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ABSTRACT
Forty-eight Brahman-cross male calves were fed to 26 mo of age and used to
determine carcass cutability and meat quality characteristics of four muscles from
intact bulls and steers castrated at 3, 7, or 12 mo of age grown under tropical pasture
conditions. Longissimus lumborum (LL), Psoas major (PM), Gluteus medius (GM),
and Semitendinosus (ST) steaks were aged for 2, 7, 14, or 28 d for Warner Bratzler
shear force (WBSF) analysis. Live weight, carcass traits, and total subprimal yields
were not affected by male sex condition. For PM, GM, and ST steaks, WBSF values
were similar for steaks from intact bulls and steers castrated at all ages. For both PM
and GM muscles, steaks aged for 28 d had the lowest (most tender) WBSF values and
steaks aged for 2 d had the highest WBSF values. For the ST, WBSF values were
highest for steaks aged 2 d. A treatment × aging interaction was detected for LL
WBSF values. At 14 d of aging, LL steaks from steers castrated at 3 mo tended to
have lower WBSF values than those from intact bulls. At 28 d of aging, steaks from
steers had lower WBSF values than steaks from intact bulls and steaks from steers
castrated at 3 mo tended to have lower WBSF values than steaks from steers castrated
at 12 mo. For LL steaks from steers castrated at 3, 7 or12 mo, WBSF values linearly
decreased with increased days of aging. Although all sensory panel data collected
were not statistically different, LL steaks from steers castrated at 3 mo tended to have
higher (more tender) scores for overall tenderness than steaks from intact bull. This
study indicates that castration at 3 mo would be the recommended production practice
as it provided the greatest improvement of LL tenderness over intact bulls with no
differences in carcass traits or subprimal yields. The degree of improvement in
tenderness due to aging is muscle dependent.
Key works: beef, bulls, steers, aging, tenderness
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CHAPTER I- INTRODUCTION

In Costa Rica, beef cattle production is based primarily on Bos indicus
genotypes fed pasture/forage-based diets. Bos indicus cattle are well adapted to the
temperature and nutritional stress prevalent in the tropics and subtropics were they
evolved (Forbes et al., 1998). Beef from Bos indicus cattle has been generally
characterized as less tender (Crouse et al., 1989; Elzo et al., 2012) resulting from
increased muscle calpastatin activity and reduced postmortem proteolysis than beef
from Bos taurus cattle (Johnson et al., 1990b; Wheeler et al., 1990a; Whipple et al.,
1990). In addition, forage finishing cattle has negative consequences on carcass
tenderness and organoleptic properties of the meat (Mitchell et al., 1991), and grass
finished cattle have decreased ADG, longer finishing periods to reach a target
endpoint, reduced dressing percentages, less acceptable fat and lean scores, and lower
quality grades than cattle fed energy-dense concentrate diets (Bidner et al., 1981,
1986).
In the early fifties, castration was part of the typical annual cattle processing in
Costa Rica which included identification, vaccination, and castration of male calves.
This practice was eventually eliminated in the seventies driven by the growth of beef
exports and the demand of packing plants for lean, large-framed cattle that produced a
larger quantity of beef (Perez, 2009). It has been generally accepted that intact bulls
provided adequate nutrition grow faster and more efficiently, and produce carcasses
with less fat than castrated steers (Seideman et al., 1982; Mach et al., 2009). Today
bull production is the primary production practice in Costa Rica because there has
been a lack of economic incentive for producers to castrate male calves.
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The tenderness of beef has been identified as a quality characteristic that is
closely related to the overall acceptability of beef (Chambers and Bowers, 1993) and
is often the cause of consumer dissatisfaction with beef quality. Consumers can
segregate differences in beef tenderness and are willing to pay for more tender beef
(Miller et al., 2001). In the past ten years the Costa Rican consumer has also shown
an increased demand for improved tenderness and their willingness to pay higher
prices for more tender subprimals and retail cuts (Retana, 2012).
Meat from steers and heifers is preferred by consumers over intact males
because of its improved sensory traits, particularly tenderness (Seideman et al., 1989;
Huerta-Leidenz and Rios, 1993). With renewed interest and the goal of improving
beef quality, castration has been reintroduced to Costa Rica as production tool. For
some niche markets, late castration (> 12 mo of age) has been incorporated by some
producers to increase fatness of subprimals compared to bulls, yet take advantage of
the believed superior growth rate and efficiency compared to early castrated steers
(Murillo, 2012). However, early castration is recommended to reduce animal stress,
improve animal welfare, and decrease male aggressiveness (Bretschneinder, 2005),
and may potentially improve meat quality traits (Morón et al., 2005ab).
Aging is a postmortem technology that enhances beef palatability and is
among the most popular options for improving tenderness (Dransfield, 1994). This
practice is not widely used in Costa Rica and has been used by only a few beef
retailers. Individual muscles respond differently in extent of tenderization
improvement, to postmortem aging periods because of differences in connective
tissue (Rhee et al., 2004), to the rate and extent of pH decline, in activity of calpains
(Ilian et al., 2001), and thus in the extent of proteolityc degradation (Taylor et al.,
1995; Rhee et al., 2004). Beef Tenderness Surveys (Morgan et al., 1991; Brooks et
2

al., 2000) have revealed substantial variation in the length of postmortem aging time
to optimize tenderness of different beef cuts.
Beef cattle production in Costa Rica is facing many challenges, many directed
toward the improvement of beef quality. Few research trials have been conducted
using antemortem and postmortem technologies to improve beef quality and
tenderness. Ardaya and Zapata (1999) found no difference in performance of
Longissimus Warner Braztler shear force (WBSF) for bulls and late castration steers.
Arce and Murillo (2004) found Longissimus steaks from steers had lower (more
tender) WBSF means than those from bulls and aging improved tenderness for both
sex classes. Therefore, the objectives of this study were to determine 1) the effects of
castration and time of castration on the carcass composition and beef tenderness and
2) the effects of different lengths of aging on tenderness of four different muscles of
beef produced in a tropical climate.
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CHAPTER II – REVIEW OF LITERATURE
BULLS vs STEERS

Performance:
Several studies involving feeding bulls and steers in feedlots have shown bulls
to have greater daily gains and improved feed efficiency than steers (Klosterman et
al., 1954; Field, 1971; Arthaud et al., 1977; Seideman et al., 1982; Gerrard et al.,
1987; Purchas and Grant, 1995). Field (1971) concluded after reviewing multiple
studies that bulls gained 17% faster and were 13% more efficient in converting feed to
live weight gains than steers. However, Seideman et al. (1982) in another review of
literature stated that when cattle are reared on pasture, steers could have higher weight
gains than bulls. Martin et al. (1978) conclude that bulls fed a low protein diets gained
at essentially the same rate as steers. When bulls are fed a higher plane of nutrition
with higher protein content, they perform superior to steers. The detrimental effects of
castration on growth rate and feed efficiency are more strongly expressed on a higher
plane of nutrition than on a lower plane (Cobic, 1968). Ardaya and Zapata (1999) in a
study performed in Costa Rica did not find differences in average daily gain and final
weight between steers and bulls. When fed a high plane of nutrition such as in a
feedlot, bulls generally outperform steers in gain and feed efficiency. However, this
enhanced performance may not occur under low planes of nutrition.

Hormonal differences:
The testicles produce androgens and estrogens that promote muscle growth by
increasing nitrogen retention. When testes are removed, the production of the male´s
natural anabolic steroids, testosterone and estrogen, are reduced (Unruh, 1986).
Testosterone in particular is associated with a positive N balance, increased carcass
4

protein, and decreased carcass fat (Schanbacher, 1984). Unruh (1986) stated that the
natural endogenous concentration of androgens and estrogens in intact males may
allow for the near maximal expression of growth. Furthermore, these endogenous
hormones serve as coordinators in the partitioning of nutrients supporting short-term
demands (homeostasis) and long-term developmental processes during growth
(homeorhesis). Barnes et al. (1983) concluded that bulls have higher serum
testosterone and lower cortisol level than steers. Lunstra et al. (1978) evaluated
serum testosterone concentrations of bulls from different breeds and found the
average for all bulls increased linearly between 7 and 13 mo of age, and did not
appear to be affected by the breed. Bos indicus cattle are typically slower to reach
sexual maturity and are leaner at slaughter than British (Bos taurus) breeds of cattle
(Martin et al., 1992; Pringle et al., 1997). Thomas et al. (2002) found that Angus and
Brangus bulls had similar serum concentrations of testosterone and both had values
greater than Brahman bulls. Testosterone is involved in muscle-collagen synthesis,
accumulation and maturation which is responsible for some of the tenderness
differences between intact males and castrates (Unruh, 1986).
The pituitary secretes growth hormone (GH), and is associated with increased
growth rate and feed efficiency (Bauman et al., 1982). Frohman (1991) stated that GH
is responsible for promoting differentiation of precursor cells under the influence of
insulin-like growth factor I (IGF-I). Growth hormone is also anabolic in ruminants
because daily injections have been shown to stimulate weight gain and increase N
retention (Moseley et al., 1982). Thomas et al. (2002) evaluated serum
concentrations of GH and found them to be greater in Brangus than Angus or
Brahman bulls. In addition, the GH axis is sensitive to the level of adiposity. In
particular, as ruminants age and gain adiposity, serum concentrations of GH decline.
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Estrogens cause a release of GH releasing factors from the hypothalamus which cause
an immediate release of GH, resulting in increased growth and nitrogen retention
(Preston, 1975). Estrogens also may act indirectly on growth through regulation of
plasma GH, insulin and thyroid hormone (Preston, 1975). Insulin stimulates protein
synthesis and some insulin is required for GH actions (Beitz, 1985). The influence of
estrogens administrated to steers is generally related to increased ribeye area and
decreased fat deposition (Preston, 1975). Estrogens also cause epiphyseal plate fusion
and accelerate skeletal maturation (Hafs et al., 1971). However, increases in
environmental temperatures may decrease the response to estrogens (Ray el at.,
1969).

Carcass composition:
In general bulls have a lower dressing percentage, more muscle, less fat cover
and greater percentage of retail yield at a similar bone content compared with steers.
Brannang (1966) and Hedrick (1968) concluded that dressing percentages were
similar for bulls and steers. However, others (Watson, 1969; Jacobs et al., 1977a)
determined that bulls had slightly lower dressing percentages than steers. According
to Field (1971), it is reasonable to expect bulls to have lower dressing percentages
than steers because they have less fat.
Due to increased testosterone, intact males have greater muscle hypertrophy
resulting in 7% more muscle than steers (Bavera and Peñafort, 2005). Others
(Prescott and Lamming, 1964:, Watson 1969; Kay and Houseman, 1974) reported that
bull carcasses contained approximately 8% or more muscle than steer carcasses. As
expected, several studies (Arthaud et al., 1969; Hunsley et al., 1971; Albaugh et al.,
1975; Jacobs et al., 1977a; Purchas and Grant, 1995) found that bulls had larger
ribeyes than steers.
6

Bulls generally have less fat cover and fewer pounds of carcass fat than steers
(Watson, 1969). In agreement, several researchers (Hunsley et al., 1971; Jacobs et
al., 1977a; Landon et al., 1978; Purchas and Grant, 1995) concluded that intact males
have less fat thickness and lower percentages of fat trim than steers.
As a result of increased muscle and less fat, several researchers (Klosterman et
al., 1954; Wierbicki et al., 1955; Arthaud et al., 1969; Landon et al., 1978, Purchas
and Grant, 1995) concluded that bulls have greater retail yields than steers. Cohen et
al. (1991) found bulls (60.5% retail yield) had higher cutability carcasses than steers
(57.8% retail yield). In other study by Arthaud et al. (1977) comparing low energy
diets, bulls had heavier hot carcass weights, less fat thickness, more separable lean at
the 9-10-11th rib, less separable fat at the 9-10-11th rib, and more separable bone at the
9-10-11th rib (313 kg, 7 mm, 61.6%, 21.0%, and 17.3%), than steers (273 kg, 9 mm,
55.2%, 27.2%, 16.7%), respectively. Purchas and Grant (1995) found carcasses from
bulls yielded 6.7 kg more salable product than steers. This is consistent with Jacobs
et al. (1977a) who concluded that bulls yielded 10.6% more edible meat and 10.1%
less fat trim than steers.
Most researchers (Jacobs et al., 1977a; Prescott and Lamming, 1964; Landon
et al., 1978) have found no significant differences in bone yields when comparing
bulls and steers. Field (1971) summarized several studies and concluded that
separable carcass bone averaged 15.8% for bulls and 15.6% for steers. Even though
differences in percentages of bone between bulls and steers may be small, bulls have
been found to have higher muscle-bone ratios than steers (Berg and Butterfield, 1968;
Wierbicki et al., 1955).
Seideman et al. (1982) concluded that bulls had advantages of greater carcass
leaness and higher cutability carcasses than steers. However, they concluded that bull
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carcasses may have some disadvantages such as minimal fat cover, more difficult hide
removal, and heavier carcass weights than steers.

