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The objective of this study was to determine the effects of feeding endophyteinfected tall fescue seed to Angus steers during the stocker phase on beef shelf life.
Endophyte-infected tall fescue seed had no effect on pH, TBARS, activity of superoxide
dismutase and metmyoglobin reductases, and sensory attributes of strip loin steaks or
patties (P ≥ 0.082). However, E+ patties had 0.5% more DMb (P = 0.017) and 27%
greater redness (a*) on d 5 of display (P < 0.001). Retail display of steaks decreased
lightness (L*), redness, oxymyoglobin percentage (OMb), and MRA from 45.01, 32.60,
67.61%, and 9.54 µM/min/g on d 0 to 40.11, 21.83, 48.95%, and 2.30 µM/min/g,
respectively on d 7 (P ≤ 0.001). Retail display of patties decreased L*, OMb, and, MRA
from 52.30, 64.04%, and 5.56 µM/min/g on d 0 to 48.88, 58.5%, and 2.16 µM/min/g,
respectively on d 5 (P ≤ 0.001).
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CHAPTER I
LITERATURE REVIW
Introduction
The Economic Research Service at the U.S. Department of Agriculture estimates
that 3.4 to 4.6% of beef, pork, and chicken is lost in food retailers, not including
discounts as a result of deterioration of the product (Buzby et al., 2009). In 2008, the
U.S. food retailers lost an estimated $165.6 billion due to deterioration, with muscle
foods accounting for the largest amount lost at 41% (Buzby and Hyman, 2012). The
leading factor for the loss is degradation of quality attributes and nutrient values. It has
been estimated that discoloration in muscle foods results in at least one billion dollars in
losses annually in food retailers across the U.S. (Schaefer, 2007). While discoloration of
muscle food is inevitable, there are strategies that can help prolong the onset of
discoloration, one being minimizing oxidative stresses prior to harvest (Estévez, 2015).
Oxidative stability of muscle foods is one of the most important factors determining the
shelf life of the product. Oxidation occurs as a part of normal cellular metabolism,
however when there is an imbalance or an oxidizing environment cellular damage can
occur, due to the overwhelming concentrations of reactive oxygen species (ROS;
Estévez, 2015). Many environmental factors such as transportation and heat stress prior
to harvest can potentially have lasting impacts on the oxidative status of the muscle
(Wang, Pan, & Peng, 2009; L. Zhang & Barbut, 2005; W. Zhang, Xiao, Lee, & Ahn,
1

2011). However, after harvest, the pro-oxidative environment increases and oxidative
damages prior to harvest are enhanced. Oxidation of lipids and proteins can negatively
impact color, flavor, water-holding capacity, and tenderness of meat (Huff Lonergan et
al., 2010; Lametsch et al., 2008; Carlin et al., 2006; Kanner, 1994; Min & Ahn, 2005;
Rowe et al., 2004). Such impacts could be detrimental to the value of meat products due
to decreased binding index for further processing and increased discoloration and off
flavors (Carpenter et al., 2001; Killinger et al., 2004).
Endophyte-infected tall fescue and fescue toxicosis in cattle
Tall fescue (Festuca arundinacea) is a cool season forage that is predominant in
grazing management strategies throughout the lower Midwest and Southeast sections of
the U.S. The variety Kentucky 31 (KY-31) was first released in 1943 after testing began
at the University of Kentucky in 1931. It then became a desirable forage crop, due to its
ability to produce acceptable amounts of forage in a wide range of fertility levels, extend
grazing seasons, and having nutrient values to obtain acceptable animal performance
(Fribourg et al., 2009). Tall fescue is more drought-tolerant and can resist damages from
grazing and insects better than most forages. This resilience is a result of the symbiotic
relationship between the plants and Neotyphodium coenophialum, a fungus that lives
between cell walls of the plant (Ball et al., 2015).
Cunningham (1948) reported one of the first cases of fescue foot in New Zealand,
showing the sloughing of extremities. Cunningham (1958) also reported a decrease in
health and performance in cattle grazing tall fescue. Later in 1969, Williams et al. (1969)
reported the presence of hard kidney and pelvic fat, leading to increased instances of
dystocia in cattle. Moreover, cattle grazing tall fescue exhibited signs of decreased feed
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intake, average daily gain (ADG), hair shedding ability, and heat tolerance. Bacon et al.
(1977) suggested that the endophyte was responsible for the production of ergot alkaloids
responsible for the decreases in health and performance. Later it was determined that
many symptoms of fescue toxicosis and a decrease in animal health and performance are
caused by ergot alkaloids, the major of which is ergovaline, produced by the endophyte
Neotyphodium coenophialum (Dyer, 1993; Solomons et al., 1989).
In ruminants, 50 to 60% of the alkaloids can be recovered in the abomasal
contents, and only approximately 5% are recovered in fecal samples, indicating that a
majority of the absorption occurs within the gastrointestinal tract (Piper and Moubarak,
1992; Westendorf et al., 1993). Piper and Moubarak (1992) and Westendorf et al. (1993)
fed cattle with endophyte infected (E+) forage in metabolism crates and collected both
urine and fecal samples. These authors reported that approximately 93% of the alkaloids
were excreted in the urine. The major of ergot alkaloid produced in E+ pastures is
ergovaline, a potent vasoconstrictor. Approximately 5 ng/mL of ergovaline in blood will
induce vasoconstriction (Klotz et al., 2007). Ergovaline binds to serotonin receptors and
induces vasoconstriction in the lateral saphenous vein, uterine artery, and umbilical artery
(Klotz et al., 2007; Rhodes et al.,1991). Increased vasoconstriction decreases blood flow
to the skin covering the ribs in cattle consuming E+ seed (Rhodes et al., 1991). AlHaidary et al. (1995) injected ergovaline into cattle for 3 d and found that body
temperature and respiration rate were increased; whereas surface skin temperature over
the back was decreased. These authors suggested that a reduction in blood flow to the
skin make the animal body unable to disperse heat.
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Effects of endophyte-infected tall fescue on cattle performance
Cows grazing endophyte-infected tall fescue (E+) had a decrease in conception
rate, milk production, and weaning weight compared to cattle grazing non-toxic forages
(Bacon, 1995). On average, cow grazing E+ had a 28% lower conception rate as a result
of lower body condition (Bacon, 1995). Peters et al. (1992) reported that cattle
consuming E+ had a 25% reduction in milk yield compared to cattle grazing non-toxic
forages. By determining the infection level by collecting tall fescue tillers across a
pasture, one can quantify the presence of the endophyte throughout the pasture. Danilson
et al. (1986) estimated that with every 10% increase in infection level in a pasture, there
was a 0.15 kg/d decrease in milk yield, which reduced 205-d weaning weight by at least
33 kg in calves from dams grazing endophyte-infected tall fescue.
In growing cattle, it has been reported that hair score was increased in the spring
on cattle grazing E+ pastures, indicating their inability to shed their winter hair coat
(Nihsen et al., 2004; Parish et al., 2013). This contributed to an increase in body
temperature during the following summer. Moreover, cattle grazing E+ have 1- to 3°-C
greater body temperature that cattle grazing non-toxic forages (Nihsen et al., 2004;
Rhodes et al., 1991). Nihsen et al. (2004) also reported that respiration rate increased
from an average of 82 breaths/min in steers grazing non-toxic tall fescue varieties to 107
breaths/min in steers grazing endophyte-infected tall fescue. Average daily gain in
growing cattle grazing E+ pastures has been reported to range between 0.20 to 0.62 kg/d;
whereas cattle grazing non-toxic forages had ADG ranging from 0.59 to 0.97 kg/d
(Bacon, 1995; Hoveland et al 1984; Nihsen et al., 2004; Parish et al., 2013; Rhodes et al.,
1991), approximately 0.3 kg/d reduction. Similar to the negative effects on milk yield, it
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has been estimated that with every 10% increase in infection level, ADG was decreased
by 0.045 kg/d (Garner et al., 1984; Crawford et al., 1989). Reduction in ADG has been
reported in all seasons, however, was greater in the spring (Hoveland et al 1984; Nihsen
et al., 2004; Parish et al., 2003; Realini et al., 2005). The greater decrease in ADG during
the spring is a result of a greater concentration of ergovaline in the plant during the spring
and summer months (Ball, 1997; Rottinghaus et al.,1991).
Many feeder cattle grazing on E+ pastures are often discounted during marketing
due to unthrifty appearances and rough hair coats. Parish et al. (2013) reported that calves
grazing E+ pastures in the spring were $100.00 lower in value than calves grazing nontoxic pastures at feedlot entry. However, it has been reported that calves coming from E+
pastures experience compensatory gains in the feedlot (Hancock et al., 1987; Lomas et
al., 2011; Lusby et al, 1990). Duckett et al. (2001) reported that steers grazing E+
pastures and finished for 112 d on a concentrate diet had only 38% grade USDA Choice
while steers grazing non-toxic pastures had 86% grade choice. Hot carcass weights
(HCW) were also 27 kg lighter and $161.00 lower per head carcass value than steers
grazing non-toxic pastures after being finished in a feedlot. However, Realini et al.
(2005) reported that steers finished on E+ pastures had 23 kg lighter HCW but the USDA
quality grade was not affected.
Ante-mortem stress and oxidative stress in livestock animals
Environmental stressors such as weaning, infection, transportation, and heat stress
can increase the production of ROS. Weaning can result in physiological and
psychological stress in beef calves and has been reported to increase MDA concentration
but were reported to decrease 7-d after weaning (Burke et al., 2009). Infection has also
5

been reported to cause changes in the redox balance of animals, resulting in oxidative
damages (Thannickal & Fanburg, 2000; Schwarz, 1996).
Transportation exposes livestock to many stressors such as commingling,
dehydration, and fasting. These stressors have been reported to increase MDA
concentrations and decrease SOD activity in rats, broilers, and humans (Hillman et al.,
2011; Jones, 1989; Marczuk-Krynicka et al., 2003). Lastly, heat stress has also been
reported to shift the redox balance and result in increased lipid oxidation in livestock
species (Mujahid et al., 2007; Chauhan et al., 2014; Bernabucci et al., 2002). Oxidative
stress begins to occur when the antioxidant defense mechanisms become overwhelmed
by a large number of ROS or a reduction in antioxidant capacity (Estévez, 2015). A ROS
is a molecule that is derived from oxygen and has one unpaired electron and is highly
unstable, while stable oxygen contains two unpaired electrons (Turrens, 2003). These
superoxide anions (O2-), form most ROS and begin most oxidative reactions. Most ROS
are produced through mitochondrial electron transportation but are stabilized by
superoxide dismutase to form a hydrogen peroxide molecule. From the hydrogen
peroxide molecule, a much more reactive hydroxyl radical can be produced (Raha &
Robinson, 2000). However, during stress events accumulation of ROS can lead to an
imbalance of ROS and antioxidants resulting in the damage of lipids, protein, and DNA
(Turrens, 2003).
Infection in livestock alters an animal body's oxidant-antioxidant balance. Viruses
and bacteria increase the number of leukocytes responsible for the production of ROS
that have the ability to kill the pathogen as a defensive mechanism (Thannickal &
Fanburg, 2000). However, pathogens inhibit the activity of antioxidant enzymes, further
6

