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Abstract: The objectives of this study were toreiee the effect of beef production
systems with and without the use of a beta-agemsitrip loin quality, consumer
acceptance and muscle dimensions compared to-aatahal production system. The
treatments include: all-natural (NAT), conventiof@DNV), and conventional with
zilpaterol hydrochloride (ZH; CONV-Z). Crossbredebsteers (n = 336) were
randomized to one of three treatments and fedrf@varage of 136 d before slaughtered
at Creekstone Farm, Arkansas City, KS. Forty-farcasses that graded USDA Low
Choice were identified for each treatment, loinsenaut into 2.54-cm thick steaks,
imaged, and aged for 14 or 21 d. Data were analyztte MIXED procedure of SAS
and considered significant Bt< 0.05. Analysis of Warner-Bratzler Shears (WB&] a
slice shears (SS) showed CONV-Z steaks were tougharCONV and NAT steaks
regardless of aging. Outdoor consumer panelistsdatrip steaks from NAT and
CONV-Z similar for tenderness, but less tender tG&NV steaksR < 0.05). No
differences were found in juiciness, flavor andralldiking (P > 0.10). Trained panelists
rated CONV-Z as less tendét € 0.05) and less juicyP(< 0.05) than CONV or NAT
steaks. Consumers were unable to detect tendesnpssatability differences found by
WBS, SS and trained panelists. Conflicting consuvsetrained panel results indicate
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panelists. Muscle dimension analysis indicated litvagi ssimus lumborum (LL) area was
increased in CONV-Z steers compared to CONV stgers0.01) and CONV were
increased compared to NAT stedPs<0.01).Gluteus medius (GM) area was decreased
in NAT steers compared to CONV-Z and CON¥/<« 0.01). Maximum dorsal-ventral
depth of LL at 25, 50 and 75% length of LL was eaged in CONV-Z steers compared
to CONV P < 0.01) and NAT steer®(< 0.01), with the greatest increases at 25 and
75% depth. Results show improvement in muscle cardtion creating a more usable
center of the plate steak from the use of efficjeingproving technologies.
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CHAPTER |

INTRODUCTION

Technology has become an important aspect in mdukssf production as the
world population increases and cattlemen are eggddotproduce more with the same, or
fewer resources. The use and development of grpvatimotants have had major impacts
on cattlemen’s ability to do just that. Beta-agtsjisteroidal implants, ionophores and
antibiotics have had a crucial role in helpingleaiteders to be profitable in the face of
an ever-shrinking U.S. cattle inventory, fluctugticorn prices and high beef demand. In
the later stages of feeding, when cattle starefmdit more fat than muscle, the use of
growth-promoting technologies can help to increasscle synthesis, ultimately

increasing feed efficiency and pounds of lean lpeedluced.

Capper and Hayes (2012) found the use of growdmptants have allowed
producers to use 265,000 fewer hectares of laBdnillion fewer tons of feed and
reduce manure output by 1.8 million tons. Despigerhajor sustainability benefits to
using growth-promoting technologies, without thereamic aspect they would not be
where they are today. As a result of increasedpadnce, beta-agonists and implants

provide major economic returns in years where taticattle prices are high. Duckett



and Pratt (2014) reported implanting cattle in 2G4 8ear where the average U.S. corn
price approached $6.90/bu., yielded an averageoeaiarreturn of $102.62/head. Given
the economic, performance and sustainability b&nefigrowth-promotants, it comes as
no surprise that, today, around 45% of feedlotrstaee fed a beta-agonist during the
finishing phase (NAHMS, 2011). Usage of implantswen higher with approximately
97% of all feedlots steers having received at leaststeroidal implant during the

finishing stage (NAHMS, 2000).

While these technologies are important both ecooaliy and sustainably, and
have helped to improve beef's overall price contpetness compared to other proteins,
there is some decline in palatability associateti tie use of these technologies. Since
tenderness, as well as juiciness and flavor, ajermamponents of consumer eating
satisfaction, it's important to understand the @ftechnology use may have in consumer

palatability.

Therefore, the objective of the experiment presgig to evaluate the effects of
different production systems and the productiohnetogies each system utilized on

meat quality, consumer palatability and muscle disnans.



CHAPTER Il

REVIEW OF LITERATURE

BETA-ADRENERGIC AGONISTS

Mode of Action

The use of beta-adrenergic agonibitd-agonists) to improve animal
performance and enhance carcass composition hasMededocumented since the early
1980s. However, much of the initial interest indbagonists was concentrated on
developing human health applications treating aathmuscular atrophy and obesity. The
two beta-agonists federally approved for use inUdtt are ractopamine hydrochloride
(Optaflexx or RH, Elanco Animal Health, Greenfield, IN) and zilpatehydrochloride
(Zilmax or ZH, Merck Animal Health, DeSoto, KS). Synthetic baggenists such as
Optaflexx and Zilmax, are structurally similarlyttee physiological catecholamines,
norepinephrine and epinephrine (Mersmann, 1998).

Beta-adrenergic agonists bind to beta-adreneegieptors RAR) embedded in
the plasma membrane of mammalian cells. Land €18&7) further classifiefl-
receptors into the subtypps B2, andps. Mersmann (1998) outlined the characterization
of BAR subtype in different tissues as a means of bettderstanding the numerous

physiological functions of beta-agonists. The priyrsubtype of concern in livestock
3



production is th@?2 receptor, the predominant subtype in skeletalcleySillence and
Matthews, 1994; Sillence et al., 2005). Schmidtle(1993) found that Optaflexx has
been shown to bind solely wiflh, whereas Zilmax binds to bofh andp, receptors with
greater affinity for3, receptors (Verhoeckx et al., 2005).

Numerous studies have documented the generatetiEbeta-agonists on both
lipid and protein metabolism. The exact effectbeta-agonists on both are still debated
and are species-dependent, but it is generallypéeddeta-agonists work as
repartitioning agents, redirecting nutrients awayrf adipose tissue and toward muscle
(Moody et al., 2000). While most beta-agonistsgaeerally thought to have a greater
impact on protein degradation than protein synthésergen et al. (1989) showed
Optaflexx works primarily by increasing protein fyesis with little effect on
degradation, a result of ifg selectivity. Data have shown Zilmax both incregs®egein
synthesis and slows degradation. Scramlin et @L{Rpostulated cattle supplemented
with Zilmax exhibit greater fat metabolism activitikely in non-carcass components
such as the hide or viscera, compared to cattlplsmented with Optaflexx. However, in
a review of Zilmax, Delmore et al. (2010) hypotlzesi feeding ZH actually mobilizes
energy away from noncarcass components such ashdleiscera, shifting nutrients to
carcass components.

Effects on Carcass Characteristics

It has been well documented feeding beta-agomsteases HCW and, as a

result, dressing percentage (Avendafio-Reyes éiQflg; Baxa et al., 2010; Boler et al.,

2012; Scramlin et al. 2010). Increased HCW yielffei@nt effects on other carcass
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parameters impacted by changes in protein anddgdbolism accompanying beta-
agonist supplementation. Generally, feeding Zilnsaxssociated with greater loin
muscle areal(MA), reduced kidney, pelvic, and heart fiéH), and reduced 12rib

fat depth with accordingly more desirable USDA Yi@€rades. Given the increased
carcass gain, a major component of grid marketystesns, it is recommended cattle
supplemented are marketed on a carcass basig¢asecreturns (Maxwell, 2014). The
impact of Optaflexx on LMA, 1%-rib fat depth and USDA Yield Grade is less
pronounced than the response seen in Zilmax (Scranél., 2010; Garmyn et al.,
2014).

Zilmax is approved to feed for up to the last 4ndeed at 7.5 PPM or 8.3 mg/kg
(100% DM basis) with a 3 d withdrawal period (FO206). Baxa et al. (2010)
examined the effects of Zilmax on performance ardass parameters in a 30 d feeding
trial where they discovered LMA was increased byg%2and 12-rib fat depth
decreased 10% compared to control steers. In cinkallermeier et al. (2009) noted no
difference in 12-rib fat depth when steers were fed Zilmax forshene duration,
although a treatment effect was still reflectedhiore desirable yield grades likely due to
a 12.6% increase in LMA. Elam et al. (2009) studlesleffect of Zilmax feeding
duration on performance and carcass characteristiosef steers finding larger LMA,
less 18"rib fat, and lower USDA yield grade in Ziimax tted than non-supplemented
cattle. Marbling score, USDA yield grade, and'iD fat decreased linearly with
increased duration of Zilmax feeding (Elam et 2009). Although it has been shown

effective to feed Zilmax up to 40 d, the manufagttecommendation for feeding is 20 d,

5



allowing for maximal carcass gains while protectmagrbling score and postmortem
tenderness. Supporting this, Beckett et al. (26@)d no difference in marbling score
between control calf-fed Holstein steers and tHedeZilmax for 20 d.