Meat quality:
Several studies (Field, 1971; Seideman et al., 1982; Dikeman et al., 1986)
have shown differences in beef quality between bulls and steers. From the stand point
of consumer acceptance, Seideman et al. (1982) indicated that tenderness, color, and
texture are the most important disadvantages for producing beef from bulls.
Based on bone ossification, bull carcasses are more mature physiologically
than steer carcasses at the same chronological age (Champagne et al., 1969; Glimp et
al., 1971; Reagan et al., 1971). This may be explained by the actions of testosterone
and estradiol-17β which are the most pronounced hormonal changes associated with
puberty and sexual maturation in bulls (McCarty et al., 1979). The magnitude of
serum estradiol-17β levels may be related to the growth rate of bulls and the
maturation (ossification) of bone (Gray et al., 1986).
Consumers often conclude that tenderness is the most important beef quality
trait (Shackelford et al., 1995b; Polidori et al., 1996; Shackelford et al., 1997ab).
Consumers can detect differences in beef tenderness and are willing to pay more for
more tender beef (Miller et al., 2001). Other sensations, mainly juiciness and
connective tissue amount (residue to chew) are closely linked to tenderness (JerezTimaure et al., 1994; Huerta et al., 1997).
Bulls have often been shown to have tougher meat than steers (Klosterman et
al., 1954; Field, 1971; Hunsley et al., 1971; Arthaud et al., 1977; Seideman et al.,
1982; Dikeman et al., 1986; Morgan et al., 1993; Purchas et al., 2002). In a literature
review conducted by Field (1971), he concluded that meat from bulls was slightly less
tender than meat from steers. However, Champagne et al. (1969), Albaugh et al.
8

(1975), and Landon et al. (1978) observed no differences in Warner Bratzler shear
force values due to sex condition. Field et al. (1966) stated that there were no
significant differences in tenderness of meat from bulls and steers at 300 to 399 d of
age, but steers 400 to 499 d of age had slightly higher tenderness ratings than bulls
that were similar in age and marbling. Hedrick et al. (1969) reported that bulls less
than 16 months of age had Warner Bratzler shear force (WBSF) values that were
comparable in tenderness to steers and heifers. In a trial done by Unruh et al. (1987),
bulls (3.9 kg) had greater Longissimus WBSF values (were tougher) than steers (2.7
kg). In agreement Morgan et al. (1993) attained Longissimus WBSF values of 4.9 kg
and 4.2 kg for bulls and steers, respectively. For cattle raised on pasture in a tropical
climate, both Ardaya and Zapata (1999) and Arce and Murillo (2004) evaluated
Longissimus tenderness of castrated and intact Brahman males and concluded that
bulls had higher WBSF values compared to steers.
Tenderness differences between steers and bulls appear to be influenced by
age and the accumulative influence of testosterone over time. Younger bulls and
steers appear to have minimal differences in tenderness, and tenderness differences
between bulls and steers increase with age. These hormonally mediated variations in
tenderness appear to be related to the nature or state of contractile (myofibrillar)
proteins and the content and properties of connective tissue (Unruh, 1986).
Cross et al. (1984) attributed the increase in toughness of meat from bulls to
increased crosslinking of connective tissue resulting from increased testosterone
levels in the intact animal. Teira (2004) found muscles from intact males to have
higher levels of intramuscular collagen and more intermolecular cross-links at the
same chronological age, than castrated animals. Boccard et al. (1979) investigated the
influence of sex on the amount of total soluble collagen in various beef muscles. They
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reported that the collagen content in muscles was higher in bulls than steers,
regardless the age, and that collagen solubility decreased markedly between 12 and 16
months in bulls. Increased toughness of meat from bulls may at least be partially
attributed to connective tissue amount and maturity (crosslinking).
Burson et al. (1986) proposed that different types of collagen may also play a
role in tenderness differences between bulls and steers. Bailey et al. (1979)
concluded that tender muscles may have a lower percentage of type III collagen than
tougher muscles. However, Light et al. (1985) evaluated six different muscles and
reported that percentage of type III collagen in either the endomysium or perimysium
was not related to tenderness. Burson et al. (1986) further concluded that the
proportion of type I and type III collagen does not relate well to Longissimus
tenderness differences between bulls and steers. However, collagen characteristics,
such the extent and type of crosslinking and the fiber size (Light et al., 1985) of each
collagen type, may play a role in tenderness differences between muscles from bulls
and steers.
Bulls may also have meat with more myofibrillar toughness that may be more
resistant to aging than meat from steers. Morgan et al., (1993) explained that bulls
have higher calpastatin activity (endogenous calpain inhibitor). A high correlation
has been detected for 24 h calpastatin activity, myofibrillar proteolysis, and meat
tenderness in steers and heifers (Whipple et al., 1990). Several experiments have
indicated that calpastatin is the primary regulator of the µ-calpain in postmortem
muscle (Morgan et al., 1993). Furthermore, the postmortem activity of calpastatin is
highly related to the rate of postmortem proteolysis and tenderness in meat from Bos
indicus breeds of cattle (Whipple et al., 1990; Shackelford et al., 1991). In addition,
zinc is a potent inhibitor of calpain proteinases (Koomaraie, 1990). Seideman et al.
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(1989) reported that the Longissimus from bulls was tougher and contained higher
concentrations of zinc than the Longissimus from steers (45.1 vs 34.8 ppm
respectively). Thus, in addition to the elevated calpastatin activity, higher
endogenous zinc concentration in bull Longissimus muscles could also contribute to
the decreased activation of µ-calpain and the resulting decrease in meat tenderness
(Morgan et al., 1993).
Differences in the amount of fat covering (subcutaneous fat) between bull and
steer carcasses may contribute to meat tenderness differences. Bowling et al. (1978)
indicated that fat thicknesses greater than 7 mm provide maximum protection against
the effect of cold shortening of muscles fibers. Lochner et al. (1980) indicated that
the greater subcutaneous fat cover of steers could be expected to have a beneficial
effect on tenderness. Differences in subcutaneous fat cover between bulls and steers,
could result in differences in cold shortening which could be expected to contribute to
potential differences in tenderness.
Meat purchasing decisions are influenced by color more than any other quality
factor because consumers use discoloration as indicator of freshness and
wholesomeness (Mancini and Hunt, 2005). Seideman et al. (1982) indicated that
from the stand point of consumer acceptance tenderness, color and texture are the
most important disadvantages for meat from bulls. Meanwhile, flavor and juiciness
would have less impact on meat quality. Color measures and its relationship to pH
may also be important as an indicator of meat tenderness. Several researches have
shown that meat tenderness is correlated with an optimum muscle pH (Purchas, 1990;
Watanabe et al., 1996) and desirable muscle color (Jeremiah et al., 1991; Wulf et al.,
1997).
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Subjective evaluations for color of lean indicate minimal differences between
bulls and steers (Field, 1971). This conclusion is supported by others (Weniger and
Steinhauf, 1968; Watson, 1969) who found the myoglobin level in bulls and steers
were similar. However, Varela et al. (2003) indicated that the final pH of meat from
bulls was higher than that from steers. In addition, Arthaud et al. (1969) found
carcasses from steers had a finer textured lean and more desirable, brighter color than
carcasses from bulls. This could be partially attributed to the temperament and stress
susceptibility of bulls compared to steers. Glycogen depletion in type IIB muscle
fibers predisposes cattle and hogs to Dry, Firm and Dark (DFD) meat (Shaefer et al.,
2001). Hedrick et al. (1969) and Field (1971) suggested that bulls are more likely
candidates for dark cutters than steers. Therefore, they need to be handled more
carefully to minimize stress and glycogen depletion.
The time period prior to slaughter can have a major impact on meat quality as
well as live and carcass weight losses (Shaefer et al., 2001). The activation of both
hypothalamic-pictuitary-adrenal (HPA) axis and non-HPA axis events evoke a
number of biochemical changes that can result in muscle dehydration, ion depletion,
energy depletion, and protein catabolism (Shaefer et al., 2001). The antemortem
physiological changes such a dehydration and tissue catabolism determine the extent
of degradation of meat yield and quality (Shaefer et al., 2001).
In a literature review conducted by Field (1971), he concluded that marbling
scores are one to two degrees higher in steers than bulls. Since marbling has a high
correlation with juiciness and flavor (Killinger et al., 2004), meat from bulls could be
expected to be less juicy and flavorful that meat from steers. However, several
studies (Hendrick et al., 1969; Watson, 1969; Jacobs et al., 1977b) have found flavor
and juiciness scores of cooked steaks were not significantly affected by sex condition.
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Beef from bull carcasses was acceptable in quality with no undesirable flavors or
aromas detected (Klosterman et al., 1954). Hunsley et al. (1971) also found no
differences between steers and bulls in Longissimus flavor and juiciness. Unruh et al.
(1986) found meat from steers to have advantages in juiciness, amount of connective
tissue, myofibrillar tenderness, and overall tenderness compared to meat from bulls,
but found no differences in flavor. Similar findings were reported Dikeman et al.
(1986) who found no flavor difference, but tenderness and juiciness were superior for
the steers. In a trial conducted in Costa Rica utilizing Bos indicus cattle, Ardaya and
Zapata (1999) found no differences in Longissimus juiciness and flavor. Even though
there are differences in marbling in meat from bulls and steers, it appears that the
impact on juiciness is variable with minimal differences in flavor.
The major contributor of the juiciness sensation is the water retained during
cooking. Jacobs et al. (1977b) concluded that cooking loss at 24 h was greater for
steaks from bulls than those from steers. This was partially attributed to the increased
fat content (marbling) in meat from steers and the melting of fat by heat protecting
against moisture lost. Purchas (1990) reported higher cooking losses from steaks
from bulls than those from steers; however, Reagan et al. (1971) reported no
differences in cooking loss between steaks from bulls and steers. Varela et al. (2003)
did not find drip loss differences in meat from steers or bulls; but Dikeman (1985)
concluded that purge in the vacuum package may be slightly higher for meat from
bulls than from steers. Most measures of moisture retention, while variable, appear to
favor meat from steers compared to bulls.
In general, meat quality from castrated steers is superior to intact bulls. Bulls
are often characterized as having tougher and darker lean than steers. The extent of
this advantage in tenderness, color, and juiciness is dependent on multiple factors
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such as animal age and handling practices before slaughter. Among these variables
are the levels of endogenous hormones and enzymatic activity that can have a
negative influence on fat deposition, postmortem proteolysis, and collagen properties.

Time of castration:
Castration is performed to reduce animal aggressiveness and improve meat
quality. As a result, steers can often have a greater commercial value than bulls
(Morón et al., 2005ab). According to (Huerta-Leidenz and Ríos, 1993) castration
categories by age and weight are as follows:
a) Early castration: less than 4 mo of age or less than 100 kg of live weight.
b) Slightly late castration: between 4 to 7 mo of age or 100 - 250 kg of live
weight.
c) Moderately late castration: between 8 to 11 months or 251 - 350 kg of live
weight.
d) Very late castration: between 12 - 15 months or 351 - 450 kg of live weight.
e) Extremely late castration: after 15 months or 450 kg of live weight.
Immediately after castration, calves begin to lose weight and daily gain drops
for a period of time. The severity of this period of stress is related to the age of
castration. King et al. (1991) concluded that early castration calves were
physiological less stressed than those castrated at weaning. Bretschneinder (2005)
further found that early castration resulted in reduced weight loss associated with
stress during the recovery period.
Boccard and Bordes (1986) concluded that late castration can improve final
weight, but decreases tenderness compared to early castrated calves. Late castration
delays the accumulation of adipose tissue compared to early castrated calves resulting
in carcasses with less fat (Muller et al., 1991). They concluded that late castration
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provides an opportunity to increase production performance and improve carcass
composition.
Champagne et al. (1969) in a feedlot trial compared bulls and steers castrated
at birth, two, seven and nine mo of age. They concluded that bulls gained more
rapidly and efficiently than the castration groups. No significant differences in
Longissimus area were found among castrated groups but the trend toward a larger
Longissimus area was present with increasing age at castration. Bulls had less fat
thickness and greater edible portion than all steer groups except those castrated at 9
mo of age. The estimated edible portion was 74.3% for bulls, 69.1% for calves
castrated at birth, 66.2% for calves castrated at 2 mo, 69.7% for calves castrated at 7
mo, and 70.1% for calves castrated at 9 mo. In addition, bull carcasses exhibited less
marbling than all steer carcass groups, but no difference in tenderness, flavor,
juiciness and WBSF were observed. Landon et al. (1978), in another time of
castration study, found bull carcasses had greater retail cut yields and less fat trim
than carcasses than those from steers. The steers castrated at 7 mo had greater edible
meat yields and less fat trim than early castrated steers.
Klosterman et al. (1954) compared early and late castration methods and
concluded that there were no differences of gain, dressing percentage or carcass
quality. They found that bull calves were heavier at weaning but their gains were
sufficiently retarded immediately following late castration and their weights was very
similar to the early castrated steers when the two groups started on feed.
According to Destefanis et al. (2003), the results comparing meat quality of
steers compared with bulls are inconsistent. Several authors (Gregory et al., 1983;
Riley et al., 1983; Dikeman et al., 1986) have found steers to have lower shear force
values and higher sensory scores particularly for tenderness, but others (Field, 1971;
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Calkins et al., 1986; Morgan et al., 1993) have found little or no effect. Destefanis et
al. (2003) found no differences in WBSF or sensory traits for groups castrated at
different ages and intact males. They observed cooking losses of steaks from the late
castrated group were greater than those from the intact or early castrated groups. In
addition, they concluded that castration affected the chemical composition of beef by
decreasing water and increasing fat content. Finally, they found lower collagen
content in early compared with late castrated animals, but this difference was not
significant.
Animal welfare, reduced cattle aggressiveness, and enhanced beef quality
support the practice of early castration compared to late castration. In tropical or
subtropical climates where humidity and temperature are high and create the ideal
environment for diseases and parasites, late castration could provide additional
production challenges and inconvenience. In addition, Bos indicus breeds are more
aggressive than Bos taurus, thus early castration would be useful for cattle handling.
Finally, consumers are increasing their demand for tender beef and practices such as
early castration would limit testosterone production and could benefit meat quality.

BOS INDICUS CATTLE

The economic value of Bos indicus breeds of cattle, primarily Brahman, in
crossbreeding programs in semitropical and tropical climates has been well
established (Carroll et al., 1955; Cole et al., 1963; Crockett et al., 1979). Bos indicus
cattle are used in crossbreeding programs to improve cattle productivity by increasing
disease and insect resistance, climatic tolerance, heterosis, and additive genetic
variation (Wheeler et al., 1990ab).
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Live Performance:
Crouse et al. (1989) concluded that final live weights were lighter for Bos
indicus crosses than Bos taurus breed crosses. In addition, they stated that increasing
the percentage of Bos indicus inheritance greater than 25% decreased carcass
weights. In contrast, Koch et al. (1982) observed that F1 Brahman x Hereford-Angus
crosses had heavier live weights than F1 Hereford-Angus crosses. Koger et al. (1975)
explained that the increasing weight advantage of Brahman x Hereford-Angus crosses
may have been due to the estimated two-fold heterosis in Bos indicus x Bos taurus
crosses compared to the Bos taurus x Bos taurus crosses.