shifting the oxidant-antioxidant balance (Schwarz, 1996). Savov et al. (2006) infected
mice with influenza and reported that malondialdehyde (MDA) concentrations increased
by 290% in the lung, 320% in blood, 230% in liver, and 50% in brain tissue. Chirase et
al. (2004) reported that calves that died of acute bovine respiratory disease (BRD) had
43% greater concentrations of MDA in plasma on arrival to the feedlot than calves that
lived. Similarly, Joshi et al. (2018) reported that cattle with BRD had greater MDA
concentration and lower concentrations of endogenous antioxidants. Joshi et al. (2018)
also reported positive correlations (r ≥ 0.988, P < 0.01) between MDA concentration and
the concentrations of acute phase proteins such as haptoglobin, serum amyloid A, and
albumin in blood, indicating that as infection increased, the concentrations of ROS
increased to cause more lipid oxidation.
Transportation of cattle increases cortisol concentration, β-oxidation of fatty
acids, and deamination of proteins, which in turn increases the concentration of free fatty
acids and urea in plasma, causing cellular damages in organelles (Grandin, 1997; Warriss
et al., 1995). Chirase et al. (2004) investigated the impact of transportation of cattle to a
feedlot and found that total antioxidant capacity was decreased by approximately 20%
from procurement to the end of the 28-d receiving trial and MDA was increased from
10.9 mg/mL to 30.2 mg/mL after transportation, indicating not only that oxidative stress
occurred, but also that lipids were oxidized. Similarly, Aktas et al. (2011) reported that
transporting Holstein cows for 22-h resulted in an 80% increase in MDA concentrations.
However, cattle that received an injection of vitamin A, D, E, or vitamin E and selenium
(SE) 6 h prior to transportation had at least 45% lower MDA concentrations after
transportation. Moreover, in broilers, Wang et al. (2015) reported that MDA
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concentration increased from 0.6 to 0.8 nmol MDA/mg in pectoralis major and from 1.2
to 1.6 nmol MDA/mg in the tibialis anterior after 3 h of transportation during summer. In
horses, transportation has also been reported to increase MDA concentrations in blood by
37% and decrease superoxide dismutase (SOD) concentrations by 40% (Aktas et al.,
2011). The results from these studies indicate that transportation induces oxidative stress
by shifting the oxidant-antioxidant homeostasis toward an oxidant environment.
Heat stress during summer months has been reported to increase oxidative stress
in livestock. The increase in ROS during heat stress is a result of an increase in
mitochondrial permeability and the leaking of ROS, which subsequently oxidize lipids
(Mujahid et al., 2007). Altan et al. (2003), reported heat stress in broilers for 3 h resulted
in an MDA concentration of 2.94 nmoles/mL of blood; whereas, broilers housed in a
thermal neutral environment had an MDA concentration of 1.92 nmoles/mL. The
increase in oxidative stress found in blood has a residual consequence in muscle. Wang et
al. (2009) reported an MDA concentration of 0.09 mg/kg in the pectoralis major
collected from broilers under no heat stress. However, in broilers undergoing 5-h heat
stress before harvest, the MDA concentration was 0.44 mg/kg in the same muscle.
Similarly, Mujahid et al. (2007) reported that broilers heat-stressed for 18 h had 2.1 times
greater MDA concentration in blood. Azad et al. (2010) reported that heat-stressing
broilers for 14-d increased MDA concentrations by 1.5 times in skeletal muscle.
However, during chronic heat stress, SOD activity increases as a protective mechanism to
stabilize reactive oxygen molecules (Azad et al., 2010). However, little is known about
the impact of heat stress and its effects on the oxidative status in the muscle of ruminants.
In sheep, heat stress has been found to increase reactive species in blood by 18%
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(Chauhan et al., 2014). Similarly, transitioning dairy cows had greater thiobarbituric acid
reactive substances (TBARS) concentration and SOD in serum than transitioning dairy
cows in the spring, indicating that weather has the ability to impact the oxidative status of
livestock (Bernabucci et al., 2002). Overall, heat stress can induce lipid oxidation and
increase MDA in concentrations in both blood and muscle tissue in livestock. As
indicated by evidence from previous studies in monogastric animals, during chronic heat
stress, animals may have the ability to overcome the shift in oxidative status.
Consequences of oxidative stress on animals
Lipid oxidation. Lipids are susceptible to oxidative damage dependent on the
degree of unsaturation of fatty acids. Compared to other cellular components, cellular
membranes, including that of the mitochondria have more polyunsaturated fatty acids
(PUFA; Connor, 2000). Mitochondria are responsible for a large amount of ROS
produced in the body (Raha & Robinson, 2001). Mujahid et al. (2007) reported that heat
stress in broilers resulted in a mitochondrial MDA concentration of approximately 3
nmol/mg of protein; whereas broilers housed in a thermal neutral setting produced only a
mitochondrial MDA concentration of approximately 1 nmol/mg of protein. The authors
noted that the increase in mitochondrial MDA concentrations indicated that PUFA were
oxidized in the mitochondrial membrane, causing oxidative stress damages during heat
stress. Similarly, Wen et al. (2006) reported that myocardial oxidative damage leads to
67% greater mitochondrial MDA concentration and a 60% less SOD activity. Moreover,
secondary products of lipid oxidation such as 4-hydroxynonenal (HNE) can also be
formed and subsequently binds to and change the functions of mitochondrial protein,
lipids, and DNA (Zhong & Yin, 2015). Siems & Grune (2003) reported that
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approximately 2 to 8% of HNE will bind to proteins within the mitochondria. Moreover,
Aguirre & Cadenas (2010) reported that the binding of HNE to mitochondrial membranes
increased membrane permeability by approximately 60%.
Protein functionality. Proteins are also susceptible to oxidative damage caused by
ROS because the functional groups on the side chains of amino acids can be attacked by
these reactive molecules and ions. As a result, oxidized proteins have conformational
changes in secondary, tertiary structures such as disulfide and di-tyrosine cross-links.
These structural changes ultimately alter protein functionality (Estévez, 2015; Martinaud
et al., 1997; Morzel et al., 2006). Oxidation of protein can also lead to the formation of
protein carbonyls, which is initiated by free radical metal-catalyzed oxidation of amino
acids like lysine, arginine, and proline (Estévez, 2011). Oxidative stress has also been
shown to oxidize 82 mitochondrial proteins in broiler pectoralis major muscle (Mujahid
et al., 2007). Oxidative stress may result in downregulation of avian-uncoupling protein
(avUCP), accompanied by an increase in mitochondrial superoxide as an indicator of
increased production of ROS and oxidative damages during acute heat stress (Mujahid et
al., 2007). However, as discussed previously, when using MDA as biomarkers of
oxidative stress in acutely and chronically heat-stressed broilers, chronic heat stress did
not result a greater increase in MDA concentration than acute heat stress. This might be a
result of an increase in avUCP transcription by 60 to 71% in skeletal muscle of broilers
under chronic heat stress (Azad et al., 2010; Dridi et al., 2008). In addition to the possible
association of avUCP and mitochondrial membrane potential, which controls
mitochondrial superoxide production, oxidative stress may also alter protein functionality
on the mitochondrial membrane and lead to the leaking of electrons giving rise to ROS
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from the mitochondria, thus increasing oxidative stress (Halliwell & Gutteridge 2015;
Thannickal & Fanburg, 2000)).
Calcium leakage. Calcium concentration in the sarcoplasm is controlled by
calcium transporters, regulating calcium concentration within sarcoplasmic reticulum
(SR; Clague & Langer, 1994). Transport of calcium out of the SR is regulated by
Na+/Ca2+ exchangers; however, during stress, transport of calcium can be inhibited.
Sarcoplasmic reticulum Ca2+-ATPases are important in the transport of calcium back into
the SR; however, their activity has been reported to be decreased by ROS (Clague &
Langer, 1994). In lobster abdominal muscle, Scherer & Deamer (1986) reported that
oxidative stress, induced by peroxydisulfate, resulted in a decline of Ca2+-ATPase
activity by 39%, leading to a 16% reduction in Ca2+ concentration in the oxidized lobster
SR. The authors noted that the thiol groups and sulfhydryl groups in the Ca2+-ATPase
might be oxidized to form disulfide bonds resulting in crosslinking that inhibited Ca2+ATPase. Dinis et al. (1993) reported oxidation of SR extracted from rabbit muscle
decreased PUFA content by approximately 30% and calcium concentration was
decreased by 50%. Similar to what Scherer & Deamer (1986) reported, Voss et al.
(2008) found that Ca2+-ATPase activity was decreased by 50% in rabbit skeletal muscle
under the formation of ROS. Schertzer et al. (2002) reported that heat stress in rats
reduced SR calcium accumulation by 66%.
Reductase activity. Cytochrome b5 is an important enzyme in the outer membrane
of the mitochondria that has the potential to regenerate NADH (Ramanathan et al., 2012).
Moreover, cytochrome b5 can produce additional electrons for cytochrome P450 (Zangar
et al., 2004). However, free radicals formed from heavy metals and lipopolysaccharides
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(LPS) can suppress cytochrome b5 and P450 activity (Iszard et al., 1995). The release of
ROS due to the poor coupling of proteins of the mitochondrial membrane can lead to
lipid oxidation and the down-regulation of cytochrome P450 (Zangar et al., 2004). Iszard
et al. (1995) reported that both heavy metals and LPS created acute oxidative stress in
mice and resulted in approximately 50% decrease in liver cytochrome b5 activity. Stevens
et al. (2000) reported that hyperglycemia-induced oxidative stress in mice reduced
cytochrome b5 reductases by 86% in the sciatic nerve. However, little information is
known about the impacts of oxidative stress on skeletal muscle cytochrome b5.
Consequences of oxidative stress on post-mortem muscles
Lipid oxidation and flavor. Lipid oxidation begins immediately after harvest
when the redox balance favors more oxidation. However, the rate of oxidation is highly
dependent on the oxidative status of the muscle prior to harvest. Moreover, processing
steps, such as deboning, aging, and grinding can also enhance the rate of oxidation.
Naturally, lipid oxidation increases as the time of display increases and has been reported
to increase by approximately 40 to 75% over 6 to 7 d of simulated retail conditions
depending on processing and packaging (Luzardo et al., 2016; Kerth et al., 2015; Kurve
et al., 2015; Kurve et al., 2016; Martin et al., 2013; Yang et al., 2016). Grinding of
muscles increases the amount of oxygen, reactive compounds, and increases the surface
area of the product, leading to more oxidation throughout the ground product; whereas
most oxidation in whole muscle cuts occurs on the surface of the product (Gray et al.,
1996). Grinding has been reported to increase MDA concentration by 65% in ground beef
when compared to whole muscle cuts at d 5 of vacuum packaged storage (Yang et al.,
2016). Jensen et al. (1997) reported that feeding broilers with oxidized oil or fresh oil
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resulted in approximately 4 µmol of MDA/kg in the pectoralis major on d 0 of storage
for both treatments. However, by d 14, MDA concentration in the pectoralis major of
broilers fed oxidized oils was 55% greater than that of broilers fed fresh oil. As a result,
the molar ratio of PUFA > 18:2 to α-tocopherol was 222 in the pectoralis major of
broilers fed fresh oil and 365 in the pectoralis major of broilers fed oxidized oil,
indicating that the feed of oxidized oil decreased antioxidant capacity and increased
susceptibility to lipid oxidation. Similarly, Zhang et al., (2011) reported that inclusion of
5% oxidized oil into broiler diets resulted in 28% and 52% greater MDA concentration in
the pectoralis major than feeding fresh oils and fresh oils with vitamin E, respectively.
Supplementing dietary vitamin E to lambs and using modified atmospheric packaging
(MAP; 40% O2, 30% CO2 y 30% Ar) reduced MDA concentration 5 times on d 7 of
display and 7 times reduction on d 13 of display (Ripoll et al., 2011).
Lipid oxidation has been reported to have the greatest impact on off-flavor
formation in muscle foods (Calkins & Hodgen, 2007). The development of the many
secondary products of lipid oxidation can lead to the production of many volatile
carbonyls like ketones and aldehydes with strong off-odors (Min & Ahn, 2005). Offflavors and aromas such as warmed-over and cardboard have been reported to be
associated with the oxidation of lipids in muscle foods (Kanner, 1994). Dirinck et al,
(1996) using a trained sensory panel reported that the supplementation of vitamin E to
finishing pigs resulted in approximately 0.5 unit increase in fresh taste on a 2-point scale
after 5 d of display. Moreover, the supplementation of vitamin E decreased induced
TBARS concentration by approximately 90% on d 5 of display. Nassu et al., (2003)
reported that oxidized aroma in goat sausage was highly correlated with an increase in
13

