Effects of Source and Level of Dietary Roughage and Ractopamine
(Optaflexx) Supplementation on Growth Performance, Carcass
Characteristics and Meat Quality in Beef Cattle

by
Danielle Laura Glanc

A Thesis
presented to
The University of Guelph

In partial fulfillment of requirements
for the degree of
Master of Science
in
Animal and Poultry Science

Guelph, Ontario, Canada
© Danielle L. Glanc, January, 2013

ABSTRACT

EFFECTS OF SOURCE AND LEVEL OF DIETARY ROUGHAGE AND
RACTOPAMINE (OPTAFLEXX) SUPPLEMENTATION ON GROWTH
PERFORMANCE, CARCASS CHARACTERISTICS AND MEAT QUALITY
IN BEEF CATTLE

Danielle Laura Glanc
University of Guelph, 2012

Advisor:
Dr. Ira B. Mandell

Effects of roughage source (alfalfa hay vs. corn silage), level of roughage (8,
16, or 24% of the diet), and beta agonist supplementation (none vs. Optaflexx) were
examined on growth performance (gains, intake, feed efficiency), carcass
characteristics, and meat quality in 131 beef yearlings. Optaflexx was fed to half of
cattle for each roughage source/level subclass over the last 28 days on feed. Source
and level of roughage fed generally did not affect growth, carcass, or meat quality
traits. Optaflexx administration increased gains and feed conversion over the last 28
days on feed. No effects of source or level of dietary roughage or beta agonist
supplementation were found for growth performance over the entire trial or for
carcass and meat quality traits. Beef producers may be able to increase amounts of
roughage in the diet to lower cost of production without compromising growth
performance, carcass and meat quality.
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1.

INTRODUCTION

Beef production in North America typically utilizes high concentrate rations
while feeding minimal roughage during the finishing phase. High-concentrate diets
are used to maximize growth performance traits such as feed intake, average daily
gains and feed efficiency, defined as the ratio of feed consumed to amount of body
weight gain (F:G) while decreasing days to finish. Furthermore, the use of high grain
diets can help to aid in the reduction or elimination of problems associated with
roughage feeding, including availability, storage, as well as variations in processing
and forage quality. Extensive use of roughages in finishing diets may depress dry
matter intakes due to rumen bulk fill and decreased dietary energy content; this may
prevent cattle from consuming enough feed in order to maximize gains. Ultimately,
these factors can play a role in decreasing growth performance and carcass traits,
leading to economic losses for producers, as well as potentially decreasing consumer
satisfaction with beef products (Craig et al., 1959). While feeding high grain diets to
feedlot cattle helps to improve growth traits and carcass composition, problems linked
with concentrate feeding include acidosis and liver abscesses which may negatively
impact growth and carcass traits. The addition of small amounts of roughage into
finishing diets however, can help to alleviate the problems associated with feeding
high-grain diets (Gill et al., 1979; Nagaraja and Chengappa, 1998).
Feed costs represent the majority of the variable cost in beef feeding systems,
with grain being the most expensive feed ingredient, based on total cost of the diet.
Feeding grain creates higher production costs for finishing cattle, with low to
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moderate returns for producers. Increasing the level of forages used in finishing diets
can therefore aid in offsetting the high costs of grain, while continuing to maximize
returns to producers, provided growth performance is not affected. Past studies have
examined incorporating varying levels of roughage in feedlot diets due to problems
associated with availability and rising costs of cereal grains (Bidner et al., 1981;
Stock et al., 1990; Mader et al., 1991; Zinn et al., 1994; Calderon-Cortes et al., 1996;
McEwen, 2002a,b). Corn silage is considered a high quality feedstuff which serves
as a source of dietary roughage and energy when incorporated into feedlot diets.
Corn silage takes advantage of utilizing available nutrients from the whole corn plant
via ensiling. The inclusion of leaves, stalk, and cob in corn silage provides roughage
and bulk in the finishing diet. The use of corn silage in feedlot diets at up to levels of
60% of the ration can achieve growth performance and carcass traits comparable to
that of concentrate feeding (Kreikemeier et al., 1990; Mader et al., 1991; Huffman et
al., 1992; Zinn et al., 1994; Loerch and Fluharty, 1998; McEwen, 2002ab). Problems
associated with storage and quality of corn silage however, may cause producers to
seek out an alternative source of roughage, such as dry hay. The benefits of using hay
in feedlot diets can include increases in dry matter intake, decreased bloat and
acidosis, while simultaneously helping to stimulate proper rumen function. Utilizing
easily available roughage sources may offset high grain prices, while increasing
returns to producers without negatively affecting growth performance and carcass
characteristics.
A new class of feed additives has emerged in the beef industry, which may
influence rate of growth and carcass traits for cattle, in order to help increase returns
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for producers. Beta-adrenergic agonists (βAA) are a group of phenethanolamines,
related in chemical structure to catecholamines. These compounds are utilized in
beef cattle finishing diets to increase protein accretion and lipolysis, while decreasing
lipogenesis, in order to enhance growth performance and potentially carcass and meat
quality characteristics. In addition, use of βAA in feedlot diets can aid in increasing
product leanness while continuing to maintain product quality for consumers.
Ractopamine hydrochloride is one βAA used in the beef industry to improve gains
and feed efficiency for feedlot cattle, while enhancing carcass characteristics such as
hot carcass weight and longissimus muscle (LM) area (Mersmann, 1998; Schroeder et
al., 2004). Optaflexx, is the trade name for ractopamine hydrochloride marketed by
Elanco Animal Health, Greensfield, IN and is commonly used in North America to
improve growth and carcass traits in feedlot cattle. Benefits from using βAA include
improved growth performance (average daily gain [ADG]), better feed efficiency and
carcass traits (heavier hot carcass weights [HCW]), larger LM area [LMA])
(Schroeder et al., 2004).
Decreasing costs to producers is of

high priority for the beef industry,

especially with recent trends for higher grain prices.

Incorporating commonly

available roughage sources at increased levels, as well as taking advantage of
available feed additives such as βAA, can help to offset costs without negatively
affecting performance, carcass traits, meat quality, or returns. The objective of this
study was to examine the potential interactions between roughage source, level of
dietary roughage, and beta agonist supplementation on growth performance, carcass
characteristics, and meat quality for finishing beef cattle.
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2.

LITERATURE REVIEW

2.1.

FEEDING ROUGHAGE

2.1.1. EFFECT ON GROWTH PERFORMANCE AND CARCASS
CHARACTERISTICS

Research has shown that the finishing diet for beef cattle can greatly impact
growth performance and carcass traits. Cattle finished on high-concentrate or highenergy diets have superior carcass quality attributes, such as heavier hot carcass
weights (HCW), higher quality grades and marbling scores than carcasses from cattle
finished on lower-energy or forage-based diets (McMillin et al., 1990; Mandell et al.,
1997). Although increasing roughage in the diet many appear beneficial, there is
concern that feeding forages at high levels may depress growth rates, carcass and
meat quality due to depressed feed intakes and energy dilution of the diet. Cattle
finished on forage typically take longer to reach market weight, and often have
decreased average daily gains (ADG) than concentrate-fed cattle (Bidner et al., 1986;
Bennett et al., 1995).

As a result, many studies have investigated growth

performance and carcass parameters in order to determine the effects of incorporating
higher amounts of roughage into the finishing diet versus traditional feedlot diets.
Calderon-Cortes et al. (1996) examined the effects of forage level and forage
particle size on growth performance in feedlot steers. Thirty-two Mexican crossbred
steers were fed a steam-flaked corn-based finishing diet for 80 days with sudangrass
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hay provided at 8 or 16% in the diet at two different particle sizes, which were ground
to pass through either a 2.5 or 7.6 cm diameter screen. When forage level was
decreased, ADG increased by 17% along with an increase in feed efficiency. Dry
matter intake (DMI) however, remained unaffected by the changing forage level.
Particle size did not affect growth performance traits. The same diets were fed to four
Holstein steers with ruminal and duodenal cannulas to determine nutrient
digestibility. While total tract digestion of organic matter, nitrogen, and energy was
greater in cattle fed the low forage diet, forage level did not affect ruminal digestion
of nutrients, as dietary energy content was much higher than originally expected in
the low forage diet.

Ruminal pH decreased as forage level was reduced,

corresponding to lower ruminal levels of butyrate production. This decrease in pH
may increase the risk of acidosis.

Finishing diets containing 0, 5, 10 or 15%

roughage were examined by Kreikemeier et al. (1990), who found that DMI increased
linearly as roughage level increased, with a quadratic effect on ADG, feed efficiency
and HCW.
Bidner et al. (1981) found that steers fed forage-based diets had slower rates
of gain, and required 160 extra days on feed in order to reach an average slaughter
endpoint of 476 kg as compared to cattle receiving grain. Forage feeding decreased
subcutaneous fat content and marbling, while producing beef with a darker lean
colour. However, forage feeding did not impact dressing percentage, yield, or quality
grades of carcasses. Experiments by Woody et al. (1983) also found that roughage
level (50, 70 and 90%) did not affect quality or yield grade, marbling or longissimus
muscle (LM) area while dressing percentage increased. Average daily gain and feed
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efficiency improved as the amount of corn silage was decreased in the diet.
The addition of 7.5% forage into beef feedlot diets improved ADG and DMI,
versus cattle where no forage was fed in the diet (Huffman et al., 1992).
Furthermore, HCW and fat thickness increased with no effects on quality grade when
forage was included in the diet. Loerch and Fluharty (1998) examined how level of
corn silage in feedlot diets affected growth performance and carcass traits. The
feeding of an 85% corn silage diet increased DMI by 6.3%, accompanied by a 6%
decrease in feed efficiency when compared to feeding a full-concentrate diet with no
corn silage. The lower performance resulting from feeding the high silage diet may
be attributed to energy dilution of the diet as corn silage contains lower amounts of
available energy than grains. While there were no differences in ADG, hot carcass
weights, rib eye area, or quality grade between the two diets, the incidence of liver
abscesses doubled for steers fed 0% roughage. Results indicate feeding an 85%
roughage diet to cattle in the finishing period can achieve similar results when
compared to an all-concentrate diet but at the expense of lower feed efficiency.

2.1.2. EFFECTS ON COLOUR AND EATING QUALITY

The amount and type of feed consumed by cattle can dramatically affect beef
quality such as marbling, quality and yield grades, colour and tenderness, as available
energy and nutrients change depending on the amount, quality, and species of forage
fed.

Craig et al. (1959) reported that beef from forage-fed cattle may not be
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acceptable to consumers when compared to concentrate-fed beef, due to differences
in colour of lean muscle or fat. Lean color was examined by Mandell et al. (1997),
who found no differences between forage- or concentrate-finished cattle, agreeing
with French et al. (2001) where no differences in colour measurements were found
for steers fed grass and/or concentrates. However, some research has shown that
roughage level can have an impact on colour measurements for lean meat (Bidner et
al., 1986; Lynch et al., 2002), where roughage feeding can cause darkening of lean
meat and increases in Hunter a* values, indicating a deviation from the normal red
colour range toward a more green colour of the product. Bidner et al. (1986) reported
darker lean colour when finishing cattle on a complete roughage diet versus cattle
finished on concentrates.
Warner Bratzler shear force (WBSF) measurements were similar for a foragebased diet compared to grain-fed cattle, with no influence on fat colour or muscle pH
(Bidner et al., 1981). Marino et al. (2006) found that feeding a high concentrate diet
(60% roughage DM) increased b* values in muscles compared to a low concentrate
diet (70% roughage DM). Neither diet had an impact on WBSF values, with similar
tenderness between all muscles across dietary regimens. Sapp (1998) found that
tenderness values were similar between beef samples from all-grain or all-forage fed
cattle; however, tenderness values were decreased for beef from cattle fed a
combination of forage and grain. Furthermore, Hunter CIE a* values were greater for
meat samples from forage and grain fed cattle as compared to values for beef from
cattle fed all-grain diets. Increasing forage in the diet of steers did not affect colour
values or shear force measurements in a study by French et al. (2001).
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2.1.3.

ROUGHAGE TYPE

Various studies have examined altering source and form of roughage in
feedlot diets to determine which variety and forage processing method is most cost
efficient and practical, and best utilized. It is crucial to examine different forage
types due to differences in nutritive value and chemical and physical properties,
which can directly impact feed intake, nutrient digestion and absorption, and
performance (gains, feed efficiency) in cattle.

Corn Silage
Corn silage is a popular forage/roughage used in traditional feedlot diets, both
as the main source of roughage or fed in conjunction with other forages to provide
additional energy. Its popularity is mainly due to the fact that it can produce more
nutrients per acre than most other crops, and is easily acquired and fed to livestock
(Utley et al., 1973). Quality and level of nutrients in corn silage are dependent on
corn hybrid selection, maturity level, moisture level at harvest, as well as
fermentation, storage, and bunk management of the ensiled crop. In general, nutrient
content is directly correlated with dry matter (DM) content, with 60 to 70% moisture
being the ideal (Lee et al., 2005). Studies have shown that corn silage can alter
growth performance and carcass characteristics when fed at different inclusion levels
in feedlot diets. McEwen (2002a) varied the amount of corn silage (0, 15, 50, 85% of
the diet DM) fed to Charolais crossbred steers finished to 6 mm grade fat or a body
weight of 600 kilograms. Silage level affected growth rate and days to market, with
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steers fed 85% silage taking longer to reach slaughter endpoints. While steers fed
50% corn silage consumed more feed than cattle fed at other silage inclusion levels,
F:G was similar across all diets. Carcass traits (HCW, marbling scores, LMA) were
not influenced by corn silage inclusion level. This study found that corn silage
inclusion at intermediate (15 and 50%) levels in the diet could result in similar growth
performance and time on feed as cattle fed a high concentrate diet (0% roughage),
without negatively affecting carcass traits.

Another study by McEwen (2002b)

examined corn silage offered at 20, 40, 60 or 80% of the diet until 6 mm grade fat
was achieved. Feeding silage at 80% of the diet decreased daily gains and increased
the days required to finish, while growth and days to finish were unaffected with
other silage levels (20, 40 and 60%). Carcass traits (HCW, dressing percent, LMA,
and yield grade) were similar across all silage levels, with the exception of marbling
score. Intermediate silage rations (40 and 60%) produced carcasses with increased
marbling compared to the low silage ration. Vance et al. (1972) fed varying amounts
of corn silage (0 to 11.3 kghd-1d-1) to Hereford steers along with whole shelled or
crimped corn. Gains were similar when 0 to 4.5 kg corn silage was fed per d while
gains severely declined when higher amounts of corn silage were offered. Feed
efficiency was greatest for steers fed an all-concentrate ration (0% corn silage). As
corn silage level increased, carcass conformation scores, abdominal fat, and LM area
increased. Feeding 4.5 kg corn silage per d resulted in the highest marbling scores
and quality grade scores among all treatments, while dressing percentage was not
affected by corn silage inclusion level.
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Hay
Production of good quality hay requires harvesting before the forage is too
mature, along with proper curing and storage to prevent excessive loss of nutrients.
Good quality hay is an excellent feed source for beef cattle, helping to provide
necessary nutrients for maintenance as well as growth. The nutritional quality is
dependent on the type of hay (legume or grass), leaf content, and plant maturity
(Lacefield et al., 1996). When young and immature, grass hays such as timothy and
ryegrass contain more nutrients and are more easily digestible than when they are
mature. As the plant ages and matures, digestibility decreases due to increases in
fiber content. In contrast, legume hays remain similar in their structure throughout
their growth cycle. The leaves in legume hays change in nutritional content (crude
protein [CP], total digestible nutrients [TDN], % neutral detergent fibre [NDF], %
acid detergent fibre [ADF]) depending on the stage of maturity, with young plants
having the highest nutritive values and increased digestibility (Ball et al., 2001).
Alfalfa hay is a high quality, nutritious legume, which has substantial yields and high
levels of protein (Lacefield et al., 1987). Considered the “queen” of forages, alfalfa
hay has one of the highest feeding values compared to other legumes, and can yield
from 12% CP in mature stages, to 20% CP when cut early, with approximately 70%
of the protein being digestible (Balliette and Torell, 1998). When properly utilized,
alfalfa hay may be included in the feedlot diet without negative impacts on growth
performance and carcass traits. Mader et al. (1991) compared alfalfa hay, alfalfa
silage and corn silage as roughage sources in various corn finishing diets. When dry
corn diets were fed, DMI was greater feeding alfalfa hay vs. corn silage with
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comparable gains and feed efficiency. However, performance of feedlot cattle was
depressed when alfalfa hay was fed with high moisture corn diets vs. feeding corn
and alfalfa silage. Bartle et al. (1994) examined roughage source (alfalfa hay and
cottonseed hulls) and level of roughage (10, 20, 30%) on growth performance and
carcass traits in British crossbred steers. Overall, DMI increased as more forage was
incorporated in the diet, with greater intakes in steers fed cottonseed hulls vs. steers
fed alfalfa hay, which could be due to lower energy availability of cottonseed hulls.
In response, feed efficiency was decreased by 11.8% for steers fed cottonseed hull
diets. Roughage source had a pronounced effect on carcass traits, with increased
HCW, dressing percentage, and marbling scores for steers fed alfalfa hay as
compared to steers fed cottonseed hulls. Farren et al. (2004) found that finishing diets
containing 3.75 or 7.5% alfalfa hay increased daily intakes, ADG and HCW as
compared to control diets containing no alfalfa hay. In contrast, Parsons et al. (2007)
examined three levels of alfalfa hay (0, 4.5, and 9%) with wet corn gluten feed and
found that ADG and DMI decreased as roughage level decreased, as well as a
reduction in HCW.

2.1.4.

INCLUSION LEVEL

Studies have examined incorporating roughage at various inclusions levels to
evaluate the impact on growth performance, carcass characteristics, and meat quality
for finishing cattle. Gill et al. (1976) varied the amount of corn silage in finishing
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rations (14, 30 or 75% on a DM basis) and found 14% lower gains in cattle fed the
75% corn silage diet versus cattle fed lower amounts of corn silage. Cattle on the
75% corn silage diet required an additional 28 days before being shipped for
slaughter with their carcasses having lower dressing percentages, reduced marbling
scores, and greater grade fat thickness after slaughter, when compared with cattle fed
either 14 or 30% corn silage. There were no differences in growth performance
parameters and carcass traits between cattle fed corn silage at 14 or 30% of the diet.
Based on these findings, roughage level may not have a dramatic effect on growth
and carcass traits when fed at a lower percentage of the diet, enabling producers to
decrease the amount of grain offered in the diet while finishing to the same quality
endpoint.
Along with the results of the previous study, corn silage was used as the
roughage source to examine varying grain inclusion levels in the diet (ranging from
29 to 96% of the diet on a DM basis), and the effects on growing and finishing cattle
(Woody, 1983). As the inclusion level of grain increased in the diet, ADG and feed
conversion were increased. When grain was included at 96% of the diet however,
rate of gain was reduced, due to a decrease in DMI. Grain level did not affect carcass
traits such as marbling, quality grade, yield grade, and ribeye area, although carcass
fat, fat thickness, and dressing percentage were decreased as grain level in the diet
was reduced. Brennan et al. (1987) also examined differing ratios of corn silage and
corn grain on the performance of feedlot cattle, with corn silage providing 0 to 93%
of metabolizable energy requirements. Higher inclusion levels of grain in the diet
increased rate of gain, while feed efficiency improved as grain level increased. Gain
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was depressed for cattle on high silage diets similar to Woody (1983), as DMI
decreased between the intermediate and high silage diets. This may provide evidence
that rumen fill could be limiting factor when increasing the amount of bulky foods
found in the diet, as steers fed 0% corn silage had the lowest intakes. There were no
differences in HCW, dressing percentage, LMA, and yield and quality grades
amongst corn silage inclusion levels.

