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Abstract: Crossbred beef steers (N=2160) were fed dietary Lubabegron (Experior® [EX]) at concentrations of
0, 1.5, 3.5, or 5.5 mg/kg of dry matter (DM) for 28, 56, or 84 d before slaughter in 4 x 3 factorial design (15 rep-
licates of 12 treatments with 12 steers/pen). Striploins (Longissimus lumborum) from a subset of carcasses (n = 540;
3 carcasses/pen) that graded USDA Low Choice were selected for meat quality evaluation. Instrumental color was
obtained from the striploins on the right side of each carcass immediately after grading, after which a subset of
striploin samples (n = 8/treatment; a total of 96) were collected for muscle fiber typing. The remaining striploins
were fabricated into 2.54-cm steaks and aged for 0, 7, 14, 21, or 28 d postmortem. Slice shear force (SSF) and
Warner-Bratzler shear force (WBSF) were measured after each aging period, whereas trained sensory evaluation
was conducted on 14 d aged samples. As the dose of EX increased to 3.5 or 5.5 mg/kg of DM, the steaks became
less (P <0.05) red (a*) and less (P < 0.05) yellow (b*) compared to the controls. No major shifts (P> 0.05) were
observed for muscle fiber type, except for the decrease in fiber type IIX cross-sectional area of cattle fed 5.5 mg/kg
of DM for the final 56 and 84 d. Sensory panelists indicated that nonsupplemented cattle had slightly better
(P <0.05) tenderness and juiciness than EX cattle; however, feeding duration (FD) did not affect (P> 0.05) the
sensory scores. Feeding duration influenced (P < 0.05) SSF and WBSF with a slight increase in values for cattle
fed EX for 84 d. Overall, the results indicated that EX supplementation had only a minor impact on the overall
meat quality attributes of striploins from feedlot steers.
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their effectiveness in improving animal performance

Introduction and carcass characteristics, there has been conflicting

With the world population growing and the global
protein demand increasing, the development of inno-
vative technologies is necessary to make beef and
pork production more efficient and affordable (Arp
etal., 2013, Gonzalez et al., 2022). Among the several
technological improvements, p-adrenergic agonists
(BAA) have had a big impact on the livestock industry
over the past 2 decades due to their ability to increase
animal growth performance and carcass yields
(Garmyn and Miller, 2014). While BAA have proven
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research on their effects on meat quality (Quinn et al.,
2008; Allen et al., 2009; Rathmann et al., 2009;
Scramlin et al., 2010; Boler et al., 2012).
Beeftenderness is arguably one of the most impor-
tant traits affecting beef palatability and influences
consumer eating satisfaction and repurchase decisions
(Savell et al., 1987; Miller et al., 1995; Miller et al.,
2001). While some studies have reported that the sup-
plementation of BAA negatively impacts shear force
(Avendafio-Reyes et al., 2006; Gruber et al., 2008;
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Scramlin et al., 2010; Arp et al., 2013), others have
indicated that the decrease in tenderness associated
with PAA could be overcome with postmortem
(PM) aging (Scramlin et al., 2010; Boler et al.,
2012). Additionally, some studies have indicated
lower consumer taste panel scores and trained sensory
panel scores for beef steaks from cattle supplemented
with BAA (Barham et al., 2003; Arp et al., 2013).
However, the effect may be dependent on the product
tested (ractopamine [RAC] vs. zilpaterol [ZH]) and
the dosage (Arp et al., 2013).

Another quality attribute that influences consumer
purchase decision is meat color, with a bright cherry
red color being perceived as fresh by the consumers
(Suman et al., 2014; Ramanathan et al., 2022).
Previous research has indicated that BAA supplemen-
tation increases the redness (a* value) of the
Longissimus lumborum muscle when compared to non-
supplemented cattle (Avendano-Reyes et al., 20006).
Similarly, Garmyn et al. (2014) indicated that the con-
trol cattle produced lean that was redder, but there was
no difference between RAC- and ZH-fed cattle. On the
other hand, some studies have suggested that RAC
(Quinn et al., 2008; Woerner et al., 2011) and ZH
(Rogers et al., 2010) do not affect L* (lightness), a*
(redness), or b* (yellowness).

The supplementation of PAA can also affect the
muscle fiber type. RAC supplementation can shift
muscle fiber type from I to IIA (Seideman and
Crouse, 1986; Gonzalezetal., 2009; Kellermeieretal.,
2009; Garmyn et al., 2014; Kim, 2019). Baxa et al.
(2010) indicated that ZH did not alter the percentage
of type I or type IIA fibers, but other researchers have
reported changes in muscle fiber diameter as a result
of ZH supplementation (Kellermeier et al., 2009).