TBARS concentration (r = 0.99). It has been estimated that TBARS values between 0.6
to 2.0 mg MDA/kg is required for a trained panelist to detect oxidized flavors (Greene &
Cumuze, 1982). Moreover, it has been reported that 1 mg MDA/kg was the acceptable
limit for lipid oxidation in lamb and beef (Campo et al., 2006; Ripoll et al., 2011).
Meat color. Fresh meat color is the most important factor when consumers are
making purchasing decisions (Carpenter et al., 2001). However, meat color can be greatly
impacted by the oxidative status of muscles. Myoglobin is a heme protein found in all
food animals and is responsible for muscle color (Monahan et al., 1993). However, color
can vary depending on the redox state of myoglobin. Oxidation of oxymyoglobin (OMb)
to metmyoglobin (MMb) is responsible for discoloration of muscle foods during storage
(Mancini & Hunt, 2005). Overall, retail display has been shown to decrease lightness
(L*), redness (a*) and yellowness (b*) values. Lightness has been reported to decrease
from 4 to 8% in beef displayed for 6 d (Baublits et al., 2007; Balentine et al., 2006; King
et al., 2011). On average, a* values have been reported to decrease by 30 to 50% in beef
displayed for 7 d (Balentine et al., 2006; Kurve et al., 2016; Luzardo et al., 2016).
Yellowness values on average have been reported to decrease by 15 to 30% in beef
displayed for 7 d (Braden et al., 2007; Kurve et al., 2015; Kurve et al., 2016; Stivarius et
al., 2002).
During retail display, under fluorescent light, myoglobin excites oxygen to form
singlet oxygen, a ROS, leading to further oxidation of unsaturated fatty acids (Kanner,
1994; Toshio Gotoh, 1976). The oxidation of OMb and lipid oxidation have been
reported to be highly correlated; both are increased by the accumulation of ROS and
increase the formation of MMb (Lynch & Faustman, 2000; Lee et al., 2005). The
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oxidation of lipids also formed secondary aldehydes, such as 4-hydroxynonenal (HNE),
which promotes the oxidation of oxymyoglobin (OMb) and reduces metmyoglobin
reductase activity (MRA; Lynch & Faustman, 2000). Ramanathan et al., (2012) reported
that at pH 5.6, reductases extracted from bovine cardiac muscle incubated in ethanol were
able to reduce approximately 60 nmol of MMb/min/g of muscle tissue; whereas, the same
reductases incubated in a HNE solution reduced only 30 nmol of MMb/min/g. Moreover,
HNE binds to the enzymes and myoglobin, inhibiting the ability of the reductases to
reduce metmyoglobin (MMb) back to deoxymyoglobin (DMb), decreasing color stability
in meat products (Ramanathan et al., 2012; Ramanathan et al., 2014).
The supplementation of an antioxidant like vitamin E has been shown to improve
color stability and decrease lipid oxidation in muscle foods (Batifoulier et al., 2002;
Buckley et al., 1995; Estévez, 2015; Realini et al., 2004). Arnold et al. (1992) reported
that the supplementation of 300 IU/d for 266 d for 1149 IU/d for 67 d of vitamin E
improved color stability in the strip steaks by 2.5 to 5 d. Ripoll et al. (2011) reported that
supplementing dietary vitamin E to lambs and using modified atmospheric packaging
(MAP; 40% O2, 30% CO2 y 30% Ar) maintained acceptable color until d 11 of display;
whereas, no supplementation of vitamin E was acceptable until d 7.
Protein oxidation and texture. Protein oxidation has also been reported to interact
with lipid oxidation in meat products (Evez et al., 2008; Mercier et al., 1998). Muscle
foods naturally can have high levels of protein oxidation due to the greater amounts of
heme protein. However, protein oxidation differs between species and muscle fiber types.
Protein oxidation has been determined to affect protein conformation and cross-linking.
Decreases in protein functionality can decrease the quality of fresh meat by decreasing
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the ability to bind water. In myofibrillar proteins, the nature of the secondary and tertiary
structures determines the functionality. Polar groups within the myofibrillar proteins are
essential for the ability to hold water (Huff-Lonergan & Lonergan, 2005). However, these
side chains are more susceptible to ROS. Oxidation of these side chains can decrease the
isoelectric point of the proteins, resulting in protein degradation and lower water holding
capacity (Stadtman, 1990). Moreover, cross-linking of oxidized proteins can also lead to
the loss of functionality and decreases tenderness (Estevez et al., 2011). It has also been
documented that oxidative stress can increase the amount of oxidation of the
sarcoplasmic proteins, leading to higher lightness values (L*) in poultry and pork (Joo et
al., 1999; Wang et al., 2009).
Oxidation of proteins has been reported to have negative impacts on the texture of
muscle foods. Due to the loss of protein functionality and inability to bind water, meat
has been reported to be less juicy (Zakrys et al., 2009). In poultry, oxidation of proteins
has been reported to decrease WHC and increase cooking losses (Wang et al., 2009;
Zhang & Barbut, 2005). Moreover, oxidative stress changes rate of decline in pH, which
greatly influences WHC. Feeding oxidized diets to broilers prior to harvest resulted in a
faster decline in pH, leading to an approximately 40% increase in drip loss and a 21%
increase in protein carbonyl content (Zhang et al., 2011). A rapid rate of pH decline can
lead to the degradation of muscle proteins, ultimately decreasing functionality and WHC
of muscle proteins (Huff-Lonergan & Lonergan, 2005; Offer & Cousins, 1992). Protein
oxidation has also been reported to decrease tenderness in meat through two mechanisms,
inhibiting post-mortem proteolytic degradation of muscle proteins and increasing crosslinking of proteins. The inhibition of post-mortem proteolytic degradation of muscle
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proteins may be due to the oxidative alteration of the myofibrillar proteins and less
proteolytic susceptibility. Moreover, µ-calpain and m-calpain might be inactivated by the
oxidation of the histidine and cysteine in their active sites (Huff Lonergan et al., 2010;
Lametsch et al., 2008; Carlin et al., 2006; Rowe, Maddock et al., 2004). Lund et al.
(2007) reported that trained sensory panelist found a decrease in tenderness in pork chops
in modified atmospheric packaging (MAP; 70% O2/30% CO2) on d 4, 8, and 14 d of
retail display. These authors attributed the decrease in tenderness to an increase in crosslinking of proteins, which increased the strength of the myofibrils. Bao & Ertbjerg (2015)
reported that All-Kramer shear force values of fresh pork chops was 105 N. However,
pork chops displayed under retail conditions in MAP at 80% O2 had an All-Kramer shear
force value of approximately 90 N at d 14; whereas pork chops stored at 0% O2 had an
All-Kramer shear force value of approximately 60 N at d 14. The authors also reported
approximately 53 nmol of free thiol groups/mg of muscle in pork chops displayed in
MAP at 80% O2 but only 57 nmol of free thiol groups/mg of muscle in pork chops
displayed in MAP at 0% O2. It was suggested that the loss of free thiol groups was a
result of disulfide cross-linking of the myosin heavy chain (Bao & Ertbjerg, 2015).
Conclusion
The oxidative status of the animal pre-harvest can have lasting impacts on the
quality attributes of muscle foods. Heat stress has been shown to have the potential to
induce oxidative stress in livestock, potentially shifting the oxidative status of the animal
toward pro-oxidation. This pro-oxidation in live animals may have residual impacts on
post-mortem muscles as evident in monogastric animals. It was hypothesized that
oxidative stress in ruminants would have the similar impacts on beef skeletal muscle
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post-mortem. In the Southeastern U.S., cattle at some point in their lifetime may
encounter endophyte-infected tall fescue, which has been shown to increase body
temperature and respiration rates, potentially increasing the risk of heat stress. The
potential for heat stress in this situation may potentially have lasting impacts on the
oxidative status of the cattle and potentially decrease quality and shelf life of beef cuts in
retail. Therefore, the objective of the current study was to determine the effects of feeding
endophyte-infected tall fescue seed to Angus feeder calves on shelf life of beef strip
steaks and ground beef.
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CHAPTER II
EFFECTS OF FEEDING ENDOPHYTE-INFECTED TALL FESCUE SEED TO ANGUS
CALVES ON RETAIL QUALITY ATTRIBUTES OF BEEF STRIP STEAKS
Abstract
The objective of this study was to determine the effects of feeding endophyte-infected tall
fescue seed to Angus steers during the stocker phase on quality attributes of beef strip steaks
during retail display. Endophyte-infected tall fescue seed had no effect on steak surface lean
color, myoglobin forms, proximate composition, thiobarbituric acid reactive substances, aerobic
plate count, pH, activity of superoxide dismutase and metmyoglobin reductase, shear force, and
sensory attributes (P ≥ 0.087). Duration of retail display, however, expectedly decreased
lightness, redness, oxymyoglobin percentage, and MRA from 45.01, 32.60, 67.61%, and 9.54
µM/min/g on d 0 to 40.11, 21.83, 48.95%, and 2.30 µM/min/g, respectively on d 7 (P ≤ 0.001).
Thiobarbituric acid reactive substances were increased by 30% by d 5 (P = 0.015) and APC was
increased by 0.5 log CFU/g by d 7 (P ≤ 0.012).

Introduction
In today’s market, consumers express demands for healthier choices of meat products.
Forage-finished beef has less fat content and greater percentage of polyunsaturated fatty acids
(PUFA), which is perceived to be healthier because PUFA has been reported to reduce the risk of
cardiovascular disease (Simopoulos, 2004; Daley et al., 2010). An increased demand for forage19

finished beef creates new marketing opportunities for grass-finished beef producers, especially
those in the southeastern region of the U.S., because they can grow forages nearly year-round,
employ longer grazing seasons, thereby minimizing the need of supplementation (Sitienei,
Gillespie, & Scaglia, 2015).
Tall fescue (Festuca arundinacea), a cool season forage, is an integral component in
grazing systems throughout the southeastern U.S. However, at least 60 to 80% of tall fescue
pastures are infected with an endophyte (Neotyphodium coenophialum; Ball et al., 2015). The
plant and endophyte exhibit a symbiotic relationship by protecting the plant from disease and
insects and increasing its drought tolerance (Bacon, 1995). However, the endophyte produces
ergot alkaloids, predominantly ergovaline, responsible for fescue toxicosis in cattle (Bacon,
1995). Ergovaline decreases blood flow by binding to serotonin receptors and inducing
vasoconstriction, thus reducing the animal’s ability to disperse heat, resulting in an increase in
body temperature and respiration rate (Rhodes et al., 1991; Dyer, 1993; Nihsen et al., 2004).
Losing the ability to dissipate heat makes beef cattle grazing on tall fescue more susceptible to
heat stress.
Heat stress has been reported to increase the amount of reactive oxygen species (ROS) in
broilers and sheep, resulting in oxidative stress (Altan et al., 2003; Chauhan et al.,2014).
Oxidative stress has been reported to increase ultimate pH and superoxide dismutase activity,
decrease color stability, and create undesirable flavor notes in broiler meat (Yang et al., 2010;
Zhang et al., 2011; Bekhit et al., 2013). Beef cattle in the Southeastern U.S. are highly likely to
be exposed to endophyte-infected tall fescue. This exposure may affect beef quality attributes,
especially color and flavor. Discoloration of meat products costs the meat industry
approximately $1 billion annually. Flavor and color are strongly correlated with consumers’
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eating satisfaction and is currently the driver of consumer preference (Smith, et al., 2000;
Killinger et al., 2004). Therefore, the objective of the current study was to quantify the effects of
feeding endophyte-infected tall fescue seed to Angus steers during the stocker phase on quality
attributes of beef strip steaks during retail display.