Optaflexx is approved to feed for up to the l&&tdat 70-400 mg/animald™
with no withdrawal period required (FDA, 2003). Bokt al. (2012) examined the effect
of Optaflexx dosage on carcass characteristiceef steers. A 4.9% increase in LMA
was recorded and no differences iff'4ib fat depth were recorded. No differences were
found between dosages at 200 vs. 300 mg/aiia(RH 200 & RH 300). In another
study of the effects of Optaflexx on finishing lee#, Quinn et al. (2008) found no
differences in LMA, 19-rib fat depth, or average USDA vyield grade in aesf
supplemented with RH 200 for the last 28 d beftaaghter compared to a control. As
shown above, a majority of data suggest that fee@iptaflexx at a low dosage does not
dramatically affect carcass characteristics. Ayipresly mentioned, this is likely due to
Optaflexx binding oB; receptors which make up a smaller percentagetalffaR.

Avendafio-Reyes et al. (2006) studied the effec@ppaflexx and Zilmax on
finishing performance and carcass characteristies33 d supplementation trial. Loin
muscle area was increased antl-tiB fat depth was decreased in cattle fed 60 mg of
Zilmax daily compared to control steers, while riffedence in LMA or 18-rib fat depth
was observed in cattle fed 300 mg Optaflexx congpawehe control (Avendafo-Reyes
et al., 2006). In another study, Scramlin et &1(? found increased LMA and decreased
12"-rib fat depth and USDA vyield grade in beef stdetsZilmax compared to

Optaflexx.



Effects on Longissimus Muscle Dimensions

While it is commonly accepted that beta-agonistgeha pronounced effect on
increased LMA, there is less research discussiagifsp muscle conformation. In 2011,
Lawrence et al. looked at longissimus lumborlrh X muscle dimensions in calf-fed
Holstein steers fed ZH compared to non-supplemesttsets, finding a majority of
increased LMA occurred through increased dorsatraémuscle depth (Lawrence et al.,
2011). The study also found no change in gluteusiusearea or the percentage of vein
steaks (strip steaks with gluteus medius presemtyaem each loin, all traits
economically important to the steak-cutting indygtrawrence et al., 2011).
Effects on Meat Quality and Consumer Palatability

Data have repeatedly shown tenderness to be teeimportant factor in beef
palatability for consumer satisfaction (Miller ¢t, 2001; Savell et al., 1987). Baxa et al.
(2010) showed Zilmax elicited a transition awaynirelower skeletal fiber types and
increased faster more glycolytic fiber types, igtiwith the assumption that skeletal
muscle hypertrophy resulting from larger fiber deters may play a direct role in the
decreased tenderness associated with beta-agopementation (Seideman and Theer,
1986). Given these findings, decreased tenderses®ei of the biggest meat quality
challenges associated witAA supplementation.

Although tenderness differences may be a resuttafy factors, the factors most
commonly discussed are antemortem dosage, com@emdth, and postmortem aging.

Boler et al. (2012) found no difference between NéaBratzler SheaW{BS) values for
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control and RH 200 at 7, 14 and 21 d aging. Howea®dose increased so did WBS
values as RH 300 steaks were significantly tougjinen controls at all aging times (Boler
et al., 2012). This low dosage response is fughpported as Quinn et al. (2008) who
showed no difference in WBS values between contmatsRH 200 steaks aged for 14 d.
In terms of compound strength, research has cemsigtshowed Zilmax elicits a

stronger response than Optaflexx, again, likelyahse Zilmax binds tf, receptors, the
predominant subtype. Not surprisingly, there isegally a greater decrease in tenderness
for cattle supplemented Zilmax than Optaflexx (8dm et al., 2010; Arp et al., 2014;
Garmyn et al., 2014).

Postmortem aging has been proven an effective sn&famproving tenderness in
steaks from cattle supplemented with beta-agomstaimber of studies have shown that
increased aging has additive effects on tender@esamlin et al. (2010) and Garmyn et
al. (2014) showed tenderness of steaks from betaistgsupplemented increased with
increased aging duration. In fact with 21 d agstgaks from Zilmax supplemented cattle
approached levels from non-supplemented cattlea(§lan et al., 2010). This is important
information to retailers given most cuts take aerage of 14 to 21 d to reach the point of
consumer purchase (Brooks et al., 2000).

Given the importance of tenderness, instrumenggsurements are utilized to
objective measure differences; the two instrumemedsures of tenderness are WBS and
slice shear forceSSF). Although instrumental measurements clearly stoferences
betweerBAA supplementation and nddAA, ultimately it is consumer perceptions that

dictate the need, or lack thereof, for additiomslearch. As a result, establishing

8



consumer thresholds for tenderness became a noajos bf fresh-meat quality research
in the late 1990s. Miller et al. (2001) suggestubkerness classifications based on WBS
values < 4.6 kg considered tender with 93% conswaoegptability. Ultimately, the
American Society for Testing Materials (2011) a@aolpa threshold of 4.4 kg for
certification of tender steaks. Arp et al. (201&)rid the probability of failing to meet
ASTM certified tender threshold for 14 d aged USDa#w Choice steaks to be
statistically lower for steers fed RH 200 or RH 3b@an steers fed RH 400 or ZH, 0.04
+0.03 and 0.19 + 0.05, respectively. On the otlaerdh) Garmyn et al. (2010) found that
although Zilmax reduced tenderness numerically, WBI8es were within consumer
acceptability thresholds (WBSF < 4.6 kg). Hiltorakt(2009) demonstrated the same
finding with increased WBS values with increaselnix supplementation; however, no
difference in consumer acceptability was found leetmvcontrol and ZH steaks when
aged for 14 d, reflecting the importance of utiizipostmortem aging to protect
consumer acceptability in beta-agonist supplemiemtat

In comparing juiciness between trained and consyoaeels, Hilton et al. (2009)
found steaks rated by trained panelists to bejlesg compared to controls, while
consumers were unable to recognize a differencandrther study, no observable
differences in juiciness froffAA supplementation were observed in trained or aorey
panels (Mehaffey et al., 2009). Kellermeier e{(2009) observed feeding Zilmax
increased the percentage of purge loss compamehtools. Arp et al. (2013) postulated

this might be responsible for decreased juicinéserved in sensory panels. However,



Garmyn et al. (2010) in examining the effects diméix on thawing loss, found no
difference in percent loss.

Neely et al. (1998) found flavor was as impori@ntenderness in determining
overall liking in beef consumer panels. Correspogly, this study also showed the
degree of intramuscular fat to be directly relatethe flavor component of beef
palatability (Neely et al., 1998). Trained pansalist several other studies observed no

differences in flavor attributes (Arp et al., 20zarmyn et al., 2010).

GROWTH PROMOTING IMPLANTS

Mode of Action

There are three primary classes of growth-pronmgatieroids: estrogens,
androgens, and progestins. Johnson et al. (20b@nsaunized that of the three classes,
steroids can be naturally occurring (estrogengséstone and progesterone) or
synthetically derived (zeranol, trenbolone acetaig melengestrol acetate). There are
currently 33 FDA approved implants (Duckett andt?2014.)

Steroids increase protein accretion by bindingytosolic receptors (Bryant et al.,
2010) that increase production of insulin-like gtbhviactor | (IGF-1) and growth
hormone (GH; Johnson et al., 2013). Increased I@RelGH concentrations activate
satellite cell proliferation and provide the DNAeuked for muscle cells to increase in size

(Johnson et al., 1998). Studies have proven datedils play an important role in
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postnatal muscle growth with up to 80 percent osaheiDNA originating from satellite
cell division (Therkildsen and Oksbjerg, 2009).

Although all growth-promotants are similar in thahbility to increase production,
improve feed efficiency and have been proven teeledditive effects when used in
combination (Baxa et al., 2010), Bryant et al. @0fbund steroidal implants and beta-
agonists elicit different metabolic responses aasueed by classical indicators of fat and
muscle catabolism and anabolism.

I mplant Strategy

The number of different implants available is battesult and cause of implant
strategy research designed to ensure maximum ig#aess. While many implants may
be similar, each has slightly different characterss The most important characteristic to
take into account may be potency (or “aggressiv&rescommonly referred to in the
industry). While active hormone and dosage arertbst obvious determinants of
implant aggressiveness, the implants carrier comgp@an have an impact as well.
Implant strategies are designed to maximize benefiexposer while reducing negative
impacts and most commonly focus on finish dateepspread, genetic potential for
marbling, nutritional plane and feeding programsI{H2009).

Effect on Carcass Characteristics

Given the amount of literature over the effectstefoidal implant usage on
carcass characteristics and live performance,lifigyaof implants to increase HCW and
LMA is commonly accepted. As summarized by Duckett Pratt (2014), implants can

increase HCW by 6 to 8% and LMA by up to 9%. Whéie study is more interesting is

11



comparing results in carcass characteristics pgerformance results. Where live
performance gains were proven significant for gleirstrogenic implant, they were not
for HCW or LMA, suggesting increases in muscle nragglire a more aggressive
implant (Duckett and Pratt, 2014). Where therepst@nt effect on muscle mass, most
data suggest little to no change in subcutanedukitkness (Duckett and Pratt, 2014).