Carcass Composition:
The utilization of Bos indicus breeds such as Brahman cattle have great
advantages mainly in the tropic and subtropical regions; however, there are some
widely known undesirable palatability attributes which reduce the value of Brahman
cattle. Koch et al. (1982) and Pringle et al. (1997) found greater dressing percentages
for Bos taurus than Bos indicus cattle. In contrast, Ramsey et al. (1965) found greater
dressing percentages for Brahman cattle and attributed this advantage to lower
weights of gastrointestinal tract and contents than in other breeds. Koch et al. (1982)
concluded that Brahman crosses had higher retail product percentages (71.05%)
compared to Tarentaise (70.2%) and Hereford- Angus (66.9%) crosses. Koch et al.
(1982) also reported bone percentages were similar for Brahman crosses and other
Bos taurus breeds. In a trial conducted by Crouse et al. (1989), Bos taurus males had
greater fat thickness, and kidney, pelvic and heart fat than Bos indicus males.
However, Highfill et al. (2011) did not find differences in fat thickness and kidney
and pelvic fat percentages between Bos taurus and Bos indicus breeds. Koch et al.
(1982) concluded Bos indicus ranked lower in kidney and pelvic fat percentages than
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Tarentaise and Pinzgauer crosses. Pringle et al. (1997) concluded that fat thickness
was greater for Bos taurus than for Bos indicus, and percentage of KPH was not
different. Elzo et al. (2012) found less fat thickness and smaller REA for Brahman,
but similar KPH compared to Angus. Sherbeck et al. (1995) compared 100%
Hereford and ½ Hereford × ½ Brahman and did not found differences in fat thickness
and % KPH, but REA was greater for the Hereford × Brahman cross. Crouse et al.
(1989) found that Hereford × Angus cross cattle had Longissimus muscle areas similar
to Brahman or Sahiwal crosses. In contrast, Marshall (1994) found Longissimus
muscle areas for Bos indicus cattle (Brahman, Sahiwal, and Nelore) were 74.2, 74.4,
and 77.8 cm2 respectively, meanwhile, Longissimus muscle areas for Bos taurus cattle
(Angus, Shorthorn, and Simmental) were 76.1, 76.2, and 82.0 cm2, respectively.
Resistance to high temperature and humidity in tropical and subtropical
regions has been associated with differentiation of fat accumulation and distribution.
In all cattle, deposition of fat near the kidney precedes deposition at intermuscular,
subcutaneous and intramuscular sites (Owens et al., 1993). However, Dairy breeds
and Bos indicus cattle deposit more fat internally than subcutaneously, compared to
temperate beef breeds (Kempster, 1981). Cartwright (1980) also found more fat
accumulation in the hump and dewlap in cattle raised in tropical regions.
Bos taurus cattle generally have greater marbling (intramuscular fat) than Bos
indicus cattle (Crouse et al., 1989; Marshall, 1994). It has been documented that Bos
indicus breeds are known for their limited ability to deposit intramuscular fat and the
general rule is that as the proportion of Bos indicus increases, marbling decreases
(Koch et al., 1982; Crouse et al., 1989). Pringle et al. (1997) concluded that both fat
thickness and marbling were greater for Bos taurus than Bos indicus. However,
Highfill et al. (2011) found no differences in intramuscular fat in Longissimus
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lumbarum, Psoas major, Gluteus medius, and Semitendinosus muscles between Bos
indicus and Bos taurus cattle. Koch et al. (1982) indicated Bos indicus (Brahman and
Sahiwal) had lower marbling scores compared to Bos taurus cattle. Marshall et al.
(1994) concluded Brahman and Sahiwal, were similar in marbling to several of the
continental European Bos taurus breeds but had lower sensory tenderness scores than
any of the Bos taurus breeds. In general, retail product and bone content are similar
when comparing Bos indicus cattle and Bos taurus cattle. The major difference
between Bos indicus and Bos taurus cattle is carcass composition. Bos indicus have
less subcutaneous fat thickness and intramuscular fat and also smaller REA.

Meat Quality:
Tenderness is the major meat quality concern related to the production of Bos
indicus cattle. Possible causes of increased toughness compared to Bos taurus cattle
include degree of marbling, amount of heat resistant connective tissue, and
differences in enzymatic degradation of myofibrillar proteins (Marshall, 1994). Most
studies (Koch et al., 1982; Crouse et al., 1987; Whipple et al., 1990; Marshall, 1994;
Pringle et al., 1997) comparing the tenderness of meat from Bos indicus and Bos
taurus cattle have observed that meat obtained from Bos indicus breed crosses was
less tender than meat obtained from Bos taurus cattle. In a study (O´Connor et al.,
1997) comparing steaks from 3/8 Bos indicus steers with steaks form Bos taurus
steers, they found that Bos taurus steaks received higher sensory panel ratings for
tenderness than Bos indicus steaks. The differences in tenderness among Bos taurus
breed crosses of cattle is less than the differences in tenderness between Bos indicus
breed crosses and Bos taurus breed crosses (Koch et al., 1976, 1979, 1982). In
general meat from cattle possessing Bos indicus breeding is less tender than meat
obtained from cattle of only Bos taurus breeding.
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Warner-Bratzler shear force values for Longissimus lumbarum, Gluteus
medius, and Psoas major steaks from Bos indicus cattle were higher (tougher) than
those from Bos taurus cattle (Highfill et al., 2011). Shackelford et al. (1995b)
reported that Longissimus lumbarum, Gluteus medius, and Psoas major tenderness
decreased as the percentage of Bos indicus inheritance increased. Elzo et al. (2012)
reported higher WBSF values for Brahman cattle compared to Angus cattle. Crouse
et al. (1989) summarized several literature reports and generally found steaks from
Brahman and Brahman crosses were less tender as measured by shear force than
steaks from British breeds, but these differences have not always been significant.
Sherbeck et al. (1995) reported greater shear force values as percentage of Brahman
breeding increases. Marshall (1994) concluded that as the proportion of Bos indicus
increases, shear force increases and marbling and sensory tenderness values decrease.
This increase in shear force and decrease in sensory tenderness values with increasing
levels of Bos indicus breeding tended to be more pronounced for Sahiwal cattle than
for Brahman cattle.
Proteolytic enzyme activity in beef cattle has been determined to be an
important factor in tenderness. The calpain system which consists of two calcium
requiring enzymes, µ-calpain and m-calpain, and an inhibitor, calpastatin, is believed
to be the primary proteolitic enzyme system involved in postmortem tenderization of
aged beef (Koohmaraie, 1988, 1992). Increased calpastatin activity measured at 24 h
postmortem has been implicated as a major contributor of beef tenderness differences
between Bos indicus and Bos taurus cattle (Whipple et al., 1990). Both Red Angus
and Simmental cattle had less 24 h calpastatin activity than Brahman cattle (O´Connor
et al., 1997). Elzo et al. (2012) found that calpastatin activity increased linearly and
µ-calpain activity decreased as proportion of Brahman breeding increased. Higher
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levels of calpastatin have been associated with higher percentages of Brahman in
cattle and limited postmortem tenderization resulting from blockage of the natural
tenderization process of µ-calpain (Pringle et al., 1997). Several researchers (Johnson
et al., 1990a; Wheeler et al., 1990a; Whipple et al., 1990; Shackelford et al., 1991)
have reported increased activity of calcium-dependent protease inhibitor (calpastatin)
for Bos indicus compared with Bos taurus. Johnson et al. (1990a) reported reduced
cathepsin B + L total activity for Bos indicus compared with Angus, whereas Wheeler
et al. (1990b), Whipple et al. (1990), and Shackelford et al. (1991) reported no
differences for cathepsin B or B + L between Bos indicus and Bos taurus activity.
Cundiff (1993) suggested that selection for low calpastatin activity may be especially
useful in improving beef tenderness of Bos indicus breeds and composites because of
their inherently high calpastatin activities and corresponding tendency to produce
tougher beef.
Heritability of tenderness is approximately 0.4, making it a highly heritable
trait that can be selected for to improve tenderness (Dikeman et al., 2005). However,
the heritability estimate for shear force decreases with increasing proportion of
Brahman breeding in cattle (Elzo et al., 1998). In contrast, Crews and Franke (1998)
reported higher estimates of heritability for shear force from ½ or greater Brahman
steers (0.24 to 0.36) than estimates for steers with ¼ or less Brahman inheritance
(0.20). In agreement, Robinson et al. (2001) reported a heritability estimate of 0.11
for shear force in Hereford, Angus, Shorthorn, and Murray Grey cattle, whereas for
tropically adapted cattle of Brahman, Belmont Red, and Santa Gertrudis breeding the
estimate was 0.38. Riley et al. (2003) stated that the estimated of heritability for
traits related to tenderness in Brahman cattle including Warner Bratzler shear force,
postmortem calpastatin activity, sensory panel tenderness score, juiciness score, and
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amount of connective tissue were low and improvement due to selection of these traits
would be slow.
Crouse et al. (1989) concluded that meat from Bos taurus cattle is more finely
textured and less dark in color than meat from Bos indicus. Otherwise meat was
observed to be similar for juiciness, intensity of beef flavor, and off flavor. Elzo et al.
(2012) compared steaks from Angus and Brahman cattle and did not find differences
in flavor and off-flavor; however, evaluation of tenderness, connective tissue, and
juiciness were favorable for Angus cattle. Johnson et al. (1990b) did not find
differences in breeds groups (Angus and Brahman) for flavor or off-flavors, but steaks
from ¾ Angus × ¼ Brahman were juicer than steaks from ½ Brahman and ¾
Brahman . Sherbeck et al. (1995) found juiciness and tenderness of steaks from 100%
Hereford were superior to ½ Hereford × ½ Brahman steaks, but not in flavor. Pringle
et al. (1997) concluded that juiciness and flavor intensity scores decreased linearly as
percentage of Brahman breeding increased, and this is partially explained by the same
tendency in marbling. Koch et al. (1982) found juiciness of steaks from Brahman and
Sahiwal was lower than steaks from Bos taurus breeds; however, flavor intensity
scores were similar among breed groups.
Tropical adaptation and nutritional intake and usage differences may have
resulted in muscle cell structure and maturation changes that have contributed to
tenderness differences between Bos indicus and Bos taurus breeds (Oddy et al.,
2001). These and other forms of environmental stressors can have a dramatic
influence on carcass and palatability traits (Burrow et al., 2001). Crouse et al. (1989)
concluded that these tenderness problems seem to be independent of the environment
in which animals were produced or composition of the meat. Regardless tenderness
differences are most likely related to the fragmentation of the myofibril component of
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the muscle and, to a lesser extent, to the connective tissue portion of the lean.
O´Connor et al. (1997) suggested viable strategies for improving tenderness of beef
produced by heat-tolerant composite breeds. They proposed using postmortem aging
periods adequate in length to improve tenderness for all cuts from Bos indicus cattle.
A second strategy would be to select for improved beef tenderness (via progeny
testing) in Bos indicus breeds and crossing with Bos taurus breeds. And finally,
substitute tropically adapted Bos taurus germplasm for Bos indicus breeding in the
development of heat-tolerant composite breeds.

AGING

Postmortem Aging:
Aging is a postmortem technology that enhances beef palatability and is
among the most popular options for improving tenderness (Dransfield, 1994). Beef
can be “wet aged” (held for periods of time in vacuum packages) or “dry aged” (held
for periods of time with no protection or package) to allow time for degradation of
myofibrils via loss of integrity of sarcomeres at the Z-lines (Smith et al., 2008).
Olson and Parrish (1977) and Koohmaraie, (1994) concluded that postmortem
proteolysis of myofibrillar proteins leads to fragmentation of the muscle fiber and is
the main cause of improving the tenderness of meat. Postmortem aging reduces the
major determinant of tenderness by diminishing the myofibrillar influence on
tenderness, and therefore, increasing the influence of stromal proteins as the latter are
less affected by aging than myofibrillar proteins (Riley et al., 2005). The calpain
system which consists of two calcium requiring enzymes, µ-calpain and m-calpain,
and an inhibitor, calpastatin, is believed to be the primary proteolitic enzyme system
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involved in postmortem tenderization of aged beef (Koohmaraie, 1988, 1992).
Dransfield (1994) concluded that µ-calpain is activated at pH 6.3 approximately 6 h
after slaughter and m-calpain is activated by calcium ions at approximately 16 h after
slaughter with both forms of calpains becoming less active with increased storage.
Crouse et al. (1991) stated that calpain activity decreases over time and suggested that
postmortem proteolysis is completed at 6 d. Stolowski et al. (2006) evaluated
calpastatin activity in ¾ Angus × ¼ Brahman cattle and found the Triceps brachii and
Vastus lateralis had the highest calpastatin activity while the Gluteus medius and
Longissimus had the lowest activity with the Semitendinosus intermediate in activity.
Postmortem aging is an important management practice that can consistently improve
the tenderness of beef (Tatum et al., 1999).

Muscle differences:
The National Beef Tenderness Survey indicated that 17 d is the average time
needed to reach adequate tenderness (Morgan et al., 1991). However, individual
muscles respond differently, in extent of tenderization improvement, to postmortem
aging periods because of differences in rate and extent of pH decline and activity of
calpains (Ilian et al., 2001) and thus in the extent of proteolityc degradation (Taylor et
al., 1995; Rhee et al., 2004). Numerous studies (Smith et al., 1978; Eilers et al.,
1996; Bratcher et al., 2005; Gruber et al., 2006) have been conducted to identify the
optimum postmortem aging times for specific primal cuts or muscles. The influence
of aging on four selected muscles is demonstrated in Table 1.
Aging times for optimum muscle tenderness vary by muscle and USDA
Quality Grades. Bratcher et al. (2005) evaluated the Infraspinatus, Triceps brachiilateral head, Ttriceps brachii-long head, Serratus ventralis, Complexus, Splenius,
Rhomboideus, Vastus lateralis, and Rectus femoris muscles and concluded that
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muscles from the Upper Two-Thirds of USDA Choice did not need aging periods
beyond 7 d while beef from USDA Select should be aged at least 14 d. To achieve
the optimum aging response of 17 muscles studied, Gruber et al. (2006)
recommended 20 or more days if from USDA Select carcasses, but 10 of these 17
muscles required 18 or fewer days if they were from Upper Two-Thirds USDA
Choice carcasses. Stolowski et al. (2006) grouped muscles according to different
aging/tenderness categories and concluded that the Gluteus medius and Longissimus
muscles were tender with a gradual continued response to aging for up to 42 d, the
Semitendinosus was slightly tough with a gradual aging response up to 28 d, and the
Biceps femoris was tough regardless of aging time. Stolowski et al. (2006) concluded
that the total amount of collagen was related to the aging potential of a muscle and
was higher for Biceps femoris and Vastus lateralis muscles than Longissimus and
Gluteus medius muscles. Muscles with higher total collagen amounts also had the
highest WBSF values. Collagen solubility was also highest for the Longissimus
followed by the Gluteus medius and Semitendinosus. Tenderness improvement
responses due to aging vary for different muscles and may be related to differences in
collagen properties, proteolytic capabilities, and lipid deposition within the muscle.