Materials and methods
Experimental design
This study was conducted under an approved Mississippi State University Institutional
Animal Use and Care Committee protocol number 15-008.
Twelve Angus steers born in the Fall of 2014 were selected to be backgrounded at
Mississippi State University H. H. Leveck Animal Research Center. They were blocked by body
weight (BW) into light (n=4, 205.5 ± 7.4 kg), medium (n=5, 231.3 ± 8.2 kg), and heavy (n=3,
272.7 ± 8.4 kg) groups. Within a group, a treatment of Kentucky 31 seed (E+; Pennington Seed
Inc., Lebanon, OR; n = 6) or a control of Kentucky 32 seed (E-; Oregro Seed Inc., Albany, OR; n
= 6) were randomly assigned to cattle. Treatment steers received a predetermined amount of E+
seed to ensure a daily dose of 20 µg of ergovaline per kg of BW. Control steers received the
same amount of E- seed. Tall fescue seed were mixed with a 2:1 (w/w) mixture of soybean hulls
and corn gluten at 2% of BW to ensure total consumption of seed. Steers were fed individually
using Calan® gates during a 70-d trial from June to August of 2015 and 64-d trial from January
to March of 2016. The duration of the trials mimicked the duration of endophyte-infected tall
fescue seasons. Following the 64-d trial, cattle were commingled, implanted with a single dose
of Ralgro® (Merck Animal Health, Madison, NJ), and finished on summer perennial pastures. In
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addition, steers had ad libitum access to alfalfa hay (25% crude protein), Purina® Wind and
Rain® Storm® All Season minerals (Gray Summit, MO), and water the entire study.
At approximately 499 kg of BW, steers were slaughtered at Mississippi State University
Meat Science and Muscle Biology Laboratory in June and August of 2016. Immediately after
evisceration, pre-rigor longissimus lumborum muscle was collected between 12th and 13th ribs to
determine superoxide dismutase activity. After harvest, carcasses were chilled at 2 °C. Bone-in
strip loins (IMPS #175) were collected at 72 h post-mortem, vacuum packaged, and aged for 14
d in the dark. They were subsequently fabricated into boneless strip loins (IMPS #180) and cut
into 2.54-cm boneless steaks with a 2.54-cm tail and 0.32-cm external fat thickness (IMPS
#1180A). Steaks were placed individually on black Styrofoam® trays with PVC overwrap (O2
permeability of 1.21 mL/cm2/d and water vapor permeability of 0.022 g/cm2/d; LINPAC
Packaging-Filmco Inc., Aurora, OH). The trays were placed under simulated retail display
conditions (2 ºC, 900-lux fluorescent light intensity, and 80% relative humidity) for 7 d. One
steak per animal was withdrawn on d 0, 1, 3, 5, and 7 for chemical and microbiological analyses.
Lean color and myoglobin forms were measured repeatedly on d-7 steaks. Three steaks per
animal were collected on d 0, 3, 5, and 7 for sensory evaluation. Warner-Bratzler shear force was
measured on one steak per animal on d 0. Proximate analysis was performed on the most anterior
and posterior steaks of the strip loins. Steaks used for chemical and microbiological analyses
were removed of external fat and accessory muscles, including the gluteus medius muscle if
present, and only the separable lean of the longissimus lumborum muscle was cubed, frozen in
liquid nitrogen, and pulverized to finely divided powder. Muscle powder was stored at -80 °C
until further analyses.
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Proximate analysis
Moisture, fat, protein, and collagen composition of the longissimus muscle was quantified
using a near-infrared spectrometer (NIR; FoodScan Lab Analyzer model 78810, FOSS
Analytical A/S, Slangerupgade, Denmark). Samples were thawed for 24 h at 4 °C, finely chopped
(Oster® 3-Cup Mini Food Chopper, Rye, NY), and packed tightly into a 140-mm sample plate
for NIR analysis.

Warner-Bratzler shear force
Warner Bratzler shear force (WBSF) was determined using a procedure described by
Voges et al. (2007) with modifications in cooking procedure. Steak were thawed for 24 h at 2 °C
before cooking. Ovens were pre-heated to 177 °C, and a thermometer probe (1487 Taylor® Pro
Programmable Thermometer, Las Cruces, NM) was placed in geometric center of the steaks
before cooking. Steaks were placed on a wire rack in the oven, flipped once at 35 °C, and
removed from the oven at 71°C. Cooked steaks were cooled at 4 °C for 24 h. Six 1.3-cm
cylindrical cores parallel to the direction of muscle fibers were removed from each steak. They
were sheared perpendicular to the muscle fiber using a Warner-Bratzler instrument (G-R Elec.
Mfg., Manhattan, KS) and peak force was recorded using a Mecmesin BFG 500N (North
America Mecmesin Co, Sterling, VA). Purge of vacuum-packaged steaks and weight loss after
cooking were recorded to calculate purge and cooking losses, respectively.
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pH
One gram of sample was added to 10 mL of deionized water. The mixture was vortexed
for 5 min and pH of the supernatant was recorded by a pH meter with temperature-compensation
probe (Accument®, model 13-620-631; Fisher Scientific, Waltham, MA).

Microbiological analysis
Aerobic plate count (APC) was determined by methods described by McCain et al.
(2015) from steaks on d 0, 1, 3, 5, and 7 of retail display. Ten grams of the finely divided powder
was weighed into a Whirl-Pak™ bag and 90 mL of 0.1% peptone water was added to the bag.
Each sample was mixed by handshaking for 1 min. Two serial 10-fold dilutions were prepared in
0.1% peptone water. One milliliter of each dilution was plated in duplicate onto 3M™ APC
Pertrifilm™ (3M™, St. Paul, MN). The Petrifilms™ were incubated at 37 °C for 48 h. Red
colonies were counted (3M, 2015b; 3M 2015c) and reported as log CFU/g of sample.

Superoxide dismutase (SOD) activity
Superoxide dismutase activity in pre-rigor muscle was quantified using a colorimetric
assay kit by Abcam (ab65354; Cambridge, MA) capable of detecting SOD activity in muscle.
Using water soluble tetrazolium salt (WST-1), a water-soluble formazan dye is produced during
the reaction with superoxide anions. The reaction was monitored by visible spectroscopy and the
absorbance was linearly associated to the xanthine oxidase activity, which is inhibited by SOD.
Absorbance was recorded at 450 nm (Model Epoch, Biotek, Winooski, VT) to calculate SOD
activity (inhibition rate, %) and was converted into units of activity SOD U as explained by
Domenech-Pérez and Calkins (2016).
24

Thiobarbituric acid reactive substances (TBARS)
Lipid oxidation was measured by TBARS using a method described by Draper et al.,
(1993) with modifications. One gram of muscle powder was weighed, and 5 mL of 10%
trichloroacetic acid and 0.1 mL of 25000 µg/mL butylated hydroxytoluene were added into a
polypropylene tube. The mixture was incubated in 90 °C water bath for 30 min, cooled to room
temperature by cold water, and centrifuged at 3000 × g and 4 °C for 10 min. A volume of 0.3 mL
of supernatant was added to 0.6 mL of saturated TBA solution. The mixture was incubated at 90
°C water bath again for 30 min, cooled to room temperature, and centrifuged at 10000 × g at
room temperature for 10 min. A volume of 0.3 mL of supernatant was pipetted into a 96wellplate (Costar® 3370; Corning Inc., Corning, NY), and the absorbance was measured at 532
nm, using a spectrophotometer (Spectral Max Plus 384, Molecular Devices, LLC, Sunnyvale,
CA). Sample absorbance was compared with a malondialdehyde (MDA) external calibration
curve. Thiobarbituric acid reactive substances were reported as mg of MDA per kg of sample.

Muscle lean color
Lean color was measured during simulated retail display for 7 d, using a Hunter Lab
MiniScan 4500L spectrophotometer (Hunter Associates Inc, Reston, VA) on the lean surface of
steaks in triplicate. Reflectance spectra of 400 to 700 nm by a 10-nm interval and CIE L*, a*, b*
values (illuminant A, 10° angle, and 25-mm aperture size) were recorded. Hue angle, chroma,
and percentages of deoxymyoglobin (DMb), oxymyoglobin (OMb), and metmyoglobin (MMb)
were also calculated (AMSA, 2012). Lean color was measured on the same steak every 4 h
during the first 48 h and at every 12 h during the remainder of display.
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Metmyoglobin reducing activity (MRA)
Activity of MMb reductase in muscle was determined by its ability to reduce horse
skeletal MMb to DMb (ASMA, 2012). One gram of sample was homogenized in 4 mL of 0.2mM sodium phosphate buffer (pH 5.6) and the homogenate was centrifuged at 3,000 × g and 4
°C for 10 min. Supernatant was centrifuged again at 18,300 × g and 4 °C for 30 min. The
supernatant was subsequently filtered through 0.45 µm membrane (MDI syringe filters;
Advanced Microdevices PVT. LTD., Ambala Cantt, India) into a 2-mL snap-cap microcentrifuge
tube. Muscle extract was reacted with horse skeletal MMb in presence of NADH (AMSA, 2012)
in a 96-well plate (Costar® 3370; Corning Inc., Corning, NY). Absorbance was recorded
immediately for 150 s by a spectrophotometer (Spectral Max Plus 384, Molecular Devices, LLC,
Sunnyvale, CA) at 580 nm. A 60-s linear portion of enzyme kinetic curve was selected to
calculate enzymatic activity of MMb reductase. Reductase activity was reported as µM of MMb
reduced per min per gram of sample (µM/min/g).

Sensory Evaluation
On d 0, 3, and 5, steaks assigned for sensory evaluation were removed from retail
display, vacuum-packaged, and stored at -20 °C. Steaks were thawed for 24 h at 2 °C before
cooking. Ovens were pre-heated to 177 °C and thermometer probe (1487 Taylor® Pro
Programmable Thermometer, Las Cruces, NM) were placed in geometric center of the steaks
before cooking. Steaks were wrapped in aluminum foil and cooked in the oven until the internal
temperature reached 71 °C. Cooked steaks were cooled for 5 min and then cut into 1.27 cm ×
1.27 cm × 2.54 cm cubes and served warm in a 3-digit coded sampling cups (AMSA, 2015).
Seven panelists with beef eating experience were trained in 4 1-h sessions in 2 wks at the
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Garrisons Sensory Evaluation Laboratory at Mississippi State University to detect and quantify
initial tenderness, sustained tenderness, initial juiciness, sustained juiciness, and beef flavor as
described by Lucherk et al. (2016) with modifications; flavor intensity, fat-like, umami, and offflavors as described by Adhikari et al. (2011) on a 0-to-15 point continuous scale, with 0 being
non-existent and 15 being extremely high for each attribute.

