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ABSTRACT

IMPACT OF UNCONVENTIONAL BEEF CARCASS RIB SEPARATION, OVEN

TEMPERATURE, AND DEGREE OF DONENESS ON EATING QUALITY OF BEEF

The beef industry is interestauseparating the rib and chuck between thadd % rib
bones to increase weight, yield and value for the wholé&sialeprimal. This study was
conducted to assess the impacts of separating the wholesale gribetiveen the@and % rib
bones versus thé"@and &' rib bones. Carcasses (N = 30) of the same US Quality Grade were
selected and both wholesale primal ribs were removed; each primalmilitbin each carcass
was assigned to a rib-length classification by alternating sidd fabricated them into either a
primal wholesale rib containing 8-bone ribs by separating it from thekdhetween thetand
5" rib bones, or containing the a traditional 7-bone ribs by separatimgnitthe chuck between
the 8" and &' rib bones; each rib was then further reduced to a 112A Ribeye Roll. All
comparisons between the 8-bone ribs amare ribs Ribeye Rolls were made within animal.
Individual identification was maintained for each rib, and traditicaatass data measurements
were collected from each sampled carcass. Concurrent to the fiabrmaicedures, weights for
each cut were collected and comprehensive, sequential yield databtsreed as each was
fabricated into retail cuts. Within 7 days of collection, sampled RiB®fis were transported to
a steak portioning facility and were cut into equally portioned rib&aks. All meaningful
dimensional measurements were obtained by imaging the steakes v&iezikdividually
identified, packaged, frozen and stored for subsequent shear force emaM&iner-Bratzler

Shear Force values wenbtained for the primary muscles of every steak obtained from



subprimaals that were 8-bone ribs in length by removing 1-6 cores (12.7 mamieteli) per
muscle and shearing them once via an Instron device fitted with a ABmateler head
perpendicular to muscle fiber orientation. A mean WBSF value tr eaiscle was obtaindxy
averaging the individual shear force values for each core. Thawed steekcoo&dto a peak
internal temperature of 71°C and internal cooked temperature of stesksoméored using
thermocouple. Effects of separation procedures were assessed using aharisice with a
repeated measure. Effects of the interaction of treatlnesteak location were evaluated for
individual steak measurements obtained from images. The aierfabrication style increased
the length of wholesale rilis/ 5.1 cm per side, which resulted in an average of 2.8 more steaks
per carcass. There were no meaningful trends by steak location olBie Vilues and eating
guality was not affected by fabrication style. Changing the falitatyle to generate longer
wholesale rib cuts, that yield a greater number of ribeye steaks] wotudletrimentally impact
eating qualiy, but would add significant weight and value to the wholesale rib. Thése da
should help to facilitate a modification of standardized cuttingiBp&tions for beef ribs by the
industry and USDA-AMS to allow for a change in fabrication pdoce.

It is believed that flavor of beef is what keeps consumers returmiting retail meat case
to make purchases irrespective of price. Based on that, a secondexpaimed to evaluate
the combination of oven temperature and degree of doneness as major contalsieak t
tenderness and flavor development. A total of 20 combinations ofrgpteknperature and
degree of doneness were evaluated in a factorial arrangment. Sexakssed as the
experimental unit, and treatments were applied to individual steakamigets were assigned to
n = 30 replicates over steaks obtained from 90 carcasses. Strip lognsolNected in a

commercial beef slaughter facility and, on day 21 postmortem, paiiedtsiaks were sliced



producing a total of 24 steaks per carcass. Steaks were cooked at a randgmdyl amain
temperature until it reached a internal peak temperature also randdmlgxternal and internal
appearance of steaks were evaluated with a portable spectroptestamd degree of doneness
scores were assigned upon completion of cooking. Both Warner-Brstelar force (WBSF),
slice shear force (SSF), and trained sensory panel analysis were ednéiteans for WBSF
increased as degree of doneness increased. Steaks cooked to rare and meedegree of
doneness produced lower SSF values than steaks cooked to well done degreeestdmen
rate of cooking increased, the visually-assessed internal color oftcsiaeks appeared to be
more pinkish-grey, rather than pink. Similarly, as degree of donem&@esised, internal color of
steaks shifted from a reddish-pink colomtiight brown. Steaks cooked at a low cooking rate
produced the darkest brown external color. As oven temperature (OVENTRb/€9sed from
177C to 343C, external color of cooked steaks darkened and, as degree of donemased)cr
external color of steaks also appeared darker. Generally, steaks coaked/és degree of
doneness and lower rate of cooking had greater ratings for tendernessaahéuepanel. At
each OVENTEMP tested, steaks cooked to rare degree of doneness womgela@most tender
compared to all others; however, as cooking rate increased, ovedeliness decreased. As the
degree of doneness increased, so did percent of moisture lost due hyc8btdaks cooked at
177C OVENTEMP to rare degree of doneness were among the most tendereztalents

and had one of the lowest cooking loss percentages. Furthermore, at thosatem®s, juiciness
ratings were greatest; juiciness scores were lowest when steeksaoked at high cooking rate
to a very well done degree of doneness. With the exception of steakslatdd6C, juiciness
ratings generally decreased as cooking rate increased. Steaks camkea tatnperature of

177C and well done degree of doneness had more intense beef flavor. Briteehfigrvor



intensities generally increased ashuatte of cooking and degree of doneness increased.
However, influence of degree of doneness on brown/grilled intensity rapiebe more
distinct at lower cooking rate. Some of the greatest burnt flavor inesngiere observed in
steaks cooked at 343 to medium degree of doneness and above, indicating that at thesesde
of doneness, cooking rate may be inadequate and me$oitnation of burnt off-flavor notes.
Unlike brown/grilled and burnt flavor intensities, trained panel ratingbutiery and bloody
intensity tended to decrease ashbmioking rate and degree of doneness increased. Internal
temperature seemed to have the greatest effect on ratings for budesjtynivhen steaks were
cooked at high cooking rates; buttery intensity ratings steadily akamteas degree of doneness
increased. Results suggested that oven temperature and degree ofslofieeese trained
panel sensory ratings, shear force measurements, and percent cooknlesy, [snel ratings
showedthat eating characteristics are influenced by more than just degteaesfess; oven
temperature affect the temperature at which steaks reach a giventénaal temperature,

which, in turn, influences eating characteristics.
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INTRODUCTION

Beef overall eating desirability is attributed to factors addgamess, juiciness and flavor.
One of the most important quality challenges for the industry istbegerness. Results of the
most recent Beef Tenderness Survey showed that over 94% of beef fromahe loin in
foodservice and at the retail level were classified as tenderytereler (Guelker, 2013).

Beef carcass fabrication methods are based on historical reasidosteaditional
practices, and they are not always conducive to product eating qualaycass value.
Specifically, for the beef primal rib/chuck separation which currdstigade between thé's
and &" rib bones of the carcass, potential for maintaining eating quality alsib improving
cutout value could exist by separating the rib/chuck betweefi"thad %' rib bones.

Muscle characteristics vary within the carcass; so separatingdual carcass muscles
from which retail cuts can be made may improve product consistency aradl consumer
satisfaction with finished, prepared beef products.

The beef industry is interested in further investigating and pursuiogtaom to separate
the rib and chuck between thé @nd %' rib bones of the carcass; necessarily, standardized beef
purchasing specifications would need to be revised by the industry asalg-AMS for
labeling and marketing purposes, which would ultimately result in gddiditional weight and
value to the “rib” primal without sacrificing desirable eating characteristics associated with ribs
manufactured using more traditional carcass separation techniquedoiiéehe first chapter
aims to further investigate the impact of separating wholesaleibsdfatween thetd and 3h
rib bones of the carcass versus separating ribs at'taerdb@’ rib bones on beef tenderness,

product composition (visible lean and fat), and cutting yields.



Likewise, with demand for beef challenged in the U.S, one of the gteatecerns is the
relative price of beef compared to competing proteins. Most believe thautsgtanding flavor
of beef is what keeps consumers returning to the meat case to mahaspsricrespective of
price.

Since the industry is expecting consumers to pay more for beef thaonfpeting
proteins, the outstanding flavor of beef must be maintained and/asvethrallowing for beef
consumers to be continually satisfied with the value propositiortedégroduct. Flavor and
tenderness are attributes that affect consumer acceptance of bteftaare reflected in their
beef purchase decisions.