Lubabegron (Experior® [EX], Elanco Animal
Health) is a B-adrenergic agonist/antagonist (i.e., modu-
lator) that was approved for reducing ammonia gas
emissions per kilogram of final weight and hot carcass
weight when fed continuously to steers and heifers in
confinement for slaughter during the last 14 to 91 d
on feed (FDA FOI, 2018). It displays antagonistic
behavior at the p1- and f2-adrenergic receptors but ago-
nistic behavior at the p3-adrenergic receptors (Dilger
et al., 2021). Previous research demonstrated EX feed-
ing improved the growth rate and efficiency of growth
of beef steers and can increase their carcass weight
(Edmonds et al., 2024). However, its impact on meat
quality attributes has not been evaluated. Therefore,
the objective of this study was to evaluate the effects
of EX supplementation on lean color, muscle fiber type,
tenderness, and palatability of beef striploin steaks.
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Materials and Methods

Live animal production and product
collection

The live animal management protocols are
described in detail by Edmonds et al. (2024). Briefly,
British and continental crossbred steers (N=2,160),
typical for US feedlots, were assigned to a 4 x 3 facto-
rial arrangement comprised of 2 factors: dose (0, 1.5,
3.5,and 5.5 mg of EX/kg of dry matter [DM]) and dura-
tion (28, 56, or 84 d) in a completely randomized block
design. Fifteen replicates of the 12 treatments were
housed in pens of 12 steers each. The study was con-
ducted in 5 cycles consisting of 3 blocks or 36 pens
per cycle (a total of 180 pens). Cattle were transported
to a commercial beef processing facility at the end of
the finishing period. Three carcasses that graded
(USDA) low choice were selected per pen to obtain
a subset of carcasses. A total of 108 striploins were col-
lected from the right side of each carcass during each
kill cycle, resulting in a total of 540 striploins over
the 5 cycles for further evaluation (lean color, muscle
fiber typing, trained sensory panel evaluation, and
shear force).

A 1.27-cm portion was obtained from the striploin
at the harvest facility to represent day 0, and the remain-
ing striploins were labeled, vacuum packaged, and
shipped to Colorado State University (CSU) under
refrigeration. Upon arrival at CSU, striploins were fab-
ricated into five 6.35-cm sections and randomly
assigned to a PM aging period of 7, 14, 21 or 28 d.
After aging, each 6.35-cm section was fabricated into
two 2.54-cm steaks and one 1.27-cm steak, vacuum
packed, and placed into frozen storage. The 2.54-cm
steaks were randomly assigned to either trained sensory
panel evaluations or shear force analysis. While all the
aging periods were used for shear force analysis,
trained sensory panel evaluation was performed only
on steaks aged for 14 d due to the large sample
numbers.

Instrumental color

Objective lean color measurements were recorded
immediately after carcass grade data were collected
in the beef processing facility. Measurements were
obtained by trained CSU personnel from the Longis-
simus lumborum, using a portable spectrophotometer
(Illuminant A, 6-mm aperture, and 10° observer;
Hunter MiniScan XE, Hunter Labs, Reston, VA) that
was calibrated before each use (King et al., 2023).
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A total of 3 readings of CIE L* (lightness), a* (red-
ness), and b* (yellowness) values for each steak were
collected and averaged for each carcass.

Muscle fiber typing

A total of 96 strip steaks (8/treatment) were
collected postgrading and immediately shipped to
Kansas State University for muscle fiber typing and
muscle fiber cross-sectional area (CSA) evaluation.
Methods used by Ebarb et al. (2016) and Ebarb et al.
(2017) were followed for immunohistochemical stain-
ing with slight modifications. Ten micrometer cryosec-
tions were blocked with phosphate-buffered saline
(PBS) solution with 5% horse serum for 30 min.
Cryosections were incubated for 1 h in a primary anti-
body solution containing antimyosin heavy chain type I
(BAD.5, Developmental Studies Hybridoma Bank,
University of lowa, lowa City, IA) hybridoma superna-
tant, antimyosin heavy chain all but IIX (BF-35,
Developmental Studies Hybridoma Bank), and anti-
a-dystrophin (Abcam, Cambridge, MA). After the first
PBS washing step, cryosections were incubated in a
secondary antibody solution containing AlexaFluor
488 (for BF-35 and BAD.5), 594 (for dystrophin),
and 633 (for BAD.5; Invitrogen, San Diego, CA).
After completion of the final PBS wash, an Eclipse
TE 2000-U microscope (Nikon, Lewisville, TX)
equipped with an X-cite 120 epifluorescence illumina-
tion system (EXFO, Ontario, Canada) was used in
order to visualize slides. Photomicrographs were cap-
tured using a Photometrics Cool Snap EF digital cam-
era (Nikon) and analyzed for individual muscle fiber
CSA and myosin heavy chain isoforms using the
NIS-Elements software (Nikon). Fibers costaining
for BF-35 and BAD.5 were considered type I fibers,
fibers staining positive for BF-25 but negative for
BAD.5 were considered type IIA fibers, and fibers
not staining positive for BF-35 and BAD.5 were con-
sidered to be type IIX fibers.