Bos indicus Breeds:
Strip loin steaks from Bos taurus steers exhibit a much faster rate of
postmortem tenderization from 1 to 4 d than those from Bos indicus steers (O´Connor
et al., 1997). Consequently, shear force values were substantially lower for steaks
from Bos taurus cattle at 4 days and remained lower at 7, 14, 21 and 35 d of aging.
From 7 to 35 d, the rate of tenderization due to aging was slightly faster for steaks
from 3/8 Bos indicus steers than those from Bos taurus steers. The slower rate of
tenderization during the first 7 d postmortem for beef produced by 3/8 Bos indicus
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steers was likely associated with its higher calpastatin activity. They concluded that
due to the different postmortem tenderization rates, steaks from Bos taurus and Bos
indicus cattle would require different lengths of aging to ensure acceptable tenderness.
Stolowski et al. (2006) stated that postmortem aging can improve WBSF values up to
14 d. However, postmortem aging beyond 14 d may be required to improve WBSF of
steaks from cattle with large Bos indicus influence. Stolowski et al. (2006) concluded
that breed type was associated with calpastatin activity and rate of postmortem aging
resulting in inherent tenderness differences of their muscles.

Moisture Loss:
Aging may potentially have an effect on moisture losses such as vacuum
purge, thawing losses, and cooking losses. Wheeler et al. (1999b) found higher
thawing losses for steaks aged 3 d than those aged for 14 d. This can be partially
explained as increased aging times increase package purge and moisture losses.
However, George-Evins et al. (2004) found steaks aged for 7 d had higher
percentages of thawing loss than steaks aged 21 d, but steaks aged 14 and 21 d had
greater a proportion of cooking loss than those aged for 7 d. In contrast, Wheeler et
al. (1990a) reported higher cooking losses for steaks aged 7 d when compared to
those aged 14, 21 or 28 d. However, Morgan et al. (1993) found no cooking loss
differences for steaks aged 1, 7, and 14 d. Arce and Murillo (2004) concluded that
cooking losses for Longissimus steaks were higher in steaks aged for 28 d than those
aged for 2, 7, 14, and 21 d. Although not conclusive and variable, total moisture
losses generally increases as the aging time increases.
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MUSCLE PROPERTIES

Muscle properties such as fat content, water holding capacity, fragmentation
of myofibrils, calpastatin activity, µ-calpain activity, sarcomere length, and
connective tissue amount can be influenced by multiple factors such as farm
management practices, genetics, environment, postmortem processing, and cooking
temperatures. Therefore, muscles need to be identified, and merchandising according
to their value differences. Identifying inherent muscle characteristics would be useful
when applying techniques such as aging to enhance beef quality and value. Muscle
properties for the four muscles investigated in this study are described in Table 2.
Following is a discussion of muscle properties and their relationships.

Tenderness:
Tenderness of cooked beef muscle is determined by amounts of connective
tissue left insolubilized (gristle), amounts of intramuscular moisture and fat, and the
structural integrity of sarcomeres, myofibrils and muscle fibers at the time of
consumption (Smith et al., 2008).
The tenderness of cooked beef can be measured by a sensory panel or
mechanically by WBSF. For a sensory panel, tenderness can be described as
myofirillar tenderness, connective tissue amount and overall tenderness (Savell et al.,
1982). Otremba et al. (1999) described myofibrillar tenderness as the perception of
how tough or tender the myofibrillar component is. This perception is determined by
the softness to the tongue to the cheek, softness to tooth pressure, and the ease with
which muscle fibers break (Blumer, 1963). The amount of connective tissue is
defined as the tissue (gristle) remaining in the palate upon completion of mastication,
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prior to swallowing. Overall tenderness is the composite perception of how tough or
tender a meat sample is in totality.
Warner–Bratzler shear force (WBSF) has been proven as an effective predictor
of tenderness (Arthaud et al., 1969). Warner-Braztler shear force assesses the
tenderness of meat by measuring the amount of force in kilograms to shear 1.24-cm
core samples (AMSA, 1995). There is a high correlation (r=0.78) between WBSF and
sensory panel tenderness (Gruber et al., 2006). Shakelford et al., (1995) reported high
correlation values (r=0.70) when assessed sensory tenderness and WBSF. Otremba et
al. (1999) determined a correlation (r=0.54 and r=0.56) between sensory and WBSF
in Longissimus and Semitendinosus muscles cooked to an internal temperature of 71
ºC. Huffman et al., (1996) concluded that a Warner-Bratzler shear force of 4.1 kg
could be used as a threshold to indicate that 98% of restaurant and home consumers
would find a Longissimus steak acceptable in tenderness. Warner-Bratzler shear force
is an accepted and highly effective measure to predict beef tenderness and consumer
acceptance.
Steaks from different muscles have different properties and therefore different
tenderness values (Tables 1 and 2). Shackelford, et al. (1995) compared the
tenderness of 10 major beef muscles using WBSF. They reported significant
differences in tenderness among muscles and found: Psoas major = Infraspinatus >
Triceps brachii = Longissimus > Semitendinosus = Gluteus medius = Supraspinatus >
Biceps femoris = Semimembranosus = Quadriceps femoris. In a similar study (Rhee
et al., 2004) comparing WBSF values from 11 beef muscles. Significant differences
were found with the Psoas major having the lowest values followed by the
Infraspinatus, while the Adductor and Supraspinatus had the greatest values. Highfill
et al. (2011) compared Longissimus, Gluteus medius, Semitendinosus and Psoas
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major muscles from Bos indicus and Bos taurus and found steaks from Bos taurus
were more tender than those from Bos indicus. However, steaks from Bos taurus
cattle had advantages in intramuscular lipid content and likely contributed to an
associative tenderness advantage. Furthermore, when comparing Bos indicus steaks,
the tenderness order was: Psoas major > Longissimus > Gluteus medius >
Semitendinosus. In addition, some muscles (Longissimus and Gluteus medius)
appeared to have more variability than others (Psoas major and Semitendinosus).

Juiciness and Moisture Losses:
The ability of fresh meat to retain moisture is arguably one of the most
important quality characteristics of raw products (Huff-Lonergan and Lonergan,
2005). The majority of water in muscle is held either within the myofibers between
the myofibrils and between the myofibrils and the sarcolemma, or between the
myofibers and muscle bundles. Water can be classified as bound water which is
firmly attached to proteins, immobilized water which is most affected by the rigor
process and the conversion of muscle to meat, and finally, free water that flows from
the tissue unimpeded. Furthermore, the manipulation of the net charge of myofibrillar
proteins, the structure of the muscle cell, and the amount of extracellular space within
the muscle itself are factors that can influence the retention of entrapped water (HuffLonergan and Lonergan, 2005).
Juiciness is the amount of liquid expressed from the sample from the initial
chews. It is related to moisture content and the influence of lipids as they stimulate
salivation and the sensory perception of juiciness (Blumer, 1963). Fat stimulates the
flow of saliva with the net result being an increase in juiciness. The juiciness
attributable to beef fat comes primarily from fatty acids since only about of 10% beef
fat is water (Blumer, 1963).
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Highfill et al. (2011) reported Longissimus, Psoas major and Gluteus medius
steaks aged for 10 d postmortem had cooking losses of 23.6, 30.0, and 29.9%,
respectively. Wheeler et al. (1999b) cooked strip loin steaks to final endpoint
temperatures of 60, 70, or 80 ºC and found cooking losses of 13.5, 18.2, and 23.6%,
respectively. In a study conducted by Feoli (2002) in Costa Rica using Bos indicus
breeds, strip loin, tenderloin, and top sirloin steaks aged 5 d displayed thawing losses
of 7.4%, 4.2%, and 4.1% respectively and cooking losses of 25.7%, 22.2%, and
27.2% respectively. Highfill et al. (2011) determined cooking losses for Longissimus,
Gluteus medius, and Psoas major steaks and found 23.6%, 29.9% and 30.0% ,
respectively.
According to Jones et al. (2004), the muscle rank for increased water holding
capacity (Table 2) is: Gluteus medius > Longissimus > Semitendinosus > Psoas major.
The muscle rank for total moisture is: Semimembranosus > Psoas major > Gluteus
medius > Longissimus. In addition, Rhee et al. (2004) concluded that the cooking loss
ranking for these muscles is: Semitendinosus > Psoas major = Gluteus medius >
Longissimus (Table 2). For juiciness the order is: Psoas major > Gluteus medius >
Longissimus > Semitendinosus, but Sullivan and Calkins (2011) found the order for
juiciness to be: Longissimus > Psoas major > Gluteus medius > Semitendinosus.
Moisture properties for muscles are variable and dependent on many
contributing factors and interactions.

Beef Flavor:
Flavor is a combination of several chemicals interactions involving proteins,
lipids and carbohydrates (Spanier et al., 1997) and is a very complex attribute of meat
palatability (Calkins and Hodgen, 2007). Beef flavor intensity is defined as the
intensity with which the beef sample is recognized as distinctly beef rather than meat
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from other species. Flavor consists of taste-active compounds, flavor enhancers and
aroma components with over 880 compounds presently identified in cooked beef
(Stelzleni and Johnson, 2008). Off-flavor development in beef is affected by several
factors which include nutrition, animal species, sex of the animal, age of the animal,
breed, aging of meat, muscle type, cooking method and type of storage (Spanier et al.,
1997). Off-flavors develop with increased aging (Calkins and Hodgen, 2007) because
meat nitrogen containing compounds can be formed by natural degradation.
According to Rhee et al. (2004) beef flavor intensity (Table 2) for different muscles
are ranked: Longissimus > Gluteus medius = Semitendinosus > Psoas major.
However, they found that off-flavor from most to least were ranked: Psoas major >
Gluteus medius = Semitendinosus > Longissimus. Sullivan and Calkins (2011)
obtained the same rankings for beef flavor intensity and Lorenzen et al. (2003)
concluded that beef flavor intensity was slightly greater for Gluteus medius than
Longissimus steaks. Overall that Longissimus and Gluteus medius rank high and the
Psoas major ranks lower in beef flavor. The Psoas major appears to be more
susceptible to off-flavors.

Table 1. Warner-Bratzler shear force values of Select grade Longissimus, Psoas
major, Gluteus medius, and Semitendinosus steaks aged for 2, 6, 14, and 28 d1.
Days of Aging
Muscle
2d
6d
14 d
28 d
Longissimus
6.7
5.9
5.0
4.3
Psoas major
4.6
4.2
3.7
3.3
Gluteus medius
6.2
5.9
5.4
4.7
Semitendinosus
6.4
5.7
5.2
4.8
1
Warner-Bratzler shear force estimated from aging curves from Industry
Guidelines for Aging Beef, NCBA 2006.
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Table 2. Overall means for physical and sensory properties of selected muscles.
Muscle
Trait
Gluteus medius Longissimus Psoas major Semitendinosus
1
pH
5.7
5.6
5.7
5.7
WHC
45.7
44.2
43.7
44.0
1
L*
32.6
40.6
34.4
38.3
1
a*
28.3
31.1
34.1
28.0
1
b*
21.7
24.0
20.9
21.8
1
Fat , %
4.8
4.6
5.7
2.9
1
Moisture , %
74.4
74.2
74.5
75.9
1
Ash , mg/g
1.6
1.5
1.6
1.4
1
Protein , mg/g
19.3
19.7
18.3
19.7
2
Collagen , mg/g
4.3
4.5
2.7
8.7
WBSF2, kg
4.4
4.0
3.0
4.3
2
Sarcomere lenght ,µm
1.8
1.8
2.9
2.1
2
Cooking loss , %
23.6
20.7
23.6
27.4
2
Connective tissue
6.2
6.9
7.7
5.6
2
Flavor intensity
4.1
4.4
3.9
4.1
Juiciness2
5.1
5.1
5.2
4.8
2
Off flavor
2.4
2.7
2.2
2.4
2
Overall tenderness
4.7
5.7
7.4
4.1
1
Jones et al. (2004).
2
Rhee et al., (2004).
Sensory traits were evaluated on a scale of 1 to 8 for connective tissue amount (1 =
abundant, 8 = none), flavor intensity (1 = extremely bland, 8 = extremely intense),
juiciness (1 = extremely dry, 8 = extremely juicy), off flavor (1 = extremely intense,
8 = none), and overall tenderness (1 = extremely tough, 8 = extremely tender).
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Chapter III - Effects of castration on carcass composition, meat quality, and
sensory properties of beef produced in a tropical climate.

ABSTRACT

Forty-eight (3/4 Brahman × 1/4 Charolais) male calves were used to determine
carcass cutability and quality characteristics of steaks from four muscles aged for 2, 7,
14, or 28 d from intact bulls and steers castrated at 3, 7, or 12 mo of age grown under
tropical pasture conditions. The experiment was conducted as a randomized complete
block design with animal as the experimental unit and harvest group as a blocking
factor with aging period as a repeated measure for Warner-Bratzler shear force
(WBSF). Male calves were randomly assigned at birth to castration treatments,
weaned at 7 mo, and raised together their entire life on pasture in Costa Rica. At 26
mo of age, three cattle from each treatment were harvested in 1 of 4 groups at a
commercial harvest facility. Strip loin (Longissimus lumborum, LL), tenderloin
(Psoas major, PM), top sirloin butt (Gluteus medius, GM), and eye of round
(Semitendinosus, ST) steaks were aged for 2, 7, 14, or 28 d for WBSF. A sensory
panel was conducted for all four muscles aged for 14 d from intact bulls and steers
castrated at 3 mo of age. Live BW, carcass traits, and total subprimal yields were not
affected (P ≥ 0.10) by male sex condition. For PM, GM, and ST steaks, WBSF values
were similar (P ≥ 0.41) for steaks from intact bulls and steers castrated at all ages. For
both PM and GM, steaks aged for 28 d had the lowest (P < 0.05; most tender) WBSF
values and steaks aged for 2 d had the highest (P < 0.05, toughest) WBSF values. For
the ST, WBSF values were highest (P < 0.05) for steaks aged 2 d. A treatment ×
aging interaction (P < 0.05) was detected for LL WBSF values. At 14 d of aging, LL
WBSF values from steers castrated a 3 mo tended (P = 0.07) to be lower than those
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LL steaks from intact bulls. At 28 d of aging, steaks from steers had lower (P < 0.05)
WBSF values than steaks from intact bulls and steaks from steers castrated at 3 mo
tended (P = 0.07) to have lower WBSF values than steaks from steers castrated at 12
mo. For LL steaks from steers castrated at 3 mo, steaks aged for 28 d had lower (P <
0.05) WBSF values than steaks aged 2, 7, or 14 d and steaks aged 14 d had lower (P <
0.05) WBSF values than those aged 2 d. For LL steaks from steers castrated at 7 mo,
steaks aged 28 d had lower (P < 0.05) WBSF values than steaks aged 2, 7, or 14 d.
For LL steaks from steers castrated at 12 mo and intact bulls, steaks aged 28 d had
lower (P < 0.05) WBSF values than steaks aged for 2 or 14 d. Although all sensory
panel data collected were not statistically different (P > 0.05), LL steaks from steers
castrated at 3 mo tended (P = 0.17) to have higher (more tender) overall tenderness
scores than steaks from intact bulls. The GM followed a similar trend with steaks
from steers castrated at 3 mo having higher scores for myofibrillar (P = 0.14) than
steaks from intact bulls. This study indicates that castration at 3 mo would be the
recommended production practice as it provided the greatest improvement LL
tenderness over intact bulls with no differences in carcass traits or subprimal yields.
The degree of improvement in tenderness due to aging appears to be muscle
dependant.