The data from these studies supports the

premise that increasing the amount of corn silage in the diet does not in fact, depress
the quality of the carcass after slaughter.
Stock et al. (1990) noted increases in DMI with corresponding decreases in
feed efficiency as roughage level in the feedlot diet increased from 0 to 9% of the
DM. The greatest gains were found in steers fed 3% and 6% roughage diets with the
greatest concentrate intakes found in steers fed 3% roughage. In a subsequent trial,
steers fed 0% roughage consumed more DM and concentrate than steers consuming a
7.5% DM roughage diet.
Xiong et al. (1991) found that steers fed roughage (corn silage and cottonseed
hulls) at 18% of the diet (DM basis) tended to have faster gains than cattle fed a 9%
roughage diet due to greater DMI when higher amounts of roughage were fed.
However, gain efficiency (gain to feed) was lower for steers consuming 18%
roughage due to the lower energy content of the diet. Increasing roughage (2.5 and
7.5% alfalfa hay and sudangrass hay respectively) in the diet from 10% to 20% DM
of the diet decreased ADG by 10.8% (Zinn et al., 2004). Although DMI was similar
across both diets, feed efficiency decreased by 11.6% in cattle fed the 20% roughage
diet. Rumen digestion of nutrients was unaffected by forage level, except nitrogen

13

digestibility was 20% greater in 20% vs. 10% roughage diets. Rumen pH also
increased as more roughage was integrated into the diet, aiding in proper digestive
function. Feeding steers a diet of 30% vs. 10% alfalfa hay (DM basis) increased DMI
from 7.88 to 8.37 kg/d with no effects on daily gains (Zinn and Placencia, 1996).
Although no effects on growth performance were discovered, LM area was greater
for cattle fed 30% vs. 10% roughage diets. Furthermore, ruminal pH levels increased
from 5.79 to 6.02 when roughage was increased in the diet. Sackmann et al. (2003)
reported a quadratic response in DMI when grass hay was increased from 12 to 24%
DM of the diet; DMI then decreased when roughage level increased to 34%. These
studies provide data to help develop a threshold value as to what level of forage
inclusion may lead to feed intake depression, which could lead to diminished growth
performance, and ultimately lower carcass quality.

Findings from these studies

indicate that including roughage in the finishing diet at intermediate levels of up to
30% of the diet DM can achieve similar results as feeding high-concentrate based
diets, without negatively impacting growth parameters and carcass traits.
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2.2.

BETA ADRENERGIC AGONISTS (βAA)

The beef industry utilizes dietary additives in feedlot diets to improve
production efficiency while meeting consumer demands. Dietary additives are used
to enhance feed efficiency and lean growth, while minimizing days on feed. Betaadrenergic agonists (βAA) are commonly supplemented in the diet to livestock
species such as pigs and cattle to increase muscle protein synthesis and decrease
protein degradation, while increasing lipolysis and decreasing lipogenesis in cattle
(Mersmann, 1998; Dunshea et al., 2005).

Ractopamine hydrochloride (RAC),

zilpaterol hydrochloride, clenbuterol and cimaterol are classified as βAA. However,
only ractopamine and zilpaterol are approved feed additives for feeding cattle in
North America to increase feedlot growth performance and improve carcass
composition. Fed orally to cattle in feedlot diets, βAA increase muscle mass, while
decreasing fat accretion and deposition (Quinn et al., 2008).

2.2.1. MECHANISM OF ACTION

Beta-adrenergic agonists are organic compounds called phenethanolamines,
which share similar structure to catecholamines, dopamine, norephinephrine, and
epinephrine, which are found naturally in the body (NRC, 1994; Bell et al., 1998). βadrenergic receptors (βAR) are found in the plasma membrane in almost every
mammalian cell. These receptors help to induce a physiological response in the
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animal when binding with a βAA (Beermann, 2002).

Three different types of

receptors are found in the cell membrane, β1, β2 and β3. These receptors vary in their
distribution and proportion according to the type of tissues and species of animal,
helping to explain different responses amongst species when βAA are administered.
Compounds considered to be βAA exhibit the ability to bind to certain βAR, eliciting
a physiological reaction. Oral administration of βAA repartitions nutrients towards
muscle deposition away from fat deposition, modifying skeletal muscle and adipose
tissue growth (Beermann, 2002). Use of these products in the beef industry can lead
to faster lean muscle deposition and increased carcass leanness.
Desensitization of the beta adrenergic receptors to βAA is a concern with
increased time on feed. This was demonstrated by Byrem et al. (1998) who reported
only temporary protein accumulation in vivo after treatment with cimaterol, with a
maximum response after feeding the βAA for 14 d.

Abney et al. (2007) fed

ractopamine (RAC) for 28, 35 or 42 days prior to slaughter, and found that as
duration of supplementation increased, ADG increased quadratically by 14% from 28
to 35 days. However, no further improvements in ADG were found when RAC was
supplemented for 42 days. Due to desensitization if fed for longer durations, βAA are
only supplemented in feedlot diets over the last 28 to 42 days on feed, in order to reap
the most benefits in regards to lean tissue deposition and effects on final carcass
composition (Moody et al., 2000). With the potential added benefits of increased
protein accumulation and decreased fat deposition, there have been concerns
regarding negative effects on meat quality parameters, such as decreased tenderness,
and increased shear force values (Schroeder et al., 2003; Leheska et al., 2007).
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2.2.2. EFFECTS ON GROWTH PERFORMANCE AND CARCASS
CHARACTERISTICS

Ractopamine hydrochloride is a βAA approved for use in North American
beef cattle finishing diets over the last 28 to 42 days on feed. Optaflexx is the
registered trade name for RAC used in beef cattle finishing diets, marketed and
distributed by Elanco Animal Health. Several studies have examined and reported
effects on growth performance traits and carcass characteristics, including increases
in ADG, improved feed efficiency, higher BW and HCW, as well as increased LM
area (Walker et al., 2006; Laudert et al., 2005; Schroeder et al., 2003). Walker et al.,
(2006) found that βAA supplementation at 200 mghd-1d-1 increased daily gains by
18% in heifers, while Preston et al., (1990) found supplementing RAC at 20 ppm
increased ADG by 11% in finishing steers. Dose and duration of feeding of RAC was
examined by Abney et al., (2007), where 360 crossbred steers were fed 0, 100 or 200
mghd-1d-1 for 28, 35 or 42 days before slaughter. Final body weight, ADG, feed
efficiency and HCW increased linearly as more RAC was incorporated into the diet.
Schroeder et al. (2004) also reported RAC supplementation improving ADG, G:F,
and HCW along with decreasing carcass fat percentage.
Mersmann (1998) reported increased muscle deposition with RAC
supplementation, while fat deposition decreased in cattle.

Gruber et al. (2007)

reported improved gains and better F:G when RAC was added to the diet (200 mghd1

-1

d

) during the final 28 days of finishing, agreeing with Laudert et al. (2005), and

Schroeder et al. (2005). Ractopamine supplementation has increased HCW and LM
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area in the past (Laudert et al., 2005; Gruber et al., 2007). The benefits of RAC
supplementation on HCW and muscling occur without affecting quality grade or
marbling (Schroeder et al., 2005; Laudert et al., 2007). Woerner et al. (2011) also
reported improvements in ADG, final BW, HCW, LM area, and carcass yield grade
when RAC was included in the finishing diet over the last 28 days. The use of RAC
at higher amounts (300 mghd-1d-1) and for longer times on feed (33 days) increased
ADG, feed efficiency, HCW, and carcass yields (Avendaño-Reyes et al., 2006).
Conversely, Quinn et al. (2008) found that feeding heifers RAC at 200 mghd-1d-1
for 28 days did not improve ADG or affect carcass traits but did tend to increase G:F.
No response to RAC supplementation was found for LMA, marbling, yield grade or
quality grade when fed to heifers (Walker et al., 2006).

2.2.3. EFFECTS ON EATING QUALITY

Lean colour and tenderness are important quality traits which may be affected
by RAC supplementation. Colour measurements for meat samples from steers were
unaffected by RAC supplementation (0, 100, 200, 300 mghd-1d-1) while RAC
supplementation produced darker colour lean in feedlot heifers (Schroeder et al,
2004).

Avendaño-Reyes et al. (2006) assessed tenderness in beef steaks using

Warner-Bratzler shear force values and found greater shear force values (tougher
beef) for RAC supplemented beef vs. controls (4.83 vs. 4.39 kg respectively), while
colour measurements were unaffected. RAC supplementation did not affect colour
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measurements and marbling while WBSF measurements for LM increased by 0.23 kg
(Woerner et al., 2011). This increase in WBSF with RAC supplementation is similar
to the 0.2 kg increase with RAC supplementation reported by Platter and Choat
(2008). Shear force values were not affected when RAC was supplemented at 100 or
200 mghd-1d-1, while shear force values increased when RAC was provided at 300
mghd-1d-1 (Schroeder et al., 2004). There was no effect of RAC supplementation on
marbling and intramuscular fat content in the latter study. Quinn et al. (2008) also
reported no effects on WBSF when RAC was supplemented at 200 mghd-1d-1 in
heifers when compared to beef from heifers fed control diets. Gruber et al. (2008)
examined the effects of RAC supplementation and postmortem ageing on meat
quality. Compared to controls, feeding RAC at 200 mghd-1d-1 produced steaks with
greater WBSF values by 0.38 kg. While postmortem ageing improved tenderness, 21
d of ageing was ineffective for reversing the negative effects of RAC supplementation
on WBSF when compared to control steaks.
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2.3.

LIVER ABSCESSES

Typically, feedlot diets utilize high grain diets to increase rate of growth,
reach an acceptable level of finish on cattle, and minimize time on feed. However,
when high concentrate diets are fed in the feedlot, there is an increased risk for cattle
developing acidosis, which can lead to development of liver abscesses. This can
reduce growth performance by decreasing feed intake and depressing weight gain,
while reducing HCW and increasing the number of condemned livers at the abattoir
(Brink et al., 1990). Development of liver abscesses is an animal welfare issue along
with affecting costs and(or) profitability for producers, commercial plants, and
ultimately the consumer. Liver abscesses are relatively common in the beef industry,
occurring in 12 to 32% of feedlot cattle (Brink et al., 1990). Condemned livers from
abscesses represent a small portion of economic losses in the industry, with true
losses resulting from reduced growth performance (weight gain, decreased feed
intakes, diminished feed efficiency) and lower carcass yields. Liver abscesses are
characterized by pus-filled lesions of varying thickness located in hepatic tissue,
which can range in size from millimeters to over 15 centimeters in diameter
(Nagaraja and Chengappa, 1998). Ruminal pH ranging from 6 to 7 is considered
normal for forage-fed cattle; however, as more concentrates are incorporated into the
diet, ruminal pH decreases to between 5 and 6. A shift in ruminal bacteria occurs in
the rumen with changes in rumen pH, with more lactic acid-producing bacteria
proliferating. This can lead to a further decrease in pH, causing subacute acidosis or
acute acidosis. Lactic acid is a product of microbial fermentation which serves as the
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main energy substrate for Fusobacterium necrophorum, which in high amounts is
primarily responsible for the onset of liver abscesses (Nagaraja and Letchtenberg,
2007). Arcanobacterium pyogenes are gram-positive, rod-shaped bacteria that are
commonly found on the rumen wall in large populations in cattle fed all-concentrate
diets; these bacteria are also involved in abscess formation (Nagaraja and
Letchtenberg, 2007). After populations of F. necrophorum and A. pyogenes increase,
ruminal lesions begin to develop on the rumen wall due to declining ruminal pH
levels. These lesions will eventually become infected, leading to development of
rumen wall abscesses. This allows for bacteria to enter the bloodstream via the portal
circulation, where it is delivered to hepatic tissues to be filtered; the bacteria infiltrate
hepatic tissues and cause infection and abscess formation.

However, feeding

increased amounts of roughage can help reduce the incidence of liver abscesses, and
their associated effects on reducing animal performance and carcass yield.
When 10% roughage in the form of cottonseed hulls was included in a
concentrate-based diet, McCartor et al. (1972) found that the incidence of liver
abscesses decreased from 40% in concentrate-fed animals (with no added roughage)
to 0%. Gill et al. (1979) fed a high-concentrate, rolled corn diet with two roughage
levels (5 and 15% cottonseed hulls) to growing steers. The incidence and severity of
liver abscesses decreased as roughage level increased, with 41.1% and 24.1%
incidence for cattle fed 5 and 15% roughage respectively.

Similarly, Zinn and

Placentia (1994) noted a decrease in the occurrence of liver abscesses by 86%, when
roughage was increased from 10% to 30% DM in feedlot diets. Stock et al. (1990)
examined growth rates in cattle with liver abscesses, and found that when fed an all-
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concentrate diet, cattle had reduced growth rates compared to those fed small
amounts of forage. However, not all studies have shown that roughage inclusion can
decrease the incidence and severity of liver abscess formation. Bartle et al. (1994)
found no correlation between the occurrence of liver abscesses and the level of
roughage in the diet. This is similar to Kreikemeier et al. (1990), where the incidence
of liver abscesses was not affected when roughage was included in the diet at 0, 5, 10
or 15% of the diet DM.
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2.4.

GENERAL INFORMATION ON MEAT QUALITY

2.4.1. CONVERSION OF MUSCLE TO MEAT

In the living muscle cell, oxygen is utilized to provide energy during aerobic
metabolism; however in times of stress and oxygen restriction, anaerobic metabolism
is used to produce lactic acid from glycogen stores in muscles. Normally, in the
living animal, the lactic acid is transported to the liver where it can be re-synthesized
into glucose and glycogen for further energy production. Lactic acid can also go to
the heart, where it can be used as a source of energy. Stunning and exsanguination
are the first steps in the conversion of muscle to meat. The humane slaughter of
animals causes deprivation of oxygen due to cessation of circulation and blood supply
to the muscles. This causes a shift from primarily aerobic to anaerobic metabolism as
the muscle cell produces ATP in a futile attempt to survive. After exsanguination,
lactic acid builds up in the muscles and cannot be removed, as the circulatory system
is no longer functional. Therefore lactic acid increases in concentration until muscle
glycogen stores are exhausted and (or) glycolytic enzymes are inhibited, resulting in
post-mortem decline in muscle pH (Shen et al., 2009). The initial muscle pH of
approximately 7.0 declines slightly before and after exsanguination, reaching an
ultimate post-mortem pH of around 5.5 in normal post-rigor beef depending on the
amount of glycogen stores (Stephens et al., 2006; Miller, 2007). Ultimate pH plays a
significant role in determining important meat quality attributes such as colour, water
holding capacity, and tenderness.
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Meat characterized by a dark purplish red colour is considered dark cutting, or
dark, firm and dry (DFD) beef, resulting from an ultimate pH of at least 5.8. This
meat often has a sticky, dry surface (Viljoen et al., 2002; Hanson et al., 2001).
Glycogen stores in DFD animals are depleted prior to slaughter, primarily due to
extreme pre-slaughter stress. This limits the amount of energy available for lactic
acid production and subsequent accumulation in muscles. This lack of available
glycogen stores hinders the acidification process in the conversion of muscle to meat.
Thus, the desired post-mortem muscle colour change does not occur, with the muscle
reflecting less light and appearing dark or purplish red in appearance. Furthermore,
the surface of the meat product is dry and sticky to touch, resulting from a high waterbinding capacity, and increased intracellular water content. Conversely, meat with a
high pH is generally associated with variable tenderness and increased juiciness;
however, the product is unattractive to consumers due to its appearance and physical
characteristics, undesirable flavour, and increased risks for spoilage (Silva et al.,
1999; Viljoen et al., 2002).

2.4.2. COLOUR

In determining the quality of meat products, colour is of great importance as it
is the primary characteristic noticed by consumers when they purchase meat.
Consumers associate a bright red cherry colour as an indication of freshness, while
dull brown or purple coloured beef is associated with lower quality (Lynch et al.,
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1999; Jeremiah et al., 1972). The colour of meat is defined by the content and state of
myoglobin, the main pigment found in meat. In the absence of oxygen, myoglobin
appears as a deep reddish purple colour; however when myoglobin combines with
oxygen to form oxymyoglobin, the reaction produces a bright red colour favored by
consumers. However, an unfavorable brown colour is produced when the iron in
myoglobin is oxidized to the ferrous state of metmyoglobin. Ultimately, the level of
pigmentation, as well as the relative amounts of myoglobin, oxymyoglobin, and
metmyoglobin found in muscle tissue determines the final colour of meat.
Meat colour can be measured using several different techniques, including
both quantitative and qualitative analyses.

The use of colorimeters and

spectrophotometers provide objective and quantitative assessments by measuring the
absorbance or intensity of colour as a function of wavelength, reported in
measurement standards such as HUNTER, CIE or tristimulus values. Commonly
used in the meat industry, the HUNTER or CIE colour scale measures the luminance
or lightness (L*) of the product, and its positions between two colour points: red or
green colour (a*), and blue and yellow (b*). The positions of a* and b* are then used
to determine hue (°) angle, which is a measurement of true redness, and chroma (c*),
indicating the saturation or vividness of colour (Rentfrow et al., 2004).

Colour

measurements are important, as meat colour can be greatly influenced by a variety of
factors such as breed, age and diet, and can help to indicate consumer acceptability
for beef products.
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2.4.3. TENDERNESS

Tenderness is perceived as the ease of mastification and breakdown of the
meat product. This trait is considered to be one of the most important factors for
determining the quality of meat by consumers, who are often willing to pay higher
price for a more tender cut of meat (Boleman et al., 1995; Huffman et al., 1996; Lusk
et al., 2001; Miller et al., 2001). However, tenderness is highly variable, and often
controlled by intrinsic factors such as breed, age, sex, and diet, as well as extrinsic
factors such as post-mortem temperature, and ageing.
The tenderness of beef products can be assessed using subjective means such
as taste panels, as well as objective means, such as instrumental methods. Commonly
used in the industry, Warner-Bratzler shear force (WBSF) utilizes instrumental means
to determine the amount of force required to cut through muscle fibers
perpendicularly, indicating the level of tenderness without the bias of consumer
preference. Caine et al. (2003) reported correlations ranging from -0.32 to -0.94
between WBSF values and sensory panel ratings for tenderness in longissimus
muscle. In order to determine WBSF, meat samples must be cooked to a common
endpoint temperature, and chilled overnight. Following chilling, a minimum of 6
core samples are obtained using equipment ranging from a hand-held cork borer to a
drill press. The cores are then sheared in half following the direction of growth of
muscle fibers (AMSA, 2005) using a specific Warner-Bratzler blade on a designated
machine which can measure the amount of force required to cut across the muscle
fibers, typically in Kilograms (Kg) or Newtons. In general, as the amount of force
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needed to cut through a sample increases, the tougher the meat product is considered.
Tenderness threshold values were determined by Miller et al. (2001) and Shackelford
et al. (1991), who found that shear force values for tender beef were less than 3.0 kg,
shear force values for slightly tender beef ranged from 3.0 to 4.3 kg, while shear force
values for tough beef were greater than 4.9 kg.
As consumers consider tenderness as one of the most important factors
regarding eating quality, it is important to consider postmortem ageing. There is
extensive evidence in the literature regarding the improvements in beef tenderness
with postmortem ageing (Smith et al., 1978; Savell et al., 1981; Huffman et al., 2006;
Gruber et al., 2006). Smith et al. (1978) found that ageing muscles for greater than 11
days would help to optimize tenderness of beef products. Gruber et al. (2006) found
that WBSF of muscles decreased with increased time of postmortem ageing (up to 28
days)
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2.5.

CONCLUSIONS

Roughage source, as well as inclusion level, and the use of feed additives in
finishing diets can have a direct impact on growth performance, carcass
characteristics, as well as meat quality from beef cattle. When incorporated at high
levels in the diet, roughage may decrease growth performance, with reduced average
daily gain and increased days to finish. Incorporating roughage at intermediate levels
(up to 30% of the diet on a DM basis) does not negatively impact carcass traits (hot
carcass weight, marbling, and quality grade) in finished cattle. When incorporated at
moderate levels, the addition of forage to the diet may help improve ADG and growth
performance by increasing dry matter intake, and ultimately improve carcass
characteristics and meat quality. Source of roughage such as silages and hays are
widely available, and can be used to provide dietary energy and key nutrients to
feedlot cattle. Feeding corn silage and alfalfa hay at moderate levels can produce
cattle with similar carcass attributes and final meat quality as those finished on an all
concentrate-based or low roughage diet, without affecting growth performance.
Utilizing feed additives such as beta-adrenergic agonists in the finishing diet can
increase protein deposition and lipolysis while decreasing protein degradation and
lipogenesis. Growth traits such as ADG and feed efficiency can be improved due to
the changes in these metabolic processes, while helping to enhance carcass traits such
as HCW and longissimus muscle area.
High concentrate diets help to maximize growth performance, carcass
characteristics and meat quality traits.