Trained sensory panel

The study was approved by the CSU Institutional
Review Board (IRB#022-19H). The striploin steaks
(n=1540) aged for 14 d were subjected to trained sen-
sory panel evaluation. Steaks were randomly assigned
to 1 of 45 panel sessions, with 12 steaks evaluated per
panel. The steaks were also randomly assigned a serv-
ing order within each panel. Prior to trained panel eval-
uations, panelists were trained to evaluate a multitude
of flavor attributes (beef flavor, fat-like, brown
roasted), off flavors (bloody/serumy, metallic, oxidized,

American Meat Science Association.

Corona et al.

Lubabegron supplementation and beef quality

liver-like), basic tastes (sour, bitter, umami) as well as
tenderness (initial, sustained, overall) and juiciness (ini-
tial, sustained, overall) on a 15-point line scale with 0.5
increments according to the American Meat Science
Association sensory guidelines (Table 1). Each steak
was evaluated by a trained sensory panel consisting of
6 personnel. Frozen steaks were tempered for 48 to
60 h at 0-2°C in order to attain a raw internal temper-
ature of 0—4°C at the time of cooking.

Before cooking, all excess external fat was
trimmed off, and weights were recorded in order to
quantify cook loss. Cook loss was quantified (as a per-
centage) by subtracting the final-cook weight from the
initial weight, followed by the division with the initial
cook weight. Internal temperatures were measured
using a calibrated type K thermocouple thermometer
(AccuTuff 340, model 34040, Cooper-Atkins
Corporation, Middlefield, CT) placed in the geometric
center of each steak. Steaks were cooked in a combi-
oven (Model SCC WE 61 E; Rational, Landsberg
am Lech, Germany) until a peak internal temperature
of approximately 71°C was achieved.

Postcooking, steaks were vacuum packaged and
placed in a warm water bath at 55°C to maintain tem-
perature throughout the panel. Cooked steaks were
trimmed of all external fat and connective tissue and
cut into 1-cm? cubed pieces, and 23 pieces were served
to each panelist for evaluation. Panelists rated each steak
for the following attributes: initial and sustained tender-
ness, overall tenderness, initial and sustained juiciness,
overall juiciness, beef flavor, fat-like, brown roasted,
bloody/serumy, metallic, oxidized, liver-like, sour, bit-
ter, and umami (Table 1). Initial and sustained tender-
ness and juiciness values were averaged in order to
obtain overall tenderness and juiciness scores.

Slice shear force and Warner-Bratzler
shear force

Striploin steaks that represented each PM aging
period (0, 7, 14, 21, 28 d) were randomly assigned
to slice shear force (SSF) testing. Before cooking, all
excess external fat was trimmed off, and the pre-and
postcooking weights were recorded in order to quantify
cook loss. The samples were cooked following the
same procedures as described previously. Immedi-
ately postcooking, weights were recorded, and a 1-cm
thick and 5-cm long slice was removed parallel to the
longitudinal direction of the muscle fibers from the lat-
eral portion (~1/3) of the steak. This slice was sheared
perpendicular to the muscle fibers using a universal
testing machine (Instron Corp., Canton, MA) equipped
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Table 1. Definitions and references for beef flavor attributes and intensities

Attribute Definition Reference

Beef flavor Amount of beef flavor identity in the sample Swanson® beef broth =15.0 (aroma and flavor)
80% lean ground beef="7.0 (aroma and flavor)
Beef brisket=11.0 (aroma and flavor)

Fat-like Aromatics associated with cooked animal fat

Brown roasted

Bloody/serumy

Metallic

Oxidized

Liver-like

Sour

Bitter

Umami

Flavor intensities

Tenderness

Juiciness

A round, full aromatic generally associated with beef
suet that has been broiled

Aromatics associated with blood on cooked meat
products;
closely related to metallic aromatic

The impression of slightly oxidized metal, such as
iron, copper,
and silver spoons

Aromatic commonly associated with oxidized fat and
oils;

these aromatics may include cardboard, painty,
varnish, and fishy

Aromatics associated with cooked organ meat/liver

Fundamental taste factor associated with citric acid

The fundamental taste factor associated with a caffeine
solution

Flat, salty, somewhat brothy; taste of glutamate, salts
of amino acids,
and other molecules called nucleotides

Universal scale for flavor intensities

Beef suet=8.0 (aroma and flavor)
80% lean ground beef=10.0 (aroma and flavor)
USDA choice strip steak =5.5 (aroma and flavor)

Beef brisket = 6.0 (aroma and flavor)

0.10% potassium chloride solution= 1.5 (flavor)
USDA choice strip steak =4.0 (aroma and flavor)
Dole® canned pineapple juice = 6.0 (aroma and flavor)

Microwaved Wesson® vegetable oil (3 min at high)=7.0

(flavor)

Microwaved Wesson® vegetable oil (5 min at high) =9.0

(flavor)

Beef liver="7.5 (aroma and flavor)

Braunschweiger liver sausage = 10.0 (aroma and flavor—must

taste and swallow)

0.015% citric acid solution= 1.5 (flavor)

0.050% citric acid solution=3.5 (flavor)

0.01% caffeine solution=2.0

0.02% caffeine solution=3.5

0.035% accent flavor enhancer solution= 7.5 (flavor)