Reduction of marbling in the longissimus muscla i8ell-recognized effect of
implant usage that is believed to be caused biusiah effect associated with increased
muscle mass (Bryant et al., 2010). On averagajskeof implants decrease marbling
scores by 4 to 11%, a surprisingly large range kéttand Pratt, 2014). In extremes,
Platter et al. (2003) demonstrated a 91-point reolign marbling score of carcasses
from cattle implanted five times when compareddaaimplanted steers, although five
implants is clearly above the industry averagetFetal. (1997) found the effects of
time of implantation had no effect on marbling scorgardless of type of implant or
reimplantation. While more recent studies have shothierwise, these results may
possibly be explained by the date chosen for rantgtion, which in this study is well
before the recognized period of maximum marblingodéion (i.e., d 84 to 112 on feed
during finishing; Duckett and Pratt, 2014). Johnsbal. (1996) showed no change in
marbling whether slaughtered 40, 115, or 143 dags implanting.
Effects on Meat Quality and Consumer Palatability

Decreased WBS values are associated with impkageauas well, and is most
likely caused by increased muscle diameter obsehredgh hypertrophy. Similar to

other traits, the effects of implants are generatlgitive in nature. Scheffler et al. (2003)
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provided more evidence for the additive effectengslants by finding a linear increase in
WBS with number of implants administered.

Platter et al. (2003) showed consumers found strakn implanted steers to be
tougher than those from their nonimplanted courtesp These findings fit with WBS
values found in this and other studies. More irgiéng was the study’s finding that
consumers were unable to tell a difference in tameks between steaks from steers
implanted with anywhere from two to five implantgeo the course of the animal’s
lifetime (Platter et al., 2003). Warner-Bratzlere@hvalues reflect similar findings and
appear to show a plateau in additive effects odesress.

Again, flavor and juiciness are other traits ohigomer importance. Consumers
found steaks from implanted cattle to be less fial@nd juicy than nonimplanted
controls (Platter et al., 2003). Again, consumegsenunable to distinguish differences
between steaks from cattle implanted two to finees (Platter et al., 2003).

Another concern regarding estrogenic implantotemtial impacts on skeletal
maturity. Hyperestrogenism, or the acceleratioska&fetal maturation caused by the
additive effects of multiple estrogen sources, result in cattle, age 14 to 30 months,
being misclassified as B maturity and ultimatelgaiging carcass discounts anywhere
from $20 - $50/cwt. (Acheson and Tatum, 2014). Whki#veral studies (Turner et al.,
1981; Foutz et al., 1997) have shown exogenousgesirsources negatively impact
skeletal maturity, in partial contrast Platter le{2003) found no differences in skeletal

maturity until cattle were implanted either fourfme times.
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ANTIBIOTICS AND IONOPHORES
Mode of Action

Tylosin (Tylan, Elanco Animal Health, Greenfieltl) is the primary feed-grade
antibiotic used to reduce the incidence of livescdsses. By preventing and reducing the
presence oFusobacterium necrophorum andActinomyces pyogenes bacteria in the
rumen, tylosin reduces abscess incidence by 40% (Nagaraja and Chengappa, 1998).
Tylosin, a macrolide, works primarily on Gram-pogtbacteria. Althouglf.
necrophorum is a Gram-negative, tylosin has beewsto have an inhibitory effect on
the bacteria (Nagaraja and Chengappa, 1998). Skverabscesses can result in
reduced animal performance and ultimately decreassass yields due to decreased
dressing percentage and excessive carcass trimdeeofdabscess adhesions.

Monensin (Rumensin, Elanco Animal Health, GreedfitN), an orally fed
ionophore, is used to inhibit Gram-positive baetetihereby increase feed efficiency and
reduce digestive disorders (Duffield et al., 2012)e mode of action is through altered
volatile fatty acid YFA) ratios in the rumen. Shifting VFA production tawaropionate
and away from butyrate and acetate, monensin allosore energy to be released
from feeds through increased glucose (Ellis et28l1,2).

Effects on Carcass Characteristics and Meat Quality

In evaluating the effects of feeding ZH with mosienand tylosin on feedlot
performance and carcass characteristics, Montgoetaly (2009) found the use of
monensin and tylosin had no effect on HCW'1ib fat thickness, KPH or marbling

score. The study also showed monensin and tylodihal’e some effect on LMA, as
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well as some interaction between ZH and monengirtyasin, on LMA and USDA

yield grade (Montgomery et al., 2009). As an extamsf this project, Hilton et al.

(2009) examined the effects on meat quality andeorer palatability. Withdrawal of
monensin and tylosin decreased juiciness scoregnsumer sensory panels, although no
other yield or palatability traits were affectedtdrestingly, trained panelists were not
able to confirm the difference in juiciness founddonsumers (Hilton et al., 2009).
Additionally, no interactions between Zilmax, mosgnand tylosin were observed

(Hilton et al., 2009).

CONCLUSIONS

Growth-promoting technologies are a proven mefoodhcreasing carcass yields
and, ultimately, saleable product all while redgaiasource inputs. The overall trend in
the literature suggests some decrease in tendamassociated with these technologies,
but methods for using technology and managemeuntipea can also have a large role
mitigating palatability differences. Data are laakin analyzing the use of multiple
technologies in beef production systems with regartie effects on meat quality. The
experiments presented in this thesis aim to addyesstions about consumer vs. trained

panelists sensory findings in regard to differenvidpiction systems.
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CHAPTER IlI

EFFECTSOF TECHNOLOGY USE IN BEEF PRODUCTION SYSTEM S ON

MEAT QUALITY AND CONSUMER PALATABILITY

ABSTRACT

The objectives of this study were to examine fifeceof beef production systems
with and without the use of a beta-agonist on s$tiip quality and consumer acceptance
compared to an all-natural production system. Téatinents include: all-natural (NAT),
conventional (CONV), and conventional with zilpatenydrochloride (ZH; CONV-2).
Crossbred beef steers (n = 336) were randomizeddmf three treatments and fed for an
average of 136 d before slaughtered at Creekstame;FArkansas City, KS. Forty-four
carcasses that graded USDA Low Choice were idedtifor each treatment, loins were
cut into 2.54-cm thick steaks and aged for 14-2ihd. Both shear and panel data were
analyzed in the MIXED procedure of SAS and congdesignificant aP < 0.05.
Analysis of Warner-Bratzler Shears (WBS) showetiatl aged both NAT and CONV
steaks had lower shear values compared to CONMW-21Al, WBS were different with

NAT steaks having the lowest value and CONV-Z tighést P < 0.01). Slice shear
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(SS) values from steaks aged 14 d, were differaiht MAT having the lowest SS and
CONV-Z, the highestR < 0.01). Of steaks aged 21 d, average SS of NATGODNV
steaks were lower compared to CONVFZ< 0.01). Outdoor consumer panelists found
strip steaks from NAT and CONV-Z similar for tendess, but less tender than CONV
steaks P < 0.05). No differences were found in juicinessydr and overall likingR >
0.10). Trained panelists ranked NAT and CONV stesakslar for juiciness and
tendernessH > 0.10) at 14 d aged with CONV-Z rated less juiey(0.05) and less
tender P < 0.05) compared to NAT and CONV. By 21 d aged,TN#ere ranked as
more tenderR < 0.05) and more juicy?(< 0.05) compared to CONV, but both were
rated higherP < 0.05) than CONV-Z steaks. Consumers were urtaldetect

tenderness or palatability differences found by W8S and trained panelists.

INTRODUCTION

Technology has become an important aspect in mdakef production as the
world population increases and cattlemen are eggddotproduce more with the same, or
fewer resources. The use and development of grpvaimotants have had major impacts
on cattlemen’s ability to do just that. Beta-agtsjisteroidal implants, ionophores and
antibiotics have had a crucial role in helpingledaiteders to be profitable in the face of
an ever-shrinking U.S. cattle inventory, fluctugtirorn prices and high beef demand. In

the later stages of feeding, when cattle starefmdit more fat than muscle, the use of
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growth-promoting technologies can help to increasscle synthesis, ultimately
increasing feed efficiency and pounds of lean peeduced.