With the rising cost of grain, increasing
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roughage level in the diet via corn silage or alfalfa hay and using feed additives such
as beta-adrenergic agonists may prove to decrease cost of feeding and increase returns
to producers without affecting time on feed or product quality.
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3.

THE EFFECTS OF SOURCE AND LEVEL OF DIETARY

ROUGHAGE AND RACTOPAMINE (OPTAFLEXX) SUPPLEMENTATION
ON GROWTH PERFORMANCE, CARCASS TRAITS AND MEAT QUALITY
IN BEEF CATTLE

3.1. ABSTRACT

A high moisture corn/soybean meal-based finishing ration was used to examine
the effects of roughage source (corn silage, alfalfa hay), level of dietary roughage (8,
16, 24%), and ractopamine supplementation (none, Optaflexx) on growth
performance, carcass traits, and beef quality for finishing 108 steers and 24 heifers
(initial BW = 308 kg). Cattle were allocated by gender to 12 management regimen
subclasses. Optaflexx (trade name for ractopamine hydrochloride) was fed over the
last 28 d on feed with cattle marketed after

common days on feed.

Growth

performance (ADG, feed intake, and feed efficiency) and carcass traits were assessed
on an individual animal basis. A primal rib and semitendinosus (ST) muscle from
each animal were processed at the University of Guelph Meat Laboratory for carcass
and meat quality evaluations.

Tenderness was determined using shear force

assessment of product aged 7, 14, and 21 d. Average daily gains were similar (P >
0.27) across main effects while use of corn silage as the roughage source decreased (P
< 0.001) dry matter intake and improved (P < 0.001) feed efficiency compared to
feeding alfalfa hay. Roughage level and beta agonist supplementation did not affect
(P > 0.13) dry matter intake or feed efficiency. When the last 28 days on feed were
examined, Optaflexx supplementation increased (P < 0.001) weight change, ADG,
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and improved feed conversion, while DMI remained unchanged (P > 0.373). Carcass
traits including hot carcass weight, grade fat, longissimus muscle area, marbling, and
body composition as assessed by rib dissection (% lean, fat, bone) were not affected
(P > 0.14) by roughage level, source, or use of Optaflexx. Fat partitioning and liver
abscess scores were unaffected (P > 0.09) by source and level of roughage fed, and
use of Optaflexx. Source and level of dietary roughage did not affect color (P > 0.21)
or shear force (P > 0.20) values for longissimus (LM) and semitendinosus (ST)
steaks. Lower DMI and better feed conversion can be achieved using corn silage as
the roughage source, while inclusion of up to 24% roughage in finishing diets may
not negatively impact gains, carcass characteristics or beef quality. Beef producers
may be able to increase amounts of roughage in the diet to lower cost of production
without compromising growth performance and carcass and meat quality.

Key Words: beef cattle, ractopamine, roughage level, alfalfa hay, corn silage, shear
force
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3.2.

INTRODUCTION

The digestive system of ruminants, including cattle allows them to utilize high
levels of roughages as the main source of energy and nutrients in their diet.
Traditionally, however, cattle in the modern feedlot are fed diets high in concentrates
with minimal roughage in order to decrease time on feed and increase efficiency
while producing carcasses with high yields and consistent meat quality. With the
rising cost of grain however, feeding high levels of concentrates in the diet may not
be as economical or practical as before. Producers are seeking alternatives such as
incorporating more roughage or utilizing other forage sources in order to decrease
costs while still maintaining growth performance parameters and optimal carcass
traits and meat acceptability.
Including roughage at high levels of the diet has been shown to potentially
decrease average daily gain, due to energy dilution of the diet compared to grain-fed
cattle (Bidner et al., 1986; Bennett et al., 1995). Increased intakes associated with
high levels of forage in the diet cannot compensate for the decreased energy in the
diet, and gains and feeding efficiency are ultimately reduced. When included at
moderate levels in the diet however, high quality forages such as corn silage and
alfalfa hay can produce comparable carcass and meat quality attributes with similar
growth performance as cattle finished on concentrate-based diets (Oltjen et al., 1971;
Gill et al., 1976). Furthermore, when included at moderate levels, roughage can serve
to decrease the risk of acidosis and liver abscesses in feedlot cattle, typically
associated with high-grain diets (McCartor et al., 1972; Zinn and Placentia, 1994).
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Meat quality parameters crucial to consumers such as tenderness and colour can be
directly affected by forage feeding, with increased roughage feeding associated with
darker lean colour for meat products. Shear force values, an indicator of tenderness,
seem unaffected by inclusion of roughage in the diet (Bidner at al., 1981; Marino et
al., 2006; Cozzi and Mazzenga, 2007).
In addition to alternative sources and levels of roughage in the diet, a wide
variety of feed additives are available for use in the diets of finishing cattle. Betaadrenergic agonists such as ractopamine hydrochloride are widely used in finishing
diets, with the goal of increasing feed efficiency and average daily gain, and
enhancing carcass traits such as hot carcass weight and LM area. Studies have shown
that supplementation with ractopamine hydrochloride over the last 28 to 42 days on
feed can help to improve weight gain and feed efficiency by 15% (Mersmann, 1998).
Ractopamine hydrochloride supplementation seemingly has no effects on colour
measurements; however, the beta agonist can produce steaks with increased shear
force values, indicating increased toughness (Woerner et al., 2011; Avendaño-Reyes
et al., 2006; Schroeder et al., 2004).
Producers are constantly examining alternative sources of feed, management
practices, and feed additives to help maximize growth potential of cattle, while still
maintaining or enhancing carcass characteristics and meat quality. Incorporating
more roughage into the diet and utilizing different available roughage sources can
help to offset the cost of grain, while still producing acceptable carcasses with
comparable time on feed.

Furthermore, taking advantage of products such as

ractopamine hydrochloride available for use in the feedlot can help to improve growth
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performance and carcass traits, while helping to maximize returns for producers.
It is expected that corn silage feeding will increase growth traits compared to
alfalfa hay feeding, while improving carcass traits and meat quality parameters.
Inclusion level of dietary roughage will cause growth, carcass and meat quality traits
to decline, as roughage level increases to 24% DM; however, the incidence and
severity of liver abscesses will decline with higher inclusion levels of roughage.
Feeding the beta-agonist Optaflexx will prove to elicit beneficial responses in growth
performance, with increases in ADG, and feed conversion, while leaving DMI
unaffected. Furthermore, HCW, yield grade, and LMA will improve when RAC is
supplemented over the last 28 days on feed, while meat quality will be similar
between control and supplemented cattle.
This study examined the effects of three inclusion levels of two roughage
sources, alfalfa hay and corn silage, along with supplementation of the betaadrenergic agonist ractopamine hydrochloride (Optaflexx), and their interactions on
growth performance, carcass characteristics, and meat quality of finishing cattle. In
addition, the effects of postmortem ageing time and interactions with source and level
of dietary roughage, and beta-adrenergic agonist supplementation were also
examined.
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3.3.

MATERIALS AND METHODS

3.3.1. EXPERIMENTAL DESIGN AND DIET FORMULATION

One hundred and thirty two cattle were sourced from the University of Guelph
breeding herds (Elora, New Liskeard) and commercial cow-calf producers in Ontario.
Of the 132 cattle used, 108 were steers of predominantly British breeding (over 50%
British), while the other 24 were heifers of predominantly Continental breeding (over
50% Continental).

Initial bodyweights ranged from 202 to 477 kg, with cattle

averaging 308 kg at the start of the trial (January 28, 2009), while ages of the animals
ranged from 221 to 352 d, with an average age of 294 d. Animals were cared for
according to the protocol approved by the University of Guelph Animal Care
Committee. For the duration of the trial, animals were housed and cared for at the
University of Guelph’s Elora Beef Research Station. Animals were allocated by
gender and weight to twelve different management regimen subclasses, based on a 2
x 3 x 2 factorial arrangement with 2 sources of roughage (alfalfa hay, corn silage), 3
levels of roughage (8, 16 or 24% DM basis), with (without) Optaflexx
supplementation over the last 28 days on feed (Table 1).
Beef cattle finishing rations were formulated to meet nutrient requirements as
outlined in NRC (1996). Cattle were adapted over a 28 day period to high grain diets,
in order to decrease the chance of digestive disorders such as ruminal acidosis, to help
prevent decreases in animal performance. High-moisture corn and soybean meal
were utilized as two primary ingredients to supply energy and protein respectively,
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with alfalfa hay and corn silage used to investigate the effect of roughage source on
various growth, carcass and meat quality traits. Roughage was incorporated at 8, 16
or 24% of the diet DM (Table 2), while the βAA, ractopamine hydrochloride
(Optaflexx, Elanco Animal Health, Greenfield, IN) was supplemented to half of the
cattle on each roughage source by level subclass. Optaflexx was fed according to the
manufacturer’s label of 20 ppm, or approximately 200 mghead-1day-1for the last 28
days on feed prior to slaughter for designated cattle.

Each diet included a

vitamin/mineral/rumensin premix, to help meet nutritional needs (Table 2). Diets
were created using the 1996 Beef NRC modelling software and were formulated on a
14% crude protein basis. Animals were implanted with Synovex-S at the start of the
trial, as well as after 112 days on feed.
Cattle were housed in fifteen pens in two separate barns, using either the
Insentec feeding system (Insentec B.V., Marknesse, The Netherlands), or Calan gates
(American Calan Inc., New Hampshire) in order to determine feed intake for
individual animals.

Cattle were fed on an ad-libitum basis, with Optaflexx

supplemented over the last 28 days on feed to designated cattle.

Insentec Feeding System
Six pens were used in Barn 1 of the Elora feedlot facility, with each pen
housing 16 animals. Pen dimensions included a width of 7.01 meters and a length of
13.35 meters. Barn 1 was equipped with the Insentec feeding system (Insentec B.V.,
Marknesse, The Netherlands), with each pen containing four feeding stations. Cattle
assigned to the Optaflexx regimen were assigned to two of the four feeding stations
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within each pen at the start of the trial, while the rest were assigned to the remaining
two stations. When the feeder was approached, the system would identify the animal,
and allow or deny access to the feed trough depending on the diet for that particular
animal. The system recorded the intake for each individual animal. This was based
on the number of visits to the bunk daily and the quantity of feed consumed on each
visit (meal).

Calan Gate Feeding System
The second barn contained nine pens, each housing four animals; pen
dimensions included a width of 3.05 meters, and a length of 7.32 meters. Barn 2 was
equipped with the Calan gate system (American Calan Inc., New Hampshire), which
had four feeding stations within each pen. Each station was only available to one
specific animal that wore a neck transponder, which allowed access to the specific
feeding station. Intake and orts were recorded weekly for each individual animal.
Cattle were randomly assigned to separate feeders based on their allocation to
experimental diets, with half the pens assigned to Optaflexx over the last 28 days on
feed.

3.3.2. EVALUATION OF GROWTH PERFORMANCE

Body weights for individual animals were collected for two consecutive days
at the start of the trial and at slaughter, with body weights also recorded every 28 days
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and the day before the start of Optaflexx supplementation. Overall weight change,
weight change during the Optaflexx supplementation period, and ADG over the
whole trial and supplementation period were calculated using the collected BW data.
Using BW data collected, ADG for the entire trial as well as the last 28 days on feed
were determined as the linear regression coefficient of animal body weight over time.
Feed intake (kg as-fed) was monitored on a daily basis for cattle fed with the Insentec
system and on a weekly basis for cattle fed with the Calan gate system. Insentec feed
intake data were collected on a daily basis and stored on a University of Guelph
computer server.

Calan gate feed data were collected on a daily basis using a

spreadsheet program on a laptop computer. The Insentec feeding system records the
number of times each animal approaches a feeding station, and the quantities (kg) of
feed consumed per meal and day on an as-fed basis, while the Calan gate system is
used to determine the amount of feed consumed per week with subsequent calculation
of daily feed intakes for individual animals. Feed samples collected throughout the
trial were analyzed for dry matter by oven drying at 60°C for a minimum of 72 hours.
Daily feed intakes for each individual animal were summed to determine total feed
intake (as-fed) for the overall test period, and multiplied by the feedstuff DM, in order
to determine the total DMI for each animal. Furthermore, total DMI data were
divided by the number of days on feed for the trial to calculate average daily DMI for
each animal. During the Optaflexx supplementation period, DMI was also calculated
separately for the last 28 days on feed. Dry matter intake was calculated in kg per
day and on a percentage of BW. Certain daily feed intake records were omitted or
missing for DMI calculations due to failures of the Insentec feeding system. Days on
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feed were adjusted accordingly when daily feed intake records were missing. Feed
efficiency was calculated as the ratio of DMI to ADG over the entire feeding period.

Samples of ration ingredients were submitted for chemical composition
analysis to Agri-Foods Laboratories (Unit #1, 503 Imperial Road North, Guelph, ON,
Canada) (Table 3).

Feed samples from the complete rations were collected bi-

weekly, for further analysis of composited samples. After DM determination as
previously described, feed samples were ground using a Wiley Mill (Wiley Mill,
Arthur H. Thomas, Philadelphia, PA), using a 1 mm screen. Ground samples were
then composited by month and submitted to Agri-Food Laboratories for analysis of
crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), total
digestible nutrients (TDN), and major minerals.

3.3.3. ANIMAL PROCESSING

Steers and heifers were selected for slaughter based on attaining a BW of 600
kg or more. Due to the range in body weights at start of the trial, cattle were
slaughtered on three different dates at the Cargill Meat Solutions plant in Guelph,
Ontario on June 18, July 23 and September 24, 2009 with 36, 59 and 35 cattle
slaughtered per day respectively. Approximately equal numbers of animals for each
of the forage source/roughage inclusion/βAA subclasses were slaughtered on a given
kill day. Heifers were slaughtered on September 24 with the remaining steers in the
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trial. One heifer was slaughtered on June 22, 2009 at the University of Guelph Meat
Laboratory due to a prolapsed uterus. Slaughter dates were chosen based on cattle
attaining a body weight at least 600 kg to enable comparison of experimental
treatments for growth performance, carcass composition and meat quality attributes.
Cattle were handled and slaughtered according to industry procedures, including
stunning with captive bolt prior to exsanguination. The order of kill was recorded at
the plant to enable identification of individual carcasses. Livers were inspected at the
plant for the presence of abscesses, and scored depending on the number and size of
abscesses present. Liver scores were assigned based on the number and relative size
of abscesses present, with a score of 0 assigned for no abscesses, 1 for one or two
small abscesses (less than ~2.5 centimetre (cm) in diameter) or abscess scars, 2 for
two to four active abscesses under 2.5 cm in diameter or one larger, active abscess
greater than 2.5 cm in diameter, or 3 for more than five small active abscesses or
more than one large active abscess (Brink et al., 1990).
After approximately three days postmortem (PM), carcasses were assessed to
determine quality grade by an experienced carcass evaluator from the Canadian Beef
Grading Agency following the Livestock and Poultry Carcass Grading Regulations
(Canada Agricultural Products Act, 1992). Detailed carcass measurements including
HCW, grade fat, LM area (LMA), yield grade, quality grade and marbling were
obtained from the plant for each animal. A primal rib section (3 x 4 with chine bone
on) consisting of all lean, muscle, and fat from ribs 6 to 12 and semitendinosus (ST)
muscle was removed from the right side of each carcass, packaged and shipped to the
University of Guelph Meat Laboratory for analysis.
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At five days PM, ST muscles were trimmed of excess fat and connective
tissue, cut into four 3.175 cm-thick steaks, individually labelled and vacuum-sealed.
Steaks were allocated as follows for meat quality analysis: Steak 1 for intramuscular
fat determination; Steak 2: Shear force analysis after 7 days of ageing; Steak 3: Shear
force analysis after 14 days of ageing; Steak 4: Shear force analysis after 21 days of
ageing. Rib sections were weighed, and then cut into eight, 3.175 cm steaks, and
were allocated for analysis of specific meat quality attributes. The first 5 steaks were
dissected into lean, fat and bone components with each component weighed and data
recorded along with partitioning fat into subcutaneous, intermuscular, and body
cavity fat depots (Lunt et al., 1985). All steaks (with the exception of the first) were
then tagged and vacuum-sealed, with Steak 1 allocated for colour, pH and
intramuscular fat determination, and Steak 2 for taste panel testing. Steaks 3 to 5
were aged for 7, 14 and 21 days respectively, and allocated for shear force evaluation.
The remaining 3 steaks from the LM were aged for 14 days, tagged and vacuumsealed for a consumer-panel study. The consumer panel data was not included as part
of this study. Steaks allocated for five-day colour and pH evaluation were cut and
placed on butcher paper, allowing the fresh-cut surface to bloom with exposure to
oxygen in the air for at least 30 minutes to enhance colour development. With the
exception of five-day aged steaks, all other meat samples were packaged and vacuum
sealed, and then aged for 7, 14, or 21 days in a cooler at 1.5ºC. Post-ageing, the
steaks were frozen at -22°C for storage until analysis.
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3.3.4. COLOUR, TEMPERATURE AND pH MEASUREMENTS

Objective lean colour was measured using a handheld Konica Minolta
Chroma Meter (Model CR-400; Konica Minolta Sensing Inc., Ramsey, NJ) with
illuminant D65 and 0° viewing angle.

Measurements were obtained from six

different locations on each LM and ST steak designated for colour evaluation. The
colorimeter was standardized using a white ceramic tile with the specifications of Y =
92.7, x = 0.3134, and y = 0.3196. Colour data were obtained in accordance to the
Commission International de l’Eclairage (CIE, 1976) L* a* b* scale with: L*, a
measure of luminosity, with a higher value indicating a lighter colour, a*, a measure
of the range from red to green, and b*, a measure of the range from yellow to blue.
For a* and b* measurements, higher positive values indicate increasing red or yellow
colour respectively, while lower values indicate respectively a more green or blue
colour. Using CIE L*a*b* measurements, chroma and hue angle were calculated.
Chroma, the intensity or saturation of the sample colour was calculated by the
equation, square root ((a*2) + (b*2)). Hue angle, a measure of distance shown in
degrees from the true red axis of the CIE colour space was calculated using the
equation, tan-1 (b*/a*); this attribute describes the general type of colour based on the
wavelength of light radiation.
Temperature and pH measurements were obtained using a Hanna spear-tipped
pH electrode (Hanna Instruments, Mississauga, ON) and thermocouple connected to
an Accumet A71 pH meter (Fisher Scientific, Toronto, ON). The pH meter was
allowed to equilibrate to room temperature of the processing room and then calibrated
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with buffer solutions of pH 4 and 7 prior to measurements. The spear-tipped pH
electrode was inserted into the designated muscle at three different locations with pH
and temperature recorded. After colour, temperature and pH measurements, steaks
were vacuum-sealed and frozen for intramuscular fat content as described later.

3.3.5. LABORATORY ANALYSIS

3.3.5.1.

SHEAR FORCE AND COOK LOSS DETERMINATION

Steaks designated for shear force analysis were removed from the -22°C
freezer, and thawed for 48 hours at 1.5°C prior to cooking. After thawing, steaks
were trimmed of external fat and connective tissue and weighed prior to cooking.
Steaks were cooked to an internal temperature of 70°C using a Garland Grill (ED30B; Garland Commercial Ranges Ltd., Mississauga, ON). Steaks were flipped once
internal temperature reached 40°C, and removed from the grill when internal
temperature reached 70°C.

Initial temperature measurements and internal

temperature were monitored throughout cooking time using a Type K flexible hightemperature thermocouple, inserted into the geometric centre of each steak during the
cooking process. Endpoint temperature and final weight (in grams) of each sample
was recorded immediately following removal of the steaks from the grill after they
had reached the intended temperature. In order to immediately stop the cooking
process, steaks were placed into individual polyethylene bags, weighed, sealed, and
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immersed in an ice-water bath after weighing. Sealed samples were then transferred
and cooled overnight in a 1.5°C cooler for shear force measurements the following
day. Cooking losses were calculated using the initial raw and final cooked weights of
each sample, using the equation (Percent Cook Loss = [(Raw weight – Cooked
weight)/ Raw weight] *100).
Steaks were removed from the cooler and allowed to equilibrate to room
temperature following overnight storage.

