











merchandised as a ground-beef product that has commonly
been blended with fat trimmings from conventionally
produced steers and heifers or fat trimmings from fed
(white-fat) cows. However, as mentioned previously,
processors are utilizing ways to improve the palatability
of cow products and are marketing higher-quality, whole-
muscle cuts at a premium.

Factors influencing tenderness

The most significant factor adversely influencing the
tenderness of market cow beef is animal age at the time

of harvest. For over 30 years, it has been well documented
that advancements in physiological maturity of beef carcasses
are detrimental, particularly from the standpoint of tenderness
(Romans et al., 1965; Walter et al., 1968; Berry et al., 1974).
Many studies have explained that the amount of heat-labile
(soluble) collagen in beef muscle decreases as the animal
matures and is responsible for age-associated toughening
(Goll et al., 1964; Hill, 1966; Herring et al., 1967). Decreased
tenderness in whole-muscle cuts resulting from mature cows
has been linked to elevated levels of insoluble intramuscular
collagen (Boleman et al., 1996; Cranwell et al., 1996b; Schnell
et al., 1997). With the vast majority of cows receiving a
maintenance diet for their entire reproductive life, collagen
tissue matures and gradually stabilizes to an insoluble,
heat-resistant form causing a reduction in the amount of
collagen that may be solubilized during subsequent cooking.
Realimentation, or feeding cows at a level that exceeds
maintenance requirements, causes increased protein synthesis
and the turnover of collagen and is the most successful
production tool to increase collagen solubility

In addition to feeding cows, other post-harvest
management practices have been shown to be effective
to improve the tenderness of beef resulting from market
cows. Postmortem aging has been widely accepted as
an effective means of improving the tenderness of beef
from steers and heifers (Gruber et al., 2006) and has
also been shown to improve the tenderness of market-
cow beef (Diles et al., 1994 and Woerner, 2009). The
shear force (SF) values of the longissimus (LM) muscle
of cow beef have been shown to rapidly decrease
between 14 and 21 days postmortem, stabilize between
21 and 28 days, and then decrease again between 28
and 35 days postmortem (Woerner, 2009; Figure 4).
Woerner (2009) provided evidence that the LM of cows
aged differently than those from youthful beef animals
(youthful beef muscle aged in a more linear fashion),
and concluded that initial tenderness improvement
resulted from improved myofibrillar tenderness and
secondary tenderness improvement resulted from the
ability of aging to degrade intramuscular collagen.
High-voltage electrical stimulation also has been shown
to improve the tenderness of market-cow beef (McKeith
et al., 1980 and Boleman et al., 1996) and has been
shown to increase the frequency of cow LM steaks that
are acceptable in tenderness to consumers (Boleman et
al., 1996). Additionally, calcium chloride injection has
been show to effectively increase the tenderness and
palatability ratings of cow beef (Morgan et al., 1991
and Diles et al., 1994).

1n mature COws.

Considering that a large percentage of cows
harvested have minimal fat covering and are
relatively small in size and mass, specifically
non-fed market cows, cold shortening is
another factor that can adversely impact the
tenderness of cow products. Cold shortening
occurs when muscle is chilled too rapidly
following harvest and results in muscle fiber
shortening and extreme toughening. Due to
the absence of fat on the exterior of muscles,
lean cows are especially susceptible to the
effects of cold shortening. The exterior fat
on fed and heavier-conditioned cull cows
provides an insulating effect to protect
muscles from the effects of cold shortening.
To complicate things further, due to elevated
concerns in regard to food safety issues in
ground beef, most cow-harvest facilities chill

carcasses very rapidly and utilize very low
cooler temperatures which contribute to the
incidence of cold shortening.

Figure 4. Slice shear force (SSF) values (kg) of the LM resulting from market
cows at 14, 21, 28 and 35 days postmortem (Source: Woerner, 2009).
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Factors influencing flavor desirability

The two major factors that influence the flavor of beef
from market cows are animal diet and animal age. U.S.
consumers prefer the flavor of beef products produced from
grain-finished, youthful animals. On the contrary, the vast
majority of U.S. consumers find that the flavor of grass-
finished, mature beef is less desirable. Multiple studies
have shown that beef from cattle finished on low-energy
diets with high-forage contents has undesirable flavor
(Brown et al., 1979; Schroeder et al., 1980; Dolezal et al.,
1982; Melton et al., 1982; Hedrick et al., 1983; Larick et

al., 1987), and Smith et al. (1983) showed that as maturity
increases, flavor desirability decreases. These findings help
explain why consumers find beef from market cows to be
less desirable.