2.0 - Soda flavor in saltine crackers

5.0 - Apple flavor in Motts apple sauce

7.0 - Orange flavor in Minute maid orange juice
10.0 - Grape flavor in Welch’s grape juice

12.0 - Cinnamon flavor in Big red chewing gum
5.0 - Cross cut beef shank 180°F

6.0 - Select Strip steak 178°F

9.0 - Eye of round 160°F

14.0 - Tenderloin 150°F

2.0 - Carrot

8.0 - Cucumber

10.0 - Apple

15.0 - Watermelon

15 point line scale was used
1*¥2%3%4*5%6*7*8*%9*10*11*12*13 * 14 * 15

Slight Moderate Strong
0=none 5= 11 =
1= 6 =slightly intense 12 =very intense
2 =Dbarely detectable 7= 13 =
3= 8 =moderately intense 14 =
4 =identifiable, not very 9 = 15 = extremely intense
intense
10 = intense

USDA.
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with a flat, blunt-end blade (crosshead speed: 500 mm/
min, load capacity: 100 kg) to measure SSF for
each steak.

After SSF values were recorded, the remaining
portions of the steak were allowed to cool to room tem-
perature (22°C), and an average of 6 cores (1.2-cm in
diameter) were removed from each steak parallel to
muscle fiber orientation. Each core was sheared once,
perpendicular to the muscle fiber orientation, using a
universal testing machine (Instron Corp., Canton,
MA) fitted with a Warner-Bratzler shear head (cross-
head speed: 200 mm/min, load cell capacity: 100 kg).
Peak shear force was recorded, and the values for each
steak were averaged to obtain a single Warner-Bratzler
shear force (WBSF) value.

Statistical analysis

Separate mixed models were used for color (L*, a*,
b*, hue, chroma), muscle fiber type (type I, I, IIA, 11X,
ICSA, ITIACSA, IIXCSA), tenderness (WBSF, SSF),
and trained sensory panel ratings (cooking loss, initial
tenderness and juiciness, sustained tenderness and
juiciness, overall tenderness, overall juiciness, beef fla-
vor, umami, fat-like, bloody/serumy, brown roasted,
metallic, oxidized, sour, liver-like, and bitter). Fixed
effects for color and muscle fiber type included dose
(0, 1.5, 3.5, 5.5 mg/kg of DM), feeding duration
([FD] 28, 56, 84 d), and the dose x FD interaction with
the pen as a random effect. Fixed effects for the trained

H Average of a*

25
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sensory panel included dose, FD, and the dose X FD
interaction. Fixed effects of SSF and WBSF included
dose, FD, PM aging periods (0, 7, 14,21, 28 d), and their
interactions. Additional random effects were included
for tenderness (stripID) and trained sensory panel (ses-
sion date and freeze date) to account for the design. For
each response, treatments were compared using Tukey-
adjusted (carcass characteristics, color, muscle fiber typ-
ing, tenderness) or Kenward-Roger-adjusted (trained
sensory panel) pairwise comparisons. All striploins
missing a value or a score were removed from the final
analysis to ensure consistency. Analysis was conducted
using RStudio (RStudio 1.1.463) using the Ime4 (Bates
et al., 2015), ImerTest (Kuznetsova et al., 2017), and
emmeans (Lenth, 2019) packages with significance
set at an o level of 0.05.

Results and Discussion

Instrumental color

There was no dose X FD interaction (P > 0.05) for
any of the color attributes measured. Dose (P < 0.05)
had a significant effect on a* (redness) and b* (yellow-
ness) values (Figure 1), while it was not significant
(P> 0.05) for L* (lightness) values. The EX supple-
mentation at 3.5 mg/kg of DM or above resulted in
slightly less a* and b* compared to the control, as

Average of b*

20 b b
g 15 ab b b
= = F3 F3
«<
>
)
=]
2
Q 10

5

0

0 15 3.5 55
Dose (mg/kg DM)

Figure 1. Least-squares means of a* and b* values of Longissimus lumborum muscle from cattle fed Experior (0, 1.5, 3.5, and 5.5 mg of Experior/kg of

DM, dry matter) averaged over 3 feeding durations (28, 56, 84 d).

American Meat Science Association.
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indicated by the lower a* (P < 0.01) and b* (P < 0.01)
values, respectively. In the current study, L * values did
not differ between striploins obtained from EX-supple-
mented and nonsupplemented cattle (Table 2).
Previous studies have suggested that RAC (Quinn et al.,
2008; Woerner et al., 2011) supplementation has min-
imal impact on L*, a*, or b* values of beef steaks,
while ZH (Rogers et al., 2010) supplementation had
an impact on L* a* and b* values depending on
FD. On the other hand, some studies indicated that
b* values increased with RAC supplementation
(Avendafio-Reyes et al., 2006), whereas b* values were
not affected by ZH supplementation (Avendafo-Reyes
et al., 2006; Garmyn et al., 2014).