Statistical analysis
Data was analyzed as a randomized block design with repeated measurement. Analysis of
variance was performed using the GLIMMIX procedure of SAS 9.4 (SAS Institute Inc., Cary,
NC) in a generalized linear mixed model with treatment and retail display time serving as fixed
effect and BW serving as a random effect. The Kenward-Roger approximation was used to
calculate degrees of freedom. Means were separated by a protected t-test in the LSMEANS
option of the GLIMMIX procedure. Statistical significance was determined at P ≤ 0.05 unless
otherwise noted. One steer in the E- group with a neck injury, resulting in a dark cutter (pH 6.4)
was removed from the statistical analysis, however, was discussed as an example of stress effects
on meat quality.

Results and discussion
Proximate composition
Tall fescue seed treatment had no effect on proximate composition of beef longissimus
muscle (P ≥ 0.261; Table 1). On average, the muscle contained 2.7% fat, 23.8% protein, 1.3
collagen, and 71.4% moisture. Similar to the current study the USDA Nutrient Database has
reported similar nutrient values of 2.7% fat, 23.1% protein, and 73.4% moisture. Similarly,
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Kurve et al. (2015) reported that beef from forage-finished cattle had nutrient values of 2.4% fat,
22.7% protein, 1.4% collagen, and 73.3 % moisture. Forage-finished beef has been reported to
contain approximately 36 to 60% less fat when compared to concentrate-finished beef (Duckett
et al., 2013; Leheska et al., 2008). Concentrate-finished beef cattle have greater energy intakes,
resulting in cattle that are fatter when compared with forage-finished cattle that have lower
energy intakes (French et al., 2000).

Warner Bratzler shear force (WBSF)
Feeding of the E+ seed to steers did not affect WBSF when compared with the E- seed
(29.14 and 29.33 N, respectively; P = 0.926; Figure 1). These results are similar with what
Realini et al. (2005) reported for beef from cattle grazing on tall fescue. In the current study, it
was hypothesized that the heat stress induced by E+ seed would increase WBSF. Fu and Liang
(2003) noted that the increase in heat shock protein 27 (HSP27) was expressed as a part of
cellular resistance to heat and oxidative stresses. Heat shock protein 27 expression has also been
reported to be positively correlated with WBSF (r = 0.658; Kim et al., 2008). Moreover, HSP27
is part of the HSP20 family, which has been reported to protect structural proteins such as
desmin, actin, and titin in cardiac muscle (Bullard et al., 2003; Ghosh, Houck, Clark, & Clark,
2007). The degradation of these structural proteins are vital in post-mortem meat tenderization
(Huff Lonergan et al., 2010).
Forge-finished beef has been reported to have approximately 19% greater WBSF of the
longissimus lumborum than concentrate-finished beef (Kerth et al., 2007). When rearing foragefinished beef to the same market weight as concentrate-finished beef (approximately 590 kg),
WBSF was increased because number of grazing days must increase to provide the same amount
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of energy for the same weight gain (Bennett et al., 1995). However, when rearing forage-finished
beef to the same physiological maturity as concentrated-finished beef, WBSF was not affected
(Duckett et al., 2013). In the current study, the cattle were slaughtered at approximately 20
months of age, an average age of harvest for cattle finished on concentrate diets. Shear force
values in the current study were below the tenderness threshold level of 40 N, anchored by
USDA Select steaks cooked to a medium degree of doneness (Miller et al., 2001). Strip loins in
the current study had also been aged for 14 d, aiding the tenderization. Brooks et al. (2009)
reported that the postmortem aging decreased WBSF values by at least 15% from d 7 to d 21,
regardless of quality grade.

pH, purge loss, cooking loss
Neither tall fescue treatment nor duration of retail display influenced pH of the steaks
during simulated retail display with pH being relatively stable within a range of 5.63 to 5.61 for
E- steaks and 5.61 to 5.62 for E+ steaks during 7 d (P ≥ 0.082). Steaks from steers fed E- and E+
seed were not different in purge loss (4.69 and 5.39%, respectively; P = 0.305; Figure 1) or
cooking loss (25.41 and 25.33%, respectively; P = 0.959; Figure 1).
The pH values in the current study were similar to what has been reported previously
from beef collected from steers grazing tall fescue (pH = 5.7; Realini et al., 2005). Kurve et al.
(2015) also reported a pH value of approximately 5.7 from forage-finished beef steaks across
simulated display. Both purge and cooking losses are influenced by pH of meat because pH is
the deciding factor of water-holding capacity (Huff Lonergan & Lonergan, 2005). It was
expected that both losses were similar in E+ and E- steaks because of their similar pH. Similar
cooking loss of 23% was also reported for tall fescue-finished beef by Kurve et al. (2015). It was
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anticipated that E+ seed would have caused greater stress, leading to greater pH and waterholding capacity. However, such phenomenon was not observed in the current study. Apple et
al., (2005) reported that steers subject to stress before harvest exhibited a pH of 6.0 or greater
and approximately 16% more bound water then unstressed steers. The injured steer excluded
from statistical analysis had a pH value of 6.4 and purge and cooking losses of 3.28 and 20.34%,
respectively.

Microbiological analysis
Only duration of retail display increased aerobic bacterial growth on beef steaks from
steers fed E- and E+ seed (P = 0.041). During simulated retail display, aerobic bacterial count
was increased from 3.0 to 3.5 log CFU/g from d 0 to d 7. Kurve et al. (2015) reported that
aerobic plate count of steaks cut from forage-finished carcasses was 3 log on d 0, 5 log on d 6,
and more than 7 log on d 7, resulting in the end of shelf life. On the other hand, Gill and Jones
(1994) reported only 2.5 to 3.5 log of aerobic bacteria on d 6 of retail storage of beef steaks at 2
°C, similar to the findings in the current study. Similar bacterial growth (approximately 0.5 log
increase from d 0 to 5) at 2 °C in ground beef was also reported by Rogers et al., (2014). It was
possible that colder than normal display temperature in commercial settings (typically 4 to 5 °C)
prevented aerobic bacteria to reach 7 log level in the current study. It was also hypothesized that
endophyte-infected tall fescue seed would increase stress in animals, resulting in greater pH and
microbial growth. However, because of no pH difference, no other factor affected APC in both
E+ and E- steaks during retail display.
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Superoxide dismutase (SOD) activity and thiobarbituric acid reactive substances (TBARS)
The feeding of endophyte-infected tall fescue seed had no effect (P = 0.268) on SOD
activity. It was anticipated that the E+ steers would exhibit greater SOD activity because of
potential oxidative stress. Superoxide dismutase is vital to the protection of cellular organelles
from the negative effects of ROS (Al-Gubory et al., 2010). It has been reported that cattle
grazing forages exhibit more SOD activity than cattle consuming concentrate diets. These
authors noted that SOD activity was positively correlated with the amount of vitamin E in the
diet (Descalzo et al., 2007). Steers in the current study had free access to alfalfa, which was rich
in vitamin E (McDowell et al., 1996), which might explain why E+ and E- steaks had similar
SOD activity.
The feeding of endophyte-infected tall fescue seed had no effect (P = 0.523; Figure 2) on
the lipid oxidation of the steaks. It was hypothesized that feeding endophyte-infected tall fescue
seed induced oxidative stress via heat stress (Altan et al., 2003; Rhodes et al., 1991). In broilers,
heat stress has been shown to increase lipid peroxidation, particularly MDA concentration in
blood (Altan et al., 2003). However, heat stress, unless reaching chronic level at or shortly before
harvest, might not induce significant oxidation in beef cattle to the extent observed in poultry or
monogastric animals because cattle are more resistant to long-term stress (Azad et al, 2010c;
Trout et al., 1998). Moreover, the results in the current study were similar to Realini et al.
(2005), who reported no difference in lipid oxidation in steaks from steers grazing endophyteinfected and novel tall fescue varieties. Likewise, cattle grazing endophyte-infected tall fescue
during the summer had similar plasma MDA, compared to those grazing on non-endophyte
infected tall fescue (Burke et al., 2007).
Increased lipid oxidation was expected as retail display progressed (P = 0.041; Figure
2.2). Myoglobin has been reported to excite oxygen to singlet oxygen, which oxidizes
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unsaturated fatty acids (Kanner, 1994; Toshio Gotoh, 1976). Moreover, beef has more potential
for lipid oxidation because of greater amount of heme iron than other meats (Monahan et al.,
1993). However, inclusion of vitamin E into beef cattle diets has been shown to delay oxidation
of whole muscle cuts. Insani et al. (2008) reported that concentrate-finished beef had
approximately 6 times greater TBARS values by d 7 when compared with forage-finished beef.
The supplementation of alfalfa might delay oxidation in the current study up until d 3. Value of
TBARS peaked on d 5 (0.92 mg MDA/kg), but decreased on d 7 (0.71 mg MDA/kg). The
decrease in TBARS on d 7 might be caused by the metabolism of aldehydes by spoilage bacteria
(P = 0.068; Poon et al., 2003).

Surface lean color and metmyoglobin reducing activity (MRA) of longissimus lumborum.
Steaks from steers fed the E+ seed did not differ from E- steaks in lightness, redness, and
yellowness (P ≥ 0.783). However, simulated retail display decreased L*, a*, and b* values from
d 0 to 7 (P < 0.001; Figure 3) as expected. Hue angle was increased from 37.28 on d 0 to 41.06
on d 7 (P < 0.001; Figure 5). In contrast, chroma (color saturation) was decreased from 40.96 on
d 0 to 28.71 on d 7 (P = 0.013; Figure 5). Surface OMb percentages was decreased from 67.61%
to 48.96% from d 0 to d 7 of simulated retail display across both E+ and E- steaks (P < 0.001);
however, the magnitude of decrease varied. Oxymyoglobin percentage of E- steaks was
decreased by 2 to 5% from d 4 to 6 (P = 0.057); whereas that of E+ steaks was decreased by 5 to
8% during the same period (P < 0.001). Metmyoglobin remained similar between E+ and Esteaks, except for being 4% greater in E+ steaks on d 6 (P = 0.024; Figure 4). There was a
significant 2-way treatment × time interaction in DMb (P = 0.062). Percentage of DMb remained
constant at approximately 0.7% from d 0 to 2 (P ≥ 0.395; Figure 4), however, started to increase
32

