;13978: Aberle 2t al;l1981), 1%t 48
interesting to note that several studies showed
significant differences in tenderness due to nutritional
regimen only when tenderness was measured by a taste panel
rather than by shear force measurements (Meyer et
8l1..,1960: Harrison et al.,1978B); At least two studies
showed a highly significant age x nutritional regimen
(Graham et a8l,,1954) or age x d on feed (Zinn et
al.,1970a) interactions that affected quality traits.,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>