Bruce et al. (2005) reported that more than 40% of the
variation in beef flavor between grass- and grain-finished
beef is accounted for by diet. The diet of the ruminant
animal is known to influence the composition of fat in

the meat. In market cows, fat color serves as an excellent
indication of the level of grain feeding that an animal has
received prior to harvest (Schnell et al., 1997; Stelzleni et
al., 2007; Woerner, 2009). Therefore, market cows are
commonly segregated using fat color as an indication of
quality and value. Concentrate feeding of cattle is generally
associated with white carcass fat color (white fat), whereas
grass-finishing is generally associated with yellow carcass
fat color (yellow fat). While fat color (yellowness) is
dependent upon multiple intrinsic and extrinsic variables
including biological type, breed type and chronological
age, animals that have regularly consumed a diet consisting
primarily of forages produce carcass fat with increased
yellowness. This yellowness is predominantly caused by
chemical compounds in forages known as carotenoids.
Carotenoids produce distinctively yellow and orange

colors in beef fat. Beta-carotene is the primary pigment
responsible for the development of yellow fat color in beef
(Dunne et al., 2008). Specifically, as fat color transitions
from white to yellow or orange, the incidence of consumer
dislike and off-flavors increases (Hilton et al., 1998;
Hodgson et al., 1992; Stelzleni et al., 2007; Woerner, 2009).

Feeding market cows a high-energy, grain-based diet for
an extended period prior to harvest, and consequently
transitioning fat color from yellow to white, is an effective
means of reducing the incidence of off-flavors in cow beef
and thereby improving overall palatability (Hilton et al.,
1998; Hodgson et al., 1992; Stelzleni et al., 2007; Woerner,
20009).

Feeding Market Cows

Feeding beef-type cows
Aggressively feeding high-energy, high-concentrate diets

to culled market cows prior to harvest is an effective means
of increasing carcass fat content, increasing red-meat yield,
increasing marbling, altering carcass fat composition and
appearance (whiter fat), improving lean color and improving
cooked meat palatability (Matulis et al., 1987; Boleman et
al., 1996; Cranwell et al., 1996b; Schnell et al., 1997; Apple,
1999; Woerner, 2009). Sawyer et al. (2004) showed that
feeding beef cows more conservatively (30% roughage

diet for 54 days) resulted in 30% increases in cost of gain
versus more aggressive feeding strategies (stepping cows

up from a 30% to a 10% roughage diet in 10 days or a 20%
roughage diet in 20 days and feeding them for a total of

54 days). Likewise, the most common industry practices

for finishing cows towards white-fat premiums include
aggressively feeding cows an 80 to 90% concentrate diet

for 50 to 100 days prior to harvest. Studies have shown that
the sharpest increases in feed efficiency (FE) and average
daily gain (ADG) are noticed from 15 to 42 days on feed
(Sawyer et al., 2004) and 29 to 56 days on feed (Matulis et
al., 1987), while the lowest FE and ADG are encountered in
the earliest and latest finishing periods. These differences in
FE and ADG are explained by cows acclimating to a drastic
change in diet in the early stages of feeding and the effects of
compensatory gain dissipating in the later stages of feeding.
At the same time, most studies agree that hot carcass weights
(HCW), carcass muscling, lean color scores (brighter) and
fat color scores (whiter) can all be significantly improved

in the first 56 days of feeding (Matulis et al., 1987,

Boleman et al., 1996; Cranwell et al., 1996b; Schnell et al.,
1997). Additionally, two studies showed that feeding cows
maximized the solubility of collagen in the LM in as little as
14 (Schnell et al., 1997) and 28 days (Cranwell et al., 1996b)
on feed, and another study (Boleman et al., 1996) showed
that collagen solubility tended to continually increase with
time on feed up to 84 days. Consequently, Cranwell et al.
(1996b) was able to link lower Warner-Bratzler shear force
(WBSF) values and increased subjective tenderness ratings
and sensory panel scores with increased collagen solubility.
Without making a link to collagen solubility, Matulis et al.
(1987) was also able to identify drastic improvements in LM
tenderness for cows that had been fed a high-concentrate
diet for 56 days. It may seem that feeding cows for 50 to

60 days is the answer to achieve significant carcass quality
improvements and improvements in tenderness ratings while
experiencing optimal FE and ADG. However, commercial
cow packers commonly receive and process cows that have
been fed high-concentrate diets for considerably longer
periods of time.