Using a drill press mounted corer

(Mastercraft 10 inch drill press) with a core diameter of 1.5 cm, a minimum of six
cores were removed, parallel to steak muscle fibres. A TA-TX Plus Texture Analyzer
(Texture Technologies Corp., Scarsdale, NY) with an attached Warner-Bratzler blade
was used to shear cores perpendicularly to muscle fibres, with a blade speed of 3.3
mm s-1.

Using a custom pre-programmed macro in Sun Microsystems Texture

Exponent program software for Windows XP, each core produced a peak shear force
value. Shear force values were determined for all six cores per sample, and then
averaged to determine the individual steak peak shear force value in kg. Using the
equation ((Numerically lowest shear force value – Mean Shear force value)/ 2x
Standard deviation), outliers were removed from the data set. The equation is used to
remove values that could cause biased results when shearing through intramuscular
fat or connective tissue.
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3.3.5.2.

INTRAMUSCULAR FAT DETERMINATION

Seven day aged longissimus and semitendinosus steaks were removed from
the freezer and thawed at 1.5°C for 24 hours. In preparation for freeze-drying, steaks
were trimmed of excess fat, cut into small cubes, and placed in numbered aluminum
tins. Freeze-dried samples were ground in a small commercial coffee grinder and
then mixed; 1.5 to 2 grams were then weighed into individually marked Ankom Xt4bags and heat-sealed. Intramuscular fat content was determined by ether extraction
using the Ankom XT20 Fat Analyzer (AOAC, 2004).

3.3.6.

STATISTICAL ANALYSIS

Growth performance, carcass characteristics and meat quality attributes were
evaluated using the 131 steers and heifers as data from the heifer with the rectal
prolapse was removed from the data set. All performance, feed intake, carcass and
meat quality data were analyzed using a mixed linear model within the PROC
MIXED procedure of SAS Foundation software (SAS Institute Inc., 2007), based on a
2 x 3 x 2 factorial arrangement. The three main effects were source of roughage
(alfalfa or corn silage), level of roughage (8, 16, or 24% DM), and β-AA
supplementation (control diet or supplemented with Optaflexx). A repeated effect of
barn, feed, level and additive within pen was also included in the model. Analysis
was completed with a determined significance using P < 0.05 for both main effect and
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contrast statistical interpretations. Days on feed (DOF), start of test weight (kg), and
start of test age (days) were used as covariates for growth performance, carcass traits
and meat quality data. Covariates were sequentially removed and excluded from the
model if not significant (P > 0.05). For carcass traits, quality grade data were
assigned the following coding prior to statistical analyses: A = 1, AA = 2, AAA = 3.
In order to determine the yields of dissectible lean, fat and bone as a percent of rib
weight, dissected rib component weights (lean, fat and bone) were divided by total rib
weight.
Orthogonal contrasts were used to examine the differences among roughage
level, type of feed, as well as β-AA supplementation. Contrasts included: 1) the
comparison of roughage level (Table 4), 2) comparison of roughage source by
roughage level (Table 5), 3) comparison of β-AA supplementation by roughage level
(Table 6), 4) comparison of roughage source by β-AA supplementation (Table 7), and
5) comparison of roughage source by roughage level, by β-AA supplementation
(Table 8).
In addition to analyzing the total feeding period, the overall time was divided
into two feeding periods: The days prior to Optaflexx supplementation, and the 28
days with Optaflexx supplementation. Growth performance traits were examined for
these two periods. Reasoning behind splitting up the two periods was to try and
determine whether roughage source or inclusion level had an effect prior to the
Optaflexx supplementation period, and whether inclusion of Optaflexx during the 28
days after could have masked any of those effects. The covariates days on feed
before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of
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test weight (SOTwt) were tested in the model for growth performance traits and
included when significant (P < 0.05).
Shear force and cooking loss data were analyzed using the same mixed linear
model, with an added main effect for post mortem ageing. Orthogonal contrasts were
used again to determine the differences among treatment means at different days of
ageing (Table 9).
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3.4.

RESULTS AND DISCUSSION

3.4.1. GROWTH PERFORMANCE

Growth performance (average daily gain, feed intakes, feed conversion) was
evaluated over the entire feeding period, as well as only the last 28 days on feed when
Optaflexx was supplemented to approximately 50% of the cattle on each roughage
source/roughage level subclass.

3.4.1.1.

OVERALL GROWTH PERFORMANCE

Cattle were randomized across treatments in an attempt to balance age and
initial weight across the twelve management regimens. Cattle were similar in age (P
> 0.83) and body weight (P > 0.62) at both the start of trial and end of the trial across
roughage source, roughage level and beta agonist supplementation (Tables 10, 11,
12). Roughage source or level did not affect (P > 0.27) overall weight change over
the trial or average daily gain (ADG) (Tables 10, 11). The current results differ from
Mader et al. (1991), who found that steers fed corn silage had greater gains compared
to cattle consuming alfalfa hay. Similar results were reported by Comerford et al.
(1992), where roughage source (corn silage or alfalfa haylage) was the cause of
variation in growth for Holstein and crossbred steers. Cattle fed alfalfa haylage had
decreased ADG compared to those fed corn silage when fed at 40% and then 20% of
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the diet DM (growing period followed by finishing period).

Holstein steers

consuming corn silage gained 1.11 kg d-1 versus 1.0 kg d-1 for cattle fed alfalfa
haylage; crossbred steers gained 1.40 and 1.28 kg d-1 respectively when fed corn
silage versus alfalfa haylage. The authors attributed the increased gains in cattle fed
corn silage to increased dietary energy concentration as compared to alfalfa haylage.
Roughage inclusion level did not affect ADG when examined by Gill et al. (1976),
who found that incorporating corn silage at either 14 or 30% of the diet DM in
finishing diets produced similar gains across the feeding period.

Gains only

decreased when corn silage was increased to 45% of the diet DM. Farran et al.
(2004) found that ADG increased for steers fed 3.75 and 7.5% corn silage on a DM
basis as compared to cattle that did not receive corn silage, with an increase of 0.10
and 0.11 kg d-1 respectively.
Supplementation with Optaflexx did not affect (P > 0.28) overall weight
change or average daily gain (Table 12), which may be expected as cattle were only
supplemented over the last 28 days on feed. This may have not been enough time for
the beta agonist to significantly affect weight gain over the entire trial period. In
contrast, Loe et al. (2005) reported an increase in overall body weights for cattle
consuming Optaflexx as compared to control groups.

Supplementation with

Optaflexx increased daily gains in heifers by 18% when included in the diet (200
mghd-1d-1) (Walker et al. 2006). This agrees with Abney et al. (2007), who also
found a linear increase in gains as RAC was increased from 0 to 100 and then to 200
mghd-1d-1 for either 28, 35 or 42 days on feed. Feeding Optaflexx also increased
gains in cattle in studies by Schroeder et al. (2003). Furthermore, Strydom et al.
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(2009) found that feeding RAC to steers at 30 ppm in the diet for 33 days prior to
slaughter increased ADG versus controls, with gains of 2.6 kg d-1 for cattle on
Optaflexx as compared to 2.1 kg d-1 for controls.
A roughage source by roughage level by βAA additive interaction was
present (P = 0.013; Contrast 2) for ADG (Table 13). For cattle not supplemented
with Optaflexx, increasing the level of roughage in the diet from 16 to 24% DM
increased gains in cattle fed alfalfa hay in contrast to lower gains in cattle fed corn
silage. In contrast, increasing the level of roughage in the diet from 16 to 24% in
Optaflexx supplemented cattle lowered gains in cattle fed alfalfa hay while increasing
gains in cattle fed corn silage. This three-way interaction for ADG is most likely
responsible for the similar (P > 0.28; Table 12) ADG when simply comparing the
main effect of beta agonist supplementation. Feeding roughage at higher inclusion
levels (97% vs. 25% alfalfa silage) in the finishing diet decreased ADG (Mandell et
al., 1997), where grain-fed cattle had increased ADG compared to cattle fed only
alfalfa silage. The idea that increasing roughage inclusion level can decrease gains is
further supported by McEwen (2002b), who found that including corn silage at 80%
of the diet (DM basis) in finishing cattle decreased rates of gain as compared to cattle
fed 60, 40 or 20% corn silage diets, all of which produced similar growth rates. In
contrast, Shain et al. (1999) found that when alfalfa hay was included in the diet at
10% of the DM, steers gained faster than cattle fed an all-concentrate diet. McEwen
(2002a,b) examined the impact of increasing corn silage inclusion level on growth
performance. While gains were lower when feeding 80% corn silage in the diet, there
were no differences in ADG when corn silage was fed at 0, 15 or 50% of the diet
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McEwen (2002a), or at 20, 40 and 60% of the diet (McEwen, 2002b).
The current study found that ADG increased when alfalfa hay increased from
16 to 24% of the diet in cattle not supplemented with Optaflexx (Table 13), indicating
enough dietary nutrients were supplied to maintain similar growth patterns when
higher amounts of roughage were fed. When grain content is decreased and roughage
level is increased, the source of roughage becomes more important for providing
energy for maintenance and growth. However when Optaflexx was included over the
last 28 days in alfalfa hay-fed cattle, gains tended to be depressed feeding 24 vs. 16%
roughage. A possible explanation is that alfalfa hay at 24% of the diet could not
provide enough energy for repartitioning fat deposition to protein accretion with RAC
supplementation, decreasing gains as compared to cattle fed 16% alfalfa hay. When
corn silage was included at 24% of the diet in cattle not supplemented with
Optaflexx, ADG decreased as compared to cattle fed 16% corn silage. These results
suggest that cattle may not have consumed enough feed for maximal growth in order
to compensate for lower energy content associated with the 24% corn silage diet.
However, when Optaflexx was included over the last 28 days on feed, gains tended to
increase for cattle when corn silage increased from 16 to 24% of the diet.
Dry matter intake (DMI; kg d-1 and % BW basis) was greater (P  0.0001;
Table 10) for cattle consuming alfalfa hay throughout the trial as compared to intakes
for cattle fed corn silage. Benton et al. (2007) found no difference in DMI (kg d-1)
between feeding alfalfa hay and corn silage in the diet; however these researchers
found that increasing the levels of alfalfa hay (from 4% to 8% DM basis) and corn
silage (from 6.13 to 12.26% DM basis) significantly increased DMI. If cattle are
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attempting to eat at a constant energy level, Benton et al. (2007) attributed the
increase in DMI to a possible energy dilution effect of the diet between inclusion
levels. More alfalfa hay needed to be consumed in order to compensate for the
decreased energy level of alfalfa hay as compared to corn silage. Feeding alfalfa hay
at 10% DM basis increased DMI by 1.16 kg d-1 as compared to cattle fed an all corn
grain diet (no roughage) in a study by Shain et al. (1999), with steers fed hay
consuming 11.6 kg DM per day. This DMI figure exceeds the 10.3 kg d-1 figures for
cattle fed 8 to 16% alfalfa hay in the present study. Mandell et al. (1997) reported
similar findings to Shain et al. (1999), with cattle fed only alfalfa silage having a
tendency to have increased DMI on a kg d-1 basis versus cattle fed a 68.5% high
moisture corn diet. However, McEwen (2002a) found that DMI only increased when
silage was included at 80% of the DM in the finishing diet as compared to cattle fed
60, 40 or 20% corn silage. Gaylean and Defoor (2003) also reported that DMI is
related to the neutral detergent fibre (NDF) content of the feed source, with higher
levels of NDF causing an increase in DMI. Cattle fed alfalfa hay in the present study
had increased DMI as compared to those fed corn silage which may be explained by
the higher dietary NDF content of alfalfa hay versus corn silage diets across all three
inclusion levels, as determined by laboratory analysis (Table 3)
Roughage level, however, did not affect (P > 0.37) DMI (kg d-1 and % BW
basis) (Table 11). Similar results were reported by Calderon-Cortes and Zinn (1996)
who found DMI was not affected when sudangrass hay was fed at 8 or 16% of the
diet to Mexican crossbred steers.

Conversely, many studies have found that

increasing roughage level in the diet is associated with an increase in DMI, as more
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feed needs to be ingested in order to compensate for the lower net energy supplied by
the forage component (Kreikemeier et al., 1990; Stock et al., 1990; Huffman et al.,
1992; Zinn and Plascencia, 1996; McEwen and Buchanan-Smith, 2002). Farran et al.
(2004) found that DMI increased by 0.59 and 0.77 kg d-1 when alfalfa hay was fed at
3.75 and 7.5% of the diet DM as compared to feeding a diet containing 0% alfalfa
hay. No roughage sources by roughage level interactions were found for DMI in the
current study.
There were no differences (P > 0.16) in DMI (kg d-1 and % BW basis) for
cattle supplemented with Optaflexx over the last 28 days when compared to intakes
for non-supplemented cattle (Table 12). Beta agonist feeding did not affect DMI
when cattle were supplemented with Optaflexx at 100, 200 or 300 mghd-1d-1
(Schroeder et al., 2003); Quinn et al. (2008) also found DMI values unaffected when
supplementing heifers with Optaflexx at 200 mghd-1d-1. While these past studies
support the present findings, Avendaño-Reyes et al. (2006) reported decreased intakes
for steers supplemented with RAC for 33 days at 300 mghd-1d-1 as compared to
control cattle. The drop in DMI may be attributed to the longer duration and higher
inclusion level from feeding RAC in Avendaño-Reyes et al. (2006) as compared to
the present study. Feeding RAC at 200 mghd-1d-1 decreased feed intakes when fed
to finishing heifers over the last 28 and 32 days on feed (Laudert et al., 2007).
Moody et al. (2000) reported that βAA receptors found in mammalian cells may
become desensitized when βAA is supplemented in the diet after prolonged
administration. This may have been the case in the aforementioned study. However,
this is an unlikely explanation to similar DMI figures in the present study as
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Optaflexx was only supplemented over the last 28 days on feed. Contrary to the
previous findings, Loe et al. (2005) found a tendency for increased intakes when
steers were supplemented with Optaflexx at 200 mghd-1d-1 for 29 days.

Lower DMI values in cattle fed alfalfa hay were associated with poorer (P =
0.004) feed efficiency (more feed required per kg gain than cattle fed corn silage) as
compared to cattle fed corn silage since there were similar weight gains across
roughage source over the entire trial (Table 10). Feed to gain values were unaffected
(P ≥ 0.13) by roughage level or βAA supplementation (Tables 11 and 12). Similarly,
Mader et al. (1991) found that feeding alfalfa hay resulted in poorer feed efficiency or
more feed required per kg gain than cattle fed corn silage diets. Increasing roughage
level in feedlot diets caused feed efficiency to decrease by 23% in a study by
Calderon-Cortes and Zinn (1996), due to a decrease in dietary energy content when
forage was increased from 8 to 16% of the diet. Stock et al. (1990) found that even
minor changes in roughage inclusion level from 0, 3, 6 and 9% can cause poorer feed
conversion (more feed required per kg gain). Reducing grain content in the diet
decreases available energy. This results in either an increase in DMI to allow for
greater energy intake, or a decline in weight gain, as an inadequate amount of feed is
being ingested to meet the energy demands for growth. Increased DMI or decreased
gains can result in poor feed efficiency (feed to gain).
Researchers have noted improvements in feed efficiency when RAC is
included in the diets of finishing cattle (Schroeder et al., 2003; Avendaño-Reyes et
al., 2006; Laudert et al., 2007). Avendaño-Reyes et al. (2006) found that including
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βAA in the diet improved feed efficiency, with cattle fed RAC having a G:F of 0.248
while controls only yielded 0.185. In the present study however, feed efficiency was
not affected (P = 0.13, Table 12) by beta agonist supplementation. Feed efficiency
improved by 13.6, 15.9, and 20.5% when Optaflexx was included in the diet at 100,
200 and 300 mghd-1d-1 respectively in the study by Schroeder et al. (2003). These
improvements were not accompanied by an increase in DMI however, suggesting
Optaflexx acted as a repartitioning agent directing metabolic pathways and nutrients
towards supporting growth and lean tissue deposition. Supplementation with RAC in
the current study did not affect any growth performance traits over the entire trial
period when Optaflexx was included over the last 28 days on feed, indicating no
measureable changes in nutrient or metabolic pathways.

3.4.1.2.

OPTAFLEXX SUPPLEMENTATION PERIOD GROWTH
PERFORMANCE

Data collected over the entire trial were separated into two time periods, days
on feed prior to Optaflexx supplementation, and the last 28 days on feed where
Optaflexx was provided at 200 mghd-1d-1 in the feed for half of the cattle on each
roughage source/inclusion level subclass. This was done to examine trends in growth
performance before and after the βAA was introduced in the diet.
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Growth Performance Prior to Optaflexx Supplementation
Roughage source did not affect (P > 0.24) on weight change or ADG for all
cattle prior to Optaflexx supplementation (Table 14). Similar to the present study,
Benton et al. (2007) found similar ADG between cattle fed alfalfa hay and corn
silage, both at low (4 and 6.13% respectively) and high (8 and 12.26% respectively)
levels in the diet on a DM basis. Dry matter intake (kg d-1) on the other hand was
lower (P = 0.0002) when corn silage was fed to cattle versus cattle fed alfalfa hay in
the current study, with cattle consuming 8.2 and 9.2 kg d-1, respectively. No effects
of roughage source were found (P > 0.17) however for DMI (% BW). No differences
were found for DMI when feeding corn silage or alfalfa hay in the study by Benton et
al. (2007), with similar intakes between low and high inclusion levels of roughage in
the diet. Increases in DMI are commonly associated with feeding hay, as increased
intakes are needed in order to meet the energy demands for the cattle. Alfalfa hay has
a lower nutritive energy value compared to corn silage; therefore increased intakes
were expected when feeding alfalfa hay. Cattle consuming alfalfa hay had greater
DMI (kg d-1) compared to corn silage-fed cattle, resulting in poorer (P = 0.005) feed
efficiency, indicating more feed was required per kg gain.
Prior to Optaflexx supplementation, roughage level did not affect (P > 0.60)
any growth performance trait (gains, feed intake, feed to gain), with similar values
across the three roughage inclusion levels (Table 15). Benton et al. (2007) found that
feeding corn silage at low amounts in the diet (6.13% of the DM) had no effect on
ADG, final BW and F:G; however, DMI (kg d-1) did increase as compared to cattle
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fed the control diet (0% corn silage). Including corn silage at high levels (12.63% of
the diet DM) increased final BW, DMI (kg d-1), and ADG compared to controls, with
no impact on F:G. When examining the effects of alfalfa inclusion level, the previous
authors found that including alfalfa at low levels (4% of the diet DM) did not affect
final BW or F:G, but did however increase DMI and ADG. At high levels (8% of the
diet DM), the feeding of alfalfa hay increased all growth performance traits (ADG
and DMI), with the exception of F:G.
Examining the time on feed prior to RAC supplementation, no effects (P >
0.29) of steer allocation to βAA supplementation regimen were found for any growth
performance trait (gains, feed intake, feed to gain), (Table 16). This is expected, as
no Optaflexx was fed in the period of time prior to the last 28 days on feed, and as
such, should have no bearing on the results.
Feeding corn silage as the roughage source decreased DMI (kg d-1), which
resulted in improved feed efficiency compared to feeding alfalfa hay. Feeding either
roughage source at 8, 16 or 24% of the diet did not affect any growth performance
trait. These results show that feeding corn silage can help to increase efficiency by
decreasing DMI. Including these roughage sources up to 24% DM in the diet does
not impede growth performance in the time leading to slaughter.

Growth Performance During Optaflexx Supplementation
Over the last 28 days on feed when Optaflexx was supplemented, weight
change and ADG increased (P = 0.03) (Table 17) in cattle fed corn silage versus
alfalfa hay.