The hue angle is considered the intensity of color
that corresponds to the vividness of a specific color
(King et al., 2023) and was influenced (P < 0.05) by
the FD (Table 2). Increasing FD from 28 to 84 d
decreased (P < 0.05) the saturation of the lean color.
Chroma is an important attribute in relation to fresh
meat color and consumer acceptability (Holman et al.,
2017) and was influenced (P < 0.05) by the dose.
Striploins from nonsupplemented cattle had a greater
(P < 0.01) saturation (chroma) when compared to all
EX-supplemented cattle, except for 1.5 mg/kg of EX
that was similar to the control (0 mg/kg of EX).
Similarly, Martin et al. (2014) reported that the addi-
tion of ZH to the finishing diet of feedlot steers
resulted in striploin steaks that were less red and less
vivid (decreased saturation) than lean from both RAC
supplemented and nonsupplemented cattle. Overall,
even though there were minor statistical differences
in the color of EX-supplemented cattle, it may not cor-
respond to a biological significance, suggesting that
there would not be a negative effect on consumer
perception.

Corona et al.
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Muscle fiber typing

The percentage of type I, IIA, or IIX muscle fibers
was not affected (P > 0.05) by the treatments (Table 3).
Similarly, there was no impact (P > 0.05) of the dose or
FD on the CSA for type I and type IIB muscle fibers.
On the other hand, there was a dose X FD interaction
(P<0.05) for the CSA of muscle fiber type 11X
(Table 4). The type IIX CSA were similar (P> 0.05)
across all FD for muscle types produced from cattle
fed 0, 1.5, and 3.5 mg of EX per kilogram of DM.
However, the type 11X CSA decreased (P < 0.05) in
cattle supplemented at 5.5 mg of EX per kilogram of
DM for 56 or 85 d, with the smallest IIX CSA being
from cattle that were fed the highest dose of EX for
the longest duration (5.5 mg/kg of DM for 84 d). As
EX dosage increased from 3.5 to 5.5 mg/kg of DM
for 84 d, the type IIX CSA decreased (P < 0.05) from
5,177 to 3,907 pm.

Previous studies have demonstrated that cattle sup-
plemented with RAC show a shift from fiber type I to
fiber type Il (Gonzalez et al., 2009). Moreover, supple-
mentation with ZH resulted in an increase in the con-
centration of type IIX muscle fibers (Baxa et al.,
2010). Additionally, Rathmann et al. (2009) indicated
that type I muscle fibers were not altered with the sup-
plementation of ZH, though a decrease in type I1A fiber
was reported. In agreement with the results of the cur-
rent study, type I and II muscle fiber CSA were not
affected by the administration of RAC (Gonzalez et al.,
2009). However, other research has demonstrated that
ZH and RAC treatments can increase type IIX and IIA
muscle fiber CSA, respectively, when supplemented
along with a growth implant (Ebarb et al., 2016;
Ebarb et al., 2017). On the other hand, Gonzalez et al.
(2008) reported that RAC supplementation at 200 and
300/mg/hd/d resulted in an increase in the percentage
of type I and IIA fibers. The differences in response
between the current and previous studies could be

Table 2. Least-squares means of lightness (L *), hue angle, and chroma values of Longissimus lumborum muscle
of cattle (n=1540) fed 4 doses of Experior (0, 1.5, 3.5, and 5.5 mg of Experior/kg of dry matter) for 3 feeding

durations (28, 56, 84 d)

EX, mg/kg of DM FD
Trait 0 1.5 3.5 5.5 P Value SEM! 28 56 84 P Value SEM!
L* 39.9 39.4 39.3 39.2 175 0.79 39.4 39.5 39.4 .853 0.79
Hue 52.8 53.1 53.0 53.0 521 0.23 53.3¢ 52.9% 52.8° .02 0.22
Chroma 23.9° 23.5% 23.1° 23.0 <.01 0.33 235 233 23.3 .64 0.31

DM, dry matter; EX, Experior; FD, feeding duration.

"Pooled standard error of the mean.

®Within a row, values with different superscripts are different (P < 0.05).

American Meat Science Association.
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Table 3. Least-squares means of muscle fiber type (%) and cross-sectional area of Longissimus lumborum muscle
of cattle (n=96) fed 4 doses of Experior (0, 1.5, 3.5, and 5.5 mg of Experior/kg of dry matter) for 3 feeding

durations (28, 56, 84 d)

EX, mg/kg of DM (Dose) FD
Type 0 1.5 3.5 5.5 SEM! P Value 28 56 84 SEM! P Value
ICSA, pm? 2417 2411 2509 2400 115 902 2334 2432 2536 99.30 362
MTACSA, pm?® 3486 3401 3660 3328 193 356 3497 3385 3524 118 680
Type I, %* 29.9 29.8 29.8 29.2 1.00 970 30.3 30.0 28.7 0.87 381
Type 1A, %° 35.1 35.0 34.0 36.0 1.22 732 35.4 34.8 349 1.05 920
Type 11X, %° 35.0 353 36.2 34.8 1.27 876 343 35.2 36.4 1.10 403

CSA, cross-sectional area; DM, dry matter; EX, Experior; FD, feeding duration.