Key words: beef, bulls, steers, aging, tenderness
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MATERIALS AND METHODS

Animals:
Procedures involving male cattle were reviewed and approved by the Kansas
State University Institutional Animal Care and Use Committee (Protocol # 3001) and
the administration of the Instituto Tecnologico de Costa Rica (ITCR)-San Carlos.
Forty-eight male cattle (3/4 Brahman × 1/4 Charolais) were randomly selected to
represent four treatments of intact bulls and steers castrated at 3, 7, or 12 mo of age.
Cattle were pasture fed at the ITCR-San Carlos Cattle Unit. One calf from the 7-mo
castration treatment died of unknown causes.
At approximately 26 mo of age, cattle were randomly assigned within
treatments to one of four harvest groups of twelve cattle consisting of three cattle per
treatment. Harvest was conducted weekly during a 4 wk period. For each harvest
group, individual live weight was recorded on the farm 5 d before transportation to a
commercial harvest facility. Cattle were transported 70 km by truck early at night to
minimize stress and avoid exposure to high daily temperatures.
Animal History:
Cattle were born and raised in Costa Rica at the Instituto Tecnologico de Costa
Rica (ITCR)-San Carlos cattle farm. The area is located 85 m above the sea level, a
flat topography, annual rainfall of 3400 mm, average daily temperature of 26 °C and
relative humidity of 85%. At birth, male calves from the crossbred herd were assigned
randomly to treatments of intact male, castration at 3 mo, castration at 7 mo, or
castration at 12 mo for a farm production trial. Castration was surgically performed by
an experienced technician. At the time of castration, the 12-mo castration treatment
had an average live weight of 195.2 ± 28.4 kg.
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Calves were weaned at 7 mo of age and placed on pasture at the ITCR-San
Carlos Cattle Unit. All animals were fed as a group in a single pasture paddock and
rotated to another paddock every 21 days. Pasture grasses consisted of Ratana
(Ischaemum indicum), Toledo (Brachiaria brizantha) and Tanner (Brachiaria
radicans). A mineral supplement (Multivex, Dos Pinos, Alajuela, Costa Rica) was
available ad libitum and 1kg/hd /per day of Citrocom energy supplement (Dos Pinos,
Alajuela, Costa Rica) with 86.5% dry matter, 2,850 kcal/kg digestible energy, and
5.5% crude protein was fed.
Harvest Data:
Cattle were individually weighed and harvested early in the morning at a
commercial harvest facility. Immediately following harvest, beef carcass
classification data were collected by a trained Corporacion Ganadera Technician
(CORFOGA, 2002; Appendix Table 1) consisting of hot carcass weight (225.9 kg ±
19.9), dentition (0.43 ± 0.83 where 0 = no permanent incisors and 1 = first pair of
permanent incisors), muscle score (2.96 ± 0.28 where 2 = average and 3 = below
average muscling), fat cover (1.0 ± 0 where 1 = ≤ 0.5 cm fat thickness over the loin)
and fat color (1.3 ± 0.45 where 1 = white and 2 = light yellow). The average male
carcass harvested in Costa Rica in 2011 had heavier carcasses (average weight =
269.4 kg), were older (dentition = 4.0), were slightly heavier muscled (muscle score =
2.8) and had more yellow fat (fat color score = 1.4) (CORFOGA, 2011). In addition,
hide and kidney fat weights were recorded. Carcasses were chilled at -3 to 2 °C.
Carcass Data:
At 3- and 24-h postmortem, Longissimus pH and temperature were measured
from the medial side of the carcass at a location between the 3rd and 5th lumbar
vertebrae. Three pH measurements (Hanna Instruments HI 99163N Meat pH Meter;
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HANNA Instruments, Woonsocket., RI) with a stainless steel probe inserted 2.54 cm
into the Longissimus lumborum were averaged for data analysis.
At 24-h postmortem, carcass length, round circumference, hump height, 12th
rib fat thickness, and ribeye area were measured. Carcass length was measured from
the posterior tip of the Ischium (aicth bone) to the anterior point of the sternum.
Round circumference was measured at the maximum circumference of the round.
The left side of each carcass was ribbed between the 12th and 13th rib to measure fat
thickness and ribeye area.
Subprimal Fabrication:
The tail was removed before the left side was weighed, quartered between the
12th and 13th rib, and fabricated in a commercial fabrication facility at approximately
28 h postmortem into boneless subprimals. Closely-trimmed whole-muscle
subprimals from the forequarter consisted of the ribeye (Longissimus thoracis), ribeye
cap (Spinalis dorsi), back rib fingers (Intercostal muscles), outside skirt (Diaphragm),
chuck tender (supraspinatus), top blade (Infraspinatus), underblade (Serratus
ventralis), clod (Triceps brachii), top chuck (Splenis, Complexus, etc.), hump
(Rhomboidius), brisket flat (Deep pectoral), and foreshank. The closely-trimmed
whole-muscle subprimals from the hindquarter consisted of the strip loin
(Longissimus lumborum and Gluteus medius anterior the pelvic bone), tenderloin
(Psoas major and minor), center-cut top sirloin butt (Gluteus medius), top sirloin cap
(anterior Biceps femoris), tri-tip (Tensor faciae latae), flank (Rectus abdominis),
inside skirt (Transverse abdominis), knuckle (Vastus intermedius, Vastus lateralis,
Vastus medialis, and Rectus femoris), top (inside) round (Adductor,
Semimembranosus, Sartorious, Gracilis and Pectinius), bottom (outside) round
(Biceps femoris), eye of round (Semitendinosus), and hindshank. All subprimals, bone
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and fat trim, and remaining lean trim were weighed for each left side. The strip loin,
center-cut top sirloin butt, eye of round and tenderloin from both sides of each animal
were collected and vacuum-packaged for shipping.
Steak Fabrication:
Following fabrication, the strip loin, center-cut top sirloin butt, eye of round
and tenderloin subprimals from both sides of the carcass were transported in a
refrigerated truck to the ITCR Meat Sensory Laboratory. Subprimals were stored in a
cooler with an average temperature of 1.2 ⁰C until they were fabricated into 2.54-cm
thick steaks. Twelve steaks (six from each subprimal) from the Longissimus
lumborum (LL), Semitendinosus (ST), and Psoas major (PM) were cut perpendicular
to the long axis and from the center portion of each subprimal. Two steaks from each
subprimal were randomly assigned to aging periods of 2, 7, 14, or 28 d for WarnerBratzler shear force (WBSF) determination, or an aging period of 14 d for sensory
panel determination. For the Gluteus medius (GM), six steaks (three from each
subprimal) were cut perpendicular to the long axis and from the center portion of each
subprimal. A single steak was assigned to each of the WBSF aging periods and for
sensory panel.
After cutting each subprimal from the last 3 harvest groups, steaks were
allowed to bloom for 15 min before color was evaluated by a trained visual panelist.
Color was evaluated on an eight-point scale to the nearest 0.5 where 1 = pale, 2 = very
light red, 3 = light red, 4 = red, 5 = slightly dark red, 6 = moderately dark red, 7= dark
red and 8 = very dark red.
All steaks were individually vacuum-packaged in a Multivac A200/15
(Multivac, Kansas City., MO) and returned to the cooler until their assigned aging
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period was reached. The WBSF analysis for LL and ST steaks were performed on
fresh, never frozen, steaks. However due to cooking limitations, PM and GM steaks
were frozen at the end of their aging periods in a freezer with an average temperature
of –13.5 °C and remained frozen until analysis. At 14 d postmortem, sensory panel
steaks were removed from the cooler and frozen.
Warner-Bratzler Shear Force:
At 2, 7, 14, and 28 d postmortem, two LL and two ST steaks per treatment
were removed from the cooler for analysis. Frozen GM and PM steaks that had been
previously aged in a cooler for 2, 7, 14, and 28 d were thawed for 24 h at 4 °C in a
McCall refrigerator (Kolpak Industries Inc., Parsons, TN) before analysis. For the last
two harvest groups, steaks were weighed in the bag with juices and weighed again out
of the bag prior to cooking. Percentage of purge loss was averaged for the two steaks
representing each treatment from the LL, ST and PM. For the GM, a single steak
representing each treatment was used. Steaks were cooked according to an
established protocol consistent with AMSA (1995) guidelines in a Vulcan dual-airflow convection oven (Vulcan-Hart Co., Lousville, KY) pre-heated at 163 °C.
Temperature was monitored by 30-gauge, type T thermocouples inserted into the
geometric center of the steak and attached to a Barnant temperature recorder (6920000 Benchtop, Barrington, IL). When each steak reached an internal temperature of
50 °C, it was turned over and cooked to a final temperature of 71 °C. Steaks were
cooled at least 30 min, reweighed, and percentage of cooking loss was calculated.
Percentage of total moisture loss was calculated as the sum of the package purge and
cooking loss weights divided by the weight of the initial raw steak. Steaks were
stored overnight at 4 °C in a McCall refrigerator (Kolpak Industries Inc., Parsons,
TN), before eight 1.27-cm-diameter cores were taken parallel to the muscle fiber
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orientation. Cores were sheared perpendicular to the muscle fiber orientation as
recommended by AMSA (1995) using a Dillon Quantrol testing machine
(Dillon/Quality Plus Inc, Kansas City, MO) with a Warner-Bratzler shear force Vshaped blade attachment (G-H Manufacturing CO., Manhattan, KS).
Sensory Panel Evaluation:
Two 14-d aged steaks from the LL, ST, and PM subprimals, and one 14-d
aged steak from the GM subprimals from intact bulls and steers castrated at 3 mo
were used for sensory panel evaluation. These treatments were selected to represent
treatments that would support discussion of potential differences that may exist in
WBSF analysis. The sensory panel protocol was reviewed and approved by the
Kansas State University Institutional Review Board of Human Subjects (Protocol #
5796) and the administration of the Instituto Tecnologico de Costa Rica (ITCR)-San
Carlos. Panelists were trained according to AMSA (1995) guidelines. Steaks were
thawed and cooked as described for WBSF to an internal temperature of 71 °C. Each
steak was cut into 1.27cm × 1.27cm × thickness of the cooked steak cubes
perpendicular to the cut surface. Sensory panel evaluations were conducted in a room
partitioned into booths with a mixture of adjustable red and green light. For each
session, duplicate samples from a subprimal representing steaks from a harvest group
of three bulls and three steers castrated at 3 mo were served warm and evaluated by a
seven-member panel. The order of presentation was randomized for each panelist
within each session. Samples were assessed for six sensory attributes using an eightpoint numerical scale evaluated to the nearest 0.5. Sensory traits (Appendix Table 4)
evaluated were myofibrillar tenderness (1 = extremely tough to 8 = extremely tender),
juiciness (1 = extremely dry to 8 = extremely juicy), beef flavor intensity (1 =
extremely bland to 8 = extremely intense), connective tissue amount (1 = abundant to
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8 = none), overall tenderness (1 = extremely tough to 8 = extremely tender), and off
flavor intensity (1 = abundant to 8 = none).
Statistical Design:
A randomized complete block design with animal as the experimental unit and
harvest group as the block was used for all data. A one-way analysis of variance
(ANOVA) was performed using the PROC MIXED procedure of SAS (SAS Inst.
Inc., Cary, NC). For Warner-Bratzler shear force and moisture losses during cooking,
days of aging was used as a repeated measure. This model statement included
castration treatment, days of aging and the treatment × day interaction. Means were
separated (P < 0.05) using the Tukey-Kramer procedure when the respective F-test
was significant (P < 0.05). In addition selected contrasts of steers vs bulls and early
steers (castrated at 3 and 7 mo) vs bulls as well as linear and quadratic contrasts
(Appendix Tables 6-9) were performed when respective F-test were significant ( P <
0.05).
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RESULTS
Harvest and Carcass Traits:
Live, hot carcass and hide weights were not affected (P ≥ 0.55) by male sex
condition resulting in similar (P ≥ 0.14) percentages of live shrink (farm to harvest),
dress (dressing percentage), and hide (Table 3). However, steers castrated at all ages
(3, 7, and 12 mo) had (P < 0.05) heavier and a higher proportion of kidney and pelvic
fat than intact bulls. Carcass measures of carcass length, round circumference, fat
thickness, ribeye area, hump height, pH and temperature were not affected (P ≥ 0.10)
by male sex condition (Table 4).
Subprimal Weights and Proportions:
Subprimal weights and percentages for intact bulls and steers castrated at
different ages are presented in Tables 5 and 6, respectively. Intact bulls had (P <
0.05) heavier and a higher proportion of bone and fat trim loss than steers castrated at
3 mo. In a contrast comparison of steers vs bulls, bulls had (P < 0.05) heavier and a
higher proportion of bone and fat trim loss than steers. No differences in subprimal
weights (P ≥ 0.15) were observed among intact bulls and steers castrated at different
ages. When expressed as a proportion of chilled side weight, all steer groups had
higher (P < 0.05) proportion of top (inside) round than intact bulls; and steers
castrated at 3 and 7 mo had higher (P < 0.05) proportion of center cut top sirloin butt
than intact bulls. When the steer vs bull contrast was performed, steers had (P <
0.05) a higher proportion of center-cut top sirloin butt and top round.
Color, Moisture Loss, and Warner-Bratzler Shear Force :
Lean color, proportion of package purge, proportion of cooking loss, and
proportion of total moisture loss for LL, PM, GM, and ST steaks were not affected (P
≥ 0.06) by male sex condition (Table 7). In addition, WBSF values were similar (P ≥
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0.41) for PM, GM, and ST steaks from intact bulls and steers castrated at different
ages. Although not statistically significant (P = 0.45), means for GM steaks appeared
to be somewhat lower (more tender) for steaks from early castrate groups than intact
bulls.
A treatment × aging interaction (P < 0.05) was detected for LL WBSF values
(Table 9). For 2, 7, and 14 d of aging, no differences (P > 0.05) were observed for
WBSF values among LL steaks from intact bulls and steers castrated at different ages.
However, at 14 d of aging LL steaks from steers castrated a 3 mo tended (P = 0.07) to
be lower (more tender) than LL steaks from intact bulls. At 28 d of aging, steaks
from steers castrated at 3 and 7 mo had lower (P < 0.05; more tender) WBSF values
than steaks from intact bulls; and steaks from steers castrated at 3 mo tended (P =
0.07) to have lower WBSF values than steaks from steers castrated at 12 mo. In the
contrast comparison of steers vs bulls, steaks aged 28 d from steers had (P < 0.05)
lower (more tender) WBSF values than steaks aged 28 d from bulls.
For LL steaks from steers castrated at 3 mo, steaks aged for 28 d had lower (P
< 0.05; more tender) WBSF values than steaks aged 2, 7, and 14 d; and steaks aged 14
d had lower (P < 0.05) WBSF values than those aged 2 d. For LL steaks from steers
castrated at 7 mo, steaks aged 28 d had lower (P < 0.05) WBSF values than steaks
aged 2, 7, and 14 d. For LL steaks from steers castrated at 12 mo and intact bulls,
steaks aged 28 d had lower (P < 0.05) WBSF values than steaks aged for 2 or14 d. For
steers, WBSF linearly (P < 0.05) decreased with increased days of aging.
Aging linearly decreased (P < 0.05) WBSF values for PM, GM, and ST steaks
(Table 8). In addition this decrease was quadratic for PM and GM steaks. For both
PM and GM steaks, steaks aged for 28 d had the lowest (P < 0.05; most tender)
WBSF values and steaks aged for 2 d had the highest (P < 0.05, toughest) WBSF
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values. For ST steaks, WBSF values were highest (P < 0.05, toughest) for steaks
aged 2 d.
The influence of aging on proportion of package purge and proportion of
cooking loss of LL, PM, GM, and ST steaks is reported in Table 8. In general,
proportion of package purge linearly (P < 0.05) increased with days of aging for
steaks from all subprimals; however, proportion of cooking and total moisture losses
were more variable. For LL steaks, proportion of package purge increased (P < 0.05)
for each increase in days of aging; and steaks aged for 14 d had a greater (P < 0.05)
proportion of cooking loss than steaks aged for 7 and 28 d. In addition, LL steaks
aged for 14 d had a greater (P < 0.05) proportion of total moisture loss than steaks
aged for 2 and 7 d.
For PM steaks, a quadratic (P < 0.05) relationship was observed with the
proportion of package purge greatest (P < 0.05) at 28 d of aging and least (P < 0.05)
at 2 d of aging. The proportion of cooking loss linearly (P < 0.05) decreased with
aging and was lowest (P < 0.05) at 28 d of aging resulting in no differences (P = 0.69)
in total moisture loss all aging periods.
For GM steaks, proportion of package purge was linearly (P < 0.05) increased
with aging and greatest (P < 0.05) at 28 d of aging and least (P < 0.05) at 2 d of aging.
The proportion of cooking loss linearly (P < 0.05) decreased with aging and was
greatest (P < 0.05) at 2 and 7 d of aging and least (P < 0.05) at 28 d of aging. As a
result, total moisture loss for GM steaks was similar (P = 0.50) among all aging
periods.
For ST steaks, the proportion of purge linearly (P < 0.05) increased with aging
and was greatest (P < 0.05) at 14 and 28 d of aging and least (P < 0.05) at 2 d of
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aging. A quadratic (P < 0.05) relationship was observed for cooking loss of ST steaks
with the lowest (P < 0.05) proportion of cooking loss at 2 days of aging and steaks
aged for 28 d had a lower (P < 0.05) proportion of cooking loss than steaks aged for
14 d. As a result, the proportion of total moisture loss increased linearly (P < 0.05)
with aging and steaks aged 14 d had more (P < 0.05) total losses than steaks aged for
2 and 7 d; and steaks aged for 28 d had more (P < 0.05) losses than steaks aged for 2
d.
Sensory Panel:
Sensory panel data for LL, PM, GM, and ST steaks aged for 14 d from intact
bulls and steers castrated at 3 mo of age are reported in Tables 10, 11, 12, and 13,
respectively. Although all sensory panel data collected were not statistically different
(P > 0.05), LL steaks from steers castrated at 3 mo had higher (more tender) scores
for myofibrillar (P = 0.20) and overall tenderness (P = 0.17) compared to steaks from
intact bulls. The GM steaks followed a similar trend with steaks from steers castrated
at 3 mo of age having higher (more tender) scores for myofibrillar (P = 0.14) and
overall tenderness (P = 0.24) compared to steaks from intact bulls.