This could be due to the fact that RAC is a repartitioning agent,
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redirecting energy and nutrients away from fat towards protein synthesis and
deposition. Since corn silage contains higher amounts of energy as compared to
alfalfa hay, it is possible that the feeding of Optaflexx had a greater effect on cattle
fed corn silage for redirecting available energy to accelerate metabolic pathways
towards protein accretion and deposition. This resulted in higher weight gains and
greater ADG for cattle fed corn silage as compared to cattle fed alfalfa hay. Even
with the increase in ADG and weight change over the last 28 days, carcass traits were
unaffected by Optaflexx supplementation, as will be discussed later. Feeding alfalfa
hay or corn silage had no effect (P > 0.14) on DMI (kg d-1, % BW), with similar
intakes for both roughage sources. As a result of increased weight change and ADG,
feed efficiency was improved (P = 0.025) for cattle consuming corn silage as
compared to cattle fed alfalfa hay.
Growth performance traits (gains, feed intake, feed to gain) were similar (P >
0.27) over the Optaflexx supplementation period at varying levels of dietary roughage
level (Table 18). These results suggest that increased amounts of roughage (up to
24% of the diet) can be fed over the last 28 days on feed without compromising
performance, and offers the chance to lower production costs by feeding an
economical forage source.
Over the last 28 days, feeding Optaflexx increased (P = 0.0004) weight
change and ADG versus cattle that were not fed a beta agonist, while not affecting (P
> 0.37) DMI (kg d-1 and % BW) (Table 19). Feed efficiency was considerably
improved (P = 0.001) for cattle fed Optaflexx compared to control cattle (less feed
required per kg gain). In a study by Loe et al. (2005), researchers found that feeding
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Optaflexx at 200 mghd-1d-1 increased weight gain over the last 29 days that RAC
was fed as compared to controls, resulting in heavier final weights. The current
results are consistent with past research (Laudert et al., 2005; Schroeder et al., 2003;
Walker, 2006), which reported increased ADG when RAC was included in the diet,
with no effect on DMI. Current results agree with the findings of Avendaño-Reyes et
al. (2006), who found that feeding Optaflexx (300 mghd-1d-1) to finishing cattle
over the last 33 days prior to slaughter increased ADG by 24%, while decreasing
DMI compared to controls. This study also found that Optaflexx supplementation
improved feed efficiency which was not found in the present study. Gruber et al.
(2007) also noted that RAC feeding improved ADG and feed efficiency while DMI
was unaffected. Similar gains achieved in the present study over the entire trial for
control and RAC-supplemented cattle may be due to the reduced amount of βAA fed
(200 mghd-1d-1) and shorter feeding period (28 d) as compared to Avendaño-Reyes
et al. (2006). Similarly, ADG improved by 19.6% when Optaflexx was fed to steers
and heifers at 200 mghd-1d-1 (Schroeder et al., 2003), while Woerner et al. (2011)
found that ADG improved by 12% when RAC was supplemented at 200 mghd-1d-1.
Optaflexx supplementation has improved gains in other studies (Laudert et al., 2007;
Abney et al., 2007) in comparison to cattle fed a control diet with no RAC
supplementation. Beta agonist supplementation did not affect ADG when fed to
heifers at 200 mghd-1d-1 the last 28 days on feed in the study conducted by Quinn et
al. (2008).
When examining only the 28-day period where Optaflexx was fed to half of
the cattle, weight change and ADG was greater in corn silage versus alfalfa hay fed
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cattle, which resulted in increased F:G. The energy content of the diet may be an
important factor to ensure a response in gains and feed efficiency when using
Optaflexx. However, roughage inclusion level did not affect any growth performance
trait. Average daily gain, weight change, and feed efficiency increased with βAA
supplementation over the last 28 DOF. These results indicate that supplementation
with RAC over the last 28 DOF can help to improve growth performance traits over
the time period when it is fed; however, as mentioned above, no significant results
were found over the entire time period for βAA supplementation. Perhaps feeding
Optaflexx for an increased length of time could help to improve growth performance
traits over the combined time period.
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3.4.2.

CARCASS CHARACTERISTICS

The effects of roughage source, roughage level, and βAA supplementation on
carcass characteristics are presented in Tables 20, 21 and 22 respectively.

Hot

carcass weights (HCW) and grade fat were similar (P > 0.21) across roughage sources
(Table 20), roughage inclusion levels (Table 21) and Optaflexx supplementation
(Table 22). Benton et al. (2007) fed alfalfa hay and corn silage at low (4 and 6.13%
of the diet DM) and high (8 and 12.26% of the diet DM) levels. Hot carcass weights
were unaffected by roughage source, with comparable weights for cattle fed alfalfa
hay or corn silage. While the authors found no effects on carcass weights when
feeding either roughage source at low levels (4% alfalfa hay or 6.13% corn silage),
the feeding of high levels of roughage (8% alfalfa hay or 12.26% corn silage),
increased HCW as compared to control diets (0% roughage). The authors also found
that feeding alfalfa hay at low levels (4% DM) increased back fat measurements as
compared to low corn silage feeding (6.13% DM), with an increase of 0.18 cm. No
differences on grade fat measurements were found in the aforementioned study
between carcasses from cattle fed high levels of alfalfa hay and corn silage (8 and
12.26% of the diet DM respectively). Shain et al. (1999) found that including alfalfa
hay in the diet at 10% of the DM increased HCW by 13 kg as compared to cattle fed
an all-concentrate diet formulated at equal NDF values. Cozzi and Mazzenga (2007)
also found that carcass weight was significantly affected by corn silage inclusion
level, with cattle fed 0 and 22% corn silage (DM basis) having heavier carcass
weights (436 and 446 kg respectively) than cattle fed 44% corn silage (DM basis)
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(396 kg). Furthermore, fatness was unaffected by corn silage inclusion level in the
previous study. The addition of 7.5% forage (a mixture of alfalfa hay and corn
silage) to the diet (DM basis) increased HCW and fat thickness as compared to
carcasses from cattle fed all grain diets which was attributed to greater DMI for
forage-fed cattle (Huffman et al., 1992). Fat thickness increased by 1.3 and 2.6 mm
for cattle receiving 3.75 and 7.5% alfalfa hay (DM basis) as compared to cattle fed all
grain diets (Farran et al., 2004).
The effects of supplementing RAC to finishing cattle over the last 28 to 42
DOF on carcass characteristics has been well studied over the past years. AvendañoReyes et al. (2006) found that feeding RAC to finishing cattle increased HCW by 5%,
which could be attributed to heavier final body weights and greater ADG compared to
control steers. In the present study however, Optaflexx did not affect weight change
(P = 0.54; Table 12) over the course of the feeding period, which could explain why
HCW was not increased (P > 0.95; Table 22) when the β-AA was supplemented.
Feeding RAC over the last 28 days at 200 mghd-1d-1 on feed increased HCW by 8
kg compared with control steers when examined by Winterholler et al. (2007).
Conversely, Quinn et al. (2008) found no effects on HCW when Optaflexx was fed
over the last 28 days prior to slaughter at 200 mghd-1d-1, which was attributed to a
lack of increase in lean tissue accretion. In past studies, HCW was the primary trait
influenced the most by RAC supplementation. In a study conducted by Schroeder et
al. (2003), supplementation with RAC increased HCW by 2.9, 6.4 and 8.3 kg for
steers supplemented with 100, 200 and 300 mghd-1d-1 respectively when compared
to controls. Furthermore, Abney et al. (2007) reported increases in HCW in response
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to Optaflexx supplementation, while Laudert et al. (2007) reported heavier carcass
weights when feeding RAC as low as 100 mghd-1d-1. These previous results help to
further support that feeding RAC to finishing cattle can increase HCW after 28 days
on feed.
It would be expected that grade fat thickness would be decreased in cattle
consuming Optaflexx, as the supplement is considered to be a repartitioning agent,
which is said to shift metabolic processes from lipogenesis to protein synthesis.
Optaflexx supplementation did not affect 12th rib fat thickness in steers and heifers in
studies by Schroeder et al. (2003), with similar measurements across all supplemental
levels (0, 100, 200, and 300 mghd-1d-1). Fat thickness was also unaffected by
supplementing Optaflexx in studies by Laudert et al. (2007) and Winterholler et al.
(2007). Non-significant differences in grade fat in the present study (P = 0.83; Table
22) may indicate that supplementation with Optaflexx did not affect lipogenesis or
lipolysis; this is also supported by similar (P = 0.83; Table 22) intermuscular fat
(indicated by fat dissection of the rib) content of LM for control and Optaflexxsupplemented cattle which will be discussed later.

Longissimus muscle area (LMA; cm2) was similar (P > 0.28) across all main
effects (roughage source, roughage level, and β-AA) (Tables 20, 21 and 22). Benton
et al. (2007) found that feeding alfalfa hay or corn silage at low and high levels in the
diet (4 versus 8% alfalfa hay or 6.13 versus 12.26% corn silage respectively) had no
effect on LMA. Longissimus muscle area increased only when corn silage was
increased to 75% of the diet DM as compared to carcasses from cattle fed 14 and 30%
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corn silage (DM basis) (Gill et al., 1976). Loerch and Fluharty (1998) evaluated corn
silage for finishing cattle at 0, 15 and 30% of the diet (DM basis), and found similar
LMA across dietary treatments. Furthermore, in two studies by McEwen (2002a,b),
longissimus muscle measurements were not affected by including corn silage up to
85% of the diet DM.
Due to the fact that Optaflexx is considered to be a repartitioning agent, it may
be anticipated to observe effects on LM area due to increases in muscling. An
increase in LMA was found when Optaflexx was supplemented to steers at 100, 200
and 300 mghd-1d-1, with increases of 1.9, 2.6, and 3.2 cm2 respectively in a study
conducted by Schroeder et al. (2003). When fed to heifers, supplementing Optaflexx
at 300 mghd-1d-1 increased LMA by 3.2 cm2 (Woerner et al., 2001). Laudert et al.
(2007) also found that RAC supplementation (200 mghd-1d-1) over the last 28 to 32
days on feed increased LMA in finishing heifers from 91.4 to 92.8 cm2. Longissimus
muscle area also increased by 1.74 cm2 by feeding RAC at 200 mghd-1d-1
(Winterholler et al., 2007). While the previous studies noted significant increases in
LMA when Optaflexx was supplemented, Abney et al. (2007) only found a tendency
for LMA to be greater than the control when RAC was supplemented in the diet at
200 mghd-1d-1. Results of the current study indicate that supplementation with
Optaflexx did not help to increase muscle protein synthesis nor decrease protein
degradation, as longissimus muscle area remained unaffected (P > 0.78; Table 22)
after supplementation. However, final body weights were also similar between the
control and RAC supplemented cattle, which could help to diminish the effects of
RAC supplementation. Feeding Optaflexx at an increased level and for a longer
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duration prior to slaughter may help to elicit a response in further studies.
Longissimus muscle area was corrected for every 100 kg of carcass weight.
Corrected LMA (cm2100 kg-1) was unaffected (P > 0.44) by roughage source, with
similar values for corn silage- and alfalfa hay-fed cattle (Table 20).

However,

corrected LMA increased (P < 0.003; Contrast 2) for cattle fed 16% roughage as
compared to cattle consuming 24% roughage. Feeding βAA had no effect (P > 0.78)
on LMA with similar areas between cattle consuming Optaflexx and control cattle.
When corrected for every 100 kg of HCW, several interactions (P > 0.06) were found
(Tables 23, 24, 25). The roughage source by level interaction (P = 0.003; Contrast 2)
was due to similar values for LMA across 16 and 24% roughage levels for alfalfa
silage-fed cattle as compared to LMA decreasing for corn silage-fed cattle fed 24 vs.
16% roughage (Table 23). The roughage level by beta agonist supplementation
interaction (P < 0.04; Contrast 2) was due to LMA decreasing for beta agonist
supplemented cattle fed 24 vs. 16% roughage as compared to similar LMA for nonbeta agonist supplemented cattle fed 16 and 25% roughage (Table 24). The roughage
source by additive interaction (P = 0.03) was a result of corrected LMA increasing for
corn silage-fed cattle fed the βAA while the converse was true for alfalfa silage-fed
cattle. A roughage source by level by βAA supplement interaction was also found for
corrected LMA for all contrasts (P < 0.02) (Table 13). This interaction cannot be
explained, due to the absence of consistent trends across roughage source, roughage
level, or βAA.
Intramuscular fat determination for both LM and ST muscles was found to be
unaffected (P > 0.235) by roughage source, with similar percentages for both alfalfa
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hay and corn silage-fed cattle for each muscle (Table 20). Furthermore, roughage
inclusion level did not affect (P = 0.910) IMF in LM muscles. When ST muscles
were examined, it was found that there was a tendency (P = 0.074) for IMF to be
higher (P = 0.049; Contrast 1) for cattle fed 8% compared to the average between 16
and 24% roughage (Table 21). Supplementation with Optaflexx had no effect (P >
0.139) on IMF percentage, with similar content between supplemented and control
cattle.

There was a roughage source by level by additive interaction for IMF;

however, this interaction cannot be explained due to the absence of consistent trends
for main effects. No other interactions were found for intramuscular fat content.

Numerical marbling score was similar (P > 0.24) across all main effects
(Tables 20, 21, 22). However, a roughage source by level by βAA supplement
interaction was present (P < 0.011) for numerical marbling score (Table 13; Contrast
1).

Unfortunately, this interaction cannot be explained due to the absence of

consistent trends across roughage source, roughage level, or βAA. Feeding either
alfalfa hay and corn silage as the roughage source in the diet had no effect on
marbling score compared across dietary treatments and controls in a study by Benton
et al. (2007). Increasing roughage level (corn silage) to 40 and 60% DM of the diet
significantly increased marbling compared to 20% corn silage in a study by McEwen
(2002b).
In agreement with the present study, others (Schroeder et al., 2003; Laudert et
al., 2007; Strydom et al., 2009; Woerner et al., 2011) have found no effects on
marbling scores when Optaflexx was fed over the last 28 days on feed. In contrast,
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Griffin et al. (2009) reported decreased marbling scores in heifers fed RAC compared
to controls.

For the most part, these results are unexpected, as Optaflexx is

considered to be a repartitioning agent, shifting metabolic processes from lipogenesis
to protein accretion and lipolysis. Quality grade was similar (P > 0.57; Tables 20, 21,
22) across roughage source, roughage level and Optaflexx supplementation. Feeding
200 mghd-1d-1 of Optaflexx to yearling steers did not affect quality grades in work
done by Loe et al. (2005).

A roughage level by βAA additive interaction (P = 0.018) was present for
carcass lean yield between cattle fed 16 and 24% roughage (Table 24; Contrast 2),
with greater values for Optaflexx supplemented vs. control cattle fed the 16%
roughage diet, as compared to no changes in lean yield for Optaflexx supplemented
cattle fed the 24% roughage diet. There are several explanations for this interaction.
This trait is a subjective evaluation of lean yield by CBGA graders and the results
here are not supported by non-significant differences in hot carcass weight, fat depth,
longissimus area, across levels of roughage fed (Table 21) and between control and
Optaflexx supplemented cattle (Table 22). However, there may be a convergence of
these traits to cause the interaction, as there are numerical trends with rib dissection
values such that dissectible lean is numerically greater for carcasses from cattle fed
16% roughage (Table 21) and for carcasses from cattle supplemented with Optaflexx
(Table 22). The increased amounts of available energy with greater amounts of grain
fed with the 16% vs. 24% roughage diets may be responsible for the improvement in
lean yield with Optaflexx supplementation. However, this response does not occur
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for cattle fed 8% roughage diets. In the past (Benton et al., 2007), yield grade
increased when the amount of corn silage was increased in the diet (from 6.13 to
12.26% DM) while yield grade was unaffected by changes to the amount of alfalfa
hay provided in the diet. Moody et al. (2000) explained that diet could influence the
effect of βAA, specifically the amount of dietary protein found in the ration, which
would be needed in order to accommodate the increase in lean deposition. In the
present study, diets were formulated on a 14% CP basis across all roughage levels;
however, corn silage diets were found to contain only 13% CP when diets were
analyzed (Table 3). The amount of UIP (% CP) in each ration however, did decrease
as roughage level increased, which would provide less protein for lean deposition in
the carcass. Furthermore, providing Optaflexx in the diet over the last 28 days on
feed could have helped to repartition metabolic pathways towards protein accretion
and deposition, while decreasing fat deposition, causing an increase in lean yield of
the carcass with decreased levels of roughage in the diet.

Rib sections were dissected into lean, fat, and bone components to estimate
body composition. There were no differences in body composition (P > 0.25; Tables
20, 21, 22) across roughage source, level and Optaflexx supplementation.

A

roughage source by additive interaction was present (P < 0.037) for percent lean
(Table 25) as Optaflexx supplementation increased the amount of lean in cattle fed
corn silage while the amount of lean in cattle fed alfalfa hay remained unaffected.
The interaction may be explained by the greater amount of available energy found in
corn silage due to the presence of grain as compared to feeding alfalfa hay in cattle.
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Given that Optaflexx is considered a repartitioning agent, greater amounts of energy
absorbed from the gastrointestinal tract when feeding corn silage can be directed
towards protein accretion as compared to lower amounts of energy absorbed from
feeding alfalfa hay.

Fat from each rib section was separated into body cavity, intermuscular, and
subcutaneous fat depots, in order to determine the effects of roughage source and
level and βAA supplementation on fat partitioning. Fat depots were generally similar
(P > 0.24) across all main effects (Tables 20, 21, 22). Considering RAC is thought of
as a repartitioning agent, fat partitioning may have been altered as repartitioning
agents can increase lipolysis and decrease lipogenesis (Mersmann, 1998). This was
not the case in the present study, as Optaflexx supplementation did not affect the
amount of fat in the carcass or fat partitioning.

Liver abscess scores were unaffected (P > 0.60) across main effects, with
similar scores between roughage source, level and supplementation with Optaflexx
(Tables 20, 21, 22). Similarly, Benton et al. (2007) found that feeding alfalfa hay (4
or 8% DM) or corn silage (6.13 or 12.26% DM) had no effect on liver abscess scores.
Increasing alfalfa hay in the diet (0, 3.5, and 7.5% of the diet DM) did not affect liver
abscess scores in steers in a study by Farran et al. (2004). The incidence of liver
abscesses was not affected by altering the amount of roughage (9 vs. 18%) in the diet
(Xiong et al., 1991). Similarly, Kreikemeier et al. (1990) found that increasing
roughage level in the finishing diet did not help to alleviate the metabolic and
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digestive problems associated with high grain feeding, with 55 to 71% of livers being
condemned; the researchers attributed the high incidence of abscesses to the
exclusion of a common coccidiostat, which was purposely omitted to examine if
roughage level would help to alleviate abscesses. In a further experiment however,
increasing the amount of roughage fed caused salivation rates to rise, improving
ruminal buffering capacity and increasing rate of passage of feed through the rumen,
measures which could help to decrease the incidence of liver abscesses in cattle fed
high grain diets. A study by Mader et al. (1991) found that feeding alfalfa hay tended
to decrease liver abscess scores in cattle when compared to cattle fed corn silage
agreeing with the previous findings. Furthermore, the incidence and severity of liver
abscesses decreased when roughage level increased from 5 to 15% in a study
conducted by Gill et al. (1979).
Feeding RAC to heifers at 0, 100, 200 or 300 mghd-1d-1 for either 28 or 42
days before slaughter had no effect on liver abscesses, with 7% or lower incidence
across all treatments (Quinn et al., 2008). Contrary to the current study, Loe et al.
(2005) found that feeding Optaflexx over the last 29 days on feed at 200 mghd-1d-1
decreased the incidence of liver abscesses, from 19.7% for controls to 13.5% for
supplemented cattle.
Feeding alfalfa hay or corn silage as the roughage source had did not affect
carcass characteristics.

Inclusion of roughage at up to 24% of the diet did not

improve carcass traits, with the exception of LMA (cm2 100 kg-1), which increased
for cattle consuming roughage at 16% of the diet. Furthermore, feeding Optaflexx
over the last 28 DOF did not prove beneficial for enhancing carcass attributes, with
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similar results between supplemented cattle and controls.

The amount of available

energy in the diet may influence the response to beta agonist supplementation. This
is supported by the increase in % lean in the carcass from rib dissection when corn
silage was fed as compared to feeding alfalfa hay (Table 25) with Optaflexx feeding.
In addition, the feeding of lower energy diets (24% roughage) tended to diminish the
effect of Optaflexx feeding on CBGA lean yield (Table 24) as compared to feeding
16% roughage diets where available energy would be greater with increased amounts
of grain being fed.
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3.4.3. MEAT QUALITY

3.4.3.1.