Very recent research conducted with Beef Checkoff funds demonstratetiftrences
in steak thickness, cooking method, cooking temperature, and cooking rate influentte overa
eating satisfaction and flavor of beef steaks (Shubert, 2015). Perhaps thetngoshg
discovery of that research was improved tenderness and flavor obsesteaks that were
cooked more slowly (Shubert, 2015). Therefore, the second experiment outliraslds aimed
at expanding upon the research idea that rate of cooking and degree of daemegsra
contributors to steak tenderness and flavor development. Ultimatelinds of this research
will contribute to developing the most ideal cooking procedures to maxstea& eating

experience.



CHAPTER 1

REVIEW OF LITERATURE

The U.S Beef Industry

A new industry is rapidly emerging in the United States, ealeddod retailers, meat
processors, and faers and ranchers combining into fewer and larger businesses (Barkema et
al., 2001).

Accordingto Hosch (2012), several factors are responsible for driving industry growth
over last 30 years: changes in food process technology has pointed teawgmeety of meat
products available; increasingly-concentrated food retailing industmpetition with restaurants
and other foodservice establishments has increased the extenthgwdducts are value-added
or readyto-eat and fully-prepared; adoption of coordinated supply chains thtbegise of
sophisticated information, process, and distribution techredoas well as inventory
management allowing for more efficient and flexible deliveriesaagmn of foodservice and
fast-food chains, due to more eating-out, has increased demaimict@rcand beef;
demographic shifts in the consuming population in terms of age and rstaited (more couples
without kids and single consumers); increases in disposaldm@édecause of two salaries
within the family; expansion of exports; price stability; and indusbnsolidation (Hosch,

2012).

The beef industry has progresisn terms of vertical integration, advances in information

technology, distribution systems, automatic slaughter lines, animal tragkitegns, meat

grading systems, packaging technology, and boxed-meat cutting techndiagj@®tnow used



by meat processors. However, consumer awareness and confidence valsifted regarding
food safety and healthy-food issues, causing all busis@ssolved in the food supply chain to
re-evaluate their marketing, quality assurance and operating ststégi a result, stringent
public-sector focus has arisen on current industry policies and prosdéereeira, 2003).

The beef packing segment has gradually begun integrating fegungtions in which
packers become more capable of controlling preharvest product quality, quendity
procurement costs (Bastian et al. 2000).

Demand for meat products also have been influenced by conveniencg, yaites and
services that food retail firms offer to consumers. Employing more than 8tpef@dl workers
in the food industry, and carrying more than 18,000 food items per store, the fadotyreta
industry has been struggling with changing consumers’ purchase behavior; they seem to prefer
eatingathome the same food that they would obtain in fine restaurants (ER8)US

Meat pricing is mostly established by the market where supply andrdkedictate daily
prices. Grading systems concerning quality and yield have been develatistinguish among
differing market values for differing classifications of animals eatases Processing costs
explain less thatenpercent of total costs for the industry. Since prices are pretty well
established by the market, reduction in processing costs in thisrindasbmes a very
important strategic decision.

Beef Carcass Fabrication

Since 1970, average live weights for beef cattle in the U.S. havasecdreoughly 136

kilograms, equating to an added 3.4 kilograms per animal periy8&A-AMS, 1970, 2011).

This significant increase in productivity of the Unite@t8sbeef industry is likely a result of



intensified management strategies, crossbreeding and genetic evaltiatitite pand a growing
demand for United States beef (Mintert et al., 2009).

In the early 1800’s, cutting methods varied greatly due to city location along the E&s
coast (Figure 1). This variation in fabrication was a result of buyindshabd cut preferences
from consumers, as well as butcher tradition (Hosch, 2012).

Most modifications in carcass fabrication occurred post-halving afdfeass. The split
of the hind and forequarter between th& 4ad 13 rib was considered a reasonable and
consistent cut in the beef carcéssause it essentially ‘quartered’ carcass weight equivalently
between the posterior and anterior portions of the carcass. The ribntlaated on the
forequarter was perceived to hold shape of the loin during fabricationpo$tataks (Tomhave,
1925), as well as to provide a way to hang the loin on the nesat & series of hooks on a
trolley designed to hold subprimal cuts.

After the carcass had been split into fore- and hind-quarters, butcherseectie
manipulate the carcass the way they wanted. Romans et al. (1974) desceibgubpiular styles
of round fabrication: Eastern, Chicago, and Diamond; the differenng dae to a modification
of the angle, or combination of angles, at which the round-sirloin lmeakred.

According to Hosch (2012), with the decision to engage in World War Biyifss and
industries changed. In December of 192sident Roosevelt’s Office of Price Administration
issued The Emergency Price Control Act (National Provisioner, 1942). Througm#anent,
a maximum price for beef and veal carcasses, wholesale cuts anssprbpeoducts was
established to prevent early marketing of cattle, and to encoiaragers to keep their feedlots
full and produce cattle with varying degrees of finish. Ceiling prices ve¢reased on primal cut

under consideration and grade of cattle.



In 1945, ceiling prices for beef were lifted, and in 1947, the Office of Price
Administration was abolished (National Archives, 1995). Beef fabricationgthalid not
resume to methods that were used before the Act. Major packing plants abtbiseparate the
chuck and rib between th&5and & rib junction and the sirloin/round between the fifth sacral
vertebrae. Alternative fabrication methods were not researched until the early 1990°s behind
initiatives of the National Cattlemen’s Beef Association (Seggern et al., 2005).

Alternative Forequarter Fabrication

Changes in consumer demand brought by convenience and perceived healthsconc
likely motivated recent structural alterations within the mat ingl&astian et al. 2000).

The National Consumer Retail Beef Study (Savell et al. 1987) reveatddnlarness or
meat texture is the single most important factor affectingwsoes acceptance of beef products.
Due to the effect of tenderness on consumer acceptability anakhef Eenderness in the beef
chuck and round, alternative fabrication styles in both the fatéhawlquarter emerged (Morgan
et al., 1991).

Tenderness mapping via shear force results allowed muscle profilnkgand an
investigation of tenderness gradients across a muscle (Zuckerman et al., 2002).

The beef forequarter accounts for 52% of total carcass side weight, but mititkeit
cuts from the beef forequarter, primarily within the chuck primal, fwile due to high
variability in the cut-out yield and muscle palatability chaggstics (Johnson et al., 1988).

As a result of tradition and ease of fabrication, the beef chutkilamoday are separated
at the 8 and &" rib junction. Considering an ability to remove the thoracic limb befoveldrib
separation occurs, there is no logical explanation as to why this prim#& teeeins (Reuter et

al., 2002).



Because of a large growing price difference between middle meatsantkeats, it is
important to analyze critically the point of separation, during careasgation, between the
wholesale rib and wholesale chuck. The same muscles are present ieyeeaoiband the
chuck eye roll. A separation point between two wholesale cuts ofsneald be made at some
point where there is a marked real value difference (Hosch, 2012).

Reuter et al(20Q2) suggested moving the chuck-rib break to theutd 7' rib junction
because of consistency in tenderness from ribs 7 through 12. Thisaiterauld result in four
fewer 2.5 cm steaks sold in the rib, but would guarantee a consistently ibaglerroll.

Moving the chuck-rib break forward to th& 4nd %" rib junction should also be
considered. There were no differences (P<0.05) in WBSF values among rib lodatiomsgh 6
and the 6th rib location currently is successfully marketetage steaks (Reuter et al., 2002).

According to Hosch (2012), efficiency in cattle production will continuedcease in
the United States as long as a demand for high quality beef existise @bjlity to develop
alternative fabrication methods for heavy weight beef carcéssssential. Today, the industry
is faced with a challenge from consumers that demand cuts which araieomve prepare and
consistent in quality. Through utilization of single-muscle fadiron in both the chuck and
round, the industry can provide a higher concentratiostefkabléitems to consumers that are
uniform in tenderness. The beef industry needs to continue eff@gtedact development and
promotion that address health and convenience concerns (Reuter et al., 2002).

Beef Tenderness
Tenderness is described as the amount of pressure needed to bite through a piece of meat.

Of all eating quality traits, most research has been conducted on tenderness, and it is known to be



the most important beef sensory trait when determining consumer acceptability (Miller et al.,
2001).

Beef eating quality is dependent on a variety of inherent deaistcs: tenderness,
juiciness, and flavor. Tendernasshe most important economic and quality factor (NCBA
2001, 2010). Tenderness is influenced by various factors including postmocdteolysis,
intramuscular fat/marbling, connective tissue, and the contractileo$tide muscle (Belew et
al., 2003).