DISCUSSION
In the present study, few differences were observed for harvest, carcass, and
subprimal yield traits. The exception was that intact bulls had less kidney and pelvic
fat than steers. Most studies (Arthaud et al., 1969; Jacobs et al., 1977; Purchas and
Grant, 1995; Purchas et al, 2002) indicate that bulls fed adequate nutrition are heavier
and have higher cutability carcasses than steers. Bulls are expected to have greater
ADG, weigh more, and produce higher cutability carcasses since androgens promote
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muscular development by an increase of nitrogen retention (Galbraith et al., 1978).
Most studies involving bulls and steers are conducted under favorable nutritional and
environmental growing conditions resulting in bulls growing 10-20% faster than
steers (Field 1971; Sideman et al., 1982). However, when nutritional conditions are
more marginal, bulls and steers grow at the same rate (Martin et al., 1978), possibly
because of the higher maintenance requirements for bulls (Webster et al 1977;
Griffiths 1980). The ARC feed requirement indicate a 15% higher maintenance
requirement for a bull than for a steer of the same weight (ARC, 1980). In addition,
the efficiency of utilization of low quality roughages by ruminants is influenced by
the thermal environment which determines the requirements for substrate oxidation
for maintenance of body temperature and alters the balance of nutrients available for
anabolic functions (Leng, 1990). Heat stress affects the maintenance energy because
greater metabolic action is needed to increase heat dissipation (Morrison, 1983). As a
partial result, no differences were observed in this study for final weight and carcass
cutability for bulls and steers fed on pasture under tropical climate conditions.
The four subprimal cuts in the present study appear to have different inherent
properties and are influenced differently by castration and days of aging. Steers were
more tender (lower WBSF) than bulls at 28 d of aging. The influence of castration on
tenderness was more pronounced with earlier castration. Steers castrated at 3 mo
tended (P = 0.07) to have lower WBSF at 14 d of aging; and although not statistically
significant, this difference was supported by sensory panel data of steaks aged 14 d.
Many researchers have reported that meat from bulls is less tender and less
palatable than meat from steers (Field, 1971; Seideman et al., 1982; Dikeman et al.,
1986). Serum testosterone has been shown to linearly increase in bulls from 7 to 13
mo of age (Lunstra et al., 1978). The increased testosterone for a bull is believed to
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stimulate collagen synthesis (Cross et al., 1984) resulting in greater amounts of
intramuscular collagen than for castrated steers (Gerrad et al., 1987). In addition,
Judge and Aberle (1982) determined that intact males have collagen with a higher
thermal shrinkage temperature than steers which increases from 12 to 18 mo of age.
Gerrard et al. (1987) also found that the thermal stability of collagen from bulls
increases more rapidly than collagen from steers indicating that testosterone may play
a role in the maturation of collagen by decreasing the collagen degradation rate.
The Myofibril Fragmentation Index (MFI) indicates the amount of
myofibrillar proteolysis that has occurred (Morgan et al., 1993) and Longissimus
muscle (LM) tenderness is highly and positively correlated with MFI (Parrish et al.,
1979). Morgan et al. (1993) determined that LM steaks from bulls had higher shear
force and lower MFI values than LM steaks from steers. Morgan et al. (1993) found
calpastatin activity (endogenous calpain activity inhibitor) was 81% greater in the LM
from bulls than steers. The greater calpastatin activity in bull LM likely decreases the
amount of myofibrillar protein proteolysis by u-calpain through 7d postmortem
resulting in less tender meat (Morgan et al., 1993). Koohmaraie (1988) stated that the
calpain proteolityc system plays a major role in postmortem tenderization.
Previous research (Shackelford et al., 1995; Rhee et al., 2004) concluded that
the LM muscle is one of the the most variable muscles in WBSF. Martin et al. (1971)
reported a 14 % reduction in Longisssimus shear force from 3 to 6 d and an 11%
reduction between 6 and 13 d. Gruber et al. (2006) showed continued improvement
in WBSF for Select LM muscle aged up to 28 d. In the present study LL steaks from
steers castrated a 3 mo had a 40% improvement in WBSF from 2 to 28 d, but LL
steaks from bulls only displayed an 18% improvement in WBSF from 2 to 28 d.
Koohmaraie et al. (1988) found the PM was more tender than the LM at 1 d
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postmortem; however, after 14 d of postmortem storage, they were similar. This
greater capacity to increase tenderness during aging was partially attributed to greater
initial Calcium dependent inhibitor activity and later increased calcium dependent
protease activities in LM compared to the PM muscle. This difference in
calpastatin/calpain can partially explain the 40% and 37% improvement in WBSF
from 2 to 28 d postmortem for LD steaks from steers castrated at 3 and 7 mo,
respectively, and only a 18% improvement across all treatments in WBSF for PM
steaks.
As expected, steaks from the PM were inherently more tender than steaks from
the other subprimals. At 2 d postmortem, PM WBSF values averaged 4.4 kg in the
present study. In agreement, Rhee et al. (2004) reported WBSF values at 2 d
postmortem of 4.5 kg. Tenderness of PM steaks measured by WBSF was similar for
all castration treatments; however, increased days of aging improved tenderness. The
greatest improvement in WBSF occurred between 2 and 7 d postmortem with a
smaller improvement to 28 d postmortem. Gruber et al., (2006) also showed an
improvement in WBSF for up to 28 d for Select PM steaks. The tenderloin is known
as a very tender muscle as it has the least collagen content and longest sarcomeres
compared to other muscles studied by Rhee et al. (2004). However, Rhee et al.
(2004) also found less desmin degradation for the PM which relates to less
improvement in tenderness due to aging. In addition, Koohmaraie et al. (1990)
reported that muscles with higher proportions of red fibers such as the Psoas major
have higher concentrations of Zn++, which inhibits calpain activity and desmin
degradation. As a partial result, castration treatment in this study did not affect PM
tenderness and aging improved tenderness, but not to the extent observed for the LL
and GM.
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Although not statistically significant, tenderness of GM steaks appeared to be
somewhat impacted by castration treatment. Early castrated steers had lower means
for WBSF and improved sensory panel tenderness scores compared to intact bulls.
Therefore the tendency for lower WBSF values for early castration groups and
improved sensory panel tenderness for steers castrated at 3 mo compared to bulls is
consistent with the reduced levels of serum testosterone and calpastatin activity.
For GM steaks, increased days of aging improved tenderness. These steaks aged 28 d
had 31% lower WBSF values than steaks aged 2 d. Rhee et al. (2004) determined that
the GM is intermediate in collagen concentration and variable in tenderness partially
attributing this variability to connective tissue. George-Evins et al. (2004) found
aging the GM steaks for 21 d improved tenderness and Gruber et al. (2006)
determined that the GM muscle continued to improve in tenderness through 28 d.
The GM is generally characterized as muscle that is variable in tenderness
(Morgan et al., 1991) and is often blade tenderized to improve consistency (GeorgeEvins et al., 2004). Rhee et al. (2004) characterized the GM as having similar
properties to the LL except for slightly greater collagen content as well as more
connective tissue and lower overall tenderness as evaluated by a sensory panel. In
contrast, WBSF values of GM steaks in the present study were generally more
favorable than those from LL steaks. A partial explanation could be related to the
chill rate of the two different muscle locations. The carcasses in this study had
minimal fat cover and could have been susceptible to cold shortening. Considering
the mass of the GM and surrounding round muscles, we would expect a slower
chilling rate for the GM than the LL. According to King et al. (2003) there is an
interaction between muscle and chilling temperature for sarcomere length. Then,
postmortem proteolysis and sarcomere length are both implicated in myofibrillar
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tenderness of meat (Wheeler and Koohmaraie. 1994). Locker (1982) suggested that
cold shortened meat does not improve tenderness to the same degree because of
increased overlapping of the thick and thin filaments and possibly limited access of
calpain enzymes to degradable proteins.
Tenderness of ST steaks was not impacted by castration treatment and
responded to 7 d of aging with minimal improvement due to increased days of aging
thereafter. At 2 d postmortem ST WBSF values averaged 6.6 kg in the present study.
In agreement, Rhee et al., (2004) reported WBSF values at 2 d postmortem of 6.4 kg.
Gruber et al., (2006) showed no improvement in Warner Bratzler shear force for
Select ST muscle beyond 21 d. According to Rhee et al. (2004) the ST was the most
variable in sarcomere length and higher in collagen content (8.7 mg/g) compared with
other muscles including the GM (4.3 mg/g), PM (2.7 mg/g), and LM (4.5 mg/g).
Cross et al. (1973) found less soluble collagen in ST compared to LM muscles and
concluded that the proportion of soluble collagen was significantly related to the
contribution of connective tissue to toughness. Nishimura et al. (1996) stated that the
arrangement of collagen fibrils and fibers in the intramuscular connective tissue
becomes more regular during development of bovine ST muscle. These changes in
collagen and collagen fibrils could be related to decreased ST heat solubility of
collagen during increased chronological age of cattle and toughening of meat during
growth (Nishimura et al., 1999). Both the greater amount and decreased solubility of
connective tissue found in the ST muscle has been proposed to predominate the
evaluation of tenderness and mask the potential improvement in myofibrillar
tenderness due to proteolysis.
In general package purge increased with days of aging for all muscles studied.
Studies conducted by Hodges et al. (1974), Bentley et al. (1989) and Fandino et al. (
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1989) concluded that purge loss increased with storage. In addition, Hodges et al.
(1974) reported that cuts from low grading (leaner) carcasses had greater purge than
those for high grading (fatter carcasses). The aging process may cause a change in the
protein structure and functionality resulting in a modification in the ability of meat to
retain moisture (Huff-Lonergan and Lonergan, 2005). For PM and GM steaks
cooking losses decreased with days of aging compensating for increased purge losses
and resulted in similar total moisture losses across aging periods. However cooking
losses were more variable across aging periods for LL and ST steaks resulting in
inconsistent results for total moisture losses.