MEASUREMENTS OF MEAT QUALITY

Colour, pH, shear force and cook loss measurements were used to indicate the
effects of roughage source, level and beta agonist supplementation on meat quality
for longissimus (LM) and semitendinosus (ST) muscles.

pH Measurements
Muscle pH measurements were similar (P > 0.53) between roughage source
(Table 26) and roughage inclusion levels (Table 27) for both LM and ST muscles.
Jenschke et al. (2008) found that pH in beef knuckles were similar between alfalfa
hay and corn silage at low levels (4 and 6.13% of the diet DM respectively).
However, pH increased for cattle fed alfalfa hay and corn silage at high levels (8 and
12.23% of the diet DM). No differences were noted for pH between low and high
levels of alfalfa hay (4 vs. 8% DM) and corn silage (6.13 vs. 12.26% DM). No
differences (P > 0.40) in LM or ST pH were noted with βAA supplementation (Table
28). According to Miller (2007), pH declines from an initial pH of 7.0 post mortem,
to an ultimate pH of approximately 5.7, while Silva et al. (1999) classified normal pH
of meat to range from 5.5 to 5.8. Across all main effects in the present study, pH was
consistent between 5.40 and 5.45, well near the normal levels accepted in meat
products. The level of pH found in lean tissue can have an effect on important meat
quality attributes, including colour and tenderness (French et al., 2001). Source and
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level of roughage, as well as beta agonist supplementation in the present study did not
affect pH for LM and ST muscles, indicating main effect differences found for colour
and shear force measurements would be due to direct effects of main effects, rather
than as a result of pH.

Colour Measurements
Roughage source did not affect (P > 0.21) L* (measurement of lightness), or
a* (the range from red to green). b* (range from yellow to blue), chroma (intensity of
the colour) and hue (distance from the true red axis) for both LM and ST (Table 26).
Furthermore, colour measurements were unaffected (P > 0.61) by inclusion level in
the current study (Table 27). Colour measurements in longissimus thoracis were
examined by Cozzi and Mazzenga (2007), who found similar L*, a*, and b*
measurements when feeding corn silage at 0, 22 or 44% of the diet (DM basis). The
authors stated that the type of feed and inclusion level can alter the sensory properties
of meat products, including changes in colour for both fat and lean tissue. Bidner et
al. (1981) found that inclusion of forage in the diets of finishing cattle caused a
darkening of lean tissue colour as compared to cattle fed diets high in concentrates.
Further studies by Bidner et al. (1986) found that forage-fed steers had a higher
Hunter CIE score, indicating darker lean colour, compared to grain fed cattle. The
difference in lean colour was attributed to increased myoglobin concentration in the
muscle, which darkens the meat.
Cattle supplemented with Optaflexx had decreased (P = 0.033) a*
measurements in ST, signifying a less-red colour (Table 28). βAA supplementation
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tended (P < 0.06) to decrease chroma values for ST in the present study, indicating a
decline in colour saturation. There was no influence of βAA supplementation (P >
0.35) on other colour measurements (L*, b*, hue) for LM and ST. Avendaño-Reyes
et al. (2006) found that feeding βAA to finishing steers increased hue in LM,
indicating an increase in redness of the muscle as compared to meat from control
steers. Values for a* however, were similar between RAC supplemented cattle and
controls in the aforementioned study, leading to the authors concluding that RAC
supplementation did not affect muscle colour. This conclusion contradicts the results
found in the present study. Beta agonist supplementation did not have an effect on
any colour measurements when supplemented at 100, 200 or 300 mghd-1d-1
according to studies performed by Schroeder et al. (2003). This conclusion is further
supported by Woerner et al. (2011) and Quinn et al. (2008) with the latter study
finding that supplementing heifers with 200 mghd-1d-1 over the last 28 DOF had no
effect on L*, a* or b* measurements. The quality and appeal of beef is largely
measured by the colour of lean and fat found in the final meat product (Craig et al.,
1959). The results obtained in the present study indicate that the colour of LM and
ST was similar between control and Optaflexx supplemented diets, and would be
suitable and desirable to the average consumer. Furthermore, feeding Optaflexx for
the last 28 DOF does not alter colour measurements outside of the parameters
considered acceptable to consumers.

Cook Loss
Percentage of cook loss in LM or ST muscles was not affected (P > 0.67) by
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roughage source (Table 26). Furthermore, no differences (P > 0.10) in cook loss
percentage were found between roughage level and βAA supplementation for both
LM and ST muscles (Tables 27 and 28). A roughage source by roughage level
interaction was present (P = 0.037) however for cook loss in ST (Table 23). The
interaction (P = 0.022) was due to cook loss increasing when the amount of alfalfa
hay was increased from 16 to 24% as compared to cook loss decreasing when the
amount of corn silage in the diet was increased from 16 to 24%. The percentage of
cook loss is related to the lean yield of the carcass, as lean muscle contains more
water than does fat. As lean yield increases, it would be assumed that cook loss
would increase as a result. In the current study, lean yield increased at 16% roughage
(Table 24), which could be the cause of increased cook losses. Cozzi and Mazzenga
(2007) found that cook loss for ST was unaffected by level of inclusion of corn silage
at 0, 22 or 44% (DM basis), with losses ranging from 28.8 to 29.8%. Cook losses in
longissimus muscles were unaffected when Optaflexx was supplemented in the diet at
100, 200 and 300 mghd-1d-1 in research conducted by Schroeder et al. (2003), with
cooking losses ranging from 21.0 to 21.8%. Cook loss was similar between controls
and heifers fed 200 mghd-1d-1 in a study conducted by Quinn et al. (2008), with
losses of 25% for both control and supplemented cattle.

Shear force
Consumers regard tenderness as one of the most important traits when
purchasing beef products (Destefanis et al. 2008).

Warner-Bratzler shear force

(WBSF) measurements are commonly used in research studies to examine tenderness.
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According to a study conducted to Destefanis et al. (2008), beef cuts with WBSF
values that fall below 4.37 kg are perceived to be tender by consumers, while beef
with values above 5.37 kg are considered to be tough. Similar to the previous study,
Miller et al. (2001) and Shackelford et al. (1991) determined that meat tenderness can
be classified by shear force threshold values, with tender products having WBSF
values less than 3.0 kg, WBSF for moderately tender products ranging from 3.0 to 4.3
kg, while tough meat has WBSF values of 4.9 kg or greater. Warner-Bratzler shear
force measurements were used to assess tenderness differences across roughage
source, roughage inclusion level, and beta agonist supplementation for LM and ST.
Feeding alfalfa hay or corn silage as the roughage source did not affect (P > 0.42)
shear force measurements for either muscle (Table 26). There was no effect (P >
0.59) of dietary roughage level on shear force values for either muscle (Table 27).
Warner-Bratzler shear force measurements were similar between cattle fed forage and
grain diets in a study conducted by Bidner et al. (1981). Cozzi and Mazzenga (2007)
found that corn silage inclusion levels in the diet did not affect WBSF values when
fed at 0, 22 or 44% of the diet (DM basis) with shear force values of 3.4, 3.1, and 3.4
kg/cm2 respectively.

Decreased tenderness associated with increased dietary

roughage can be due to reduced final carcass weight and subcutaneous fat content, as
increased forage can lead to longer times on feed and increased age of maturity of the
cattle (Brewer and Calkins, 2003). In the present study, neither HCW nor WBSF
values were significantly affected by increasing dietary roughage from 8 to 24 %;
therefore, no difference in tenderness would be expected due to this relationship.
Beta agonist supplementation did not affect (P > 0.33) WBSF values for either
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muscle (Table 28). There is disagreement in the literature regarding the effects of
RAC supplementation on WBSF values for beef.

Similar to present findings,

Schroeder et al. (2003) found that feeding RAC to finishing cattle at 200 mghd-1d-1
for the last 28 to 42 DOF did not affect WBSF values. Feeding RAC at 300 mghd1

-1

d

however, did significantly increase shear force values; yet values were still

within the range for consumer acceptance. Feeding Optaflexx to early-weaned steers
at either 200 or 300 mghd-1d-1 increased shear force values in loin muscles as
compared to controls in research conducted by Boler et al. (2012). Moody et al.
(2000) also stated that feeding RAC has a tendency to reduce tenderness in meat.
This is supported by Gruber et al. (2008), where WBSF values were increased by
0.38 kg compared to controls when Optaflexx was fed at 200 mghd-1d-1. After 21
days of post mortem ageing, the deleterious effect of RAC on beef tenderness was
slightly but not completely diminished. Woerner et al. (2011) found that feeding
Optaflexx over the last 28 days on feed increased WBSF by 0.23 kg, with no
reduction in shear force effect after post mortem ageing for 28 days. Similarly,
Avendaño-Reyes et al. (2006) found that feeding RAC at 300 mghd-1d-1 over the
last 33 days prior to slaughter significantly increased shear force to 4.83 kg as
compared to 4.39 kg for controls. Agreeing with the previous findings, Strydom et al.
(2009) found that supplementing Optaflexx at 30 ppm in the finishing diet increased
M. semitendinosus WBSF values compared to controls, from 4.6 kg to 5.0 kg.

Feeding either alfalfa hay or corn silage up to 24% had no effect on pH or
colour measurements. Longissimus muscle traits were unaffected by the inclusion of
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Optaflexx, while a* and chroma values of ST muscles were decreased by
supplementation. Furthermore, cook loss percentage and WBSF remained similar
across all three treatments. As previously stated, consumers regard tenderness as one
of the most important traits when purchasing beef products (Destefanis et al. 2008).
In the current study, shear force values for LM steaks ranged from 3.96 to 4.13 kg,
which indicates a consumer acceptable product considered to be moderately tender,
regardless of treatment. While shear force values for ST steaks were not affected by
management regimen, these steaks have higher shear force values than LM steaks due
to muscle differences in location, function, and physical structure. When classified,
ST steaks would be considered a tough cut of meat according to consumers regardless
of how cattle were fed in the present study.
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3.4.4. POST MORTEM AGEING

The effects of post mortem ageing on shear force and cook loss are presented
in Table 29. Given that WBSF values for LM and ST were not affected by roughage
source, roughage inclusion level or Optaflexx supplementation, it was expected that
post mortem ageing would occur in the same process in this study as with
commercially produced beef. No ageing by main effect interactions (P > 0.08) were
found for shear force and cook loss in the current study. Strydom et al. (2009) found
that meat from steers supplemented with RAC at 30 ppm aged just as well as control
steers that were not fed a βAA. Conversely, Woerner et al. (2001) found that shear
force values for Optaflexx-supplemented steers and heifers were greater than
controls, and that the effect on tenderness was not diminished after post mortem
ageing. Supporting the previous study, Gruber et al. (2008) found that feeding steers
RAC increased shear force values significantly, and the effects were only slightly
corrected after 21 days of ageing. Shear force values were increased in loin muscles
from cattle supplemented with Optaflexx at either 200 or 300 mghd-1d-1 (Boler et al.
2012). However after ageing steaks for 14 days post mortem, the magnitude of
differences in shear force values decreased. Using a WBSF threshold value of 4.5 kg
to ensure tender beef, the previous authors noted that, 4 days aged steaks would be
considered acceptable for tenderness. In the present study, shear force values were
greatest (P < 0.001; Contrast 1) for 7 vs. 14 and 21 day aged LM and ST steaks, with
WBSF values decreasing as day of ageing increased (Table 29). Ageing both LM and
ST muscles decreased WBSF values between 7 to 21 days of ageing with lower (P <
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0.001; Contrast 2) shear force values present for 21 vs. 14 day aged beef regardless of
cut (Table 29).

Post mortem ageing decreased cook loss percentage versus product aged for
7 days (P < 0.001; Contrast 1), for both LM and ST. Semitendinosus muscles
however had numerically greater cooking losses compared to LM steaks at 7 days, a
trend that continued throughout the entire ageing period, with 23.2 and 28.5% water
loss respectively (Table 29). There were no differences (P > 0.44; Contrast 2) in cook
loss between 14 and 21 days of ageing for either LM or ST. Boler et al. (2012) found
that cook loss percentage was unaffected in strip loin steaks by Optaflexx
supplementation at either dose, or by post mortem ageing time.
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3.5.

CONCLUSIONS AND IMPLICATIONS

The objective of the present study was to examine the effects of roughage
source, roughage level and beta agonist supplementation on the growth performance,
carcass characteristics and meat quality of beef cattle. This study evaluated the use of
commonly available forages, alfalfa hay and corn silage, at varying levels in the diet
in order to examine the amount of roughage which could be incorporated into the diet
without affecting growth, carcass and meat quality traits. The ultimate goal of the
study was to utilize different roughage sources, feeding strategies, and supplements to
allow for the beef industry to minimize costs of finishing cattle while maximizing
growth, carcass quality, and meat quality parameters.
Present findings indicate that feeding corn silage as the roughage source
decreases DMI, both on a kgd-1 and % BW basis. Furthermore, feed efficiency was
improved for cattle consuming corn silage diets as compared to alfalfa hay diets. No
other growth performance traits or carcass characteristics were affected by varying
the roughage source. Colour and pH measurements for both LM and ST muscles
were unchanged by feeding alfalfa hay or corn silage as the roughage source.
Furthermore, WBSF measurements and percentage cook loss were similar across both
roughage sources for both muscles. Making use of commonly available roughage
sources, such as alfalfa hay and corn silage, could help to offset the increased cost of
feeding associated with the high cost of grain today, while still maintaining growth,
carcass traits, and the high quality standards of beef products.
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Increasing roughage level from 8 to 24% in the diet did not affect growth
performance, or carcass traits. Increasing the amount of roughage in the finishing
diet would allow for more economical diets, with producers utilizing readily available
and high-quality forages in order to minimize costs when grain prices are high.
Lowering the amount of grain used in finishing practices allows for decreased costs
of production while helping to amplify returns to producers.
Previous research has found that when finishing cattle on high levels of
roughage, colour, tenderness and additional qualitative measurements of meat quality
can be reduced. The data from the current study found that increasing roughage level
up to 24% in the diet did not affect meat quality attributes, with colour, WBSF, and
cook loss measurements falling well within the limits consumers consider acceptable.
Furthermore, increasing roughage in the finishing diet can help to offset the
incidence of liver abscesses associated with feeding high-grain diets. In the current
study, no effect on liver abscesses was found by increasing the roughage content of
the diet up to 24% DM. However, Nagaraja and Chengappa (1998) state that the
frequency of liver abscesses can be up to 32% in typical feedlot diets. Decreasing the
incidence of liver abscesses can help to reduce economic losses due to decreased
gains, feed intakes, weight losses and condemned livers related to development of
liver abscesses.

Trends in beef production are moving towards products which can help to
increase growth performance and carcass characteristics without negatively affecting
beef quality.

The current study found that supplementation with Optaflexx, a
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metabolic modifier, at 200 mghd-1d-1 over the last 28 days on feed had no effect on
growth performance versus cattle fed control diets when examined over the entire
trial. Average daily gain was significantly affected, however, when Optaflexx was
fed in combination with differing roughage source and level. Supplementing cattle
with RAC had no effect on carcass characteristics, with the exception of numerical
marbling score, corrected LMA, and percent lean of the dissected LM, which were all
affected by the combination of the three main effects. However, when the last 28
days on feed were analysed to compare the effects of beta agonist supplementation,
weight change, ADG, and feed efficiency were improved when Optaflexx was fed in
the diet. Since feedlot producers are well aware of the poor feed conversion in the
terminal stages of finishing, improved

gains and feed conversion from using a

supplement such as RAC may be crucial for attaining profitability especially with
current high feed costs.

Dose and duration of Optaflexx feeding needs to be

examined in the future with varying roughage levels in order to determine maximum
profit potential.
The use of metabolic modifiers in beef production is a relatively new concept,
with many unfamiliar and varying effects. Previous studies have shown that the
addition of Optaflexx in feedlot diets can help to increase ADG, HCW, and LMA,
without any negative effects on any other growth, carcass or meat quality
characteristics. The data in the current study however, has demonstrated that feeding
Optaflexx at 200 mghd-1d-1 for 28 days did not affect most traits examined over the
entire study, with improvements in weight, ADG, and feed conversion only over the
last 28 days.

These effects were not substantial enough to affect traits when
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examined over the entire trial period. Previous studies have shown that an increased
feeding period of up to 33 days has a positive effect on growth and carcass
characteristics (Avendaño-Reyes, 2008).

Perhaps feeding RAC for an extended

period of time, at an increased dose would help to elicit responses, which would
provide more economical returns for producers. The potential downfall of feeding a
growth promoter such as Optaflexx is the increased workload for feedlot operators.
Administering RAC over the last days prior to slaughter increases the number of
rations to be mixed and fed, which potentially could increase costs for labour,
management and storage. Determining the ideal dose and duration of feeding will
allow producers to determine if feeding Optaflexx is the right program for their
practice. Future studies on ractopamine supplementation could focus on increasing
the dose and the duration of supplementation, and determining the optimal dose and
duration in which to elicit the most positive and economical effects on growth
performance and carcass traits. Furthermore, studies on animal behaviour, colour,
and post-mortem ageing, as well as the interactions of Optaflexx with alternate feed
sources, implants, and growth promoters need to be conducted, in order to fully
understand mechanisms of action and effects on feedlot cattle.

Utilizing roughage sources that are readily available to replace grain content
with high-quality forages can help to lower production costs associated with finishing
cattle, without affecting growth, carcass traits, and meat quality.

This study

demonstrated that incorporating either alfalfa hay and corn silage at up to 24% of the
diet produced cattle with similar growth performance, carcass characteristics and

84

meat quality traits, with the latter all considered acceptable by consumers. The
addition of the beta agonist, Optaflexx into the feedlot ration over the last 28 days
prior to slaughter helped to increase weight and ADG, while improving feed
conversion. When examined over the entire trial period, Optaflexx did not affect any
growth, carcass or meat characteristics alone.