Beef muscles vary in amounts of collagenous and elastic tissuensahtas well as in
amounts of fat contained and the size of muscle bundles (Lepeti), 2008rtion of muscle
profiling work relies on the importance of muscle fiber-type commosiand variation &t
exists between muscles (Palka, 2003).

This lack of demand is due to perceived differences in tenderness amdragiper-type
composition distinctions (Belew et al., 2003). According to the 2010/2011 NaBerél
Tenderness Survey, cuts from the round continued to be the least seigdesting a need for
improved aging and consumer education on preparation practices (NCBA, 2011).

Lorenzen et al. (2003), provided results showing that 51% of consumers think that
tenderness is the most important beef sensory trait they looked for in a steak, followed by 39%
and 10% for flavor and juiciness, respectively. Similar consumer responses for rank of
importance of eating quality attributes have been reported in other studies as well (O’Quinn et
al., 2012; Hunt et al., 2014). Variation in meat tenderness between different animals and muscles
can be attributed to three biochemical properties of post-mortem muscle: collagen content and

solubility, sarcomere length, and degree of postmortem proteolysis (Koohmaraie et al., 2002).



Due to the significant role that tenderness plays in bedatiag, vast improvements in
genetic selection and management of cattle have been achievedibygnso Lusk et al. (2001)
indicated that consumers are willing to pay a premium for tender steaks.

Miller et al. (2001) conducted a nation-wide consumer study to assess monetary value
that consumers placed on tenderness. Results showed that 78% percent of consumers would pay
a premium for beef that was guaranteed tender. Results also showed that consumers were able to
distinguish steaks of different levels of tenderness, similar to those found by the WBSF
instrument. A similar study undertaken by Boleman et al. (1997), where three groups of beef
strip steaks were presented to consumers for purchase, were segregated by WBSF tenderness
values: tender (2.27 to 3.58 kg), intermediate (4.08 to 5.40 kg) and tough (5.90 to 7.21 kg).
Results showed that, not only were consumers willing to pay more for tender steaks, but 94.6%
of consumers purchased tender steaks in a simulated purchasing scenario compared to 3.6% of
intermediate steaks and 1.8% of tough steaks.

Research conducted in order to explain relationships betweeaffaats$ of,
intramuscular fat on tenderness, juiciness, and flavor of beef produgtsnsiee in the
literature. Studies have been able to describe a low to modes#iegelationship between
marbling and beef eating satisfaction traits (Briskey and Brey, 186&miah et al., 1970; Smith
et al., 2008). Properties of samples that have a greater amount of itnéan et include
reduced resistance needed to disrupt myofibrils; this creates a more teatiproduct because
less force is needed to chew, or break apart the product (Corbin et al., 2014)

Van Wezemael et al. (2014) suggeshat steaks with greater lubrication due to
increased marbling can maintain quality attributes more sufficieninveRkposed to extreme

cooking methods, or when cooked to a more severe degree of doneness.



Lifestyle changes have had a major impact on consumption of bedh. dflacclear
decline in beef consumption has been due to a change in the intertsitysofner preferences
for attributes such as ease of preparation, convenience, and healtltarhméte to fulfill
consumer needs with other protein sources (Hosch, 2012).

Degree of Doneness

Doneness is a measurement of how thoroughly cooked a cut of meati®bdke
color, juiciness and internal temperature when cooked. Gradations of cao&kingpst often
used in reference to beef, but are also applicable to lamb, pork, peatiand seafood
(Wharton, 2008).

According to USDA (1993), as a result of Escherichia coli 0157:H7 outbresdsiaed
with inadequate cooking of beef patties, various regulatory ageanuiesade associations have
issued changes in regulations or made suggestions regarding the cooking lofdxsagf.1993,
FDA issued interim guidelines to their Model Food Codes suggestingebaibe cooked to
68.3C as minimum internal temperature.

The ability to deliver a product that maximizes customer satisfachaimtains customer
loyalty and increases patronage is a very complex issugfidmrfood service industr
(McKenna et al., 2004).

Degree of doneness is the most influential factor determining ihtoloa of cooked
steaksBeef steaks maybe cooked from “very rare” (64.4°C) to “very well done” (82.2°C), and 1
has been noted that a slower rate of heating will produce a lesdomellinternal appearance
than a faster heating system (Berry, 1992).

Previous research has shown that preparation techniques, cooking methods, and end point

temperature affect beef eating quality (Savell et al., 1987, 1989; Berry and Leddy, 1990; Belk et
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al., 1993; Berry and Bigner, 1995). The way that consumers choose to prepare stegksnof a
athome greatly influences their chances of a great eating experienas(@a al., 2002).

Similarly, the way that a foodservice restaurant chooses to prepardehks also can
greatly influence odds of a consumer having a great eating experiencd.alL.q4@97) reported
that steaks, which consumers considered ordered and delivered to theidrdggnee of
doneness, were not different in tenderness, taste and overall satiséacoss the range of
doneness endpoints.

Tenderness of beef tends to decrease as endpoint temperature incrdassgaach has
shown that the degree of doneness to which beef is cooked varieg Bmited States
consumers64-82% of beef consumers were showndek their steaks to “medium” or “very
well done” (Wheeler et al., 1999); very high degrees of doneness.

When cooking beef from “rare” to “very well done”, changes occur in internal color of
cooked meat. Myoglobin is the primary pigment responsible for fresth aolor and, during
cooking, myoglobin is denatured to varying degrees, thereby influencing appeararez of
color to humans (Garcia-Segovia et al., 2007).

Degree of doneness has a profound effect on consumer satisfa¢tierhome and when
dining away from home. Without question, more work needs to be conducted on wignand
degree of doneness results in particular custemsfaction ratings (Boleman et al., 1997).

Beef Juiciness

With such a large portion of the retail beef supply classified asrteng®ortance of
juiciness and flavor to the consumer eating experience is magnified. dbusnetatively-recent
studies have evaluated the contribution and importance of flavor te&ed satisfaction

(Brooks et al., 2012; Miller and Kerth, 2012; O'Quinn et al., 2012
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Principle sources of beef juiciness reside in the amount of bemohétee water, andh i
the amount of intramuscular lipids available. When heated asticaizd, broth then promotes
saliva production. Therefore, juiciness has been attributed to the flovees juom the actual
meat and the moisture produced by saliva in the mouth during masticatitett(€tal., 1984,
Winger and Hagyard, 1994).

Previous work has shown the factors that have the greatestaffieeef juiciness
include: ultimate pH, fat content, enhancement level, cooking method, are ddégtoneness
(Montgomery and Leheska, 2008).

Endpoint temperature, or degree of doneness, plays an important role in eohsem
eating experience (Cox et al., 1997). With higher degrees of doneness, there @oportunity
for cooking loss to occur which results in reddgiciness. Cooking loss depends on raw meat
quality, endpoint temperature and cooking method (Aaslyng et al., 2003), as pHlleand
water retention capacity.. During heating, water is lost as teroperatreases. Denaturation of
meat proteins causes structural changes to cell membranes of maeslediong with shrinkage
of muscle fibers and connective tissue (Honikel, 1998), which all estzdatef free and bound
water. Thus, efforts to improve beef steak juiciness can be diminfsheidprepared correctly in
the home or restaurant.

Beef Flavor

While it has been known for many years that tenderness plays adbge acceptability
of meat by a consumer, it has become increasingly apparent that flavvoeadts to be
addressed. In a large, multiple-city study, flavor was found to be theimportant factor
affecting consumers’ meat buying habits and preferences when tenderness was held constant

(Sitz et. al, 2005).
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Flavor is an important component of beef taste to consumers. lat¢hE800s,
documented efforts first appeared that formally improved beef flavacontrolled manner
(Chemioux, 1874). For more than 140 years, Americans have sought to doanchénprove
flavor of beef with patented discoveries and research (Bardella et. al, 193&}, liitfe
evidence existed at the time as to the chemical characteastiesat flavor, but it was reported
that it was likely a composite of salts, acids and a group of produatsnmggrom heating.
Furthermore, these studies suggested that #amost likely involved disintegration products of
proteins and lipids (Bardella et. al, 1937).