Capper and Hayes (2012) found the use of growdihmptants have allowed
producers to use 265,000 fewer hectares of laBdnilion fewer tons of feed and
reduce manure output by 1.8 million tons. Despigerhajor sustainability benefits to
using growth-promoting technologies, without thereamic aspect they would not be
where they are today. As a result of increasedpmdnce, beta-agonists and implants
provide major economic returns in years where twticattle prices are high. Duckett
and Pratt (2014) reported implanting cattle in 2G4 8ear where the average U.S. corn
price approached $6.90/bu., yielded an averageoeaiarreturn of $102.62/head. Given
the economic, performance and sustainability b&nefigrowth-promotants, it comes as
no surprise that, today, around 45% of feedlotrstaee fed a beta-agonist during the
finishing phase (NAHMS, 2011). Usage of implantswen higher with approximately
97% of all feedlots steers having received at leaststeroidal implant during the
finishing stage (NAHMS, 2000).

While these technologies are important both ecocaliy and sustainably, and
have helped to improve beef’'s overall price contpretness compared to other proteins,
there is some decline in palatability associateti Wie use of these technologies. Since
tenderness, as well as juiciness and flavor, ajerrmamponents of consumer eating
satisfaction, it's important to understand the @ftechnology use may have in consumer

palatability.
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Therefore, the objective of the experiment presg:ig to evaluate the effects of
different production systems and the productiohnetogies each system utilized on

meat quality and consumer palatability.

METHODOLOGY
Cattle Management and Study Treatments

Animals were handled in a manner consistent wastitutional regulations and
standards set forth by the Guide for the Care as&ldf Agricultural Animals in
Agricultural Research and Teaching (FASS, 1999).

A feedlot experiment was conducted by Maxwell @0t study the effects of
production technologies on feedlot performance@ardass characteristics using
crossbred beef steers (n = 336) blocked by bodght@nd randomized to one of three
treatments. Treatments consisted of an all-nattgatment NAT), a conventional
treatment CONV) and conventional treatment with the inclusiorzbf (CONV-Z). The
NAT cattle received no antibiotics or growth-promgttechnologies, qualifying for the
Creekstone Farm Natural Black Angus Beef brandpaachiums. If NAT cattle were
found to require antibiotics they were treated sexdoved from trial. Both the CONV
and CONV-Z were fed 33 and 9 mg/kg of monensintgtuin (Rumensin and Tylan,
Elanco Animal Health) daily, respectively. Both wemplanted on d O with 40 mg
estradiol and 200 mg trenbolone acetate (RevalgrikSck Animal Health). The

CONV-Z steers also received 6.76 mg/kg of zilpdteyalrochloride (Zilmax, Merck
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Animal Health) for 20 d before slaughter with a 8-withdraw. Cattle were fed the same
base concentrate diet for an average of 136 dasrsim Tables 1 & 2.
Slaughter

On d 84, steers were separated into slaughter gioaged on a visual appraisal of
12" rib fat thickness and projected slaughter wei@tttle were slaughtered at
Creekstone Farms, Arkansas City, KS on Septemband2.3, 2013. The CONV and
CONV-Z cattle were slaughtered on Thursday whileTNxattle were slaughtered on
Friday due to requirements of the packing facility.
Strip Loin Selection and Preparation

Strip loins (n = 132) were transported from Creéeks Farms to Oklahoma State
University and were fabricated into 2.54-cm thitéadks using a gravity slicer (model
SE-12, Bizerba USA, Inc., Sandston, VA). Startimgtloe anterior end, steaks were
numbered and the anterior face of each was picforaduscle dimension measurements
before individually packaged and aged for eitherdr21 d. In each analysis, the same
steak number from each loin was used to reduceianfesterior variation.
I nstrumental Tenderness Analysis

Two steaks from each of the 44 loins represemtezhch treatment were
designated for Warner-Bratzler shear fod&83S) and slice shear forc&%F.) Steaks
were tempered for approximately 24 h at 4°C andkedamn an XLT Impingement Oven
(model 3240-TS, BOFI Inc., Wichita, KS) at 200°Cato internal temperature of 71°C.
After cooking, the WBS steaks were placed on caVéays to cool at 4°C for 18 h. Six

cores were removed from each steak parallel tonthrscle fiber and visual degree of
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doneness was recorded before sheared perpendiztitee muscle fiber. One slice was
removed from each of the SSF steaks while still 8bear force was determined using an
Instron Universal Testing Machine (model 4502, rmstCorporation, Norwood, MA.)
Operating a crosshead speed of 200 mm/min for WRBIS5@0 mm/min for SSF,
maximum load (kg) was recorded for each core gesiean maximum load was
calculated for the 6 WBS cores.
Consumer Sensory Analysis

The consumer taste panel was conducted prior @S home football game on
November 23, 2013. Consumer panel steaks were2dgddA total of 400 consumers
were served outside prior to the game and, givghgid constraints, an additional 100
consumers were served the following Monday, Nover2be2013. Twenty-seven steaks
were chosen for each group of 100 consumers basstiiar mean WBS to reduce
treatment variation served to panelists. Steake wampered for approximately 24 h at
4°C and cooked on an XLT Impingement Oven (moddl032S, BOFI Inc., Wichita,
KS) at 200°C to an internal temperature of 71°@ak$ were cut into 1-chpieces and
put in color coded cups based on treatment. Calers unknown to both servers and
panelists and were changed for each group of 108uroers to prevent bias. Consumers
were asked to evaluate steak samples using a 94padonic scale for tenderness,
juiciness, flavor and overall liking. Each consurfibed out a demographic form that
included the following information: marital statsgx, age, ethnicity, employment status,

household income, household size, and beef consum(table 3).
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Trained Sensory Panel

Trained taste panelists were selected based dorpence during training. Eight
panelists were seated for each session and ev@lobateore than 12 samples per
session. Steaks were tempered for approximately@&4°C and cooked on the
impingement oven at 200°C to an internal tempeeadfii71°C. Steaks were cut into 1-
cm® pieces, 3 cubes were included in each sampleassigned a number at random and
placed in warmers with hot packs to maintain terapge through sensory evaluation.
Samples were evaluated under red lighting and =s&ere provided deionized water
and crackers as a palette cleanser in-between sanianelists were asked to evaluate
initial and sustained juiciness (8=extremely juityextremely dry), first impression and
overall tenderness (8=extremely tender, 1=extrenuelgh), connective tissue (8=no
connective tissue, 1=abundant connective tissge)edl as beef, beef fat, metallic and
oxidative flavors (1=no presence, 8=strong presence
Statistical Analysis

Least square means (LSmeans) and standard esysvere generated using the
MIXED Procedure of SAS (SAS 9.3; SAS Inst. Cary,)Ni@dividual animal was used as
the experimental unit and strip loins served asstmpling unit. For instrumental
tenderness, strip loin number was used as a raeffest. Degree of doneness was found
to be significant and, therefore, used as a cowattareduce variation within WBS and
SS. In trained panel analysis, strip loin numbel panelist were used as random effects.
Both instrumental tenderness and trained tastel platee were grouped by days aged

since aging period was not analyzed but is knowmaiege an effect on tenderness. For the
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consumer panel, serving group and panelist weré aseandom effects. Location
(outdoor vs. indoor) was found to be significanesalyses were grouped accordingly
(outdoor vs. indoor). For all analyses, when aifiant F-test was identified?(< 0.05),
LS means were separated using a pairwise t-tesindeere considered significantly

different at P < 0.05) and trends were evaluated at 0.65<0.10.

RESULTSAND DISCUSSION

I nstrumental Tenderness

Warner-Bratzler shear force of 14 d aged steakeased 0.68 kg for CONV-Z
steaks compared to CONV steaks (4.28 £ 0.10 v6.8®10 kg;P < 0.0001) and 0.41
kg for CONV steaks compared to NAT steaks (3.6010@s. 3.20 £ 0.10 kd =
0.0053), indicating a difference in all three treants. Similarly, SSF increased 6.44 kg
for CONV-Z steaks compared to CONV steaks (27.@63b vs. 20.62 = 0.83 kf, <
0.0001) and 3.98 kg for CONV steaks compared to S#€hks (20.62 + 0.83 vs. 16.64 +
0.83 kg;P = 0.0010). Similar to differences seen between CQINY NAT steaks,
Garmyn et al. (2011) also found 14 d aged steaks frattle receiving a Revalor-S or
Revalor-XS implant had increased WBS comparedrtoraimplanted control. In
contrast, Garmyn et al. (2011) did not find sigrafit implanting differences in SSF at 14
d aged.

At 21 d of age, there was again a difference inSNtween all three treatments.

Warner-Bratzler shear increased 0.57 kg for CON&teaks compared to CONV (4.22 +
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0.11 vs. 3.65 £ 0.11 kdp = 0.0002) and 0.53 kg for CONV steaks comparedAd N
steaks (3.65 £ 0.11 vs. 3.11 £ 0.11 Rgs 0.0005). Interestingly, the SSF findings were
different than WBS findings for 21 d aged steaks.d¥ference was detecteR €

0.1086) in SSF values of NAT and CONV steaks, lath dhowed a 4.19 and 5.46 kg
increase for CONV-Z steaks compared to CONV and N#Bks, respectively (20.95 £
0.56 vs. 16.76 + 0.55 & 15.49 + 0.56 Q< 0.0001).