Multiple studies (Cranwell et al., 1996b; Sawyer et al.,
2004; Schnell et al., 1997) were not able to identify
differences in marbling in cows that were not fed high-
concentrate diets and cows that had been fed a high-
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concentrate diet for up to 56 days. Additionally, Schnell
et al. (1997) was not able to identify differences in flavor
attributes, including off-flavors, of the LM from cows fed
high-concentrate diets from O to 56 days. However, studies
that have evaluated carcass and palatability characteristics
of cows fed more than 80 days have noted improvements
in marbling levels as well as decreased SF values (Matulis
et al., 1987; Boleman et al., 1996; Woerner, 2009) and
increased sensory panel tenderness ratings (Boleman et
al., 1996 and Woerner, 2009). To this point, commercial
packers commonly finish cows using high-concentrate
diets for a period of time that exceeds 80 days in order to
achieve additional attributes including increased carcass
fatness, increased marbling and decreased prevalence of
off-flavors. In addition, feeding cows for an extended
period provides an increased amount of white exterior fat,
which is utilized by cow processing companies to meet

customer specifications for ground beef that require higher
fat percentages. Additionally, increased marbling levels
and a decreased incidence of off-flavors found in cows fed
for extended periods may contribute to a more satisfactory
eating experience for consumers and higher demand in
foodservice.

A recent study was conducted that included a large number
of beef-type cows entering a large commercial processor
(facility processes over 6,000 head per week) that had been
aggressively fed with a high-concentrate diet for a 95 day
(x 1 day) period (Woerner, 2009). This study revealed
evidence that supports extended feeding periods to achieve
definite differences in the composition of carcasses as well
as lean and fat characteristics from fed, beef-type cows
versus both non-fed beef cows and non-fed dairy cows
entering the facility (Table 2). By feeding beef-type cows

Table 2. Least squares means comparing carcass characteristics of cattle in the sample population according to pre-harvest

management strategy (Source: Woerner, 2009).

Pre-harvest management'

ltem NON-FED FED DAIRY SEM P > FTRT
Number of animals 104 108 113

HCW, kg 251° 3692 311b 69 <0.001
Ad;. fat thickness, cm 0.2 1.3 0.4° 0.05 <0.001
LM area, sq cm 56.1¢ 79.9° 64.6° 1.3 <0.001
Skeletal maturity score? 5622 5662 483° 8.7 <0.001
Lean maturity score? 5402 340¢ 445° 12 <0.001
Overall maturity score? 5552 463° 471° 9 <0.001
Marbling score? 215 362¢ 3852 12 <0.001
LM intramuscular fat, %* 3.56° 7.022 6.28° 0.26 <0.001
LM lean color score® 442 3.5 4.2 0.1 <0.001
Fat color score® 5.3 2.2 2.1° 0.16 <0.001
LM SSF, kg’ 28.27° 21.20° 23.75° 0.59 <0.001
LM collagen content, mg/g 5.092 3.60° 4.64° 0.39 <0.001

"NON-FED = cows entering the slaughter facility as culls from sale barns and/or ranching operations; FED = cows entering the slaughter facility from a finishing yard having
received a corn-based, high-energy diet for a 95 d + 1 d period; DAIRY = cows entering the slaughter facility directly from dairies as culls.

2100 to 199 = A00 to A99; 200 to 299 = BOO to B99; 300 to 399 = C00 to C99; 400 to 499 = DOO to D99; 500 to 599 = E0O to E99.
3200 to 299 = Traces00 to Traces99; 300 to 399 = Slight00 to Slight99.

4 % reported on a wet sample basis.
5 1 = light, pinkish-red, 2 = cherry red, and 6 = dark, purplish-red.
% 0 = bright white; 5 = pale yellow, and 8 = dark, yellowish-orange.

7 SSF measurements were computed across postmortem aging period (14, 21, 28, and 35 d).
abc Means in the same row without a common superscript differ (P < 0.05).
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for an extended period, superior improvements in HCW,
LM area, lean color scores (lean maturity and subjective
lean color), LM collagen content and LM SF were observed
for fed, beef-type cows when compared to both non-fed
beef- and dairy-type cows (Woerner, 2009). Woerner
(2009) also identified long-fed, beef-type cows as clearly
having the greatest amount of external fat (adjusted fat
thickness), which provides opportunities for packers to
blend trimmings to ultimately increase the fat percentages
of ground beef to more desirable levels. In agreement

with the findings of Woerner (2009), although duration of
feeding prior to harvest was not specified, Stelzleni et al.
(2007) identified fed, beef-type cows entering a commercial
packing facility as being superior to non-fed beef cows in
identical and related carcass characteristics. Additionally,
when compared to non-fed beef cows, Woerner (2009)
identified that long-fed, beef-type cows also had decreased
probabilities of grassy, liver/organy and fishy off-flavors,
and found that long-fed cows had the highest probabilities
of not possessing any off-flavors (Woerner, 2009).