Therefore, as the majority of United States beef supply reaches tenderness acceptability,
and more recent consumer studies have shown flavor to be more highly related to consumer
acceptance of beef than tenderness (Killinger et al., 2004; O’Quinn et al., 2012; Corbin et al.,
2014), flavor has become a relatively important research topic.

Because of the relationship between flavor and meat eating gitastymportant to gain
a better understanding of factors that influence flavor in order to produo®#tidlavorful and
consistent product possible (Calkins and Hodgen, 2007).

Basic tastes detected on the tongue include sweet, sour, salty, bitteroahdecently,
umami. Chandrashekar et 2006 described taste sensing as, instead of overly complex, quite
simple. On the tongue, each taste bud is comprised of 50 to 150 tagt®reells (TRCS)
distributed across different papillae. Each TRC projects microlethe apical surface of the
taste bud to form a ‘taste pore’, and this is the site of the interaction with the food containing the
taste. It seems clear from their report that distinct cell tgpdate tongue express unique
receptors and are tuned to detect each of the five basic tasteseEguator cell functions as a

dedicated sensor, wired to give the stereotypic response for eacinths#ting that any of the
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TRCs can taste any of the five tastes to varying degfeese other hand, the influence of
aroma on flavor perception is a result of olfactory stimulation from volatile compounds that work
with receptors on the roof of the nasal cavity (Idolo Imafidon and Spanier, 1994). It is these
volatiles, rather than taste, that allow consumers to identify meat originating from different
species (Resconi et al., 2013). More than one thousand volatile compounds have been reported in
literature as being extracted from cooked beef samples (Van Ba et al., 2012), further
emphasizing complexity of beef flavor.

According to Nursten (1981), significance of the Maillard reaction for focddes
production of color, flavor and off-flavor, a reduction in nutritional value, iptessoxicity and,
finally, antioxidant properties. The main reaction in products involveskdmvn of proteins in
beef when they are in the presence of a reducing sugar.

Raw meat has little-to-no flavor outside of bloody and metallic; thus, meat flavor
originates from numerous reactions between heat of cooking and the many flavor precursors
naturally found in meat. The Maillard and related reactions are extraordinarily complex and
contribute a myriad of compounds that are involved in flavors generatlyiloked as roasted,
browned, meaty, caramelized, etc. (Mottram, 1998).

The pH of food plays a role in development of Maillard reaction flavors. As pH
increases, color and polymeric compounds increase and nitrogemgantaampounds like
pyrazines are favored (Mottram & Madruga, 1994).

According to Miller et al. (2001), many compounds contributing to beef flaeowater-
soluble. As pH increases in meat, proteins have increased wategmoperties. During
cooking, fewer water-soluble proteins are lost from high-pH meag sirece is less cooking

loss.
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Lean meat from different species generally possess similar flavor precursors and give off
similar volatile compounds when cooked to produce characteristic meat flavors common to all
species (Mottram, 1998). However, the ability to differentiate meat from varying species is
predominantly attributed to lipid degraded compounds that give off various “fatty” aromas (Van
Baetal., 2012).

By far, the most important extrinsic factor that impacts geioeraf volatile aroma
compounds is cooking method. When referring to cooking method, the priacéoy Which
should be considered is whether the method heats the beef under nuitsbre®or dry
conditions (Kerth and Miller, 2015).

Cooking rate has an influence on flavor intensity. Steaks cooked in adwate at a
greater rate of cooking, have lower flavor intensity values as reportedby €lr al. (1976). It
has also been noted that cooking rate and holding time may also iefljpetenicy of beef off
flavors. Slower cooking time and longer holding times may allow for off odaigssipate and
lessen in intensity (Calkins and Hodgen, 2007).

Moist heat cookery causes beef to be cooked at low temperatures clusédoding
point of water (<212F or <100-C). These low temperatures prevent the surface of beef from
reaching sufficient temperaturasdevelop Maillard products and, secondarily, fail to promote
the initial step in the Maillard reaction, which is a dehydration steplass of water from the
beef surface (Kerth and Miller, 2015).

Dry heat cookery such as grilling, broiling or pan-frying typically usesperatures of
>177-C and results in the surface turning brown to black in color (Lorerizdn €999, 2003).

Dry, high-temperature cooking of beef is results in generation of Mhapiaducts, which is an

extremely complex process that involves not only the temperature but alsogtieof time that
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the beef is held at that temperature. A part of the process is the degreenaefssarecooked
internal temperature of the beef. As degree of doneness increasesawliegly, internal
temperature also increases, and the time that beef will B®hehe cooking surface will be
longer. Not only will there be a difference in flavor because of the differenthe physical
characteristics of the internal portion of the beef, but the eadteunface will have a completely
different flavor profile because of the differences in the length of cookirgg gwen when the
cooking temperature is held the same (Lorenzen et al., 1999, 2003).

Transfer of water within the beef, and then through evaporationifscsurfacejs
mostly affected by the ability of muscle to bind water asdviater-holding capacity. While little
water actually is chemically bound to proteins within the mu#deheld in place by capillary
forces and water surface tension (electrostatic charges, mainhtheaadility of the muscle to
hold water is primarily determined by the pH of the muscle.

As pH of the beef increases, water-holding capacity also increasesatridansfer
increases (Meynier et. al, 1995). Pale, soft and exudative beef does not holeliaso the
free water travels readily to the surface of the meat, where it twoleating surface and keeps
the surface temperature low. This results in generation of mgstlydegradation products and
few Maillard reaction products (Kerth and Miller, 2015).

Consumer sensory evaluation became a research tool for meat sciedtistsarsed in
the scientific literature to determine effects of pre and postharvest ¢éngaton beef palatability.
Results from these studies impacted beef production and processirgymes. Most of these
studies used hedonic scales to assess overall liking and flavor, jummetsnderness liking,
with most emphasis being on the impact of treatments on beefriesdeand overall liking

(Kerth and Miller, 2015).
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Standard Beef Cuts
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Figure 1. Cutting methods variation due to city location along the Easit(¢t@sch,

2012).
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CHAPTER 2

CHARACTERIZING PRODUCTS FROM THE BEEF RIB RESULTING FROM AN
ALTERNATIVE CARCASS BREAK

INTRODUCTION

The manner in which beef carcasses are segregated into wholesaleapdreabprimal
cuts is based on historical precedence and/or tradition, and thegtalgvays conducive to
product eating quality or carcass value. Specifically, the rib/chyzkagon currently is made
between theBand &" rib bones of the carcass; but potential for maintaining eating qudlitg
improving cutout yield and value exists if the rib/chuck is sedeegaetween the™and %' rib
bonesReuter et al. (2002) stated that “Based on analyses of shear force and consideration of
consumer purchase preference information, there seems to be no logioalfoesseparating the
beef wholesale rib from the beef wholesale chuck betweeri"thadé" rib bones other than
tradition.” Reuter et al. (2002) also suggested that separating the rib and chuck between the 4
and 3" rib bones was a viable option as it would have minimal effect ehdomsumer
satisfaction.

The beef industry was interested in further investigating and purspiian to separate
the rib and chuck between thé and %" rib bones; this would necessitate adjustments in
standardized trade specifications, particularly those maintainetByA-AMS for use in
commerce and marketing purposes. Such an adjustment would ultinestgtyim adding
additional weight and value to the rib carcass wholesale primalwitlaarificing desirable
eating characteristics associated with current carcass segredaterefore, this study was

conducted to further assess the impact of separating the beefvdebahe # and ' rib bones
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versus the t and @h rib bones on beef tenderness, connective tissue content, product

composition (visible lean and fat), and product yield.

MATERIALS AND METHODS
Sample Selection

Thirty carcasses without major dressing defects present on the foreqbitineecarcass,
within the same US Quality Grade were selected at random inmemial beef packing plant.
Alternating sides of each carcass was fabricated into emh@h@ne rib, separated between the
4" and 9 rib bones (n = 30), or a traditional 7-bone rib, separated betweeti amel &' rib
bones (n = 30). All ribs were collected as NAMP 107-OP Ribs (whole, bone-in ribngap-
Existence of any partial rib (i.e., 6 %2, 7 % or 8 %2 ribs) resulted in the excafstarncasses and
ribs from the sample. Individual identification was maintained fohe#, and traditional
carcass data measurements were collected from each carcass fcbhntheibs originated.
Following collection, all ribs (N = 30) were transported under refrigeration (2°@gtGolorado
State University Meat Laboratory, where they were stored furtiier fabrication the next day.
Fabrication, Yield Data Collection, and Image Collection

Within 24 h of arrival, 107 ribs were fabricated into a 109 Roast Ready (b@x@ont)
Rib, 109B Blade Meat (denuded), 112A Ribeye Roll, Lip-on (1x1, rib fingers on), 124 Back
Ribs, lean trimmings, 50/50 trimmings, backstrap, and fat trim/refuse. Concurreet to t
fabrication procedures, weights for each product were collected, qnerngral yield data were
obtained.