Additive effects of aging on tenderness are shiswthe SSF findings reflect
findings in several other studies (Hilton et a009; Garmyn et al., 2014). In this study,
SSF reflected a greater percent change in WBS abed for longer periods. While the
use of ZH increased SSF of CONV-Z steaks by 62.62%! d aged, by 21 d aged that
percentage dropped dramatically, with the use ofrfifreased SSF by 35.25% compared
with NAT steaks. There was no additive effect ahgghown in WBS as the use of ZH
increased SSF of 14 d aged steaks by 33.75% addgéd steaks by 35.69% compared
with NAT steaks, results similar to those foundistiermeier et al. (2009).

Hilton et al. (2009) demonstrated monensin anaisiyl had no impact on WBS,
therefore, tenderness differences between CONWNEXO steaks are likely due to
implant usage. The data from this study are sinidgrast results showing increased
toughness associated with steroidal implants @lattal., 2003; Scheffler et al., 2003).

The data from this study also show that feedingiZdfeased WBS and SSF in
strip steaks aged both 14- and 21 d compared vatks from cattle not fed ZH. These

results agree with past research, which has reporteeased toughness in steaks from
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cattle fed ZH compared to a non-ZH control (Kelleren et al., 2009; Mehaffey et al.,
2009; Garmyn et al., 2011; Arp et al., 2014).
Consumer Sensory Analysis

Since consumers rated samples both indoor andoytan initial analysis was
conducted to determine if the sampling location aalifference on consumer ratings.
There were difference® 0.0010) in location for consumer ratings of jogss, flavor
and overall liking. Tenderness ratings were ndedgnt @ = 0.0809) for indoor vs.
outdoor consumers, but since there was a trendifferent ratings all palatability
attributes were analyzed within location. Strikindifferent results found by indoor vs.
outdoor consumers may have been caused by ledeg@imination, likely caused by
environmental and demographic differences.

The outdoor data (Table 3) showed a differefice 0.0050) in tenderness
between CONYV steaks compared to CONV-Z and NATkstaadicating consumers
found CONYV steaks to be the most tender and coatldefi a differenceR = 0.6655) in
tenderness between CONV-Z and NAT steaks. Thereavtiasd P = 0.0772) for steaks
from CONV cattle to have more desirable juicindemtsteaks from NAT cattle. No
differences P = 0.1933 andP = 0.1283) were found in flavor or overall likingtheen
NAT, CONV, and CONV-Z steaks; however, consumetsd&NAT and CONV-Z steaks
more similar, numerically, than CONV steaks. Thesilts agree with past research
showing at 21 d aging, consumers were unable ltdifedrences between steaks from
cattle fed ZH and a control in juiciness (Mehaféal., 2009), flavor (Mehaffey et al.,

2009; Garmyn et al., 2014) and overall liking (Gamet al., 2014). Interestingly, in this
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study trained panelists’ ratings of oxidative fleawonirror numerical differences shown in
consumer ratings, with NAT and CONV-Z steaks ratiedilar compared to CONV
steaks.

The indoor results (Table 4) showed a differenceemuerness, juiciness, flavor
and overall liking between CONV-Z steaks compaehNAT and CONV steak$(=
0.0001,P = 0.0005,P = 0.0222 andP = 0.0014, respectively), indicating CONV-Z steaks
were less tender, juicy, flavorful and overall ldesirable than NAT and CONV steaks.
Trained Sensory Analysis

All trained panel sensory findings are detailedables 5 and 6.Trained sensory
panelists found 14 d aged CONV-Z steaks to be hesginitial and sustained juiciness
than CONV and NAT steak®E 0.0002). By 21 d of age, panelists found diffeesnf
< 0.0001) between all three treatments in initrad austained juiciness. Panelists rated
NAT steaks as more juicy than CONV steaRs=(0.0002) and CONYV steaks rated more
juicy than CONV-Z steaks as wel & 0.0426). Sustained juiciness ratings were simila
to initial juiciness findings. A differencd®(< 0.0001) between all three treatments
indicating panelists rated sustained juiciness AT Nteaks as more juicy than CONV
steaks and CONV steaks were rated juicier than C@NV

Tenderness results mirrored sensory findingsuiaimess for both aging periods.
At 14 d aging, panelists rated CONV-Z steaks tougieinitial and overall tenderned? (
< 0.0001) than CONV and NAT steaks. By 21 d agalighree treatments were rated
differently (P < 0.0001) on initial and overall tenderness withTNgteaks rated as the

most tender, CONV steaks intermediary and CONVealst rated as the least tender.
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Also similar to this study, Hilton et al. (2009)uiied trained panelists were able to
determine steaks from cattle fed ZH were less jaing tender. Even at 28 d aging,
Leheska et al. (2009) showed trained panelistsd@ti@aks from cattle fed ZH were less
tender.

Connective tissue was differef € 0.0001) between all three treatments when
aged 14 d with NAT steaks having the least connedissue, CONV steaks
intermediary, and CONV-Z steaks having the moshegtive tissue. With 21 d aging,
connective tissue differences seen between NATCIDNYV steaks were no longer
significant P = 0.6185). However, panelists still rated NAT an@dN/ steaks as having
less connective tissue than CONV-Z stedks (0.0040).

Trained panelists found no differenée= 0.1908) in beef flavor at 14 d aged, but
by 21 d aging, NAT steaks were rated as havinghgagobeef flavor than CONV-Z
steaks P = 0.0183). The data showed a differenee=(0.0033 &P = 0.0271) between
treatments for beef fat flavor at both 14 and 2igohg, respectively. At 14 d aging,
panelists rated NAT steaks as having more bedfaiar than CONV and CONV-Z
steaks P = 0.0353). By 21 d aging, panelists no longer tbardifferencel = 0.1222)
between NAT and CONYV steaks, but NAT steaks wellaated higher in beef-fat flavor
than CONV-Z steakd(= 0.0072). Trained panelists in Arp et al. (2014pveampled 14
d aged strip steaks were unable to find differemecd®ef flavor or beef-fat flavor.
Interestingly, CONV steaks had less oxidative flaseampared to CONV-Z and NAT

steaks P = 0.0406). With 21 d aging, there were no diffees@ = 0.4026) in oxidative
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flavor between any of the treatments. No differesnoemetallic flavor were found

between any treatment at 14- or 21 d aging.

IMPLICATIONS
The conflicting consumer vs. trained panel resultécate consumers do not
describe palatability differences in the same maasdrained panelists. Although only
numerically, consumers rated 21 d aged steaks ¢aitie supplemented with ZH similar
to steaks from all-natural cattle; statisticallgnsumers rated NAT, CONV, CONV-Z as
the same in juiciness, flavor, and overall likikttimately, this study demonstrates ZH
and other growth promoting technologies are of betebeef production systems since

consumers find the quality of strip steaks to beeptable.

28



Table 1. Ingredient composition (% DM basis) of diets fed

Experimental diét

Ingredient NAT CONV CONV-Z°
Dry-rolled corn 47.86 47.84 47.84
Switchgrass hay 6.88 6.88 6.88
Dried distillers grains 14.60 14.60 14.60
Sweet Braff 15.15 15.15 15.15
Liquid supplement 10.37 10.37 10.37
Dry supplement, B-272 5.14 - -
Dry supplement, B-273 - 5.17 5.17

Actual DM formulation calculated based upon Asdgtiulations and weekly ingredient DM values.

*Treatments include 1) Natural - no antibiotics ophores, growth implants or beta-agonists (NAT)C@hventional - fed
tylosin, monensin, received growth implant, no bsganist (CONV), 3) Conventional w/ zilpaterol dfgylosin,
monensin, received growth implant, fed zilpatenadiochloride (87.6 mg/steer last 20 DOF; CONV-2).

3Formulated to contain (DM basis): 6.92% urea, 2% 8nestone, 1.03% MgO, 0.38% salt, 0.119% copplate, 0.117%
MnO, 0.05% selenium premix (0.6% Se), 0.618% ZpPB11% vitamin A (30 1U/mg), 0.085% vitamin E (b0J/g),
0% Rumensin 90, 0% Tylan 40, 39.46% ground corn2dn@4% wheat middlings.

“*Formulated to contain (DM basis): 6.92% urea, 3% 3iBnestone, 1.03% MgO, 0.38% salt, 0.119% coppkate, 0.116%
MnO, 0.05% selenium premix (0.6% Se), 0.618% ZnRB11% vitamin A (30 IU/mg), 0.085% vitamin E (bJ/g),
0.317% Rumensin 90, 0.195% Tylan 40, 38.46% graamd and 21.04% wheat middlings.