*Within a row, values with different superscripts are different (P < 0.05).

'Pooled standard error of the mean.
2Type I muscle fiber CSA.

3Type 1A muscle fiber CSA.
“Type I muscle fiber.

SType IIA muscle fiber.

Type IIX muscle fiber.

due to the differences in the mode of action of the prod-
ucts tested (with EX being a p-adrenergic modulator),
dose, and FD.

Trained sensory evaluation

Striploin steaks aged for 14 d PM were evaluated
using trained sensory panelists, and the mean values for
attributes measured are presented in Table 5. No inter-
actions (P > 0.05) were observed for any of the attrib-
utes measured. However, the main effect of dose and
duration was significant (P < 0.05) for some of the
attributes (Table 5). The EX supplementation did not
affect (P> 0.05) cook loss of the striploin steaks.

Table 4. Least-squares means of muscle fiber
type IIX cross-sectional area (pm) of Longissimus
lumborum muscle from cattle (n =96) fed 4 doses of
Experior (0, 1.5, 3.5, and 5.5 mg of Experior/kg of
dry matter) for 3 feeding durations (28, 56, 84 d)

FD
Dose (mg/kg of DM) 28 56 84 SEM3
0 45222 45132 4917%%Y 338
1.5 4396*% 4650 5100%*Y
3.5 49312 50718 5177%*
5.5 5516%* 4168 3907%¥

DM, dry matter; FD, feeding duration.
3Pooled standard error of the mean.

*dwithin a row, values with different superscripts are different
(P <0.05).

**Within a column, values with different superscripts are different
(P <0.05).

American Meat Science Association.

Similar results were reported by Boler et al. (2012)
when evaluating steaks from cattle supplemented with
RAC. On the other hand, Garmyn et al. (2014) reported
that BAA supplementation increased cook loss com-
pared to control, particularly when steers were fed ZH.

Initial tenderness, sustained tenderness, overall
tenderness, and initial and overall juiciness scores for
steaks differed (P <0.05) between control and EX-
supplemented cattle regardless of the FD. Steaks asso-
ciated with EX supplementation were slightly less
tender and juicy (P < 0.05) than steaks from nonsup-
plemented cattle, although the differences might be
too small to contribute to a biological significance.
Similar results were reported by Gruber et al. (2008),
Leheska et al. (2009), and Arp et al. (2013), with sup-
plemented cattle producing steaks that were less tender
than those from nonsupplemented cattle. Previously,
Leheska et al. (2009) indicated that ZH supplementa-
tion decreased overall juiciness scores when FD
extended from 20 to 40 d for steers or heifers. On
the other hand, Garmyn et al. (2014) reported that
ZH and RAC did not affect juiciness scores when com-
pared to control steaks. Similarly, Arp et al. (2013)
indicated that ZH and RAC did not affect juiciness
scores when compared to control steaks.

The FD was significant (P < 0.05) for liver-like
and bitterness flavors. When FD increased from 28 d
to 56 d and 56 d to 84 d, panelists were less likely to
detect the presence of liver-like flavors. Additionally,
bitterness increased (P <0.05) by 0.8 units as FD
extended from 28 and 56 to 84 d. Leheska et al.
(2009) reported that PAA supplementation decreased
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Table 5. Least-squares means of cooking loss and trained sensory scores of Longissimus lumborum muscle from
cattle fed 4 doses of Experior (0, 1.5, 3.5, and 5.5 mg of Experior/kg of dry matter) for 3 feeding durations (28, 56,

84 d) after 14 d of aging

EX, mg/kg of DM FD
Ttem 0 1.5 35 55 P Value SEM! 28 56 84 P Value SEM
Cooking loss? 0.22 0.22 0.21 0.23 .09 0.01 0.22 0.22 0.22 94 0.01
Initial tenderness> 10.252 9.93b 9.90° 9.80P <.01 0.12 10.04 9.88 9.90 18 0.12
Sustained tenderness’ 10.212 9.90P 9.80° 9.70P <.01 0.13 9.99 9.81 9.81 12 0.12
Initial juiciness’ 8.27 8.09° 8.10° 8.10° .04 0.10 8.18 8.10 8.15 51 0.10
Sustained juiciness® 8.33 8.10 8.17 8.14 .06 0.11 8.25 8.16 8.19 42 0.10
Overall tenderness’ 10.23? 9.90P 9.85% 9.73b <.01 0.12 10.02 9.85 9.86 14 0.12
Overall juiciness’ 8.30 8.12° 8.14° 8.12> 04 0.10 8.21 8.13 8.17 46 0.10
Beef flavor® 7.97 8.05 7.98 7.94 31 0.09 8.01 7.96 7.99 58 0.08
Fat-like? 1.97 1.92 1.92 1.85 .06 0.05 1.93 1.92 1.89 57 0.04
Brown roasted’ 6.74 6.84 6.68 6.72 26 0.14 6.79 6.69 6.74 38 0.13
Bloody serumy? 1.11 1.06 1.10 1.04 42 0.06 1.08 1.09 1.07 87 0.06
Metallic? 1.49 1.49 1.49 1.55 35 0.05 1.52 1.50 1.50 79 0.04
Oxidized® 0.88 0.90 0.83 0.85 38 0.07 0.88 0.86 0.86 79 0.07
Liver-like* 0.58 0.50 0.49 0.50 .10 0.05 0.572 0.51% 0.47° .02 0.04
Sour® 1.27 1.30 1.27 1.29 .63 0.06 1.27 1.28 1.28 99 0.05
Bitter® 0.80 0.83 0.83 0.83 .82 0.05 0.80° 0.80° 0.88° <.01 0.04
Umami® 1.06 1.09 1.12 1.04 22 0.07 1.08 1.07 1.08 88 0.07