Throughout this process, individual product identification was maiedaior 1098

Blade Meat portions and 112A Ribeye Rolls. On the same day that fabrieat yield data
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were captured, digital images were captured from the 109B Blade Meat pdaiidhe purpose
of obtaining dimensional measurements, and all 112A Ribeye Rolls were vaeaiaoh and
stored (2°C) until portioning and image capture could be accomplished.

Within 7 days of product collection (within 6 days of vacuum packaging), 112A Ribeye
Rolls were transported to a steak-portioning facility equipped wiibnaated steak portioning
equipment that used computer software capable of maximizing stdd& fyfom each subprimal
cut, where they were cut into equally-portioned ribeye steaks (340 g). Arntheftiportioning,
steak weights, steak thicknesses, steak number/count, and tghtsmeere collected and
recorded, and an image of each steak was obtained for the purpostiohgapmensional
measurements at a later time. All images were captured usigga dimera equipped with a
fixed zoom lens attached to a tri-pod that abboMor the capture of images directly above each
steak.

Fort the purposes of image capture, individual pieces (blade meat peceslizidual
ribeye steaks) were placed on a clean, gridded background of known sizielulaldmages
were downloaded and analyzed using image software capable of quantifyingizexahd
number for images. All meaningful dimensional measurements wereireéasd recorded for
eah image, including total portion area, maximum length, maximurmhwiadividual muscle
area, individual muscle length, individual muscle width, fat depths,dasatail length, tail area,
total area of lean, and total area of fat.

Following image capture, steaks were individually identified, packayel aged at 2°C
until 14 days postmortem. Omay14, steaks were individually frozen (-20°C) and stored until

shear force evaluations were conducted. For ribeye steaks, meaastondividual
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measurement were compared by treatment (8-bone rib or 7-bone rib) dnldcttian within
the original ribeye subprimal.
Warner-Bratzler Shear Force Analysis

Warner-Bratzler Shear Force (WBSF) values were obtained for primagtesus
(Longissimus dorsi, Complexus, andSpinalis dorsi) in every steak derived from all 30, 8-bone
ribs (approximately 18 steaks per rib). Previously frozen steaks were randsigiyeal to 1 of 5
cooking days, and thawed at 2°C for 36 to 48 h before cooking.

Thawed steaks were cooked to a peak internal temperature of 71°C using ai@onvect
oven (Model SCC WE 61 E; Rational, Landsberg am Lech, Germany) set at 204°C with 0%
relative humidity. Internal temperature of steaks were mouitoseng a thermocouple during
cooking, and steaks were removed from the oven in order to achieve the deskeaatgrnal
temperature. Following cooking, each steak was allowed to equilibradertotemperature
(22°C) and 1 to 6 cores (1.2 cm in diam.) were removed from each muscle vaithisteak
parallel to muscle fiber orientation. Each core was sheared once, peatenid muscle fiber
orientation, using a universal testing machine (Instron Corp., Canton, MA)iite a Warner-
Bratzler shear head (crosshead speed: 200 mm/min, load cell capackyg).1P8ak shear force
of each core was recorded, and resulting values were averaged to obitgie 88SF for each
muscle within each steak.
Survey Creation

Selected images collected for purposes of dimensional measurement vierd tdil
create electronic surveys that were subsequently used in Best/Wénrgt somparisons and
collect data regarding individual consumers, foodservice personnel, and/or pup&yestions

of steak appearance and desirability by location within an 8-lilmheleye roll. Steaks

21



included in each survey comparison by consumers all were obtainedh&®are ribeye roll to
negate influence on results of variance associated with color antingarb

Consumers, foodservice personnel, and/or purveyors surveyed were directed to a
internet survey link where they were presented with images in godypsteaks, and they were
asked to identify their most and least desirable steak among theesiterte€Each consumer
completing the survey were shown all steaks from an individual ribeye @l possible
combinations allowing all steaks to be compared against all odakssequally, and every steak
had equal opportunity to be ranked as the most or least desiradxepresented with 3 other
steaks.

The survey resulted in a quantifiable, complete and accurate rankingtebét svithin a
ribeye roll using Best/Worst scaling techniques. Dynamic routing softwpebitiies
(Qualtrics) was used so that each individual surveyed could be ged@ficsguestions about
steaks that were ranked favorably or unfavorably in each surueye\s were created for
distribution by the National Cattlemen's Beef Association (NCBAjketing team.

Personnel of CSU were not responsible for identifying participants tobdisng or
executing surveys; however, CSU personnel a&sbigith data analysis and summarizing
findings of surveys.

Statistical Analyses

This experiment was designed and analyzed as a repeated nf8dsumerib vs. 7-bone
rib). Least square means for all measurements were computed andexbogiag the GLM
procedure of SAS; the experimental unit for this study was individuahssircThere were thirty
(N = 30) experimental units total, thirty (n = 30) for each treatment. Least sgaeare for each

measurement were adjusted using the Tukey adjustment.
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RESULTS AND DISCUSSION
Description of Experimental Sample

Carcass characteristics of cattle selected for this study areshdwble 2.1. As
expected, mean values for individual carcass traits did not differ (P > 0.@&gbyent.

As shown in Table 2.2, weights of products from rib fabrication aitfg@l < 0.05)
among treatments, with the exception of rib fingers and 50/50 trim weights) didi not differ
(P> 0.05 by whether the product was derived from 7-bone vs. 8-bone ribs. Spégifical8-
bone 112A Ribeye Rolls were 0.56 Kg heaviek(0.05) than 7-bone 112A Ribeye Rolls,
suggesting that there was potential for 1.12 Kg gain per carcass. Additi8Aaone 112A
Ribeye Rolls produced 1.4 more steaks than the 7-bone 112A RibeggeiRtillating that there
was potential for 2.8 additional ribeye steaks per carcasses wWitaral4y rib bones chuck/rib
separation (Table 2.3).

Tables 2.4, 2.5, and 2.6 display least squares means for 7-bone ribs vs.riypoibeye
steaks for steak weight (g) and thickness)( maximum lengthgm) and width ¢m), and total
area ¢nm?) and tail lengthdm). Values did not differ® > 0.05) for thickness, maximum length,
maximum width, or tail lengthy lengths’ of rib subprimal. With the exception of steak P €
0.05), ribeye steak weights also did not diffee(0.05) by treatment. With the exception of
steak 20 < 0.05), total area of ribeye steaks was not diffeflemt@.05) between treatments.

Least squares means for total ame@a?) of Longissimus dorgil-24) and Complexugl0-
24) steaks are shown in Table 2.7. A treatment effeetd.05) for LM area was not observed
for the vast majority of steak locations, and complexus area didffestlny treatement at any
steak location® > 0.05). Tables 2.8, 2.9, and 2.10 show that Longissimus dorsi width,

complexus length, and Spinalis dorsi width did not differ by treatnkentd(05). In general, the
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meaningful measurements for LM, Spinalis and Complexus did not QiffeeatmentR >
0.05).

Effects of the # and %" rib bones break on star fat area¥) (steaks 10-25) are shown in
Table 2.11. Excluding steaks 18 and P%(0.05), star fat area did not differ by length of the rib
sabprimal P > 0.05). Effects of theth and 3h rib bones break on lengtbng) and width ¢m) of
intact backribs, Latissimus dorsi, Rhomboideus, Trapezius, and residaapinatus are found
in Table 2.12.
Warner-Bratzler Shear Force Analysis

Shear force was measured in order to evaluate if there were diffeiarieaderness
between steak locations for 7-bone ribs and 8-bone ribs. Table 2.13 shatsafiteak
location on WBSF values. Rib fabrication method did not affect tendernessealangful
differences in tenderness existed amond steaks for LM, and WBSF valttes domplexus and
spinalis dorsi did not diffeR> 0.05) by steak location. Tenderness was not significantly
affected by fabrication style and regardless of muscle size and progréag given ribeye roll
location, the tenderness is similar for longissimus, complexus, aralispiuscles in ribeye
steaks. These findings are consistent with Reuter et al. (2002), findingetteatvids not a
meaningful change in muscle tenderness at the point of the rik/saparation.