®Conventional w/ Zilmax contained 6.76 mg/kg (90% bhkis) fed last 20 DOF with a 3 d withdrawal.
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Table 2. Analyzed nutrient composition of diets fed

Experimental diet

Ingredient NAT CONV CONV-Z
DM, % 81.08 81.14 81.29
CP, % 18.90 19.00 19.00
NPN, % 2.50 2.50 2.55
ADF, % 11.40 11.20 11.25
NDF, % 20.80 21.10 20.75
Fat, % 5.45 5.45 5.50
Ca, % 0.58 0.61 0.66
P, % 0.50 0.51 0.49
Mg, % 0.29 0.28 0.27
K, % 0.98 0.97 0.95
S, % 0.30 0.29 0.28
Monensin, mg/kg 0.00 33.00 33.00
Tylosin, mg/kg 0.00 9.00 9.00

Treatments include 1) Natural - no antibiotics,aphores, growth implants or beta-agonists (NAT), 2)
Conventional - fed tylosin, monensin, received gtoinplant, no beta-agonist (CONV), 3) Conventional
w/ zilpaterol - fed tylosin, monensin, receivedwtio implant, fed zilpaterol hydrochloride (87.6 rsigfer
last 20 DOF; CONV-2).

“All values except for DM are on a 100% DM basisnptes were chemically analyzed at a commercial
laboratory. (Servi-Tech Labs Inc. Dodge City, KSamples were composited from weekly samples

collected across trial period and analyzed in dapd.
®Ration was analyzed to contain 6.76 mg/kg (90% gid) zilpaterol hydrochloride, which was fed foe t

last 20 days on feed, followed by a 3 d withdrawal.
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Table 3. Demographic characteristics from consumers ppgteig consumer evaluation outdoor

Characteristic Response % of Consumers
Marital Status Single 53.2
Married 46.8
Sex Male 62.1
Female 37.9
Employment Full-time 58.0
Part-time 8.9
Not Employed 10.9
Student 22.2
Ethnicity Caucasian 82.6
Hispanic 3.6
African 1.5
Asian 1.5
Indian 8.4
Other 2.4
Age, yr. 18-25 37.7
26-35 16.6
36-45 17.2
46-55 17.5
56-65 8.4
66+ 2.7
Household income level Less than $20,000 21.5
$20,000 to $39,999 8.5
$40,000 to $59,999 14.5
$60,000 to $79,999 12.6
$80,000 to $99,999 12.6
Greater than $99,999 30.3
Household size 1 14.5
2 30.1
3 15.9
4 24.6
5 or more 14.8
Beef consumption Greater than 3 times per week 56.8
1 to 2 times per week 32.8
2 to 3 times per month 6.7
Once per month 2.9
Less than once per month 0.9
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Table 4. Demographic characteristics from consumers ppgtaig consumer evaluation indoor

Characteristic Response % of Consumers
Marital Status Single 28.1
Married 71.9
Sex Male 42.5
Female 57.5
Employment Full-time 33.0
Part-time 12.5
Not Employed 3.4
Student 50.0
Ethnicity Caucasian 91.7
Hispanic 2.4
African 24
Asian 0.0
Indian 2.4
Other 1.2
Age, yr. 18-25 65.2
26-35 12.4
36-45 9.0
46-55 6.7
56-65 4.5
66+ 2.2
Household income level Less than $20,000 33.7
$20,000 to $39,999 19.8
$40,000 to $59,999 16.3
$60,000 to $79,999 12.8
$80,000 to $99,999 7.0
Greater than $99,999 10.5
Household size 1 25.8
2 30.3
3 15.7
4 14.6
5 or more 13.5
Beef consumption Greater than 3 times per week 64.0
1 to 2 times per week 28.1
2 to 3 times per month 6.7
Once per month 1.1
Less than once per month 0.0
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Table 5. Effects of treatment on trained taste panel atteiband shear force values of 14 d aged strip steak

Treatment
ltem NAT CONV CONV-Z P-value SEM
Initial juicines$ 6.26' 6.24 5.97 <0.01 0.09
Sustained juicine$s 6.07 6.0 5.69 <0.01 0.06
Initial tenderness 6.72 6.58 5.88 <0.01 0.10
Overall tenderneés 7.06 6.93 6.22 <0.01 0.11
Connective tisstfe 7.61° 7.48 7.17 <0.01 0.06
Beef flavor 5.26 5.23 5.08 0.19 0.07
Beef-fat flavor 2.86' 2.6 2.46 <0.01 0.14
Metallic flavor 3.07 3.24 3.28 0.36 0.17
Oxidative flavor 1.57 1.39 1.5 0.04 0.11
Warner-Bratzler Shear, kg 320 3.6 4.28 <0.01 0.10
Slice shear, kg 16.64 20.62 27.06 <0.01 0.83

ab¢| 5 means within a row without common superscriffed(P < 0.05)

Treatments include: 1) Natural - no antibioticsidphores, growth implants or beta-agonists (NAT);@nventional - fed tylosin,
monensin, received growth implant, no beta-agq@i€iNV), 3) Conventional w/ zilpaterol - fed tylosimonensin, received
growth implant, fed zilpaterol hydrochloride (87rg)/steer last 20 DOF; CONV-2Z).

21 = extremely dry; 2 = very dry; 3 = moderately;dty= slightly dry; 5 = slightly juicy; 6 = modewdy juicy; 7 = very juicy; 8 =

extremely juicy

%1 = extremely tough; 2 = very tough; 3 = modesateligh; 4 = slightly tough; 5 = slightly tender=6noderately tender; 7 = very

tender; 8 = extremely tender

4 1 = abundant; 2 = moderately abundant; 3 = slglitundant; 4 = moderate; 5 = slight; 6 = tracespractically none; 8 = none

® 1 = no presence; 8 = very strong presence
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Table 6. Effects of treatment on trained taste panel attei® and shear force values of 21 d aged strigstea

Treatment
ltem NAT CONV CONV-Z P-value SEM
Initial juicines$ 6.34 6.09 5.94 <0.01 0.05
Sustained juicine$s 6.17 5.92 5.7F <0.01 0.07
Initial tenderness 6.79 6.53 6.15 <0.01 0.10
Overall tenderness 6.95' 6.64 6.3 <0.01 0.08
Connective tissfe 747 7.43 7.24 <0.01 0.09
Beef flavoP 5.47 5.3¢° 5.26 0.05 0.09
Beef-fat flavor 3.24 3.09° 2.99 0.03 0.10
Metallic flavor’ 3.43 3.51 3.60 0.28 0.12
Oxidative flavor 1.32 1.23 1.36 0.40 0.12
Warner-Bratzler Shear, kg 331 3.68 4.27 <0.01 0.11
Slice shear, kg 15.49 16.76" 20.98 <0.01 0.56

ab¢| 5 means within a row without common superscriffed(P < 0.05)

Treatments include: 1) Natural - no antibioticsidphores, growth implants or beta-agonists (NAT);@nventional - fed tylosin,
monensin, received growth implant, no beta-agq@i€iNV), 3) Conventional w/ zilpaterol - fed tylosimonensin, received
growth implant, fed zilpaterol hydrochloride (87rg)/steer last 20 DOF; CONV-2Z).

21 = extremely dry; 2 = very dry; 3 = moderately;dty= slightly dry; 5 = slightly juicy; 6 = modesdy juicy; 7 = very juicy; 8 =
extremely juicy

%1 = extremely tough; 2 = very tough; 3 = modesateligh; 4 = slightly tough; 5 = slightly tender=6noderately tender; 7 = very
tender; 8 = extremely tender

4 1 = abundant; 2 = moderately abundant; 3 = siglitundant; 4 = moderate; 5 = slight; 6 = traces;practically none; 8 = none

® 1 = no presence; 8 = very strong presence
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Table 7. Effects of treatmehin consumer taste panel attributes from 21 d agassteaks

Outdoor (n = 400) Indoor (n = 100)
Attribute NAT CONV CONV-Z P-value NAT CONV CONV-Z P-value
Juicines$ 3.69 3.37 3.58 0.08 3.866 3.57 4.47 <0.01
Tenderness 3.67 317 3.54 <0.01 3.28 3.19 412 <0.01
Flavor 3.90 3.69 3.89 0.19 3.78 3.78 4.38 0.02
Overall Likingf 3.85 3.59 3.81 0.13 6.00 597 6.68 <0.01

2L S means within a row without common superscriffed (P < 0.05)

Treatments include: 1) Natural - no antibioticsidphores, growth implants or beta-agonists (NAT);@nventional - fed
tylosin, monensin, received growth implant, no ksganist (CONV), 3) Conventional w/ zilpaterol dfgylosin, monensin,
received growth implant, fed zilpaterol hydrochit&i(87.6 mg/steer last 20 DOF; CONV-Z).