DM, dry matter; EX, Experior; FD, feeding duration.

®Within a row, values with different superscripts are different (P < 0.05).

!Standard error of the mean.

2Individual strip steaks were weighed prior to and postcooking in order to determine the cooking loss percentage.
30 =none; 8 =moderately intense; 15 = extremely intense.

40 =none, 5 =moderately intense; 10 = extremely intense.

the prevalence of beef flavor in heifers as well as flavor
intensity in both steers and heifers. However, in agree-
ment with the current study, Arp et al. (2013) and
Gruber et al. (2008) reported no difference in beef
flavor with BAA supplementation. Overall, EX supple-
mentation had minimal impact on the flavor evaluated
using trained panelists after 14 d of aging, as indicated
by the small numerical difference.

SSF and WBSF

There was no 3-way interaction (P =0.21) between
dose X FD X PM aging, as well as no interaction
(P=0.12) between dose X FD for SSF values. How-
ever, the dose Xx PM aging interaction (Table 6) and
FD (Figure 2) were significant (P < 0.05). The control
steaks had lower (P < 0.05) SSF than steaks from EX-
supplemented cattle on day 0. Once steaks were aged
for 14 d, all steaks associated with EX supplementation
had similar (P> 0.05) SSF values (15.3, 16.3, and
15.8 kg), whereas the controls produced steaks that
were more (P <0.05) tender (13.5 kg). After 21 d
aging, the control steaks were similar (P> 0.05) to

American Meat Science Association.

steaks from cattle supplemented with 1.5 and 3.5 mg
of EX per kilogram of DM. Additionally, by 28 d of
aging, all steaks from supplemented and nonsupple-
mented cattle had similar (P > 0.05) SSF values. As

Table 6. Least-squares means of slice shear force (kg)
values of Longissimus lumborum muscle from cattle
fed 4 doses of Experior (0, 1.5, 3.5, and 5.5 mg of
Experior/kg of dry matter) and subjected to 5
postmortem aging periods (0, 7, 14, 21, 28 d)

PM Aging Day
Dose (mg/kg) 0 7 14 21 28 SEM!
0 19.6%  14.8>Y 13.5%Y  134% 1329 041
1.5 21.4% 158> 15.3bex 43¢y 1349x 042
35 2245 1625 16.3%%  14.19Y  14.6%%  0.42
5.5 2328%  17.9%%  15.8%% 155 13.79%  0.44

PM, postmortem.
"Pooled standard error of the means.

*dWithin a row, values with different superscripts are different
(P <0.05).

**Within a column, values with different superscripts are different
(P <0.05).
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Figure 2. Least-squares means of Warner-Bratzler shear force and slice shear force values of Longissimus lumborum muscle from cattle fed Experior for
28, 56, or 84 d averaged over all doses (0, 1.5, 3.5, and 5.5 mg of Experior/kg of dry matter) and postmortem aging periods (0, 7, 14, 21, 28 d). FD, feeding

duration.

FD increased from 28 d to 84 d, the SSF wvalues
increased (P < 0.05; Figure 2). However, cattle fed
EX for 56 d had steaks with SSF values that were sim-
ilar (P > 0.05) to those fed for 28 and 84 d.

There were no 3-way interactions (P=0.91)
between dose X FD x PM aging or 2-way interactions
between dose X FD (P=0.71) for WBSF. Similar to
SSF, the dose X PM aging interaction was significant
(P < 0.05; Table 7). The control steaks and steaks from
steers fed 1.5 mg/kg of EX had similar (P> 0.05)
WBSF values before aging. However, those steaks (0
and 1.5 mg/kg of EX) were more (P < 0.05) tender than

Table 7. Least-squares means of Warner-Bratzler
shear force (kg) values of Longissimus lumborum
muscle from cattle fed 4 doses of Experior (0, 1.5,
3.5, and 5.5 mg of Experior/kg of dry matter) and
subjected to 5 postmortem aging periods (0, 7, 14,
21,28 d)

PM Aging Day

Dose (mg/kg of DM) 0 7 14 21 28  SEM!
0 4484 3.15%Y 3,02y 2864y 2.754¥  0.077
15 4725y 3.52b% 321e% 3185 2.83d% 0,077
35 5.128% 3.745% 3450%  3120x 3074x 0,078
55 5.028% 3.77%% 3.44°%  326%% 308  0.080

DM, dry matter; PM, postmortem.
Pooled standard error of the means.