Results showed that tenderness of beef steaks was not affecteddsg caparation style
regardless of muscle size or proportion when removed from any point aldegdkte of the
ribeye roll, and that tenderness is similar for longissimus, complardsspinalis muscles in

ribeye steaks.
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Conclusions and I ndustry Implications

According to Reuter et al. (2002), consumers showed a visual preference for steaks from
the posterior rib locations compared to the anterior rib locations, kétgreatest numeric
difference in average order of purchase occurring anatomically betheettand %' rib bones
locations. Consumers visually preferred steaks froththéugh 3' rib locations over steaks
from 4" through 29 rib bones locations. The lack of consumer willingness to purchamses ste
from rib locations four through two is an important factobéoconsidezdin deciding upon the
point of separation between the wholesale rib and wholesale chuck.

Results of the present study suggest that additional steaks from thenteosr portion
of the rib subprimal could be sold as ribeye steaks without any meaniffgfttl@an tenderness,
which could yield approximately four additional ribeye steaks per ssrddhen multiplied by
four steaks per carcass, the improved steak yield would result in onealdidilogram of
ribeye steaks per carcass (although there would also be the same assoumntheck roll yield).

A clearer understanding of the compositional, dimensional, and tensieliffesences of
steaks derived from beef ribs resulting from a chuck/rib separationdretive 4' and %" rib
bones will facilitate the ability of the beef industry andDASAMS to make changes in
standardized specifications for beefstitvhich could promote changes in fabrication procedures

and improved carcass value.
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Table 2.1 Carcass data collected in-plant (n=30).

Carcass Information

Rib Bones P Value

7 8
Ribeye Area 14.80 14.87 0.8502
Marbling Sm50 Smb55 0.2477

26



Table 2.2. Weight data comparing subprimals and trim pieces between 7-rib amdt&res.

Weight Data

Subprimal/TrimPiece Name Weight, Kg (S?frfgfsrs]c\(/e\l,e};gght P Value?

7 8

Number of subprimals 30 30
107 OP Rib 12.43 14.47 4.08 <0.0001
Roast Ready 8.34 9.16 1.63 0.0058
Blade Meat 1.44 1.90 0.92 <0.0001
Back Strap 0.11 0.14 0.05 0.0167
Bones 0.45 0.64 0.39 <0.0001
Fat / Trim Refuse 2.05 2.47 0.83 0.0038
112A Ribeye Roll 6.18 6.74 1.12 0.0171
Back Ribs 1.59 1.77 0.36 0.0123
Rib Fingers 0.13 0.13 0.00 0.9440
50/50 Trim 0.44 0.51 0.15 0.0577
Infraspinatus 0.05 0.13 0.16 0.0022

1Estimated value based on Ismeans for wedgltted to individual sides.

20 =0.05.
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Table 2.3. Effect of 4" and %" rib bones alternative rib-break on number of steaks retrievable
from 112 Ribeye Rollso = 0.05).

Steak Count & Steak Weight

Rib Bones
Carcass
7 8 Difference P Value
Number of subprimals 30 30
Steak Count 16.46 17.86 2.80 0.0427
Total Weight, Kg 5.98 6.44 0.92 0.0233
Steak Yield 85% 86% 1% -
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Table 2.4. Effect of 4" and % rib bones alternative rib-break on least squares means for weight (g)ckmdss (mm) of ribeye
steaks ¢ = 0.05).

Weight Before Freeze, g Thicknessmm
Steak n= Rib Bones P Value n= Rib Bones P Value
7 8 7 8 7 8 7 8

1 30 30 335.81 319.10 0.0272 30 30 26.06 25.30 0.5321
2 30 30 336.60 330.63 0.2055 30 30 24.10 23.36 0.3010
3 30 30 333.10 331.98 0.5378 30 30 23.06 22.93 0.8318
4 30 30 332.78 333.18 0.8199 30 30 22.30 22.76 0.3434
5 30 30 332.60 332.50 0.9553 30 30 22.20 22.53 0.5507
6 30 30 331.51 330.85 0.7088 30 30 21.66 22.16 0.4343
7 30 30 332.55 332.66 0.9473 30 30 21.33 21.80 0.4137
8 30 30 330.53 330.83 0.8766 30 30 21.13 21.16 0.9523
9 30 30 330.58 332.85 0.2020 30 30 21.20 21.86 0.2837
10 30 30 332.01 330.38 0.3845 30 30 21.20 21.56 0.5504
11 30 30 329.98 331.08 0.5153 30 30 21.76 21.63 0.8652
12 30 30 330.98 329.35 0.4380 30 30 21.26 21.46 0.7784
13 30 30 329.48 331.35 0.3789 30 30 21.93 21.96 0.9651
14 30 30 330.53 330.96 0.8592 30 30 22.00 22.46 0.5774
15 29 30 331.94 331.56 0.8917 29 30 22.17 22.50 0.7392
16 29 25 319.38 334.08 0.0673 29 25 20.84 23.44 0.0112
17 21 27 333.79 331.83 0.7957 21 27 22.61 22.85 0.8428
18 16 23 321.87 330.60 0.4137 16 23 20.81 22.47 0.1622
19 13 19 326.50 336.84 0.2341 13 19 22.46 23.15 0.6806
20 8 17 323.62 333.58 0.4570 8 17 20.75 23.00 0.2010
21 6 11 351.41 343.22 0.5275 6 11 24.83 24.00 0.8057
22 3 8 344.66 321.50 0.2303 3 8 21.00 23.50 0.4996
23 2 4 340.75 344.12 0.8487 2 4 23.00 21.50 0.7567
24 - 3 - 347.83 - - 3 - 21.00 -
25 - 1 - 392.00 - - 1 - 26.00 -
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Table 2.5. Effect of 4" and %' rib bones alternative rib-break on least squares means for maxangth (cm) and maximum width
(cm) of ribeye steaksx(= 0.05).

Max Length, cm Max Width, cm
Steak n= Rib Bones P Value n= Rib Bones P Value
7 8 7 8 7 8 7 8

1 30 30 21.59 21.79 0.6006 30 30 8.56 8.56 0.9706
2 30 30 22.20 22.40 0.5835 30 30 8.71 8.59 0.7013
3 30 30 22.50 22.56 0.9378 30 30 8.79 9.04 0.1905
4 30 30 22.94 22.56 0.3386 30 30 8.79 9.02 0.2634
5 30 30 22.94 22.94 0.9952 30 30 9.14 9.22 0.7498
6 30 30 23.01 22.83 0.6186 30 30 9.09 9.25 0.5031
7 30 30 23.01 22.89 0.7011 30 30 9.40 9.35 0.8817
8 30 30 22.89 22.43 0.2305 30 30 9.42 9.60 0.4574
9 30 30 22.71 22.58 0.7386 30 30 9.50 9.65 0.5270
10 30 30 22.61 22.28 0.3484 30 30 9.80 9.78 0.9455
11 30 30 22.20 22.30 0.7900 30 30 10.26 9.91 0.5121
12 30 30 22.35 22.35 0.9770 30 30 9.78 9.80 0.8567
13 30 30 22.12 22.17 0.9361 30 30 9.78 9.73 0.8032
14 30 30 22.17 21.56 0.2671 30 30 9.55 9.80 0.3164
15 29 30 22.15 22.15 0.9657 29 30 9.60 9.65 0.8270
16 29 25 22.35 22.05 0.4603 29 25 9.55 9.80 0.4189
17 21 27 22.73 22.17 0.2194 21 27 9.65 9.50 0.6116
18 16 23 22.63 22.28 0.5620 16 23 9.91 9.68 0.4179
19 13 19 22.30 22.53 0.6803 13 19 10.11 9.70 0.2181
20 8 17 23.14 22.28 0.2206 8 17 10.34 9.45 0.0805
21 6 11 23.22 23.09 0.8748 6 11 10.26 9.70 0.4342
22 3 8 23.62 21.95 0.2213 3 8 9.88 9.86 0.9558
23 2 4 22.45 22.17 0.8501 2 4 11.15 10.16 0.4795
24 - 3 - 23.32 - - 3 - 10.29 -
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Table 2.6. Effect of 4" and %' rib bones alternative rib-break on least squares means for totataeangd tail length (cm) of ribeye steaks
(0. = 0.05).