However, in combination with

roughage source and level, use of Optaflexx resulted in a slight improvement in
ADG, marbling score, LMA area, and percent lean of the dissected rib. Future
research must continue to try and manipulate diets in to lower grain inputs, in order to
determine the maximum profit potential for producers. Continued research using
alternative feed and roughage sources which are commonly available, at increased
levels will help to determine at which point traits considered important decline.
Furthermore, future studies need to examine different feedstuffs in combination with
growth promotants to increase our understanding of the mechanisms behind
metabolic modifiers such as Optaflexx, and how they work in conjunction, in order to
help make finishing cattle more economical and efficient for beef producers.
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Table 1. Experimental Design: 2 x 3 x 2 Factorial Arrangement
Roughage Source

Dietary Roughage Level
8%

Alfalfa Hay

16%
24%
8%

Corn Silage

16%
24%

Additive
No β Agonist
Optaflexx
No β Agonist
Optaflexx
No β Agonist
Optaflexx
No β Agonist
Optaflexx
No β Agonist
Optaflexx
No β Agonist
Optaflexx

86

Table 2. Formulation of Alfalfa Hay and Corn Silage Diets (Ingredient Composition, Dry Matter Basis)z

DM (%)
69.0
34.7
88.0
90.0
100.0
100.0
99.0

Ingredient
High Moisture Corn
Corn Silage (Containing 40% grain)
Soybean Meal
Alfalfa Hay
Premix 292 (Rumensin, Vitamins A, D, E)
Mineral Premix (limestone, salt, trace minerals)
Urea
Total
z

8%
79.8
0.0
6.7
8.0
2.3
2.2
1.0
100.0

Formulated using 1996 Beef NRC modelling software.
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Diet
Dietary Roughage Level
Alfalfa Hay
Corn Silage
16%
24%
8%
16%
72.6
65.5
76.5
68.6
0.0
0.0
8.0
16.0
5.9
5.0
10.5
10.4
16.0
24.0
0.0
0.0
2.3
2.3
2.3
2.3
2.2
2.2
2.2
2.2
1.0
1.0
0.5
0.5
100.0
100.0
100.0
100.0

24%
60.7
24.0
10.3
0.0
2.3
2.2
0.5
100.0

Table 3. Chemical Composition of Initial Alfalfa Hay and Corn Silage Diets
Roughage Source
Alfalfa Hay
Nutrient (% DM)
DM
TDN
NDF
CP
UIP, % of CP

8%
73.6
80.5
13.4
13.6
61.3

16%
75.2
78.3
16
14.1
58.1

Corn Silage
Roughage Level
24%
8%
76.7
69.8
76.1
81.6
18.6
12.9
14.7
13
55
61.2
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16%
67
80.2
15
13
58.8

24%
64.3
78.8
17.1
13
56.3

Table 4. Contrast Coefficients Used for Means Separation of Dietary Roughage Level
Contrast

8%

Dietary Roughage Level
16%

1
2

2
0

-1
-1

24%
-1
1

Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and
24% roughage.
Contrast 2: Comparison of cattle fed 16 versus 24% roughage.
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Table 5. Contrast Coefficients Used for Means Separation of Roughage Source by Dietary Roughage Level Interactions
Contrast
1

Roughage Source
Alfalfa Hay
Corn Silage

8%
-2
2

Dietary Roughage Level
16%
1
-1

24%
1
-1

Alfalfa Hay
0
-1
1
Corn Silage
0
1
-1
Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by roughage source.
Contrast 2: Comparison of cattle fed 16 versus 24% roughage by roughage source.
2
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Table 6. Contrast Coefficients Used for Means Separation of Dietary Roughage Level by Additive Interactions
Dietary Roughage Level
Contrast
Additive
8%
16%
24%
None
2
-1
-1
1
Optaflexx
-2
1
1
None
0
-1
1
2
Optaflexx
0
1
-1
Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by additive.
Contrast 2: Comparison of cattle fed 16 versus 24% roughage by additive.
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Table 7. Contrast Coefficients Used for Means Separation of Roughage Source
by Additive Interactions
Roughage Source
Contrast
Additive
Alfalfa Hay
Corn Silage
None
-1
1
1
Optaflexx
1
-1
Contrast 1: Comparison of cattle fed alfalfa hay versus corn silage by additive.
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Table 8. Contrast Coefficients Used for Means Separation of 3 Way Interactions (Roughage Source by
Roughage Level by Additive)
Roughage Level
Contrast
Roughage Source
Additive
8%
16%
24%
None
2
1
1
Alfalfa Hay
Optaflexx
-2
-1
-1
1
None
2
-1
-1
Corn Silage
Optaflexx
-2
1
1
None
0
-1
1
Alfalfa Hay
Optaflexx
0
1
-1
2
None
0
1
-1
Corn Silage
Optaflexx
0
-1
1
Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by type of
feed and additive.
Contrast 2: Comparison of cattle fed 16 versus 24% roughage by type of feed and additive.
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Table 9. Contrast Coefficients Used for Means Separation of Warner-Bratzler
Shear Force for Postmortem Aged Product
Day of Post Mortem Ageing
Contrast
7
14
21
1
2
-1
-1
2
0
1
-1
Contrast 1: Comparison of 7 days versus the average of 14 and 21 days postmortem
ageing.
Contrast 2: Comparison of 14 versus 21 days postmortem ageing.
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Table 10. Effects of Roughage Source on Overall Growth Performance Traits for Cattle Fed to Common Times on Feedz
Trait
Start of test age (d)
Initial body weight (kg)

Covariate
x

NONE
NONEx

y

Roughage Source
Alfalfa Hay
Corn Silage
305.7
331.0

304.3
337.0

S.E.

P-value

11.46
13.33

0.949
0.620

Final body weight (kg)
NONEx
629.5
641.7
27.86
0.767
x
Age at slaughter (d)
NONE
476.8
475.7
12.35
0.960
Weight change (kg)
DOF
307.6
307.9
5.27
0.928
-1
Average daily gain (kg d )
DOF
1.82
1.76
0.03
0.432
-1
Dry matter intake (kg d )
DOF, SOTwt
10.9
9.6
0.17
<0.0001
Dry matter intake (% BW)
DOF
1.74
1.53
0.025
<0.0001
-1
Feed to gain (kg kg )
DOF, SOTwt
6.00
5.46
0.112
0.0004
z
Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
y
Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
x

No covariates were included in this model.
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Table 11. Effects of Dietary Roughage Level on Overall Growth Performance Traits for Cattle Fed to Common Times
on Feedz
Roughage Levely
P-value for Contrastsx
Trait
Covariatew
8%
16%
24%
S.E.
P-value
1
2
v
Start of test age (d)
NONE
308.4
303.4
303.3
14.03
0.826
0.554
0.866
v
Initial body weight (kg)
NONE
339.9
330.7
331.4
16.33
0.721
0.426
0.897
v
Final body weight (kg)
NONE
650.5
632.7
623.6
34.12
0.794
0.510
0.907
v
Age at slaughter (d)
NONE
480.3
475.6
474.5
21.41
0.850
0.580
0.895
Weight change (kg)
DOF
313.6
305.1
304.6
6.36
0.645
0.3792
0.7512
-1
Average daily gain (kg d )
DOF
1.85
1.79
1.73
0.036
0.275
0.159
0.437
-1
Dry matter intake (kg d )
DOF, SOTwt
10.3
10.2
10.0
0.20
0.318
0.315
0.259
Dry matter intake (% BW)
DOF
1.64
1.65
1.62
0.030
0.592
0.875
0.313
-1
Feed to gain (kg kg )
DOF, SOTwt
5.57
5.77
5.84
0.133
0.706
0.437
0.760
z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Roughage level as a percent of dry matter.
x
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage; Contrast
2: Comparison of cattle fed 16 versus 24% roughage.
y

w

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for
growth performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates
remaining in the final model are labelled NONE.
v

No covariates were included in this model.
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Table 12. Effects of Beta Agonist Supplementation on Overall Growth Performance Traits for Cattle Fed to
Common Times on Feedz
Additive
Trait
Covariate
None
Optaflexx
S.E.
P-value
x
Start of test age (d)
NONE
305.3
304.8
11.46
0.933
x
Initial body weight (kg)
NONE
330.7
337.3
13.33
0.668
x
Final body weight (kg)
NONE
625.8
645.4
27.86
0.661
x
Age at slaughter (d)
NONE
476.5
476.0
12.35
0.943
Weight change (kg)
DOF
304.2
311.3
5.27
0.538
-1
Average daily gain (kg d )
DOF
1.75
1.83
0.030
0.289
-1
Dry matter intake (kg d )
DOF, SOTwt
10.3
10.3
0.41
0.364
Dry matter intake (% BW)
DOF
1.66
1.61
0.025
0.167
-1
Feed to gain (kg kg )
DOF, SOTwt
5.89
5.56
0.112
0.130
z
Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
y

y

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for
growth performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates
remaining in the final model are labelled NONE.
x

No covariates were included in this model.
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Table 13. Roughage Source by Roughage Level by Additive Interactions on Growth Performance and Carcass Traits for Cattle Fed to
Common Times on Feedz
Roughage Levely
P-value for Contrastsx
Roughage
Trait
Covariatew
Additive
8%
16%
24%
S.E.
P-value
1
2
Source
None

1.78

1.71

1.81

Optaflexx

2.04

1.93

1.68

None

1.77

1.80

1.65

Optaflexx

1.83

1.72

1.80

None
Optaflexx
None
Optaflexx
None

26.9
22.6
24.4
25.5
419.9

25.3
25.1
25.4
28.8
516.8

Optaflexx
None
Optaflexx

500.1
452.7
436.9

407.0
415.1
428.1

23.8
25.0
24.5
23.3
455.7
410.2
462.2
455.4

None

53.7

51.2

52.9

Optaflexx

48.8

53.7

52.6

None

50.1

53.5

51.8

Optaflexx

53.9

55.5

52.6

Alfalfa Hay
Average daily
gain (kg d-1)

DOF
Corn Silage

Longissimus
muscle area
(LMA)
(cm2 100 kg-1)u
Numerical
Marbling
scorev

DOF,
SOTwt,
SOTage

Alfalfa Hay
Corn Silage
Alfalfa Hay

DOF,
SOTage
Corn Silage

0.070

0.027

0.302

0.013

Contrast 2: Optaflexx feeding increased gains when 16%
alfalfa hay was fed in contrast to lower gains when the beta
agonist was used feeding 24% alfalfa hay. This is the exact
opposite effect to feeding corn silage with Optaflexx feeding
decreasing gains for 16% corn silage and increasing gains for
24% corn silage.

0.93

0.002

0.013

0.0029

This interaction cannot be explained, due to the absence of
consistent trends across roughage source, roughage level, or
Optaflexx supplementation.

26.38

0.028

0.011

0.414

This interaction cannot be explained, due to the absence of
consistent trends across roughage source, roughage level, or
Optaflexx supplementation.

Rib Dissection
Alfalfa Hay
Lean (%)

SOTwt
Corn Silage

z

1.24

0.040

0.959

Contrast 1: Optaflexx feeding decreased lean (%) feeding 8%
alfalfa hay versus an increase in lean (%) feeding 8% corn
silage.
Contrast 2: Optaflexx feeding not affecting lean (%) when
24% alfalfa hay fed while lean (%) increasing when 24% corn
silage fed.

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
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0.012

y

Roughage level as a percent of dry matter.
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by feed and additive;
Contrast 2: Comparison of cattle fed 16 versus 24% roughage by feed and additive.
x

w

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth performance
traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final model are labelled
NONE.
v
u

Practically Devoid = 200 to 299, Traces = 300 to 399, Slight = 400 to 499; Small = 500 to 599; Modest = 600 to 699.
Longissimus muscle area (cm2 100kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
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Table 14. Effects of Roughage Source on Growth Performance Traits for All Cattle Prior to Optaflexx Supplementation for Cattle
Fed to Common Times on Feedz
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)
z

y

Covariate
DOFb4
DOFb4
DOFb4 SOTwt
DOFb4
DOFb4 SOTwt

Roughage Source
Alfalfa Hay
Corn Silage
255.6
248.2
1.61
1.56
9.2
8.2
1.61
1.46
5.79
5.31

S.E.
4.39
0.028
0.19
0.028
0.119

P-value
0.248
0.400
0.0002
0.176
0.005

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.

y

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test weight (SOTwt) were
tested in the model for growth performance traits and were included in the final model when significant at P < 0.05. Traits were no
covariates remaining in the final model are labelled NONE.
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Table 15. Effects of Dietary Roughage Level on Growth Performance Traits for All Cattle Prior to Optaflexx
Supplementation for Cattle Fed to Common Times on Feedz
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)

Covariatew
DOFb4
DOFb4
DOFb4 SOTwt
DOFb4
DOFb4 SOTwt

Roughage Levely
8%
16%
24%
257.7 248.8 249.3
1.62
1.57
1.56
8.7
8.7
8.6
1.53
1.55
1.53
5.44
5.63
5.58

S.E.
5.35
0.034
0.22
0.034
0.140

P-value
0.782
0.696
0.678
0.774
0.606

P-value for Contrastsx
1
2
0.485
0.974
0.592
0.933
0.697
0.432
0.993
0.563
0.575
0.406

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Roughage level as a percent of dry matter.
x
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage;
Contrast 2: Comparison of cattle fed 16 versus 24% roughage.
y

y

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test weight
(SOTwt) were tested in the model for growth performance traits and were included in the final model when significant at P <
0.05. Traits were no covariates remaining in the final model are labelled NONE.
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Table 16. Effects of Beta Agonist Supplementation on Growth Performance Traits for All Cattle Prior to Optaflexx
Supplementation for Cattle Fed to Common Times on Feedz
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)
z

y

Covariate
DOFb4
DOFb4
DOFb4 SOTwt
DOFb4
DOFb4 SOTwt

None
253.4
1.59
8.8
1.56
5.59

Additive
Optaflexx
250.5
1.58
8.5
1.51
5.52

S.E.
4.37
0.027
0.18
0.028
0.118

P-value
0.393
0.532
0.293
0.583
0.878

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.

y

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test weight
(SOTwt) were tested in the model for growth performance traits and were included in the final model when significant at P < 0.05.
Traits were no covariates remaining in the final model are labelled NONE.
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Table 17. Effects of Roughage Source on Growth Performance Traits for All Cattle During Optaflexx
Supplementation for Cattle Fed to Common Times on Feedz
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)
z

Covariate
DOFb4
DOFb4
DOFb4
DOFb4
DOFb4

y

Roughage Source
Alfalfa Hay
Corn Silage
51.6
57.5
1.84
2.05
11.9
11.2
1.88
1.75
6.99
5.92

S.E.
1.88
0.067
0.21
0.032
0.282

P-value
0.030
0.030
0.144
0.307
0.025

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.

y

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test weight
(SOTwt) were tested in the model for growth performance traits and were included in the final model when significant at P
< 0.05. Traits were no covariates remaining in the final model are labelled NONE.
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Table 18. Effects of Dietary Roughage Level on Growth Performance Traits for All Cattle During Optaflexx
Supplementation for Cattle Fed to Common Times on Feedz
Roughage Levely
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)

P-value for Contrastsx

Covariatew
DOFb4

8%
55.1

16%
54.8

24%
53.8

S.E.
2.29

P-value
0.521

1
0.402

2
0.437

DOFb4
DOFb4
DOFb4
DOFb4

1.97
11.6
1.78
6.40

1.96
11.8
1.86
6.67

1.92
11.4
1.80
6.30

0.082
0.25
0.040
0.344

0.522
0.275
0.580
0.926

0.404
0.428
0.781
0.836

0.438
0.162
0.405
0.741

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Roughage level as a percent of dry matter.
x
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage;
Contrast 2: Comparison of cattle fed 16 versus 24% roughage.
y

w

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test
weight (SOTwt) were tested in the model for growth performance traits and were included in the final model when
significant at P < 0.05. Traits were no covariates remaining in the final model are labelled NONE.
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Table 19. Effects of Beta Agonist Supplementation on Growth Performance Traits for All Cattle During
Optaflexx Supplementation for Cattle Fed to Common Times on Feedz
Trait
Weight change (kg)
Average daily gain (kg d-1)
Dry matter intake (kg d-1)
Dry matter intake (% BW)
Feed to gain (kg kg-1)
z

Covariate
DOFb4
DOFb4
DOFb4
DOFb4
DOFb4

y

Additive
None
Optaflexx
49.5
59.7
1.77
2.13
11.7
11.4
1.86
1.77
7.19
5.72

S.E.
1.87
0.074
0.21
0.032
0.281

P-value
0.0004
0.0004
0.443
0.373
0.001

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.

y

Covariates: Days on feed before Optaflexx supplementation (DOFb4), start of test age (SOTage), and start of test
weight (SOTwt) were tested in the model for growth performance traits and were included in the final model when
significant at P < 0.05. Traits were no covariates remaining in the final model are labelled NONE.
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Table 20. Effects of Roughage Source on Carcass Characteristics for Cattle Fed to Common Times on Feedz
Roughage Source
Alfalfa Hay
Corn Silage
363.4
364.8
15.4
15.5

y

Trait
Hot carcass weight (kg)
Grade Fat (mm)

Covariate
DOF. SOTwt
DOF

Longissimus muscle area (cm2)
Longissimus muscle area (cm2 100 kg-1)x
Intramuscular Fat Longissimus muscle
(%)
Semitendinosus muscle
Numerical Marbling scorew
CBGA Quality gradev
CBGA Lean yield (%)
Rib Dissection

S.E.
17.73
0.76

P-value
0.996
0.675

NONE
DOF, SOTwt, SOTage
NONE
DOF, SOTwt, SOTage
DOF, SOTage
SOTage
DOF

89.9
24.8
5.72
2.88
451.6
2.6
57.1

92.2
25.3
5.32
3.11
441.7
2.7
57.1

3.09
0.41
0.641
0.132
11.39
0.07
0.54

0.637
0.444
0.502
0.235
0.246
0.579
0.873

Lean (%)
Fat (%)
Bone (%)

SOTwt
NONE
DOF

52.1
28.2
19.1

52.9
27.9
18.8

0.55
1.56
0.26

0.258
0.817
0.553

Body Cavity Fat (%)
Intramuscular Fat (%)
Subcutaneous Fat (%)

SOTwt
DOF
NONE
NONE

15.8
38.3
45.7
0.2

15.1
39.6
45.1
0.4

0.54
0.67
0.69
0.27

0.272
0.472
0.979
0.674

Fat Partitioningu

Liver Abscess Scoret
z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
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y

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
x

Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
w
Practically Devoid = 200 to 299, Traces = 300 to 399, Slight = 400 to 499; Small = 500 to 599; Modest = 600 to 699.
v
Canadian Beef Grading Agency (CBGA) quality grade data coded before statistical analysis were conducted as follows: A=1, AA=
2, AAA= 3.
u
Dissected fat from the rib was further separated into body cavity, intermuscular, and subcutaneous fat depots.
t

Livers were scored for abscesses as follows: 0 for no abscesses, 1 for one or two small abscesses (less than ~2.5 cm in diameter) or
abscess scars, 2 for two to four active abscesses under 2.5 cm in diameter or one larger, active abscess (>2.5 cm in diameter), 3 for
more than five small abscesses or more than one large active abscess.
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Table 21. Effects of Dietary Roughage Level on Carcass Characteristics for Cattle Fed to Common Times on Feedz
Roughage Levely
8%
16%
24%
371.5
358.3
362.5
16.8
14.2
15.4

S.E.
21.70
0.91

P-value
0.800
0.213

NONE
DOF, SOTwt, SOTage
NONE
DOF, SOTwt, SOTage
DOF, SOTage
SOTage
DOF

92.0
24.8
5.89
3.28
452.4
2.7
56.6

93.6
26.1
5.28
2.70
441.7
2.6
57.1

87.6
24.2
5.38
3.01
445.9
2.6
57.6

3.78
0.49
0.786
0.166
13.64
0.08
0.65

0.288
0.011
0.910
0.074
0.924
0.633
0.893

0.522
0.832
0.668
0.049
0.931
0.773
0.732

0.149
0.003
0.956
0.184
0.699
0.453
0.742

Lean (%)
Fat (%)
Bone (%)

SOTwt
NONE
DOF

51.6
29.6
18.5

53.5
26.8
19.1

52.5
27.8
19.2

0.65
1.91
0.32

0.256
0.514
0.428

0.228
0.292
0.206

0.256
0.642
0.765

Body Cavity Fat (%)
Intramuscular Fat (%)
Subcutaneous Fat (%)
Liver Abscess Scores

SOTwt
DOF
NONE
NONE

15.3
39.2
45.1
0.0

16.1
38.8
45.0
0.5

14.9
38.9
46.1
0.3

0.64
0.81
0.83
0.33

0.241
0.940
0.363
0.600

0.963
0.735
0.550
0.311

0.093
0.928
0.197
0.986

Covariatew
DOF, SOTwt
DOF

Trait
Hot carcass weight (kg)
Grade Fat (mm)
Longissimus muscle area (cm2)
Longissimus muscle area (cm2 100 kg-1)w
Longissimus muscle
Intramuscular
Fat (%)
Semitendinosus muscle
Numerical Marbling scorev
CBGA Quality gradeu
CBGA Lean yield (%)
Rib Dissection

P-value for Contrastsx
1
2
0.532
0.819
0.157
0.294

Fat Partitioningt

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
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y

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth performance
traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final model are labelled
NONE.
x

Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage; Contrast 2: Comparison of
cattle fed 16 versus 24% roughage.
x
Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
v
Practically Devoid = 200 to 299, Traces = 300 to 399, Slight = 400 to 499; Small = 500 to 599; Modest = 600 to 699.
u
Canadian Beef Grading Agency (CBGA) quality grade data coded before statistical analysis were conducted as follows: A=1, AA= 2, AAA= 3.
t
Dissected fat from the rib was further separated into body cavity, intermuscular, and subcutaneous fat depots.
s

Livers were scored for abscesses as follows: 0 for no abscesses, 1 for one or two small abscesses (less than ~2.5 cm in diameter) or abscess
scars, 2 for two to four active abscesses under 2.5 cm in diameter or one larger, active abscess (>2.5 cm in diameter), 3 for more than five small
abscesses or more than one large active abscess.
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Table 22. Effects of Beta Agonist Supplementation on Carcass Characteristics for Cattle Fed to Common Times on Feedz
Additive
None
Optaflexx
363.6
364.5
15.7
15.2

S.E.
17.73
0.76

P-value
0.957
0.831

NONE
DOF, SOTwt, SOTage
NONE
DOF, SOTwt, SOTage
DOF, SOTage
SOTage
DOF

90.8
25.0
5.67
3.13
453.7
2.6
56.6

91.3
25.0
5.37
2.86
439.6
2.6
57.6

3.09
0.41
1.111
0.258
11.39
0.07
0.54

0.914
0.775
0.662
0.139
0.336
0.785
0.233

Lean (%)
Fat (%)
Bone (%)

SOTwt
NONE
DOF

52.2
28.4
18.7

52.8
27.7
19.1

0.55
1.56
0.26

0.467
0.799
0.458

Body Cavity Fat (%)
Intramuscular Fat (%)
Subcutaneous Fat (%)

SOTwt
DOF
NONE
NONE

15.6
39.2
45.1
0.3

15.3
38.7
45.7
0.3

0.54
0.67
0.69
0.27

0.345
0.825
0.428
0.896

y

Trait
Hot carcass weight (kg)
Grade Fat (mm)

Covariate
DOF. SOTwt
DOF

Longissimus muscle area (cm2)
Longissimus muscle area (cm2 100 kg-1)v
Longissimus muscle
Intramuscular Fat (%)
Semitendinosus muscle
Numerical Marbling scorew
CBGA Quality gradex
CBGA Lean yield (%)
Rib Dissection

Fat Partitioningu

Liver Abscess Scoret
z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.

y

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
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x

Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
w
Practically Devoid = 200 to 299, Traces = 300 to 399, Slight = 400 to 499; Small = 500 to 599; Modest = 600 to 699.
v
Canadian Beef Grading Agency (CBGA) quality grade data coded before statistical analysis were conducted as follows: A=1, AA= 2,
AAA= 3.
u
Dissected fat from the rib was further separated into body cavity, intermuscular, and subcutaneous fat depots.
t

Livers were scored for abscesses as follows: 0 for no abscesses, 1 for one or two small abscesses (less than ~2.5 cm in diameter) or
abscess scars, 2 for two to four active abscesses under 2.5 cm in diameter or one larger, active abscess (>2.5 cm in diameter), 3 for
more than five small abscesses or more than one large active abscess.
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Table 23. Dietary Roughage Source by Roughage Level Interactions on Carcass Traits and Cook Loss for Cattle Fed to
Common Times on Feedz
Roughage Levely
Trait

Covariatew

Longissimus muscle area
(cm2 100 kg-1)v

DOF, SOTwt,
SOTage

Cook Loss (%) - ST
muscle

NONE

Feed
Alfalfa Hay

8%
24.7

16%
25.2

24%
24.4

Corn Silage
Alfalfa Hay

24.9
28.6

27.1
26.6

23.9
28.2

P-value for Contrastsy
S.E.