*dWwithin a row, values with different superscripts are different
(P <0.05).

**Within a column, values with different superscripts are different
(P <0.05).
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those from steers fed 3.5 and 5.5 mg/kg of EX before
PM aging. As expected, steaks from supplemented and
nonsupplemented cattle aged for 28 d had lower (P <
0.05) WBSF values than those aged for 0, 7, and 14 d
(Table 7). The main effect of FD was also significant
(P <0.05) for WBSF. The WBSF values increased
(P < 0.05) by 0.26 kg when cattle were fed for the final
84 d compared to 28 d (Figure 2). However, WBSF
values were similar (P > 0.05) for steaks from cattle
fed for 28 d vs. 56 d and 56 d vs. 84 d. While the
increase may have been statistically significant, there
may not be a substantial biological difference in tender-
ness between the FD, as consumers might not be able to
detect minor differences in tenderness (Miller et al.,
2001).

The effect of BAA supplementation on the shear
force of beef steaks has been investigated extensively.
Previous research indicated that RAC supplementation
at 200 mg/hd/d for the final 28 d of the finishing period
resulted in Longissimus muscle steaks that were tougher
than controls (Gruber et al., 2008). Garmyn et al. (2014)
also reported that steaks from cattle supplemented with
ZH were tougher than those fed either RAC or a control
dietat 14 and 21 d of aging. These authors also observed
that increasing PM aging from 14 to 21 d improved the
proportion of steaks eligible to be labeled as certified
tender and very tender. Similarly, Scramlin et al. (2010)
indicated that WBSF values of steaks from RAC and
ZH-supplemented cattle decreased with PM aging.
When steers were supplemented with 8.33 mg/kg of
ZH for the final 20, 30, and 40 d, the steaks from
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nonsupplemented cattle were more tender than the
ZH-supplemented cattle (Rathmann et al., 2009).
These authors also observed that as aging time increased
from 7 to 21 d PM, the WBSF in the control steers
decreased by only 0.42 kg; whereas, the ZH treatments
(20, 30, and 40 d) recorded decreases of 0.89, 1.06, and
1.15 kg, respectively.

On the other hand, Quinn et al. (2008) reported
similar WBSF values for control and RAC supple-
mented (200 mg/hd/d of RAC for 28 d of the finishing
period) Longissimus muscle steaks after 14 d of aging.
Similarly, Boler et al. (2012) reported similar WBSF
values among striploins aged for 7, 14, and 21 d when
steers were fed 200 mg/hd/d RAC compared with steers
that were fed a controled diet. However, both striploin
steaks from RAC (200 mg/hd/d) and control fed cattle
were more tender than striploins aged for 7, 14, and
21 d from steers fed 300 mg/hd/d (Boler et al., 2012),
indicating that dose could be a factor affecting shear
force when PAA are used, similar to the results of the
current study. Nevertheless, studies have indicated that
when subjected to PM aging of 14 d or greater, the neg-
ative influence on tenderness associated with the feeding
of BAA is greatly decreased (Scramlin et al., 2010; Boler
et al., 2012). Arp et al. (2013) also reported that WBSF
values were higher for steaks aged 14 d PM from ZH-
supplemented steers when compared to control and
RAC steaks. Overall, in agreement with the results of
previous studies, the WBSF and SSF values for the
steaks consistently decreased (or became more tender)
as PM aging days increased in the current study.

The beef industry and the USDA have established
thresholds for tenderness by considering categories
such as very tender (WBSF < 3.9 kg; SSF < 15.4 kg)
and tender (WBSF 4.4 kg; SSF 20.0 kg; ASTM,
2011). If a SSF value is less than 20.0 kg, the product
is eligible to enter a “guaranteed tender” program
(ASTM, 2011). In the current study, once 7 and 14 d
of PM aging was reached, all treatment dosages were
tender (15.3-20 kg), whereas the majority of steaks
aged for 21 d would be eligible for a “certified very
tender” (<15.3 kg) label claim.

Conclusion

Overall, EX supplementation had minor impacts
on the color of the striploin steaks. No shifts were
observed for muscle fiber type percentages, and there
were no differences in type [ and IIA CSA with EX sup-
plementation. Results of the sensory analysis indicated
that the nonsupplemented cattle produced striploin

American Meat Science Association.
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steaks that were slightly juicier and more tender than
those from EX-supplemented cattle regardless of dose,
whereas no difference was observed in relation to FD.
While there were some statistical differences in flavor
between steaks from supplemented and nonsupple-
mented cattle, there were no major differences in pos-
itive or negative flavor attributes. Although the control
steaks had lower shear force values than the treatments,
there was no difference in SSF after 28 d of aging.
Overall, EX supplementation had only a minor impact
on the color, muscle fiber type, tenderness, and flavor
of beef striploin steaks examined in the current study.
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