It also should be noted that companies that are investing
in intensive, high-concentrate feeding programs also are
carefully selecting cows on an individual basis based on
genetic type and live-body composition prior to making
the decision to place them in a feeding regime. Woerner
(2009) found that the sample population of cows that
entered the processing facility following an extensive
feeding period was comprised of over 94% British and
Continental types of cows with the balance of cows
having phenotypes expressing Brahman influence. On
the contrary, over 25% of non-fed cows had phenotypes
that indicated Brahman influence and the percentage of
Continental-type was reduced by over 15% when compared
to the fed-cow sample population. This indicates that
producers and packers have a tendency to feed a higher
percentage of Continental-type cows. This decision is
likely based on Continental-type cows producing heavier
weight carcasses and greater muscling scores than all
other breed types (Woerner, 2009). Muscling, marbling
scores, red-meat yield and carcass fatness were improved
by feeding British-type cows. However, Woerner (2009)
identified that feeding Brahman-type cows for an extended
period results in improved marbling scores and increased
external fat, but carcass muscling does not improve with
HCW as a result of feeding. These data show advantages
to feeding Continental-type and British-type cows, but
minimal advantages to feeding Brahman-type cows.

Feeding dairy cows

Dairy cows make up about 30% of all market-cow
slaughter, and the majority of dairy cows arrive at
processing facilities as direct culls from dairies or via
livestock auctions. Even though these cows are not
commonly placed in confinement and fed high-concentrate
diets for the purposes of fattening or improving quality to
qualify for white-fat premiums, these cows clearly receive
a higher plane of nutrition during their lifetime than the
average non-fed, beef-type cow. As a result, while fed,
beef-type cows have clear advantages in muscling and
HCW, studies have shown that non-fed dairy cows produce
beef products that are comparable in palatability attributes
to beef products from fed or white-fat, beef-type cows
(Stelzleni et al., 2007; Woerner, 2009). Studies have shown
that non-fed dairy cows produce carcasses with fat color
scores, flavor profiles (Woerner, 2009) and marbling scores
(Stelzleni et al., 2007 and Woerner, 2009) that are similar
to fed, beef-type cows. Additionally, Stelzleni et al. (2007)
showed that LM SF scores and sensory panel ratings for
tenderness were similar for non-fed dairy cows and fed,
beef-type cows, while Woerner (2009) showed that non-fed
dairy cows were slightly tougher than fed, beef-type cows.
Both studies (Stelzleni et al., 2007; Woerner, 2009) agree
that non-fed dairy cows were superior to non-fed beef cows
for palatability traits. These findings indicate that culled
dairy cows potentially could be marketed as premium cow
beef products similarly to fed, beef-type cows without
requiring additional resources and time on feed.

Two studies (Stelzleni et al., 2007; Allen et al., 2009)
have made direct comparisons between non-fed and fed
market dairy cows and both have identified advantages

to feeding dairy cows prior to harvest. Improvement in
HCW, marbling score and lean color or lean maturity
score were noticed for dairy cows fed for an extended
period prior to harvest versus cows that had been
harvested as direct culls from dairies (Stelzleni et al.,
2007; Allen et al., 2009). Additionally, a study that
specifically evaluated the effects of feeding dairy cows
noted that finishing cows on a high-energy diet for an
extended period actually eliminated or reduced lameness
problems (Allen et al., 2009). The authors of this study
indicated that removing cows from the physical and
physiological stresses of lactation and milking for an
extended period was the primary reason for improvements
in locomotion (Allen et al., 2009), while the 2007 Market
Cow and Bull Audit noted that lameness attributed to
increased trim loss, less saleable product and an increased
likelihood of a cow becoming nonambulatory (NCBA,
2007). Nonetheless, Stelzleni et al. (2007) noted that
despite improvements in carcass and LM characteristics
for fed dairy cows versus non-fed dairy cows, WBSF
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and sensory panel ratings did not indicate differences in
overall tenderness, beef flavor intensity nor the incidence
of off-flavors between the two types of cows. Therefore,
feeding dairy cows high-energy rations for an extended
period prior to harvest is not as beneficial as feeding beef-
type cows to improve muscle eating quality or sensory
characteristics.