continuously until d 7 (6.84% for E- and 20.86% for E+ steaks; P ≤ 0.020; Figure 4). The
magnitude was much greater for E+ steaks, with 6% from d 5 to 6 and 10% from d 6 to 7 (P <
0.001). Feeding of E+ seed resulted in no difference in MRA (P = 0.1167; Figure 6). However, it
was decreased from 9.54 μM/min/g on d 0 to 2.29 μM/min/g on d 7 (P < 0.001).
Results from the current study were similar to those from previous research, in which
Hereford steers grazing E+ variety of tall fescue did not have lean color differences compared
with steers grazing the non-toxic variety (Realini et al., 2005). It was anticipated that feeding E+
seed would have negative impacts on lean color because ergovaline ingestion causes heat stress
(Rhodes et al., 1991), which leads to oxidative stress and decrease color stability (Young et al.,
2003). However, free access to alfalfa hay supplementation could negate effects of oxidative
stress on beef color because alfalfa has high concentrations of antioxidants such as vitamin E
(McDowell et al., 1996). Dietary supplementation of vitamin E has been reported to increase
color stability and shelf life of beef (Bloomberg et al., 2011). Although there was no overall
treatment effect, the authors of the current study did observe a greater drop in OMb from d 4 to 6
in E+ steaks than in E- steaks. This percentage of OMb was oxidized to MMb and reduced to
DMb (Young et al., 2003). However, except for d 6 when MMb in E+ steaks was greater than
that in E- steaks, the percentage of MMb was generally similar between E+ and E- beef.
Therefore, this finding meant that the percentage of OMb oxidized to MMb was reduced to DMb
and primarily remained in that state from d 5 to 7, possibly because of the lack of oxygen on
meat surface caused by microbial growth during the end of shelf life. These activities (oxidation
of OMb to MMb and reduction of MMb to DMb) appeared to occur to a greater extent in E+
steaks than in in E- steaks.
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Moreover, lightness of forage-finished beef, including steaks in the current study, has
been reported to be 7 to 12% less than that of concentrate-finished beef when being measured by
both illuminants A and D65 (Duckett et al., 2013; Kurve et al., 2015; Nelson et., 2008; Scaglia et
al., 2012). Lightness is correlated with the amount of glycogen in the muscle during the
conversion of muscle to meat, partially responsible for pH decline (Vestergaard et al., 2000). The
authors reported that the semitendinosus and longissimus muscles from forage-finished cattle are
6 to 12% darker and had 10 to 27% less glycogen than those from cattle finished on concentrate,
explained by less dense energy in forage diets (Vestergaard et al., 2000). Surface redness of the
steaks in the current study was 30.61, within the reported range of 26.5 to 34.0 with illuminant A
(King et al., 2011; Phelps et al., 2014; Wilfong et al., 2016). Many have reported that forage- and
concentrate-based diets did not cause variation in beef lean redness (O’Sullivan et al., 2003;
Realini et al., 2004; Luciano et al., 2011). However, yellowness of beef lean in the current study
were 14% greater than that in other concentrate-finishing studies (Gunderson et al., 2009; Rogers
et al., 2010; Wilfong et al., 2016). Similar increase in yellowness in forage-finished beef has
been widely reported by other researchers (Kerth et al., 2007; Scaglia et al., 2012). Such an
increase is caused by a greater concentration of β-carotene in forage diet than that in concentrate
diet (Yang et al., 2002).
Effects of retail display on beef lean color (hue angle or color shade; chroma or color
intensity) occurred as expected. There was approximately a 3° increase in hue angle and 30%
decrease in color intensity after 7-d display. Sawyer et al. (2007) also reported a similar but
minute change in color shade. These findings indicated that although surface lean was
discolored, the red shade of myoglobin was still predominant. Although color shade might not be
changed significantly, the intensity of color was decreased, indicating both a* and b* values were
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diminished. Similar findings were reported by King et al. (2012), Kurve et al. (2015), and Kurve
et al. (2016). The most interesting result was the decrease in MRA. The reductase was extracted
from muscle, not measured on the surface. The analytical conditions dictated that all samples
receive the same concentration of NADH, serving as electron source for the reduction of horse
skeletal MMb to DMb. Therefore, this finding indicated that there must be a decrease in the
concentration of the active reductase. This is in direct contrast with various data in literature,
indicating that the reductase concentration was unchanged. Similar to the results in the current
study, Fu et al. (2017) reported that MRA was decreased from 0.34 µM/min/g on d 0 to 0.18
µM/min/g on d 7. When measuring surface MRA, comparable results have been reported, with
reducing ability being decreased from 53% on d 0 to 9% on d 7 of display (Phelps et al., 2014).
Fu et al. (2017) employed similar analytical procedure as the current study and suggested that
30% decrease in MRA over 10-d retail display in PVC-wrapped meat compared with vacuumpackaged meat might be caused by the oxidation of the reductases in muscle. It was interesting
that the injured steer in the current study not only had 7% more MRA on d 0 but also 75% more
MRA on d 7 than other steers, possibly indicating a greater expression of reductase under stress
and a protective effect of proteins in stressed animals. English et al. (2016) reported that steaks
from dark cutters had approximately 11% greater MRA at d 0 and 29% greater MRA at d 62 of
aging when compared to normal USDA Choice steaks.

Descriptive sensory evaluation
Trained sensory panelists detected no difference in sensory attributes in steaks from
steers fed E+ or E- seed (P ≥ 0.392; Table 2). Sustained tenderness score was decreased by 14%
by d 5 of simulated display (P = 0.037). There was a 2-way treatment × day interaction in off35

flavor intensity and umami flavor note (P = 0.027 and 0.052, respectively). Off-flavor intensity
for E+ and E- steaks remained similar from d 0 to d 3 (P ≥ 0.636); however, E+ steaks had 0.7unit smaller off-flavor score than E- steaks on d 5 (P = 0.024). Umami flavor score for E- steaks
was decreased by 0.5 unit by d 5 (P = 0.002), whereas it remained similar for E+ steaks from d 0
to 5 (P ≥ 0.638).
Similar to the current study, Kurve et al. (2016) reported an increase in off-flavors and a
decrease in umami flavor note by d 6 of simulated retail display. However, these authors also
reported a decrease in beef flavor and initial juiciness. In the current study, only E- steaks
developed quantifiable off-flavors. No difference in most descriptive sensory attributes could be
explained by supplementation of alfalfa, known to have greater amounts of antioxidants, as
discussed previously. Antioxidants preserve beef flavor and prolong the onset on off-flavor
development by decreasing protein and lipid oxidation (Descalzo & Sancho, 2008; Lee et al.,
2005); however such effects were less in E- steaks on d 5 than E+ steaks, coinciding with a peak
of TBARS on d 5 (Fig. 2) and a decrease in sustained tenderness. A few studies documented an
increase in meat toughness after retail display and attributed such an increase to cross-linking of
proteins by amino acids (Morzel et al., 2006). Various working hypotheses on the negative
effects of stress on tenderness (protein and collagen oxidation and enzymatic tenderization;
Gruber et al., 2010; Kim et al., 2008), juiciness (pH and water-holding capacity; Apple et al.,
2005), and beef flavor (lipid oxidation; Yang et al., 2002) were not observed in the current study.

Conclusion and implication
The feeding of endophyte-infected tall fescue seed during the stocker phase of beef cattle
production had minimal impacts on beef quality attributes during retail display. The
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supplementation of alfalfa, a known source of vitamin E might have minimized the negative
impacts of ergovaline in tall fescue seed. Moreover, additional data on performance and carcass
characteristics (data not shown) led the authors in the current study to suggest that the animals
might develop resistance to endophyte-infected tall fescue (Hohenboken & Blodgett, 1997),
ultimately minimizing the negative impacts on meat quality. As expected, retail storage
decreased color stability and MRA and increased lipid oxidation. An injured steer with greater
MRA provided unique data that can lead to further investigation into protective mechanism of
stress and its potential application in preserving meat quality.
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Tables and Figures
Proximate composition of beef strip steaks from Angus steers fed endophyte-infected (KY31 or
E+; 20 µg/kg BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed.
Table 1
Fat, %
Protein, %
Collagen, %
Moisture, %

E2.59
23.91
1.40
71.43
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E+
2.82
23.62
1.26
71.30

SE
0.44
0.34
0.10
0.56

P
0.580
0.541
0.261
0.839

39

Descriptive sensory evaluation* of beef strip steaks from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg
BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged in black Styrofoam® trays with PVC
overwrap (O2 permeability of 1.21 mL/cm2/d and water vapor permeability of 0.022 g/cm2/d; LINPAC PackagingFilmco Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900-lux fluorescent light intensity, and
80% relative humidity) for 0, 3, and 5 d.

EE+
Pvalue
0
3
5
0
3
5
SE treatment
day treatment x day
Initial tenderness
7.8 7.3 6.5
7.8 7.2 7.3
0.39
0.412
0.097
0.540
Sustained tenderness
8.3 7.6 6.8
8.3 7.5 7.6
0.45
0.615
0.037
0.485
Initial juiciness
6.5 5.4 5.4
6.2 5.9 5.3
0.44
0.872
0.090
0.628
Sustained juiciness
7.0 5.8 5.7
6.6 6.3 5.7
0.50
0.918
0.114
0.658
Beef flavor
8.0 7.8 7.7
8.0 7.8 7.8
0.16
0.747
0.101
0.802
Flavor intensity
7.4 7.2 7.5
7.5 7.5 7.5
0.24
0.555
0.741
0.745
Fat like
4.0 3.9 3.8
4.0 4.0 4.0
0.16
0.613
0.743
0.796
Umami
4.3 4.2 3.8
4.2 4.2 4.2
0.15
0.594
0.039
0.052
Off flavor
0.8 0.9 1.6
0.7 1.1 0.9
0.21
0.377
0.008
0.027
*
Initial tenderness, sustained tenderness, initial juiciness, sustained juiciness, and beef flavor (Lucherk et al., 2016) and flavor
intensity, fat-like, umami, and off-flavors (Adhikari et al., 2011) was evaluated on a 0-to-15 continuous scale, with 0 being nonexistent and 15 being extremely high for each attribute.

Table 2
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Figure 1

a,b

30

a

WBSF, N

Purge or cooking oss, %

a

a

E-

E+

E-

E+

E-

Purge loss (group on the left), cooking loss (group in the middle), and
Warner-Bratzler Shear Force (WBSF; group on the right) of beef strip steaks
from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n =
6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed.

Means without common letters differ (P ≤ 0.05).

40

1.5

b,x

a,x

1.0

a,x

a,x
b,x

a,x

a,x
a,x

EE+

0.5

a,x

TBARS, mg/kg

a,x

0.0
0

Figure 2

x,y
a,b

1

2

3

4

5
Time, d

6

7

8

Thiobarbituric acid reactive substances (TBARS) of beef strip steaks from
Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n = 6) or
non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged in black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within a time point, means without common letters differ (P ≤ 0.05).
Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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E- L*

E+ L*

E- a*

E+ a*

E- b*
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L*, a*, or b*

a

e
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Figure 3
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Time, d
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Surface lightness (L*), redness (a*), and yellowness (b*) of beef strip steaks
from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n =
6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged in black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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Myoglobin forms, %
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a
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Surface deoxymyoglobin (DMb), oxymyoglobin (OMb), and metmyoglobin
(MMb) of beef strip steaks from Angus steers fed endophyte-infected (KY31
or E+; 20 µg/kg BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall
fescue seed, packaged in black Styrofoam® trays with PVC overwrap (O2
permeability of 1.21 mL/cm2/d and water vapor permeability of 0.022
g/cm2/d; LINPAC Packaging-Filmco Inc., Aurora, OH) and displayed under
simulated retail conditions (2 ºC, 900-lux fluorescent light intensity, and
80% relative humidity) for 7 d.

Within a time point starting at d 4, means without common letters differ (P ≤ 0.05).

43

50
bc
c

cb

b

a

ab

bc

a

ab

cb

cb

ab

50

40
cd

d
30

30

20

20

E- Hue angle
E+ Hue angle
E+ Chroma

10

10

0

0

0
Figure 5
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Hue angle, °

40

ab
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Surface hue angle (color shade) and chroma (color intensity) of beef strip
steaks from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg
BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged
in black Styrofoam® trays with PVC overwrap (O2 permeability of 1.21
mL/cm2/d and water vapor permeability of 0.022 g/cm2/d; LINPAC
Packaging-Filmco Inc., Aurora, OH) and displayed under simulated retail
conditions (2 ºC, 900-lux fluorescent light intensity, and 80% relative
humidity) for 7 d.