21 = like extremely; 2 = like very much; 3 = like derately; 4 = like slightly; 5 = neither like noistike; 6 = dislike slightly; 7 =
dislike moderately; 8 = dislike very much; 9 = dislextremely
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CHAPTER IV

EFFECTSOF TECHNOLOGY USE IN BEEF PRODUCTION SYSTEM S ON

MUSCLE DIMENSIONS OF STRIP LOINS

ABSTRACT

The objective of this study was to examine theafbf beef production systems
with and without the use offaadrenergic agonist on muscle conformation of dtiips
compared to an all-natural production system. Téatinents consisted of all-natural
production (NAT), conventional production (CONVphdaconventional production with
the addition of zilpaterol hydrochloride (CONV-Zrossbred beef steers (n = 336) were
randomized to one of three treatments and fedrf@varage of 136 d before slaughtered
at Creekstone Farm; Arkansas City, KS. Forty-farcasses that graded USDA Low
Choice were identified for each treatment and levese cut into 2.54-cm thick steaks.
The anterior end of each steak was pictured forcheudimension measurements using
image analysis software. Measurement data wergzathin the MIXED procedure of

SAS with steak number as a repeated measure ardcaesidered significant BRt<
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0.05. Muscle dimension analysis indicated tbagissimus lumborum (LL) area was
increased in CONV-Z steers compared to CONV st@gers0.01) and CONV were
increased compared to NAT stedPs<0.01).Gluteus medius (GM) area was decreased
in NAT steers compared to CONV-Z and CON¥< 0.01). The CONV-Z steers trended
toward an increased percentage of vein-steakp @waks containing both LL and GM),
compared to NATR = 0.06), although CONV-Z had a numerically gregercentage of
vein-steaks compared to CONV steers, they did iffer étatistically P = 0.18). No
difference P = 0.11) was detected in medial-lateral LL widttvibieen CONV-Z and
CONV steers, but both showed an increase compariAT steersi < 0.01).

Maximum dorsal-ventral depth of LL at 25, 50 andb/ength of LL was increased in
CONV-Z steers compared to CONW € 0.01) and NAT steer$( 0.01), with the
greatest increases at 25 and 75% depth. Resultsistppyovement in muscle
conformation creating a more usable center of thee steak from the use of efficiency
improving technologies. The CONV and CONV-Z prodmetpractices result in larger
LL areas, mainly shown through increased dorsatraémuscle depth economically

important to the steak cutting industry.

INTRODUCTION
Technology has become an important aspect in mdakef production as the
world population increases and cattlemen are eggddotproduce more with the same, or

fewer resources. The use and development of grpvaimotants have had major impacts
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on cattlemen’s ability to do just that. Beta-agtsjisteroidal implants, ionophores and
antibiotics have had a crucial role in helpinglediteders to be profitable in the face of
an ever-shrinking U.S. cattle inventory, fluctugtirorn prices and high beef demand. In
the later stages of feeding, when cattle starefmdit more fat than muscle, the use of
growth-promoting technologies can help to increasscle synthesis, ultimately
increasing feed efficiency and pounds of lean ipeeduced.

Capper and Hayes (2012) found the use of growdihmptants have allowed
producers to use 265,000 fewer hectares of laBdnilion fewer tons of feed and
reduce manure output by 1.8 million tons. Despigerhajor sustainability benefits to
using growth-promoting technologies, without thereamic aspect they would not be
where they are today. As a result of increasedpmdnce, beta-agonists and implants
provide major economic returns in years where twticattle prices are high. Duckett
and Pratt (2014) reported implanting cattle in 2G4 8ear where the average U.S. corn
price approached $6.90/bu., yielded an averageoeaiarreturn of $102.62/head. Given
the economic, performance and sustainability b&nefigrowth-promotants, it comes as
no surprise that, today, around 45% of feedlotrstaee fed a beta-agonist during the
finishing phase (NAHMS, 2011). Usage of implantswen higher with approximately
97% of all feedlots steers having received at leaststeroidal implant during the
finishing stage (NAHMS, 2000).

Given the importance of muscle conformation todteak-cutting industry, it is

important to understand specific muscle confornmatisanges in beef steers in response
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to technologies used in production systems. Thieement aims to document changes

in strip steak conformation and where those chaongeasr.

METHODOLOGY
Cattle Management and Study Treatments

Animals were handled in a manner consistent wastitutional regulations and
standards set forth by the Guide for the Care as&ldj Agricultural Animals in
Agricultural Research and Teaching (FASS, 1999).

A feedlot experiment was conducted by Maxwell @0t study the effects of
production technologies on feedlot performance@ardass characteristics using
crossbred beef steers (n = 336) blocked by bodght@nd randomized to one of three
treatments. Treatments consisted of an all-nattgatment NAT), a conventional
treatment CONV) and conventional treatment with the inclusioradfeta-agonist
(CONV-2). The NAT cattle received no antibiotics or grovptitomoting technologies,
qualifying for the Creekstone Farm Natural Blackgle Beef brand and premiums. If
NAT cattle were found to require antibiotics thegrestreated and removed from trial.
Both the CONV and CONV-Z were fed 33 and 9 mg/kgnoinensin and tylosin
(Rumensin and Tylan, Elanco Animal Health) daigspectively. Both were implanted
on d 0 with 40 mg estradiol and 200 mg trenbolaretate (Revalor-XS, Merck Animal
Health). The CONV-Z steers also received 6.76mgfikgjlpaterol hydrochloride

(Zilmax, Merck Animal Health) for 20 d before sldugr with a 3-4 d withdraw. All
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cattle were fed the same base concentrate dienfaverage of 136 d as shown in Table
1.
Slaughter

On d 84, steers were separated into slaughter gioaged on a visual appraisal of
12" rib fat thickness and projected slaughter wei@tttle were slaughtered at
Creekstone Farms, Arkansas City, KS on Septemband2.3, 2013. The CONV and
CONV-Z cattle were slaughtered on Thursday whileTNxattle were slaughtered on
Friday due to requirements of the packing facility.
Strip Loin Selection and Preparation

Strip loins (n = 132) were transported from Creéeks Farms to Oklahoma State
University and were fabricated into 2.54-cm thitéadks using a gravity slicer (model
SE-12, Bizerba USA, Inc., Sandston, VA). Modelirgnrence et al. (2011), each steak
was numbered anterior to posterior and the antetidace of each steak was scanned
(CanoScan LiDE 210, Canon, Tokyo, Japan). Usinggsg$American Phytopathology
Society, St. Paul, MN) image analysis software ftlewing measurements were taken:
area of the Mlongissimus lumborum (LL), area of the Mgluteus medius (GM), medial-
lateral width of LL, and dorsal-ventral depth at 88, and 75% of the medial-lateral
width.
Statistical Analysis

Least square means (LSmeans) and standard esysvere generated using the
MIXED Procedure of SAS (SAS 9.3; SAS Inst. Cary,)Ni@dividual animal was used as

the experimental unit and strip loins served asstrapling unit. Steak number (cut from
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the loin anterior to posterior) was used as a itepe@easure. For all analyses, when a
significant f-test was identified®(< 0.05), means were separated using a pairwisg.t-te
Means were considered significantly differentR&(0.05) and trends were evaluated

under P < 0.10).

RESULTSAND DISCUSSION

All muscle conformation results are shown in Tahl&oin muscle area was
affected by treatmenP(< 0.0001) with CONV-Z steaks having the largest LMFONV
steaks intermediate, and NAT steaks having thelsstdlMA. Compared to the LMA of
NAT steaks, CONV steaks were 14.9% larger and C\8feaks were 20.3% larger.
The LMA of CONV-Z steaks were 4.7% larger than COSst¥aks. In contrast, Lawrence
et al. (2011) studied the effects of ZH on musdefarmation of calf-fed Holstein steers
and found no difference in LMA of strip steaks froattle fed ZH and a control.
Nonetheless, the results from this study agree past research showing feeding ZH
increased LMA (Avendafio-Reyes et al., 2006; Kellgenet al., 2009; Baxa et al.,
2010).

Gluteus medius area was also affected by treatment with NAT stéakgng less
GM than CONV and CONV-Z steakB € 0.0049). Of steaks with GM present, NAT
steaks displayed 17.9% less GM area than CONV stk 0.0180) and 22.3% less
than CONV-Z steakd(= 0.0017). There was no difference between tredsrarthe

number or percentage of vein-steaks (strip stedtksghuteus medius present) cut from
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each loin P = 0.14 &P = 0.17). Similarly, Lawrence et al. (2011) did fiot a
difference in the percentage of vein-steaks or Gdha

Treatment was found significar® € 0.0001) on medial-lateral width of LL as
well. Although there was no medial-lateral widtlffelience P = 0.1126) between
CONV-Z and CONV steaks, CONV steaks were 4.5% lotiggn NAT steaksR <
0.001), and CONV-Z steaks were 5.9% londgex (0.0001).

Dorsal-ventral LL muscle depths were significa(0.0001) for all three
treatments and in all three measures (25, 50, &%@af the medial-lateral width)
CONV-Z steaks were the widest, CONV steaks werrmediate, and NAT steaks were
the narrowest. Lawrence et al. (2011) also showextased dorsal-ventral depth at 25
and 50% of the medial-lateral width, however ZHdieg was not shown significant at

75% of the medial-lateral width.