CONCLUSIONS
In conclusion, castration should be performed as early as possible since all
weights (live, carcass and subprimal) and cutability were similar to bulls, and there is
the potential benefit of enhanced tenderness for some muscles such as the LL and
GM. In addition, early castration promotes animal welfare and ease of handling,
especially for Bos indicus cattle. Further management practices to consider that could
potentially improve performance and beef quality (especially tenderness) of cattle
raised in tropical climates could include use higher energy diets, harvest at younger
ages, genetic selection within Bos indicus breeds and crossbreeding with Bos taurus
breeds.
Aging improved beef tenderness of LL, PM, GM and ST steaks, however
these muscles reacted differently to aging. These differences can be attributed to
differences in proteolysis of myofibrillar proteins and connective tissue properties.
Castration and aging for 28 d provided the greatest benefit in improving the
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tenderness of LL steaks. This tendency was also observed for GM steaks with means
favoring early castration and aging improving tenderness. Aging of tenderloin steaks
for 7 d provided the greatest improvement in tenderness with aging to 28 d providing
only a slight improvement in of an already tender PM. Aging the ST for 7 d provided
improvement in tenderness with no benefit of extended aging.
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TABLES
Table 3. Harvest traits of intact bulls and steers castrated at different ages.
Age of Castration
Intact
Trait
3 mo
7 mo
12 mo
Bulls
SE
Age, d
787
782
789
791
7.1
Farm wt, kg
427.5
439.1
424.3
437
11.78
Harvest plant wt, kg
391.6
407
391.7
403.3 12.84
Live shrink, %
1.1
6.6
5.7
5.9
6.0
Carcass wt, kg
7.9
214.2
223.6
213.4
217.3
Dressing percentage, %
0.4
55.1
55.2
54.8
54.3
1
a
a
a
b
Kidney and pelvic fat, kg
0.3
2.4
2.8
2.5
1.6
1
a
a
a
b
Kidney and pelvic fat, %
0.1
1.2
1.3
1.2
0.8
Hide wt, kg
1.3
33.9
31.5
33.8
32.7
2
Hide, %
8.6
7.8
8.6
8.1
0.35
1
Contrast: steer vs bull (P < 0.05).
2
Expressed as a percentage of harvest plant wt.
a-b
Within a row, means without a common superscript letter differ (P < 0.05).

Table 4. Carcass traits of intact bulls and steers castrated at different ages.
Age of Castration
Intact
Trait
3 mo
7 mo
12 mo
Bulls
SE
Carcass length, cm
1.8
157.4
162.8
157.3
157.9
Round circumference, cm 104
1.1
104.1
105.1
104.3
Fat thickness, cm
0.024
0.23
0.23
0.23
0.23
2
Ribeye area, cm
1.8
61.0
62.3
60.2
62.4
Hump height, cm
0.7
9.7
9.1
9.2
10.5
1
3 h pH
0.1
6.3
6.3
6.3
6.4
2.4
10.6
11.5
13.8
10.8
3 h temperature, ⁰C1
1
24 h pH
5.6
5.7
5.6
5.7
0.0
4.4
0.41
4.6
4.4
3.7
24 h temperature, ⁰C1
1
rd
Longissimus lumborum pH and temperature were measured between the 3 and 5th
lumbar vertebrae.
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Table 5. Closely-trimmed subprimal and lean trim weights per carcass side of
intact bulls and steers castrated at different ages.
Age of Castration
Intact
Trait
3 mo
7 mo
12 mo
Bulls
SE
Chilled side wt, kg
107.7 112.5
107.4
110.3
3.8
Bone and fat trim, kg1
23.7a 24.2ab
24.6ab
26.5b
0.58
Forequarter subprimals, kg
33.6
35.0
32.6
34.4
1.37
Ribeye, kg
2.3
2.5
2.2
2.3
0.13
Ribeye cap, kg
1.3
1.3
1.3
1.4
0.08
Back rib fingers, kg
5.4
6.0
5.2
5.2
0.32
Outside skirt, kg
0.7
0.7
0.7
0.7
0.07
Chuck tender, kg
1.4
1.3
1.3
1.3
0.06
Top blade, kg
1.9
2.0
1.9
1.9
0.11
Under blade, kg
1.6
1.6
1.6
1.9
0.23
Clod, kg
2.4
2.5
2.4
2.6
0.19
Chuck, kg
4.8
4.9
4.7
5.3
0.23
Hump, kg
0.9
1.2
0.6
1.1
0.27
Brisket, kg
3.4
3.4
3.1
3.4
0.14
Foreshank, kg
6.0
6.2
6.3
6.0
0.24
Hindquarter subprimals, kg
32.0
33.0
32.0
31.4
1.02
Strip loin, kg
2.4
2.7
2.5
2.5
0.11
Tenderloin, kg
1.7
1.8
1.6
1.6
0.06
Center cut top sirloin butt, kg
3.1
3.2
3.0
3.0
0.15
Top sirloin cap, kg
1.4
1.4
1.3
1.4
0.05
Tri tip, kg
1.1
1.1
1.1
1.0
0.08
Flank, kg
0.6
0.7
0.6
0.6
0.06
Inside skirt, kg
1.0
1.0
1.5
0.9
0.29
Knuckle (Tip), kg
4.8
4.7
4.8
4.8
0.21
Top (inside) round, kg
7.4
7.6
7.4
7.1
0.24
Bottom (outside) round, kg
4.1
4.3
4.0
4.1
0.14
Eye of round, kg
2.1
2.1
2.0
2.0
0.07
Hindshank, BNLS, kg
1.7
1.9
1.8
1.8
0.1
Total subprimals, kg
65.0
67.6
64.2
65.3
2.3
Lean trim, kg
18.1
19.5
17.8
18.2
1.09
Total salable meat, kg2
82.4
86.3
81.2
82.7
3.49
1
Contrast: steer vs bull (P < 0.05).
2
Total salable meat = total subprimals + lean trim.
a-b
Within a row, means without a common superscript letter differ (P < 0.05).
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Table 6. Closely-trimmed subprimals and lean trim as a percentage of chilled
side weight of intact bulls and steers castrated at different ages.
Age of Castration
Intact
Trait
3 mo
7 mo
12 mo Bulls
SE
1
a
a
ab
b
Bone and fat trim, %
22.2
21.9
23.2
24.2
0.68
Forequarter subprimals, %
30.1
30.1
29.3
30.2
0.71
Ribeye, %
2.1
2.2
1.9
2.0
0.1
Ribeye cap, %
1.3
1.2
1.3
1.3
0.04
Back rib fingers, %
4.9
5.2
4.7
4.7
0.31
Outside skirt, %
0.8
0.8
0.7
0.7
0.04
Chuck tender, %
1.3
1.2
1.2
1.2
0.04
Top blade, %
1.8
1.8
1.8
1.7
0.07
Under blade, %
1.5
1.4
1.5
1.8
0.17
Clod, %
2.3
2.3
2.3
2.3
0.12
Chuck, %
4.5
4.5
4.5
4.9
0.23
Hump, %
0.8
1.0
0.6
1.0
0.19
Brisket, %
3.2
3.2
2.9
3.2
0.15
Foreshank, %
5.5
5.4
5.7
5.3
0.20
Hindquarter subprimals, %
28.8
28.5
28.9
27.6
0.38
Strip loin, %
2.4
2.5
2.4
2.4
0.11
Tenderloin, %
1.5
1.5
1.4
1.5
0.03
1
a
a
ab
b
Center cut top sirloin butt, kg
2.9
2.9
2.8
2.7
0.05
Top sirloin cap, %
1.3
1.2
1.1
1.2
0.04
Tri tip, %
1.0
1.0
1.0
1.0
0.06
Flank, %
0.6
0.6
0.6
0.6
0.04
Inside skirt, %
0.9
0.8
1.2
0.8
0.21
Knuckle (Tip), %
4.4
4.1
4.4
4.3
0.11
1
a
a
a
b
Top (inside) round, %
6.7
6.6
6.7
6.2
0.12
Bottom (outside) round, %
3.8
3.8
3.9
3.7
0.11
Eye of round, %
1.9
1.9
1.8
1.8
0.06
Hindshank, BNLS, %
1.6
1.7
1.7
1.6
0.05
Total subprimals, %
58.9
58.8
58.2
57.9
0.61
Lean trim, %
17.3
17.6
16.9
16.9
0.69
Total salable meat, %2
76.8
76.9
75.8
75.3
0.73
1
Contrast: steer vs bull (P < 0.05).
2
Total salable meat = total subprimals + lean trim.
a-b
Within a row, means without a common superscript letter differ (P < 0.05).
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Table 7. Color, package purge, cooking moisture loss and Warner-Braztler
shear force (WBSF) of four muscles from intact bulls and steers castrated at
different ages.
Age of Castration
Intact
Trait
3 mo
7 mo
12 mo
Bulls
SE
Longissimus lumborum
Color1
5.3
5.6
4.9
5.1
0.42
Package purge, %
4.0
3.7
4.8
3.6
0.61
Cooking loss, %
26.6
27.7
27.2
28.3
0.72
Total moisture loss, %2
29.6
29.9
30.6
30.4
1.19
Psoas major
Color1
4.8
4.5
4.2
4.0
0.3
Package purge, %
4.6
4.1
5.1
4.4
0.77
Cooking loss, %
31.9
32.7
31.8
32.9
0.73
2
Total moisture loss, %
36.1
33.7
35.5
35.8
0.96
WBSF, kg
4.0
3.9
3.7
3.9
0.41
Gluteus medius
Color1
4.9
4.4
4.5
4.4
0.26
Package purge, %
4.1
3.9
4.6
4.0
0.61
Cooking loss, %
33.9
34.1
34.0
34.8
1.17
2
Total moisture loss, %
37.6
34.7
37.1
36.9
1.17
WBSF, kg
6.4
6.6
7.0
7.3
0.45
Semitendinosus
Color1
3.9
3.8
3.3
2.9
0.3
Package purge,%
4.2
3.1
3.2
2.9
0.78
Cooking loss, %
31.8
33.2
32.9
32.9
0.8
Total moisture loss, %2
37.0
35.8
35.4
37.4
3.13
WBSF, kg
6.1
6.3
6.1
6.1
0.67
1
Color was evaluated on a scale of 1 to 8 (1 = pale, 8 = very dark red).
2
Percentage of moisture loss was a combination of the package purge and cooking
loss divided by the initial raw weight.

70

Table 8. Package purge, cooking moisture loss and Warner-Braztler shear force
(WBSF) of steaks aged for 2, 7, 14 and 28 d.
Aging time
Trait
2d
7d
14 d
28 d
SE
Longissimus lumborum
Package purge,%1
1.6a
3.1b
4.4c
6.6d
0.54
ab
a
b
a
Cooking loss, %
27.5
26.7
29.1
26.7
0.75
a
a
b
ab
Total moisture loss, %
28.6
30.0
32.1
30.2
1.07
Psoas major
Package purge,%12
2.1a
3.5b
4.2b
8.5c
0.73
a
a
a
b
Cooking loss, %1
33.4
32.4
32.9
30.6
0.71
Total moisture loss, %
35.6
35.7
35.5
34.3
0.92
12
a
b
b
c
WBSF, kg
4.4
3.8
3.8
3.6
0.11
Gluteus medius
Package purge,%1
2.3a
3.5b
4.4b
6.4c
0.41
1
a
a
b
c
Cooking loss, %
35.5
35.4
33.8
31.9
1.00
Total moisture loss, %
37.6
36.4
36.4
35.9
0.89
12
a
b
b
c
WBSF, kg
8.3
6.8
6.4
5.7
0.46
Semitendinosus
Package purge,%1
0.9a
2.4b
4.4c
5.7c
0.59
12
a
bc
c
b
Cooking loss, %
30.4
33.5
34.4
32.5
0.69
1
a
ab
c
bc
Total moisture loss, %
33.5
35.4
38.9
37.7
1.77
1
a
b
b
b
WBSF, kg
6.6
6.1
6.2
6.0
0.10
1

Linear (P < 0.05).
Quadratic (P < 0.05).
a-c
Within a row, means without a common superscript letter differ (P < 0.05).
2

Table 9. Male sex condition × aging interaction means for Warner-Bratzler
shear force values of Longissimus lumborum steaks (SE=1.03).
Age of Castration
1
Aging Period
3 mo
7 mo1
12 mo1
Bulls
2 d, kg
7 d, kg

10.1x
9.3xy

10.8x

9.5x

10.5x

9.7x

9.2xy

10.1xy

14 d, kg
8.7y
10.0x
9.4x
10.5x
28 d, kg2
6.4az
6.8ay
8.2aby
9.0by
1
Linear (P < 0.05) decrease in Warner Bratzler shear force values with increased
days of aging.
2
Contrast: steers vs bulls (P < 0.05).
a-b
Within a row, means without a common superscript letter differ (P < 0.05).
x-z
Within a column, means without a common superscript letter differ (P < 0.05).
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Table 10. Sensory panel characteristics of Longissimus lumborum steaks aged
for 14 d from intact bulls and steers castrated at 3 mo.
Trait1
Steer
Bull
SE
Myofibrillar tenderness
4.7
4.1
0.33
Connective tissue amount
5.8
5.6
0.16
Overall tenderness
4.7
4.0
0.31
Juiciness
4.8
4.5
0.17
Beef Flavor
3.6
3.5
0.20
Off flavor intensity
6.5
6.4
0.15
1
Sensory traits were evaluated on a scale of 1 to 8 for myofibrillar tenderness (1 =
extremely tough, 8 = extremely tender), connective tissue amount (1 = abundant, 8 =
none), overall tenderness (1 = extremely tender, 8 = extremely tough), juiciness (1 =
extremely dry, 8 = extremely juicy), beef flavor (1 = extremely bland, 8 = extremely
intense) and off flavor intensity (1 = extremely intense, 8 = none).