Total Area,cn? Tail Length, cm
Steak n= Rib bones P Value n= Rib bones P Value
7 8 7 8 7 8 7 8

1 30 30 193.55 193.55 0.9375 30 30 4.85 4.60 0.8872
2 30 30 193.55 193.55 0.9356 30 30 2.87 3.00 0.4805
3 30 30 193.55 193.55 0.7689 30 30 3.43 3.25 0.3338
4 30 30 193.55 193.55 0.4828 30 30 3.56 3.61 0.9945
5 30 30 193.55 193.55 0.4506 30 30 3.63 3.61 0.8641
6 30 30 193.55 193.55 0.5288 30 30 3.96 3.86 0.6546
7 30 30 193.55 193.55 0.3816 30 30 3.96 4.09 0.5237
8 30 30 193.55 193.55 0.6150 30 30 4.27 4.04 0.2618
9 30 30 193.55 193.55 0.4607 30 30 4.29 4,22 0.7075
10 30 30 193.55 193.55 0.3757 30 30 4.37 4.39 0.8908
11 30 30 193.55 193.55 0.5463 30 30 4,32 4.47 0.4882
12 30 30 193.55 193.55 0.8654 30 30 4.29 4.24 0.8153
13 30 30 193.55 193.55 0.2679 30 30 4.11 4.04 0.7667
14 30 30 193.55 193.55 0.9437 30 30 3.86 3.86 0.9579
15 29 30 187.10 193.55 0.4625 29 30 4.04 3.73 0.2423
16 29 25 187.10 161.29 0.5507 29 25 3.78 3.56 0.4272
17 21 27 135.48 174.19 0.0908 21 27 3.81 3.33 0.1066
18 16 23 103.23 148.39 0.2209 16 23 3.51 3.40 0.7571
19 13 19 83.87 122.58 0.4189 13 19 3.30 3.23 0.8363
20 8 17 51.61 109.68 0.0105 8 17 3.56 3.07 0.3846
21 6 11 38.71 70.97 0.2747 6 11 3.66 2.84 0.3161
22 3 8 19.35 51.61 0.3856 3 8 2.82 2.82 0.9955
23 2 4 12.90 25.81 0.4494 2 4 4.37 3.94 0.7910
24 - 3 - 19.35 - - 3 - 4,72 -
25 - 1 - 6.45 - - 1 - 4.47 -
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Table 2.7. Effect of 4" and % rib bones alternative rib-break on longissimus dorsi and complexuécarga

Longissimus dorsi Area,ny

Complexus Areagn?

Steak n= Ribe Bones P Value n= Rib Bones P Value
7 8 7 8 7 8 7 8

1 30 30 96.13 96.45 0.9325 - - - - -
2 30 30 96.32 95.48 0.8117 - - - - -
3 30 30 94.64 93.8F 0.8133 - - - - -
4 30 30 92.5F 90.39 0.5336 - - - - -
5 30 30 91.33 89.35 0.6586 - - - - -
6 30 30 86.77 85.6F 0.7755 - - - - -
7 30 30 83.74 82.13 0.6806 - - - - -
8 30 30 78.77° 78.26 0.8816 - - - - -
9 30 30 74.06° 7277 0.7519 - - - - -
10 30 30 70.64° 68.32° 0.5801 3 5 213 1.03' 0.0134
11 30 30 65.22° 83.1¢ 0.3566 10 11 2.06 1.93 0.4197
12 30 30 61.35° 60.84° 0.8895 20 17 3.48 3.10' 0.5231
13 30 30 58.5F° 55.93° 0.4657 23 25 4.19 4.45 0.718
14 30 30 54.26 52.97° 0.6344 26 30 6.13 6.39" 0.6232
15 29 30 52.28 50.12° 0.4675 27 29 8.52°¢ 9.169 0.6025
16 29 25 52.08 47 .8F° 0.1327 24 27 9.87%c 11.35 0.2278
17 21 27 51.3¢ 45.48 0.0554 20 27 11.8F° 14.39%° 0.0736
18 16 23 51.48 46.00" 0.1201 16 23 12.13° 15.68¢ 0.0406
19 13 19 50.97 47.03° 0.3237 13 19 14.7F° 16.32¢ 0.3039
20 8 17 49.9% 43.10 0.182 8 17 15.03® 18.06 0.1853
21 6 11 52.08 43.8F 0.2055 6 11 16.97 19.16 0.2207
22 3 8 48.32 38.52 0.3854 3 8 16.13® 17.8p 0.4187
23 2 4 55.80° 48.38% 0.4733 2 4 19.6F 22.26¢ 0.4159
24 - 3 - 45.74° - - 3 - 26.7F° -
25 - 1 - 51.80° - 1 - 40.9¢

1 Area evaluated at steaks numbered beginning at the posterior end of the ribeye rolls (1-24 for longissimus and 10-24 for complexus.).

ah|_ SMean values with different superscripts are differént 0.05).
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Table 2.8. Effect of 4" and %' rib bones alternative rib-break on least squares means for maximgtin {em) and maximum width
(cm) of longissimus muscle of ribeye stea#s=(0.05).

Longissmus dorsi Length, cm Longissimus dorsi Width, cm
Steak n= Rib Bones P Value n= Rib Bones P Value
7 8 7 8 7 8 7 8

1 30 30 16.71 16.46 0.4753 30 30 7.21 7.37 0.5921
2 30 30 16.76 16.84 0.8585 30 30 7.19 7.26 0.7140
3 30 30 16.59 16.69 0.7474 30 30 7.21 7.24 0.9259
4 30 30 16.69 16.46 0.5825 30 30 7.09 7.42 0.1272
5 30 30 16.36 16.59 0.5490 30 30 7.09 7.37 0.3237
6 30 30 16.05 16.15 0.7951 30 30 7.29 7.14 0.5659
7 30 30 15.70 15.52 0.6990 30 30 7.19 7.65 0.2007
8 30 30 14.66 14.83 0.7436 30 30 7.14 7.26 0.6481
9 30 30 14.50 14.48 0.9457 30 30 6.99 7.14 0.5944
10 30 30 13.84 13.56 0.5156 30 30 7.34 7.09 0.5701
11 30 30 12.95 12.85 0.8605 30 30 6.81 6.78 0.9161
12 30 30 12.50 12.45 0.9246 30 30 6.53 6.60 0.7169
13 30 30 11.86 11.84 0.9353 30 30 6.63 6.53 0.7037
14 30 30 11.40 11.05 0.3350 30 30 6.63 6.60 0.9344
15 29 30 10.80 10.44 0.3403 29 30 6.43 6.58 0.6470
16 29 25 10.95 10.29 0.0711 29 25 6.48 6.43 0.8302
17 21 27 10.90 10.13 0.0209 21 27 6.40 6.02 0.1875
18 16 23 10.62 10.08 0.2118 16 23 6.43 6.05 0.2919
19 13 19 10.59 10.34 0.5554 13 19 6.35 6.20 0.7180
20 8 17 10.59 9.83 0.1626 8 17 6.45 6.32 0.8359
21 6 11 11.02 9.96 0.0455 6 11 6.63 6.15 0.5375
22 3 8 10.52 8.86 0.2069 3 8 6.25 6.40 0.9039
23 2 4 10.80 9.80 0.3089 2 4 7.11 6.65 0.8113
24 - 3 - 10.69 - - 3 - 5.92 -
25 - 1 - 11.07 - - 1 - 6.99 -
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Table 2.9. Effect of 4" and %' rib alternative rib-break on least squares means for maximum lemgtlagd maximum width (cm) of
complexus muscle of ribeye steaks=0.05).