The Use of Growth Promotants
Growth-enhancement technologies are used as a
management tool throughout the U.S. commercial
cattle-feeding industry to increase weight gain, increase
efficiency, increase product availability and decrease the
per-unit cost of beef resulting from steers and heifers
(NAHMS, 2000 and Lawrence and Ibarburu, 2007). In
addition to receiving growth-promoting implants, an
increasing number of cattle also receive diets that have
been supplemented with one of two FDA-approved,
beta-adrenergic agonists (beta-agonists; ractopamine
hydrochloride or zilpaterol hydrochloride) during the final
few weeks of finishing. While these technologies are
clearly effective in young steers and heifers, research has
indicated that the same technologies may not be as effective
when used for finishing mature cows. With the lack of a
clear understanding of the efficacy of all growth-promoting
agents as well as the added cost of using growth promotants
and the need to feed a high plane of nutrition for an
extended period before the benefits can be realized, many
producers are not utilizing these technologies to finish
market cows.

Terminal implants have been shown to be the most effective
growth-promoting technology to improve live weight gain,
HCW, carcass muscling, REA and red-meat yield in mature
cows that have been fed a high plane of nutrition (Cranwell
et al., 1996a; Cranwell et al., 1996b; Funston et al., 2003).
Beta-agonists have been shown to effectively improve feed
efficiency, live weight gain, HCW, rib eye area (REA)

and red-meat yield in young cattle (Gruber et al., 2007

and Vasconcelos et al., 2008); however, scientific findings
indicate that there is minimal benefit to feeding mature

cows the B-adrenergic agonist ractopamine hydrochloride
(Dijkhuis et al., 2008 and Allen et al., 2009). Similarly,
Neill et al. (2009) found that feeding mature cows a high-
concentrate diet supplemented with zilpaterol hydrochloride
did not improve carcass characteristics including HCW and
REA. However, Neill et al. (2009) did find that feeding
zilpaterol hydrochloride to cows that had received an implant
that contained trenbolone acetate (TBA) resulted in increased
REA and heavier subprimal weights when compared to fed

cows that did not receive growth promotants and fed cows
that had only received an implant. Therefore, combining
implants and beta-agonists may be an effective means of
increasing red-meat yields in mature cows.

In steers and heifers, growth promotants have been

shown to have adverse affects on beef palatability ratings
and tenderness (Platter et al., 2003; Gruber et al., 2008;
Hilton et al., 2009). Interestingly, Cranwell et al. (1996b)
discovered that steaks from implanted cows had more
soluble (heat-labile) collagen, a higher percentage of soluble
collagen and improved sensory characteristics of tenderness
(myofibrillar and overall) and connective tissue amount.
While steroidal implants increase the size and diameter

of individual muscle fibers contributing to increased
muscle toughness, they also increase the growth rate and
simultaneously increase the rate of protein synthesis.
Increasing protein synthesis in the mature animal also
increases the proportion of newly synthesized collagen
resulting in fewer intermolecular cross-links and less

stable collagen fibers with higher solubility (McClain and
Wiley, 1971). As discussed previously, increased collagen
solubility results in increased tenderness. This indicates
that utilizing steroidal implants may actually improve the
tenderness of beef products resulting from fed, mature cows.

Summary

The cull cow market is a vital segment of the beef industry
that provides a significant amount of ground beef and whole-
muscle products to foodservice and retailer outlets. Non-

fed market cows provide an abundance of lean beef, while
fed, beef-type market cows (white-fat) and dairy cows add
versatility by providing high-quality fat sources for improving
ground beef as well as providing lower priced, high-quality,
whole-muscle foodservice items. Feeding a high plane of
nutrition to beef-type market cows is the most effective
method to improve carcass red meat and fat yields as well

as improving the overall quality and palatability attributes

of market-cow beef. Steroidal implants have been shown

to be an effective tool to improve fed-cow carcass traits,
while additional, larger-scaled studies evaluating the use of
beta-agonists in market cows are needed to develop a better
understanding of their effectiveness in the cow industry.
Postmortem aging and calcium chloride injection are effective
post-harvest management tools to improve the tenderness and
sensory characteristics of whole-muscle cow products.
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