Table 11. Sensory panel characteristics of Psoas major steaks aged for 14 d from
intact bulls and steers castrated at 3 mo.
Trait1
Steer
Bull
SE
Myofibrillar tenderness
6.7
6.6
0.21
Connective tissue amount
6.4
6.3
0.15
Overall tenderness
6.7
6.7
0.19
Juiciness
5.5
5.5
0.12
Beef Flavor
4.9
4.8
0.21
Off flavor intensity
6.4
6.4
2.42
1
Sensory traits were evaluated on a scale of 1 to 8 for myofibrillar tenderness (1 =
extremely tough, 8 = extremely tender), connective tissue amount (1 = abundant, 8 =
none), overall tenderness (1 = extremely tender, 8 = extremely tough), juiciness (1 =
extremely dry, 8 = extremely juicy), beef flavor (1 = extremely bland, 8 = extremely
intense) and off flavor intensity (1 = extremely intense, 8 = none).
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Table 12. Sensory panel characteristics of Gluteus medius steaks aged for 14 d
from intact bulls and steers castrated at 3 mo.
Trait1
Steer
Bull
SE
Myofibrillar tenderness
4.9
4.4
0.20
Connective tissue amount
5.7
5.5
0.13
Overall tenderness
4.8
4.5
0.18
Juiciness
4.3
4.3
0.23
Beef Flavor
4.2
4.0
0.09
Off flavor intensity
6.2
6.1
0.11
1
Sensory traits were evaluated on a scale of 1 to 8 for myofibrillar tenderness (1 =
extremely tough, 8 = extremely tender), connective tissue amount (1 = abundant, 8 =
none), overall tenderness (1 = extremely tender, 8 = extremely tough), juiciness (1 =
extremely dry, 8 = extremely juicy), beef flavor (1 = extremely bland, 8 = extremely
intense) and off flavor intensity (1 = extremely intense, 8 = none).

Table 13. Sensory panel characteristics of Semitendinosus steaks aged for 14 d
from intact bulls and steers castrated at 3 mo.
Trait1

Steer

Bull

SE

Myofibrillar tenderness
4.8
5.1
0.15
Connective tissue amount
5.6
5.5
0.24
Overall tenderness
4.9
5.0
0.17
Juiciness
3.9
3.8
0.23
Beef Flavor
3.9
3.8
0.11
Off flavor intensity
6.0
6.1
0.14
1
Sensory traits were evaluated on a scale of 1 to 8 for myofibrillar tenderness (1 =
extremely tough, 8 = extremely tender), connective tissue amount (1 = abundant, 8 =
none), overall tenderness (1 = extremely tender, 8 = extremely tough), juiciness (1 =
extremely dry, 8 = extremely juicy), beef flavor (1 = extremely bland, 8 = extremely
intense) and off flavor intensity (1 = extremely intense, 8 = none).
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APPENDIX TABLES

Appendix Table 1. Beef carcass classification descriptors used by CORFOGA1
to classify carcasses.
ITEM
DENTITION

MUSCLE

VALUE
0

No permanent incisors.

2

First and second permanent incisors.

4

Third and fourth permanent incisors.

6

Five and six permanent incisors.

8

Seven and eight permanent incisors.

1

Slightly convex round profile, wide round and clod.

2

Linear profile, ribs are slightly visible.

3

1

Concave round, round and clod narrow and ribs are
visible.
Ultra-concave profiles, ribs easily visible, narrow
carcasses.
≤ 0.5 cm fat thickness over the loin.

2

0.5≤ 2 cm fat thickness over the loin.

3

>2 cm fat thicness over the loin.

1

White to slightly pink

2

Light yellow

3

Extremely yellow

4
FAT
COVER

FAT
COLOR

1

DESCRIPTION

CORFOGA, 2002.
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Appendix Table 2. Subprimals list with Spanish (Costa Rican) name and muscles.
SUBPRIMAL CUT
Tenderloin

SPANISH NAME
Lomito

Strip loin

Lomo ancho

Ribeye

Cola de lomo

Knuckle (Tip)

Bolita

Top sirloin butt, center-cut

Vuelta de lomo

Top (Inside) round

Posta de cuarto

Bottom (Outside) round

Solomo

Adductor,
Gracilus,
Pectineus
Sratorious,and
Semimenbranosus
Biceps femoris

Sirloin cap

Punta de solomo

Biceps femoris

Tri tip
Eye of round

Cacho de vuelta de
lomo
Mano de piedra

Tensor fasciae
latae
Semitendinosus

Ribeye cap

Lomo de aguja

Spinalis dorsii

Clod

Posta de paleta

Triceps brachii

Top blade

Lomo de paleta

Infraespinatus

Chuck tender

Cacho de paleta

Supraspinatus

Under blade

Quititeña

Serratus ventralis

Flank

Cecina

Rectus abdominus

Back rib, rib fingers

Costilla

Intercostal

Brisket, flat

Pecho

Deep pectoral

Hump

Giba

Rhomboideus

Outside skirt

Arrachera

Diaphragm

Inside skirt

Lomo de entraña

Traversus
abdominis

Shank

Ossobuco
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MUSCLES
Psoas major and
Psoas minor
Longissimus
lumbarum
Longissimus
thoracis
Vastus lateralis,
Vastus medialis,
Vastus
intermedius, and
Rectus femoris
Gluteus medius

Appendix Table 3. Boneless subprimal cuts, pictures and descriptions.
CUT

PICTURE

DESCRIPTION

Tenderloin

Consists of the psoas major and
minor muscles. The principal
membranosus tissue over the
main body of the tenderloin
remains intact.

Strip loin

Consists of the Longissimus
lumborum, gluteus medius on the
sirloin end and a rib mark on the
rib end.

Ribeye

Consists of the Longissimus
muscle only from the 12th rib to
the anterior end of the
Longissimus.

Knuckle
(Tip)

Consists of the full knuckle
comprised of the Vastus lateralis,
Vastus medialis, Vastus
intermedius and Rectus femoris.

Top sirloin
butt,
center-cut

Consists of the Gluteus medius
anterior the pelvic bone and
excludes the anterior Gluteus
medius in the Strip loin.

Inside
(Top)
round

Consists of the
Semimembranosus, Sartorious,
Adductor, Gracilis and Pectinius.
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Outside
(Bottom)
round

Consists of the entire Biceps
femoris excluding the Biceps
femoris of the sirloin cap.

Sirloin cap

Consists of the Biceps femoris
muscle above the Gluteus medius
of the sirloin.

Tri tip

Consists of the Tensor fasciae
latae muscle from the bottom
sirloin butt.

Eye of
round

Consists of the semitendinosus
muscle removed at the natural
seams.

Ribeye cap

Consists of the spinalis dorsi
muscle from the ribeye roll.

Clod

Consists of the muscle system of
the thick end of the clod (Triceps
brachii).

Top blade

Consists of the infraespinatus
muscle lying ventral the medial
ridge of the scapula.

Chuck
tender
(Mock
tender)

Consists of the supraespinatus
muscle that lies dorsal to the
medial ridge of the scapula.
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Under
blade

Consists of serratis ventralis
muscle adjacent to the scapula

Flank

Consists of the rectus abdominis
muscle from the flank region of
the carcass.

Back rib,
rib fingers

Consists of the intercostal
muscles of thoracic vertebrae.

Brisket, flat

Consists of the deep pectoral
muscle from the brisket.

Hump

Consists of the rhomboideus
muscle.

Outside
skirt

Consists of the diaphragm from
the plate.

Hind shank

Consists of shank muscles
surrounding tibia bone.
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Appendix Table 4. Sensory attributes and descriptors used for sensory panel
evaluation.
Score Myofibrillar Juiciness
Beef
Connective Overall
Off
Tenderness
Flavor
Tissue
Tenderness Flavor
Intensity
Amount
Intensity
Extremely
Extremely Extremely Abundant
Extremely Abundant
1
tough
dry
bland
tough
Very tough Very tough Very
Moderately Very tough Moderate
2
bland
abundant
ly
abundant
Moderately Moderately Moderatel Slightly
Moderately Slightly
3
tough
dry
y bland
abundant
tough
abundant
Slightly
Slightly
Slightly
Moderate
Slightly
Moderate
4
tough
dry
bland
tough
Slightly
Slightly
Slightly
Slight
Slightly
Slight
5
tender
juicy
intense
tender
Moderately Moderately Moderatel Traces
Moderately Traces
6
tender
juicy
y intense
tender
Very tender Very juicy Very
Practically Very
Practicall
7
intense
none
tender
y none
Extremely
Extremely Extremely None
Extremely None
8
tender
juicy
intense
tender
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Appendix Table 5. Interaction means for vacuum package purge, cooking loss, total moisture loss, and Warner-Bratzler shear
force (WBSF) of Longissimus lumborum (LL), Psoas major (PM), Gluteus medius (GM) and Semitendinosus (ST) aged for 2, 7,
14, and 28 d from bulls and steers castrated at different ages.
Age of castration
Intact
3 mo
7 mo
12 mo
Bull
Days of Aging
2 d 7d 14 d 28 d 2 d 7 d 14 d 28 d 2 d 7d 14 d 28 d 2 d 7 d 14 d 28 d SE
Subprimal Steak and Trait
LL
Package purge, %
1.2 3.3 4.0 7.4 1.2 2.8 4.9 6.0 2.8 3.6 5.0 7.8 1.1 2.7 3.8 6.7 0.87
Cooking loss, %
27.7 26.1 27.6 24.9 27.8 26.9 29.4 27.0 27.1 26.3 29.0 26.4 27.5 27.0 30.4 28.4 1.29
Total moisture loss, %
28.8 29.6 30.8 29.4 28.6 30.2 31.2 29.4 28.4 28.7 33.8 31.3 28.7 29.5 32.7 30.5 1.88
WBSF, kg
10.1 9.3 8.7 6.4 10.8 9.7 10.0 6.8 9.5 9.2 9.4 8.2 10.5 10.1 10.5 9.0 1.03
PM
Package purge, %
2.2 2.9 4.0 9.1 2.0 3.3 3.7 7.2 2.4 4.1 4.2 9.7 1.6 3.5 4.6 7.9 0.94
Cooking loss, %
33.0 32.3 32.3 29.8 35.0 31.5 32.9 31.3 32.2 33.6 32.7 28.9 33.3 32.4 33.6 32.3 1.25
Total moisture loss, %
39.2 35.5 35.1 34.5 33.7 34.0 34.1 33.1 35.3 36.3 35.8 34.8 34.2 36.9 37.1 35.0 1.86
WBSF, kg
4.4 4.0 4.0 3.6 4.5 3.8 3.8 3.6 4.1 3.8 3.5 3.5 4.4 3.7 4.0 3.6 0.19
GM
Package purge, %
2.4 3.1 4.6 6.3 1.8 3.6 3.3 6.9 2.7 4.2 4.9 6.7 2.3 3.2 4.9 5.6 0.82
Cooking loss, %
35.1 34.3 34.0 31.8 36.3 34.7 33.6 31.8 35.2 36.1 32.9 31.6 35.6 36.6 34.7 32.3 1.51
Total moisture loss, %
37.5 37.6 38.5 36.6 36.5 34.0 33.3 35.1 39.7 37.1 36.1 35.4 36.5 37.1 37.4 36.6 1.79
WBSF, kg
7.9 6.7 5.8 5.5 8.3 6.8 6.1 5.4 8.4 6.9 6.5 6.1 8.8 7.1 7.3 6.1 0.62
ST
Package purge, %
0.9 2.9 6.4 6.6 0.8 2.2 4.0 5.5 1.1 1.8 4.0 5.8 0.7 2.7 3.1 4.9 1.19
Cooking loss, %
29.2 32.5 32.5 32.9 30.5 34.2 35.4 32.9 31.1 33.0 35.1 32.3 30.7 34.4 34.5 32.0 1.23
Total moisture loss, %
33.0 36.7 41.6 36.6 33.1 34.5 37.8 37.8 32.6 34.3 37.5 37.3 35.4 36.1 38.7 39.3 3.57
WBSF, kg
6.4 6.1 6.1 5.9 6.5 6.2 6.6 5.9 6.8 5.9 6.3 6.3 6.6 6.2 5.9 5.8 0.21
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Appendix Table 6. P-values for linear, quadratic and selected contrasts for bulls and
steers castrated at 3, 7, and 12 mo of agea.
Early Steers vs
Trait
Linear
Quadratic Steers vs Bulls
Bullsb
KPH, kg
0.0138
0.0134
0.0027
0.0050
KPH, %
0.0115
0.0149
0.0021
0.0050
Bone and fat, kg
0.0067
0.2384
0.0058
0.0024
Bone and fat, %
0.0088
0.1773
0.0101
0.0050
Centre cut top sirloin, % 0.0114
0.4353
0.0199
0.0107
Top inside round, %
0.0455
0.1044
0.0052
0.0279
a
P-values for linear and quadratic contrasts: 3 mo, 7 mo, 12 mo and bulls.
b
Early steers = steers castrated at 3 and 7 mo.
Appendix Table 7. P-values for linear and quadratic contrasts for traits aged for 2,
7, 14 and 28 d.
Trait
Linear
Quadratic
Longissimus lumborum
Package purge, %
Cooking loss, %
Total moisture loss, %
Psoas major
Package purge, %
Cooking loss, %
WBSF, kg
Gluteus medius
Package purge, %
Cooking loss, %
WBSF, kg
Semitendinosus
Package purge, %
Cooking loss, %
Total moisture loss, %
WBSF, kg

<0.0001
0.9796
0.0563

0.1117
0.2355
0.0940

<0.0001
0.0024
<0.0001

<0.0001
0.2415
0.0494

<0.0001
<0.0001
<0.0001

0.2500
0.0931
0.0092

<0.0001
0.0025
0.0003
<0.0001

0.8248
<0.0001
0.1222
0.1455
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Appendix Table 8. P-values for linear, quadratic and selected contrasts for LL
steaks from bulls and steers castrated at 3, 7, and 12 mo of agea.
Days of aging
Linear
Quadratic
Steers vs Bulls Early Steers vs Bullsb
2d
0.9688
0.7645
0.5288
0.9312
7d
0.4103
0.5781
0.2285
0.3556
14d
0.0397
0.8709
0.0632
0.0619
28d
0.0002
0.6977
0.0022
0.0005
a
P-values for linear and quadratic contrasts: 3 mo, 7 mo, 12 mo and bulls.
b
Early steers = steers castrated at 3 and 7 mo.

Appendix Table 9. P-values for linear and quadratic contrasts of LL steaks aged for
2, 7, 14 and 28 d.
Castration
Linear
Quadratic
3 mo

<0.0001

0.2026

7 mo
12 mo
Bull

<0.0001
0.0491
0.0771

0.0561
0.2101
0.2589
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