Within E+ or E- treatment, means without common letters differ (P ≤ 0.05).

44

a,x

10

ab,x
bc,x

cd,x

8

a,x
ab,x

bc,x

6
d,x
4

EE+

2
cd,x
d,x

0

Figure 6

x,y

1

2

3

4

5
Time, d

6

7

0

MRA, µM MMb reduced/min/g of muscle

12

8

Metmyoglobin (MMb) reducing activity (MRA) of beef strip steaks from
Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n = 6) or
non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged in black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within a time point, means without common letters differ (P ≤ 0.05).
Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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CHAPTER III
EFFECTS OF FEEDING ENDOPHYTE-INFECTED TALL FESCUE SEED TO
ANGUS CALVES ON RETAIL QUALITY ATTRIBUTES OF
GROUND BEEF PATTIES
Abstract
The objective of this study was to determine the effects of feeding endophyteinfected tall fescue seed to Angus steers during the stocker phase on the quality of ground
beef patties during retail display. Endophyte-infected tall fescue seed had no impact on
pH, thiobarbituric acid reactive substances, metmyoglobin reductase activity, and texture
of the patties (P ≥ 0.082). However, E+ patties had 0.5% more DMb (P = 0.017) and
27% greater redness (a*) on d 5 of display (P < 0.001). Retail display, as expected,
decreased OMb and MRA from 64.04% and 5.56 µM/min/g on d 0 to 58.5% and 2.16
µM/min/g on d 5, and increased TBARS from 1.53 mg MDA/kg on d 0 to 3.42 mg
MDA/kg on d 5 (P < 0.001). Moreover, the decrease in MRA was correlated with the
increase in TBARS (r = -0.36; P = 0.015).

Introduction
Tall fescue (Festuca arundinacea) covers approximate 14 million hectares and is
an important forage for approximately 8 million beef cattle throughout the U.S.
Approximately 60 to 80% of tall fescue pastures are infected with an endophyte toxic to
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cattle (Neotyphodium coenophialum; Ball et al., 2015). This toxin reduces the animal’s
ability to dissipate body heat, resulting in an increase in core temperature and respiration
rates, making cattle more susceptible to heat stress (Al-Haidary et al., 2001; Dyer, 1993;
Nihsen et al., 2004; Rhodes et al., 1991). Heat stress in broilers and sheep has been found
to increase the concentration of reactive oxygen species (ROS), inducing oxidative stress
(Altan et al., 2003; Azad et al., 2010a; Chauhan et al., 2014). Oxidative stress resulting
from heat stress decreases water holding capacity, protein functionality, color stability
and increases malondialdehyde concentration in postmortem muscle in poultry and pork
(Bekhit et al., 2013; Leheska et al., 2008; Wang et al., 2009; Zhang et al., 2005).
However, little is known about the impacts of oxidative stress on beef quality.
It was hypothesized that further processing, such as grinding would enhance the
effects of oxidation, which might already be at a greater level in meat from stressed
animals, though increasing the oxygen concentration mixed in ground products (Gray et
al., 1996). Enhanced oxidation in stressed cattle could have lasting effects on quality
attributes of ground beef. For example, secondary products of lipid oxidation such as 4hydroxynonanal, decreases the effectiveness of metmyoglobin reductase (Ramanathan, et
al., 2012; Ramanathan et al., 2014). Such effects on ground beef color are detrimental to
the value of ground beef, as color is the most important factor influencing purchase
decision at retail establishments (Carpenter et al., 2001; Killinger et al., 2004). Schaefer
(2007) reported that discoloration of meat caused at least one billion dollars in losses
annually in grocery stores. Therefore, the objective of the current study was to determine
the effects of feeding endophyte-infected tall fescue seed to Angus steers during the
stocker phase on quality attributes of ground beef patties during retail display.
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Materials and methods
Experimental design
The study was conducted under the approval of Mississippi State University
Institutional Animal Use and Care Committee’s protocol number 15-008.
As described in chapter 2, Angus steers (n = 12) were weaned, backgrounded,
blocked by body weight (BW) into light (n=4, 205.5 ± 7.4 kg), medium (n=5, 231.3 ± 8.2
kg), and heavy (n=3, 272.7 ± 8.4 kg) groups. They were fed individually with either
Kentucky 31 seed (E+ or treatment; 20 µg of ergovaline per kg of BW per day;
Pennington Seed Inc., Lebanon, OR; n = 6) or Kentucky 32 seed (E- or control; Oregro
Seed Inc., Albany, OR; n = 6). The experiment was conducted during the summer of
2015 and the winter of 2016 at Mississippi State University H. H. Leveck Animal
Research Center. Seed were mixed in soybean hulls and corn gluten feed (2:1 w/w) and
fed at 2% of BW. At the end of the experiment, the steers were implanted with Ralgro®
(Merck Animal Health, Madison, NJ) and finished on summer perennial pastures. They
received ad libitum access to alfalfa hay (25% crude protein), Purina® Wind and Rain®
Storm® All Season minerals (Gray Summit, MO), and water throughout the entire
experiment.
At approximately 499 kg of BW, steers were harvested at Mississippi State
University Meat Science and Muscle Biology Laboratory in the summer of 2016.
Carcasses were chilled at 2 °C for 72 h, cut into primals and subprimals. Lean and fat
trimmings were collected from the forequarters, vacuum-packaged, and frozen at -20 ºC
until grinding. Trimmings were thawed for 72 h prior to ground beef production. After
coarse grinding (1.25 cm), proximate composition of the trimmings was determined and
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the trimmings were mixed through fine grinding (0.16 cm) to make 90% lean ground
beef. Eight-five gram patties were made using a Patty-O-Matic® patty maker (Patty-OMatic, Farmingdale, NJ) and 2 patties were placed on black Styrofoam® trays,
overwrapped with PVC film (O2 permeability of 1.21 mL/cm2/d and water vapor
permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco Inc., Aurora, OH). The trays
were placed under simulated retail display conditions (2 ºC, 900-lux fluorescent light
intensity, and 80% relative humidity) for 5 d. Lean color was measured repeatedly on d-5
patties. One tray per animal was withdrawn at 0, 1, 3, and 5 d, snap frozen, pulverized
into muscle powder, and stored at -80 °C for chemical analyses. Patties used for texture
profile analysis (TPA) were removed at d 0, vacuumed-packaged individually, and stored
at -20 °C.

Chemical analysis
Chemical analyses were conducted as described in chapter 2 . Proximate
composition was analyzed using a near-infrared spectrometer (NIR; FoodScan Lab
Analyzer model 78810, FOSS Analytical A/S, Slangerupgade, Denmark). One gram of
beef samples was mixed in 10 mL of Millipore® water and pH of the supernatant was
recorded by a pH meter with temperature-compensation probe (Accument®, model 13620-631; Fisher Scientific, Waltham, MA). Lipid oxidation was quantified by TBARS
using a method described by (Draper et al., 1993). Samples were extracted in 10%
trichloroacetic acid and 0.1 mL of 25000 µg/mL butylated hydroxytoluene and reacted
with saturated TBA solution. Absorbance was measured at 532 nm, using a
spectrophotometer (Spectral Max Plus 384, Molecular Devices, LLC, Sunnyvale, CA),
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and was reported as mg of MDA per kg of sample. Activity of metmyoglobin reductase
extracted from muscle was determined by its ability to reduce MMb to DMb (ASMA,
2012). Samples were homogenized in 4 mL of 0.2-mM sodium phosphate buffer (pH
5.6), centrifuged at 3,000 × g. Supernatant was centrifuged at 18,300 × g, and filtered
through 0.20 µm membrane syringe filter. The extract was reacted with horse skeletal
MMb with NADH and absorbance was recorded at 580 nm. A 1 min linear portion of
enzyme kinetic curve was selected to calculate the enzymatic activity of MMb reductase
and reported as µM of MMb reduced per min per gram of sample (µM/min/g).

Objective color measurement
Surface color (L* or lightness, redness or a*, and yellowness or b*) and
reflectance spectra (400 to 700 nm) was collected by a Hunter Lab MiniScan 4500L
Spectrophotometer (Hunter Associates Inc, Reston, VA) in duplicate on the surface on
each patty. Spectral data was used to calculate percentages of oxymyoglobin (OMb),
metmyoglobin (MMb), and deoxymyoglobin (DMb) (AMSA, 2012).

Instrumental texture profile analysis (TPA)
Patties were thawed for 24 h at 2 °C before cooking. Ovens were pre-heated to
177 °C and samples were weighed before and after cooking to calculate cooking loss. A
thermometer probe (1487 Taylor® Pro Programmable Thermometer, Las Cruces, NM)
was placed at the geometric center of the patties to monitor core temperature. The patties
were removed at a core temperature of 74 °C. Cooked patties were chilled at 2 °C for 24
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h. A core (25.4-mm OD × 15-mm H) was from removed from the center of each patty to
be analyzed for hardness, springiness, cohesiveness, and chewiness using a Universal
Testing System® (INSTRON™, Norwood, MA; Bourne, 1978). Compression rate was
75% for hardness and 50% for springiness, cohesiveness, and chewiness, with a
compression speed of 100 mm/min. Hardness was determined as the maximum force (N)
during the first compression. Springiness was determined as the height (mm) that the
ground beef patty core recovered between the first compression and the second
compression. Cohesiveness was the ratio of the positive force area during the second
compression to that during the first compression. Chewiness (N-mm) was calculated as
the product of hardness, springiness, and cohesiveness.

Statistical analysis
Data was analyzed as a randomized block design with a repeated measurement by
display time in a generalized linear mixed model. The GLIMMIX procedure of SAS 9.4
(SAS Institute Inc., Cary, NC) was used to calculate the variances with treatment and
retail display time serving as fixed effects and BW group served as a random effect. The
Kenward-Roger approximation was used to calculate degrees of freedom. Means were
separated by a protected t-test in the LSMEANS option of the GLIMMIX procedure.
Statistical significance was determined at P ≤ 0.05 unless otherwise noted. One steer in
the E- group with a neck injury, resulting in a dark cutter (pH 6.4) was removed from the
statistical analysis.
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Results and discussion
Proximate composition
Feeding endophyte-infected tall fescue seed did not impact fat, protein, or
moisture (P ≥ 0.134), however, collagen was 0.4% greater in E+ fed steers (P = 0.030;
Table 3). However, this difference may be due to ground beef formulation. Patties on
average, contained 11.36% fat, 21.04% protein, 2.16 % collagen, and 66.42% moisture.
The results in the current study are comparable to the USDA Nutrient Database has
reported similar nutrient values for 90% lean ground beef with 10% fat, 20.00% protein,
and 69.45% moisture. Leheska et al. (2008) also reported similar values from forage
finished ground beef that on average, contained 12.8% fat, 19.4% protein, and 67.1%
moisture.

pH, purge loss, cooking loss
Tall fescue treatment had no impact on pH, purge, and cooking loss (5.74, 5.0%,
30.5% and 5.68, 4.1%, 29.6%, respectively; P ≥ 0.144). Duration of retail display also
had no impact on pH (P = 0.642).