IMPLICATIONS
Results show improvement in muscle conformati@atng a more usable center
of the plate steak from the use of efficiency imjimg technologies. Using CONV and
CONV-Z production practices result in larger LL asemainly shown through increased

dorsal-ventral muscle depth economically importarthe steak cutting industry.
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Table 8. Least squares means and descriptive statistidsipiseak muscle conformation parameters from btdrs

Treatment
ltem NAT CONV CONV-Z P-value SEM
Longissimus area, ¢m 72.99 83.89 87.79 <0.01 0.06
Gluteus medius area, ém 14.39 17.53 18.53 <0.01 0.14
Medial-lateral width, cm 15.51 16.2F 16.42 <0.01 0.04
Depth 25%, cm 4.97 5.48 5.68 <0.01 0.02
Depth 509, cm 5.43 579 6.01° <0.01 0.03
Depth 75%, cm 5.78 6.33 6.57 <0.01 0.03
Vein steaky % 21.37 21.99 23.29 0.17 0.01

abowithin a row, means without a common superscripetaliffer (P < 0.05).

! Treatments include: 1) Natural - no antibioticsidphores, growth implants or beta-agonists (NAT);@nventional - fed
tylosin, monensin, received growth implant, no ksganist (CONV), 3) Conventional w/ zilpaterol dfgylosin, monensin,
received growth implant, fed zilpaterol hydrochtleri(87.6 mg/steer last 20 DOF; CONV-Z).

?Dorsal-ventral depth of longissimus at 25% of thdtlwvfrom the midline.

® Dorsal-ventral depth of longissimus at 50% ofliéth from the midline.

* Dorsal-ventral depth of longissimus at 75% ofwliéth from the midline.

>Percentage of strip steaks with gluteus mediuseptes
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APPENDICES

All procedures involving human test subjects wemeraved by the Oklahoma State
University Institutional Review Board
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Panelist No.

Trained Taste Panel Ballot

Date

Time

Sample

Initial
Juiciness

Sustained
Juiciness

Tenderness
(First Impression)

Tenderness
(Overall
Impression)

Connective
Tissue Amount

Beef Flavor

Beef-fat Flavor

Metallic Flavor

1

E S [ | V)

[¢)]

o (N |O

©

10

11

12

Initial & Sustained Juiciness

Tenderness

Connective Tissue Amount

Flavors/Off Flavor Intensity

SNWhOONO®

Extremely juicy
Very juicy
Moderately juicy
Slightly juicy
Slightly dry
Moderately dry
Very dry
Extremely dry

= NWhOO N O

Extremely tender
Very tender
Moderately tender
Slightly tender
Slightly tough
Moderately tough
Very tough
Extremely tough

= NWAOON ®
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None

Practically None
Traces

Slight

Moderate

Slighly abundant
Moderately abundant
Abundant

SNWAOONO®

Very Strong Presence

No Presence

Oxidative
Flavor




Oklahoma State University Institutional Review Board

Date: Thursday, October 31, 2013

IRB Application No AG1351

Proposal Title: Consumer Preference for Beef Strip Steaks
Reviewed and Exempt

Processed as:

Status Recommended by Reviewer(s): Approved Protocol Expires: 10/30/2016

Principal

Investigator(s):

Deborah VanOverbeke Bailey Harsh

104D An. Sci. 107 ANSI

Stillwater, OK 74078 Stillwater, OK 74078

The IRB application referenced above has been approved. It is the judgment of the reviewers that the
rights and welfare of individuals who may be asked to participate in this study will be respected, and that
the research will be conducted in a manner consistent with the IRB requirements as outlined in section 45
CFR 486.

= The final versions of any printed recruitment, consent and assent documents bearing the IRB approval
stamp are attached to this letter. These are the versions that must be used during the study.

As Principal Investigator, it is your responsibility to do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be submitted with the appropriate signatures for IRB approval. Protocol modifications requiring
approval may include changes to the title, Pl, advisor, funding status or sponsor, subject population
composition or size, recruitment, inclusion/exclusion criteria, research site, research procedures and
consent/assent process or forms.

2. Submit a request for continuation if the study extends beyond the approval period of one calendar
year. This continuation must receive IRB review and approval before the research can continue.

3. Report any adverse events to the IRB Chair promptly. Adverse events are those which are
unanticipated and impact the subjects during the course of this research; and

4. Notify the IRB office in writing when your research project is complete.

Please note that approved protocols are subject to monitoring by the IRB and that the IRB office has the
authority to inspect research records associated with this protocol at any time. If you have questions about the
IRB procedures or need any assistance from the Board, please contact Dawnett Watkins 219 Cordell North
(phone: 405-744-5700, dawnett.watkins@okstate.edu).

Sincerely,

Al o
Shelia Kennison, Chair
Institutional Review Board
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Sensory Evaluation

Informed Consent Form
Beef Steak Project

The following document contains important research information concerning your participation in
this research study. Please read all the information carefully. Your participation in this project is
voluntary and you may. at anytime. stop participating without penalty.

1. This rescarch study is being conducted through Oklahoma State University.
2. The purpose of this research study is to determine palatability differences, ifany. in steak
products.

3. The steaks were made with ingredients at levels approved by FDA and USDA.

4. The samples will be served to you. and you will be expected to evaluate samples and mark a
ballot with your impression of the characteristics listed on the ballot.

5. There are no known risks associated with this project which are greater than those ordinarily
encountered in daily life.

6. You will be asked to evaluate like/dislike for tenderness, juiciness, flavor and overall like
components of the meat products.

7. You will be asked to participate in 1-8 minute sessions

8. You are encouraged to ask any questions about procedures.

9. You will not be asked to make any identifying marks on the ballots and efforts are being made
to maintain the confidentiality of your responses.

10. Data will be stored on the investigators computer during analysis and report preparation and
then stored on a backup drive for three years. Data will be accessible to the investigators listed
on the project.

1. In the case of injury or illness resulting from this study. emergency medical treatment will be
available. No funds have been set aside by Oklahoma State University to compensate you in the
event of illness or injury.

12, You will be provided with candy and/or breath mints upon completion of each session.

For questions about the research study, contact:
Dr. Deb VanOverbeke

104D Animal Science

Stillwater, OK 74078

405.744.6616 office
deb.vanoverbekei@okstate.edu

This research study has been reviewed and approved by the Institutional Review Board for
Human Subjects in Research at Oklahoma State University. If you have questions about your
rights as a research volunteer, vou may contact Dr. Shelia Kennison, IRB Chair, 219 Cordell
North. Stillwater. OK 74078, 405-744-3377 or irb/@okstate.edu.

Deb VanOverbeke. Pl Participant

Department of Animal Science Oklahoma State University  Stillwater. OK 74078

Updated: September, 2013
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Oklahoma State University Meat Science Research
Instructions: Please circle a NUMBER for each category.

Pink :

Tenderness  Juiciness Flavor Overall Liking
1 1 Like extremely 1 1
2 2 Like very much 2 2
3 3 Like moderately 3 3
4 4 Like slightly 4 4
5 5 Neither like nor dislike 5 5
6 6 Dislike slightly 6 6
7 7 Dislike moderately 7 7
8 8 Dislike very much 8 8
9 9 Dislike extremely 9 9

® .- &

Tenderness Juiciness Flavor Overall Liking
1 1 Like extremely 1 1
2 2 Like very much 2 2
3 3 Like moderately 3 3
4 4 Like slightly 4 4
5 5 Neither like nor dislike 5 D
6 6 Dislike slightly 6 6
7 7 Dislike moderately 7 7
8 8 Dislike very much 8 8
9 9 Dislike extremely 9 9

. Blue

Tenderness Juiciness Flavor Overall Liking
1 1 Like extremely

—_—
—

2 Like very much

3 Like moderately

4 Like slightly

5 Neither like nor dislike
6 Dislike slightly
7

8

9

wn AW N

Dislike moderately

Dislike very much

NoRECCREEEN B Y, B VA )
O 0 NN N Lt AW

O 0 3 O

Dislike extremely

Which sample was the most different?

Why?
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Marital Status:
Married

Single

Ethnicity:
Caucasian
Hispanic
African-American
Asian
American-Indian

Other

Gender:
Male

Female

Age:
1895
26-35
36-45
46-55
56-65

66+

Household Size (including yourself):

1

2

3

4

5 or more
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Current Employment Status:

Full-time employment
Part-time employment
Not employed
Full-time student

Household Income Level:

< $20,000

$20,000 - $39,999
$40,000 - $59,999
$60,000 - $79,999
$80,000 - $99,999

> $99,999

Beef Consumption:

> 3 times per week

1 — 2 times per week
2 — 3 times per month
once per month

less than once per month
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