P-value

1

2

0.67

0.058

0.870

0.003

0.90
0.037
0.247
0.022
Corn Silage
27.1
28.7
27.1
z
Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
y
Roughage level as a percent of dry matter.
x
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by roughage
source; Contrast 2: Comparison of cattle fed 16 versus 24% roughage by roughage source.
w

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
v

Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
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Table 24. Dietary Roughage Level by Additive Interactions on Carcass Characteristics for Cattle Fed to Common Times on
Feedz
Trait
CBGA Lean yield (%)
Longissimus muscle
area (cm2 100 kg-1)v

Covariatew
DOF
DOF, SOTwt,
SOTage

Additive
None
Optaflexx
None

Roughage Levely
8%
16%
24%
56.9
55.3
57.6
56.4
59.0
57.5
25.6
25.3
24.2

S.E.

P-value

0.89

0.050

P-value for Contrastsy
1
2
0.513

0.018

0.67
0.018
0.054
0.034
Optaflexx 24.0
27.0
24.2
z
Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
y
Roughage level as a percent of dry matter.
x
Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage by additive;
Contrast 2: Comparison of cattle fed 16 versus 24% roughage by additive.
w

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
v

Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
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Table 25. Roughage Source by Additive Interactions on Carcass Characteristics for Cattle Fed to Common Times on Feedz

S.E.

P-value

P-value for
Contrasty
1

0.55

0.030

0.030

0.74
0.037
Optaflexx
51.7
54.0
z
Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
y
Contrasts: Contrast 1: Comparison of cattle fed alfalfa hay versus corn silage by additive.

0.037

Roughage Source
Trait

Covariatex

Longissimus muscle area
(cm2 100 kg-1)w

DOF, SOTwt,
SOTage

Additive
None

Alfalfa Hay
25.3

Corn Silage
24.8

Optaflexx

24.2

25.9

None

52.6

51.8

Rib Dissection
Lean (%)

SOTwt

x

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
w

Longissimus muscle area (cm2 100 kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
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Table 26. Effects of Roughage Source on Meat Quality Attributes (Longissimus and Semitendinosus Muscles) for Cattle Fed
to Common Times on Feedz
Roughage Source
Alfalfa Hay
Corn Silage

Trait
Longissimus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear Force (kg)
Cook Loss (%)

DOF, SOTwt
DOF
DOF, SOTage
NONE
NONE
DOF
DOF
NONE

5.44
38.9
20.0
5.9
20.8
16.1
4.07
22.6

Semitendinosus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear Force (kg)x
Cook Loss (%)x

DOF
DOF
DOF, SOTwt
NONE
DOF, SOTwt
DOF
DOF
NONE

5.44
40.3
21.4
8.8
23.1
22.1
5.85
27.8

z

Covariate

y

S.E.

P-value

5.41
39.9
20.1
6.1
21.0
16.6
4.00
22.8

0.052
0.34
0.25
0.39
0.64
0.36
0.069
0.22

0.675
0.917
0.587
0.679
0.755
0.479
0.424
0.669

5.42
41.0
21.3
8.9
23.0
22.4
5.94
27.6

0.012
0.37
0.27
0.66
0.31
0.44
0.143
0.52

0.539
0.210
0.789
0.766
0.716
0.599
0.534
0.909

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
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y

Covariates: days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
x

Values presented for Warner-Bratzler Shear Force and Cook Loss are the averages across the 3 postmortem ageing times (7, 14, 21
d).
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Table 27. Effects of Dietary Roughage Level on Meat Quality Attributes (Longissimus and Semitendinosus Muscles) for Cattle
Fed to Common Times on Feedz
P-value for
Roughage Levely
Contrastsx
Trait
Covariatew
8%
16%
24%
S.E.
P-value
1
2
Longissimus Muscle
pH
DOF, SOTwt
5.42
5.42
5.43
0.064
0.980
0.936
0.887
L*
DOF
38.8
39.0
38.9
0.41
0.621
0.615
0.404
a*
DOF, SOTage
20.2
19.9
20.0
0.30
0.862
0.741
0.665
b*
NONE
6.2
5.9
5.9
0.48
0.942
0.871
0.761
Chroma
NONE
21.1
20.7
20.8
0.79
0.933
0.996
0.897
Hue (°)
DOF
16.7
16.3
16.0
0.43
0.616
0.986
0.326
Warner-Bratzler Shear Force (kg)
DOF
4.08
4.06
3.96
0.083
0.599
0.418
0.803
Cook Loss (%)
NONE
22.4
22.7
22.8
0.27
0.510
0.250
0.894
Semitendinosus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear Force (kg)v
Cook Loss (%)v
z
y

DOF
DOF
DOF, SOTwt
NONE
DOF, SOTwt
DOF
DOF
NONE

5.43
40.9
21.2
8.9
22.9
22.5
5.89
27.8

5.42
40.3
21.3
8.8
23.0
22.2
5.88
27.6

5.43
40.6
21.5
8.9
23.2
22.0
5.92
27.6

0.014
0.44
0.32
0.81
0.36
0.54
0.174
0.640

0.941
0.929
0.767
0.987
0.865
0.771
0.693
0.700

0.730
0.729
0.533
0.905
0.626
0.688
0.710
0.535

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Roughage level as a percent of dry matter.
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0.958
0.871
0.711
0.914
0.826
0.550
0.441
0.566

x

Contrasts: Contrast 1: Comparison of cattle fed 8% roughage versus the average of cattle fed 16 and 24% roughage; Contrast 2:
Comparison of cattle fed 16 versus 24% roughage.
w

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final
model are labelled NONE.
v

Values presented for Warner-Bratzler Shear Force and Cook Loss are the averages across the 3 postmortem ageing times (7, 14, 21
d).
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Table 28. Effects of Beta Agonist Supplementation on Meat Quality Attributes (Longissimus and Semitendinosus
Muscles) for Cattle Fed to Common Times on Feedz
Additive
Trait
Longissimus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear Force (kg)
Cook Loss (%)
Semitendinosus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear Force (kg)x
Cook Loss (%)x
z

Covariate

y

None

Optaflexx

S.E.

P-value

DOF, SOTwt
DOF
DOF, SOTage
NONE
NONE
DOF
DOF
NONE

5.43
39.0
20.1
6.1
21.0
16.5
3.94
22.4

5.42
38.8
20.0
5.9
20.8
16.2
4.13
23.0

0.052
0.34
0.25
0.39
0.64
0.36
0.069
0.22

0.899
0.804
0.469
0.763
0.714
0.750
0.465
0.108

DOF
DOF
DOF, SOTwt
NONE
DOF, SOTwt
DOF
DOF
NONE

5.43
40.3
21.7
8.8
23.4
21.9
5.80
27.4

5.42
41.0
21.0
8.9
22.7
22.5
5.99
28.0

0.012
0.37
0.27
0.66
0.31
0.44
0.143
0.52

0.405
0.352
0.033
0.889
0.057
0.513
0.330
0.442

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
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y

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model
for growth performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates
remaining in the final model are labelled NONE.
x

Values presented for Warner-Bratzler Shear Force and Cook Loss are the averages across the 3 postmortem ageing times
(7, 14, 21 d).
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Table 29. Effects of Day of Ageing on Meat Quality Attributes (Longissimus and Semitendinosus Muscles) for Cattle Fed to Common
Times on Feedz
Day of Ageing
P-value for Contrastsy
Covariatex
7
14
21
S.E.
P-value
1
2
Trait
Muscle
LM
DOF
4.92
3.81
3.38
0.078
<0.0001
<0.0001
<0.0001
Shear Forcew
ST
DOF
6.65
5.85
5.19
0.115
<0.0001
<0.0001
<0.0001
LM
NONE
23.2
22.4
22.4
0.25
<0.0001
0.004
0.934
Cook Loss (%)w
ST
NONE
28.5
27.1
27.5
0.47
<0.0001
0.004
0.436
z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Contrasts: Contrast 1: Comparison of steaks aged for 7 days versus the average of steaks aged for 14 and 21 days; Contrast 2: Comparison of
steaks aged for 14 versus 21 days.
y

x

Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth
performance traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final model
are labelled NONE.
w

Values presented for Warner-Bratzler Shear Force and Cook Loss are the averages across the 3 postmortem ageing times (7, 14, 21 d).
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Appendix Table 1: Overall Analysis of Variance for Growth Performance Traits for Cattle Fed to Common Times on Feed z
Days on
Feed

Start of
Test
Weight

Roughage
Source
(Source)

Roughage
Level
(Level)

Beta-Agonist
Additive
(Additive)

Source*
Level

Source*
Additive

Level*
Additive

Source*Level
*Additive

Start of test age (d)

-

-

0.878

0.339

0.847

0.719

0.53

0.526

0.932

Initial body weight (kg)

-

-

0.289

0.211

0.368

0.505

0.298

0.274

0.946

Final body weight (kg)

-

-

0.498

0.157

0.260

0.625

0.722

0.114

0.958

Age at slaughter (d)

-

-

0.878

0.339

0.847

0.719

0.597

0.526

0.953

Weight change (kg)

0.054

-

0.93

0.64

0.54

0.81

0.63

0.43

0.14

Average daily gain (kg d-1)

<0.0001

-

0.432

0.275

0.289

0.888

0.394

0.307

0.027

Dry matter intake (kg d-1)

0.002

0.002

<0.0001

0.318

0.364

0.426

0.302

0.240

0.480

Dry matter intake (% BW)

<0.0001

-

<0.0001

0.592

0.167

0.303

0.420

0.292

0.990

Feed to gain (kg kg-1)

<0.0001

0.001

0.0004

0.706

0.130

0.327

0.699

0.255

0.477

Trait

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth performance
traits and were included in the final model when significant at P < 0.05.
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Appendix Table 2: Overall Analysis of Variance for Growth Performance Traits Prior to Optaflexx Supplementation for Cattle Fed to
Common Times on Feedz
Days on
Feed

Start of
Test
Weight

Roughage
Source
(Source)

Roughage
Level
(Level)

Beta-Agonist
Additive
(Additive)

Source*
Level

Source*
Additive

Level*
Additive

Source*Level
*Additive

Weight change (kg)

<0.0001

-

0.248

0.782

0.393

0.873

0.675

0.436

0.255

Average daily gain (kg d-1)

<0.0001

-

0.400

0.799

0.532

0.885

0.711

0.591

0.470

Dry matter intake (kg d-1)

0.003

0.005

0.0002

0.678

0.293

0.743

0.406

0.528

0.401

Dry matter intake (% BW)

<0.0001

-

0.176

0.774

0.583

0.854

0.590

0.652

0.833

Feed to gain (kg kg-1)

0.0002

0.0018

0.005

0.606

0.878

0.834

0.562

0.219

0.959

Trait

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Covariates: Days on feed before Optaflexx supplementation (DOF4), start of test age (SOTage) and start of test weight (SOTwt) were tested in
the model for growth performance traits and were included in the final model when significant at P < 0.05.
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Appendix Table 3: Overall Analysis of Variance for Growth Performance Traits During Optaflexx Supplementation for Cattle
Fed to Common Times on Feedz
Days on
Feed

Roughage
Source
(Source)

Roughage
Level
(Level)

Beta-Agonist
Additive
(Additive)

Source*
Level

Source*
Additive

Level*
Additive

Source*Level*
Additive

Weight change (kg)

<0.0001

0.248

0.782

0.393

0.873

0.675

0.436

0.255

Average daily gain (kg d-1)

<0.0001

0.400

0.799

0.532

0.885

0.711

0.591

0.470

Dry matter intake (kg d-1)

0.003

0.0002

0.678

0.293

0.743

0.406

0.528

0.401

Dry matter intake (% BW)

<0.0001

0.176

0.774

0.583

0.854

0.590

0.652

0.833

Feed to gain (kg kg-1)

0.0002

0.005

0.606

0.878

0.834

0.562

0.219

0.959

Trait

z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Covariates: Days on feed before Optaflexx supplementation (DOF4), start of test age (SOTage) and start of test weight (SOTwt) were
tested in the model for growth performance traits and were included in the final model when significant at P < 0.05.
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Appendix Table 4: Overall Analysis of Variance for Carcass Characteristics for Cattle Fed to a Common Time on Feedz
Days on
Feed

Start of
Test Age

Start of
Test
Weight

Roughage
Source
(Source)

Roughage
Level
(Level)

BetaAgonist
Additive
(Additive)

Source
*Level

Source*
Additive

Level*
Additive

Source*
Level*
Additive

0.001
0.060

-

<0.0001
-

0.996
0.675

0.800
0.294

0.957
0.831

0.972
0.448

0.870
0.279

0.803
0.593

0.790
0.246

-

-

-

0.637

0.149

0.914

0.420

0.301

0.663

0.426

0.062

0.047

0.032

0.444

0.003

0.775

0.058

0.030

0.018

0.002

0.314
0.008
0.023

0.560
0.016
0.023
-

0.453
-

0.502
0.235
0.246
0.579
0.873

0.910
0.074
0.699
0.453
0.742

0.662
0.139
0.336
0.785
0.233

0.640
0.608
0.318
0.475
0.866

0.800
0.812
0.653
0.693
0.412

0.457
0.715
0.120
0.545
0.050

0.363
0.010
0.028
0.343
0.672

Lean (%)

-

-

0.021

0.258

0.256

0.467

0.222

0.037

0.380

0.040

Fat (%)

-

-

-

0.817

0.642

0.799

0.675

0.403

0.772

0.642

0.012

-

-

0.553

0.765

0.458

0.692

0.900

0.874

0.518

Body Cavity Fat (%)

-

-

0.052

0.272

0.093

0.345

0.273

0.235

0.635

0.325

Intramuscular Fat (%)

0.047

-

-

0.472

0.928

0.825

0.371

0.473

0.482

0.921

Subcutaneous Fat (%)

-

-

-

0.979

0.197

0.428

0.985

0.868

0.649

0.820

-

-

-

0.674

0.986

0.896

0.894

0.783

0.389

0.965

Trait

Hot carcass weight (kg)
Grade Fat (mm)
Longissimus muscle area
(cm2)
Longissimus muscle area
(cm2 100kg-1)y
LM
Intramuscular
Fat (%)
ST
Numerical Marbling scorex
CBGA Quality gradew
CBGA Lean yield (%)
Rib Dissection

Bone (%)
v

Fat Partitioning

Liver Abscess Score

u
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z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Longissimus muscle area (cm2 100kg-1) is Longissimus muscle area adjusted per 100 kg of carcass weight.
x
Practically Devoid = 200 to 299, Traces = 300 to 399, Slight = 400 to 499; Small = 500 to 599; Modest = 600 to 699.
w
Canadian Beef Grading Agency (CBGA) quality grade data coded before statistical analysis were conducted as follows: A=1, AA= 2, AAA= 3.
v
Dissected fat from the rib was further separated into body cavity, intermuscular, and subcutaneous fat depots.
u
Livers were scored for abscesses as follows: 0 for no abscesses, 1 for one or two small abscesses (less than ~2.5 cm in diameter) or abscess
scars, 2 for two to four active abscesses under 2.5 cm in diameter or one larger, active abscess (>2.5 cm in diameter), 3 for more than five small
abscesses or more than one large active abscess.
Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth performance
traits and were included in the final model when significant at P < 0.05. Traits with no covariates remaining in the final model are labelled
NONE.
y
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Appendix Table 5: Overall Analysis of Variance for Meat Quality Attributes (Longissimus and Semitendinosus Muscles) for Cattle
Fed to a Common Time on Feedz
Trait

Longissimus Muscle
pH
L*
a*
b*
Chroma
Hue (°)
Warner-Bratzler Shear
Force (kg)
Cook Loss (%)

Days on
Feed

Start of
Test
Age

Start of
Test
Weight

Roughage
Source
(Source)

Roughage
Level
(Level)

BetaAgonist
Additive
(Additive)

Source*
Level

Source*
Additive

Level*
Additive

Source*
Level*
Additive

<0.0001
0.045
0.005
0.003

0.053
-

0.048
-

0.675
0.917
0.587
0.679
0.755
0.479

0.980
0.621
0.862
0.942
0.933
0.616

0.899
0.804
0.469
0.763
0.714
0.750

0.920
0.944
0.678
0.811
0.859
0.650

0.940
0.859
0.749
0.611
0.767
0.367

0.945
0.200
0.682
0.646
0.928
0.135

0.983
0.127
0.811
0.860
0.946
0.621

<0.0001

-

-

0.424

0.599

0.465

0.264

0.965

0.930

0.316

-

-

-

0.669

0.510

0.108

0.961

0.079

0.675

0.267

-

0.014
0.016
-

0.539
0.210
0.789
0.766
0.716
0.599

0.941
0.929
0.767
0.987
0.865
0.771

0.405
0.352
0.033
0.889
0.057
0.513

0.549
0.914
0.824
0.996
0.886
0.815

0.546
0.472
0.906
0.893
0.883
0.914

0.644
0.830
0.727
0.993
0.825
0.830

0.544
0.273
0.366
0.814
0.358
0.320

-

-

0.534

0.693

0.330

0.750

0.219

0.571

0.778

-

-

0.909

0.700

0.442

0.037

0.499

0.681

0.921

Semitendinosus Muscle
pH
0.0001
L*
0.0001
a*
0.0004
b*
Chroma
0.004
Hue (°)
0.054
Warner-Bratzler Shear
<0.0001
Force (kg)
Cook Loss (%)
-
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z

Cattle for each treatment subclass were fed for similar days on feed to attain a final body weight of at least 600 kg.
Covariates: Days on feed (DOF), start of test age (SOTage) and start of test weight (SOTwt) were tested in the model for growth performance
traits and were included in the final model when significant at P < 0.05.

137