The initial pH in the current study was 5.67, which is similar to what has
previously been reported in forage-finished ground beef initial pH of 5.7 (Leheska et al.,
2008). Moreover, it was expected that purge and cooking losses would be same in E- and
E+ patties due to the similarity in initial pH, since purge and cooking losses are dictated
by meat pH, which can impact water-holding capacity (Huff-Lonergan & Lonergan,
2005; Leheska et al., 2008). However, it was anticipated that the E+ seed would induce
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stress, leading to increased pH and water-holding capacity. It has been reported that a
final pH of 6.0 or greater can lead to 24% greater water-holding capacity and 16% more
bound water than a normal final pH of 5.6 in beef (Apple et al., 2005; Zhang et al., 2005).

Instrumental texture profile analysis (TPA)
The feeding of endophyte-infected tall fescue seed had no impact on the texture
properties of ground beef patties (P ≥ 0.101; Table 4). It was hypothesized that the
feeding of endophyte-infected tall fescue would increase hardness, chewiness, and
cohesiveness, but because the pH was normal it is anticipated treatment had no impact.
Texture properties in ground meat products are highly influenced by the pH of the
product, which is correlated with protein functionality and water-holding capacity (Cheng
& Sun, 2008; Lawrie, 1998; Toscas et al., 1999; Van Oeckel et al., 1999). Moreover,
texture can also be impacted by protein oxidation resulting in cross-linking of
myofibrillar proteins leading to an increase in hardness (Lund et al., 2011). Addition of
antioxidants in ground beef formulation resisted hardening of the patties by
approximately 10% when compared to patties formulated without antioxidants over 12 d
of storage (Ganhão et al., 2010). The authors noted that the increased hardness may be a
result of protein cross-linking as the patties formulated without antioxidants had 5.8 nmol
carbonyls/mg protein, whereas, patties formulated with antioxidants had approximately
1.7 nmol carbonyls/mg protein. Zhang & Barbut (2005) reported that in DFD (pH ≥ 6.1)
chicken breast were springier, chewier, had 5% greater water holding capacity, and 48%
lower cooking loss than normal chicken breast. Pale soft exudative (PSE) chicken (pH ≤
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5.7) breast was softer, had 7% lower water holding capacity, and 36% greater cooking
loss than normal chicken breast.

Thiobarbituric acid reactive substances (TBARS)
Feeding endophyte-infected tall fescue seed has no impact (P = 0.0819; Figure 8)
on lipid oxidation in ground beef patties. As anticipated, lipid oxidation increased during
retail display (P < 0.001). However, it was hypothesized that feeding endophyte-infected
tall fescue seed would result in greater concentrations of MDA in the muscle prior to
harvest which would be further increased by grinding of the muscles (Al-Haidary et al.,
2001; Altan et al., 2003; Azad et al., 2010a; Yang et al., 2016). In broilers, long and
short-term exposure to heat stress can increase lipid peroxidation, and increase MDA
concentrations in muscle tissue (Altan et al., 2003; Azad et al., 2010b). However, cattle
fed E+ seed and exposed to repeated heat challenges showed the ability to adapt and
reduce negative effects of heat stress induced by E+ seed (Al-Haidary et al., 2001).
Similar to the current study, Realini et al. (2005), reported no difference in lipid oxidation
in ground beef from steers grazing endophyte-infected tall fescue. Moreover, cattle
grazing endophyte-infected tall fescue and non-toxic tall fescue did not differ in plasma
MDA concentrations during the summer (Burke et al., 2007). However, in the current
study, no significant differences in lipid oxidation between E- and E+ may have been a
result of the ab libitum access to alfalfa, which is known to have greater concentrations of
vitamin E, a known antioxidant (McDowell et al., 1996). Supplementation of vitamin E
to steers has been shown to decrease MDA concentrations by 30% during d 8 retail
display trials when compared to cattle that did not receive supplemental vitamin E
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(Realini et al., 2004). Moreover, grinding meat mixes oxygen, reactive compounds, and
increases the surface area of the product, leading to more oxidation throughout the
ground product rather than the surfaces of whole muscle cuts (Gray et al., 1996). Yang et
al. (2016) reported that there was 65% more MDA in ground beef than in strip steaks at d
5 of display. Similarly, in the current studies, there was 73% more MDA in ground beef
patties than in strip steaks at d 5 of display.

Surface lean color and metmyoglobin reducing activity (MRA)
Endophyte-infected tall fescue seed did impact deoxymyoglobin (DMb; P =
0.017), however, lightness (L*), oxymyoglobin (OMb), metmyoglobin (MMb),
metmyoglobin reductase activity (MRA), or hue angle were not impacted (P = 0.467).
There was also a treatment × day interaction for redness (a*), yellowness (b*), and
chroma (P ≤ 0.012). In the current study, E+ patties had 0.5% more DMb than E- patties.
As expected, L* decreased from d 0 to d 5 of display (P < 0.001; Figure 9).
Oxymyoglobin and DMb decreased from 64.12 and 1.70 to 57.46 and 0.28% on Epatties and from 63.96 and 1.44 to 59.54 and 1.1% on E+ patties, respectively.
Metmyoglobin increased from 34.22 to 42.28% on E- patties and from 33.66 to 39.36 on
E+ patties from d 0 to d 5 (P < 0.001; Figure 10). Metmyoglobin reductase activity
decreased from 5.57 to 1.92 μM/min/g in E- patties and from 5.57 to 2.40 μM/min/g in
E+ patties from d 0 to d 5, respectively (P < 0.001; Figure 12). Also, hue angle increased
7° on E- and 6° on E+ patties from day d 0 to d 5 (P < 0.001; Figure 11). Redness was
similar between E- and E+ patties on d 0, 1, 3, and 4 (P ≥ 0.166; Figure 9), however, was
18 and 27% greater in E+ patties on d 2 and 5, respectively (P ≤ 0.027). Yellowness was
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similar between E- and E+ patties on d 0, 1, 3, and 4 (P ≥ 0.059; Figure 9), however, on d
2 and 5 b* values for E- patties were 25 and 28% lower than E+ patties, respectively (P ≤
0.002). Chroma did not differ on d 0, 1, 3, or 4, but was 19 and 25% lower on d 2 and 5
on E- patties, respectively (P < 0.001).

Previous results from Realini et al. (2005), reported no difference in ground beef
color displayed for 8 d from steers grazing endophyte-infected tall fescue or non-toxic
tall fescue. However, in the current study, a* and b* values from E+ patties were more
stable from d 0 to 5. The increased color stability may be an indirect result of the cattle
consuming the E+ seed becoming more adapted to heat stress during the feeding trials
and as a result, were more capable to deal with heat stress during the summer months
prior to slaughter. Al-Haidary et al. (2001), showed that there is potential that cattle
consuming E+ seed could become adapted and better regulate their temperature
homeostasis through cycles of heat challenges. Overall, color, hue angle, and intensity
diminished during display, showing that red and yellow pigmentation did decrease, but
red was still greater on the surface of the ground beef patties, which is similar to what
Jayasingh et al., (2001), King et al., (2012), Kurve et al. (2015), and Kurve et al. (2016)
reported in ground beef and whole muscle cuts. Similar, to what was reported in chapter
2 and Fu et al. (2017), MRA decreased as time on retail display increases. Interestingly,
the decrease in in MRA was correlated with the increase in TBARS (r = -0.36; P =
0.015). Indicating, that the as lipid oxidation increased MRA decreased during display.
The reduction in MRA may be a result of an increase in secondary products of lipid
oxidation more specifically, 4-hydroxy-2-nonenal (HNE), which has been shown to bind
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to both enzymes and myoglobin, inhibiting the reductases ability to reduced MMb back
to DMb (Ramanathan et al., 2012; Ramanathan et al., 2014)

Conclusion and implication
Overall, the feeding of endophyte-infected tall fescue seed to cattle during the
stocker phase had little impact on ground beef quality during display conditions.
However, antioxidant effects of vitamin E in alfalfa may have reduced any impacts of
oxidative stress or steers in the current study became adapted to the effects of E+ seed
potentially increasing their heat tolerance during the summer finishing period reducing
the negative impacts on meat quality (Al-Haidary et al., 2001).
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Tables and Figures
Table 3

Proximate composition of ground beef patties from Angus steers fed
endophyte-infected (KY31 or E+; 20 µg/kg BW; n = 6) or non-endophyte
(KY32 or E-; n = 5) tall fescue seed.
Fat, %
Protein, %
Collagen, %
Moisture, %

E11.90
20.94
1.96
65.93
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E+
10.83
21.14
2.37
66.92

SE
0.51
0.26
0.13
0.66

P
0.080
0.378
0.030
0.134

Table 4

Texture profile analysis of ground beef patties from Angus steers fed
endophyte-infected (KY31 or E+; 20 µg/kg BW; n = 6) or non-endophyte
(KY32 or E-; n = 5) tall fescue seed.
Hardness, N
Springiness, mm
Cohesiveness
Chewiness, N*mm

E333.30
6.70
0.40
405.82
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E+
343.27
7.03
0.42
445.84

SE
16.91
0.18
0.01
16.20

P
0.674
0.158
0.169
0.101
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Figure 7

a,b

Purge loss (group on the left) and cooking loss (group on the right) of
ground beef patties from Angus steers fed endophyte-infected (KY31 or E+;
20 µg/kg BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed.

Means without common letters differ (P ≤ 0.05).
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Thiobarbituric acid reactive substances (TBARS) of ground beef patties
from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n =
6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, on black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within a time point, means without common letters differ (P ≤ 0.05).
Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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Surface lightness (L*), redness (a*), and yellowness (b*) of ground beef
patties from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg
BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, on black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).

62

a

a

ab

70

a

b

c

60
50

cd

d

cd

b

c

40
30

E- OMb

E+ OMb

E- MMb
20

E+ MMb

E- DMb

E+ DMb
10

a

b

ab

c

c

OMb, MMb, or DMb, %

a

c
0

0

1

Figure 10
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Surface deoxymyoglobin (DMb), oxymyoglobin (OMb), and metmyoglobin
(MMb) of ground beef patties from Angus steers fed endophyte-infected
(KY31 or E+; 20 µg/kg BW; n = 6) or non-endophyte (KY32 or E-; n = 5)
tall fescue seed, on black Styrofoam® trays with PVC overwrap (O2
permeability of 1.21 mL/cm2/d and water vapor permeability of 0.022
g/cm2/d; LINPAC Packaging-Filmco Inc., Aurora, OH) and displayed under
simulated retail conditions (2 ºC, 900-lux fluorescent light intensity, and
80% relative humidity) for 7 d.

Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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Surface hue angle (color shade) and chroma (color intensity) of ground beef
patties from Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg
BW; n = 6) or non-endophyte (KY32 or E-; n = 5) tall fescue seed, on black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within E+ or E- treatment, means without common letters differ (P ≤ 0.05).
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Metmyoglobin (MMb) reducing activity (MRA) of ground beef patties from
Angus steers fed endophyte-infected (KY31 or E+; 20 µg/kg BW; n = 6) or
non-endophyte (KY32 or E-; n = 5) tall fescue seed, packaged in black
Styrofoam® trays with PVC overwrap (O2 permeability of 1.21 mL/cm2/d
and water vapor permeability of 0.022 g/cm2/d; LINPAC Packaging-Filmco
Inc., Aurora, OH) and displayed under simulated retail conditions (2 ºC, 900lux fluorescent light intensity, and 80% relative humidity) for 7 d.

Within a time point, means without common letters differ (P ≤ 0.05).
Within either E+ or E- treatment, means without common letters differ (P ≤ 0.05)
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