Complexus Length, cm Complexus Width, cm
Steak n= Rib Bones n= Rib Bones

7 8 7 8 P Value 7 8 7 8 P Value
10 3 5 1.85 1.63 0.5922 3 5 2.36 1.30 0.0115
11 10 11 2.13 1.88 0.4947 10 11 1.83 1.68 0.3715
12 20 17 2.69 2.51 0.5466 20 17 1.96 2.11 0.5573
13 23 25 3.00 3.07 0.7776 23 25 2.03 2.29 0.3143
14 26 30 3.53 3.63 0.7653 26 30 2.49 2.74 0.4030
15 27 29 4.57 4.47 0.7949 27 29 2.97 3.20 0.4425
16 24 27 4.83 5.03 0.6178 24 27 3.20 3.45 0.2768
17 20 27 5.05 5.36 0.4656 20 27 3.63 3.63 0.9581
18 16 23 5.05 5.97 0.0648 16 23 3.68 4.11 0.2947
19 13 19 5.77 6.20 0.3800 13 19 3.86 4.34 0.2676
20 8 17 5.79 6.30 0.4541 8 17 3.78 4.52 0.1765
21 6 11 5.89 6.35 0.3734 6 11 4.52 4.55 0.9545
22 3 8 5.97 5.69 0.7752 3 8 3.86 4.57 0.3092
23 2 4 5.79 6.22 0.7303 2 4 4.70 5.03 0.7848
24 - 3 - 7.49 - - 3 - 4.78 -
25 - 1 - 11.28 - - 1 - 6.32 -
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Table 2.10. Effect of 4" and % rib bones alternative rib-break on least squares meansaf@mum length (cm) and total areent?)
of spinalis muscle of ribeye steaks% 0.05).

Spinalis Length, cm SpinalisArea, cnd
Steak n= Rib Bones P Value n= Rib Bones P Value
7 8 7 8 7 8 7 8

1 15 14 5.89 5.82 0.9269 15 14 7.74 6.32 0.3618
2 26 28 7.62 7.72 0.8174 26 28 11.42 10.32 0.4124
3 30 30 8.94 8.97 0.9594 30 30 15.23 14.77 0.7106
4 30 30 10.08 10.13 0.8954 30 30 18.00 18.52 0.6512
5 30 30 11.10 10.92 0.5579 30 30 22.39 22.06 0.7622
6 30 30 11.61 11.58 0.9684 30 30 26.39 26.00 0.7417
7 30 30 12.12 12.29 0.5389 30 30 29.42 28.39 0.3665
8 30 30 12.60 12.40 0.4893 30 30 31.35 30.84 0.6635
9 30 30 12.78 12.65 0.6934 30 30 32.90 33.10 0.8612
10 30 30 12.80 12.88 0.8194 30 30 35.48 34.58 0.434
11 30 30 12.75 12.93 0.6598 30 30 36.26 35.03 0.4289
12 30 30 12.90 13.16 0.5581 30 30 36.97 35.87 0.4848
13 30 30 12.57 12.78 0.6399 30 30 37.29 36.84 0.7621
14 30 30 11.96 12.12 0.7743 30 30 36.71 37.10 0.8069
15 29 30 11.20 11.43 0.6966 29 30 36.65 36.58 0.9629
16 29 25 11.20 10.74 0.5344 29 25 36.77 36.06 0.7019
17 21 27 10.77 10.11 0.4274 21 27 37.55 34.65 0.1733
18 16 23 10.59 9.19 0.0944 16 23 38.52 36.45 0.4865
19 13 19 9.91 8.92 0.3219 13 19 39.23 36.00 0.346
20 8 17 11.68 9.32 0.0166 8 17 42.77 36.52 0.0614
21 6 11 10.29 8.97 0.2767 6 11 36.00 36.71 0.7194
22 3 8 9.70 8.36 0.2887 3 8 34.90 33.68 0.8594
23 2 4 8.03 7.37 0.596 2 4 37.35 30.77 0.3138
24 - 3 - 7.01 - - 3 - 20.71 -
25 - 1 - 8.36 - - 1 - 4.87 -
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Table 2.11. Effect of 4" and %' rib bones alternative rib-break on least squares means for total
area €n¥) of star fat of ribeye steaks.

Star Fat Area, ct

Steak n= Rib Bones P Value
7 8 7 8

10 29 30 8.84 8.64° 0.8536
11 30 30 9.29 9.81 0.5655
12 30 30 9.42 10.32 0.3052
13 30 30 9.74 10.39 0.4126
14 29 30 9.10 9.29% 0.8074
15 28 30 8.58 8.64° 0.952
16 25 18 7.81 7.55% 0.8572
17 21 27 7.42 5.87° 0.1657
18 16 23 7.16 4.32 0.0257
19 13 19 6.84 3.48 0.0067
20 8 17 4.65 3.10 0.1219
21 6 11 3.61 3.48 0.9156
22 3 7 3.68 2.48 0.2495
23 1 3 3.81 2.39 0.6686
24 - 2 - 5.10% -
25 - 1 - 7.42° -

ab| SMean values with different superscripts are differén 0.05).
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Table 2.12. Effect of 4" and %' rib bones alternative rib-break on least squares means for total
area (i) and maximum length (in) of backribs, latissimus, rhomboideus, trapanids
infraspinatus fabricated from the 112 Ribeye Roll.

Area, cn? Length, cm
Cut n= Rib Bones P Value Rib Bones P Value
7 8 7 8

Backribs 60 618.39 676.84 0.0053 38.96  44.22 <0.0001
Latissimus 60 218.32 241.03 0.1148 30.25  31.29 0.5696
Rhomboideus 60  179.87 271.16 <0.0001 | 22.71  23.70 0.0615
Trapezius 60 346.77 425.10 <0.0001 | 26.44 30.66 <0.0001
Infraspinatus 21 63.16 69.10 0.7136 5.13 6.91 0.0349
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Table 2.13. Effect of steak location on the Warner-Bratzler Shear Force vaduesngissimus
dorsi, Spinalis, andComplexus muscles of ribeye steaks (Steak 25 = most anterior side / Steak 1
= most posterior side).

Shear Force, kgf

Steak Number* LD S C
25 3.37b 3.10 3.57
24 3.07b 3.37 3.63
23 2.90% 3.49 3.68
22 3.13 3.01 3.87
21 3.05® 3.37 3.63
20 3.020 3.26 3.70
19 3.05® 3.16 3.74
18 3.05® 2.98 3.96
17 3.172b 3.12 3.92
16 3.02b 3.04 4.01
15 3.05% 3.08 3.94
14 3.22b 3.16 4.36
13 2.95b 3.14 4.53
12 3.27eb 3.05 3.80
11 3.24b 3.11 3.53
10 3.11b 291 -
9 3.00% 2.85 -
8 3.14b 2.99 -
7 3.25b 2.96 -
6 3.5¢ 3.05 -
5 3.34b 3.17 -
4 3.372b 3.28 -
3 3.25b 3.19 -
2 3.06%® 3.11 -
1 2.60 2.93 -

P value 0.0077 0.3226 0.1280

abl SMean values with different superscripts are differént 0.05.

38



CHAPTER 3

INFLUENCE OF RATE OF COOKING, COOKING TEMPERATURE, AND DEGREE OF
DONENESS ON FACTORS CONTRIBUTING TO BEEF FLAVOR AND TENDERSE&

INTRODUCTION

Even though beef demand has proven amazingly resilient in the pastdesy one of the
greatest concerns is the relative price of beef compared to dogpetteins. Since it is
expected that consumers will pay more for beef, the outstanding @&keef must be
maintained and/or improved in order to keep the beef consumersuzdiytsatisfied.
Importance of beef flavor in the marketplacenglerscored by the fact that consumers’ flavor
preferences are reflected in beef purchase decisions (Sitz et al., 2006y Bheise | of the
2011 National Beef Quality Audit, it was pointed out that 4 out of 5 indektry participants
identified beef flavor as either the 1st or 2nd most important beibiudét (Igo et al., 2013).

Very recent research sponsored by Beef Checkoff funds demonstiatddfdrences in
steak thickness, cooking method, cooking temperature, and cooking rate influendesatietsl
satisfaction of steaks and beef flavor (Shubert, 2015). Perhaps the mostngtdigagiovery of
that research was related to the improvement in tendernessiamiddbserved in steaks that
were cooked more slowly (Shubert, 2015). Therefore, the present work aimed ttheteffects
of cooking temperature and degree of doneness as major contributors to steakgsmherne
flavor development. Findings of this research should help with develomhan optimized set

of cooking procedures to improve the steak eating experience.
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MATERIALS AND METHODS
Experimental Design

Combinations of oven temperature (OVENTEMP) and steak internal degdeaeness
(INTEMP) were evaluated (Table 3.1). Individual steak was used as the experindrdad
assigned treatment was applied to the individual steak. Cooking rat@djusted by controlling
oven cooking temperature (85, 177C, 246C, and 343C) and steak internal cooked degree of
doneness (5T, 63C, 68C, 7£#C, 79C, and 85C) was monitoredy controlling interior
cooked temperature in the geometric center of each steak. For steaks cookeeat a
temperature of 6& OVENTEMP, only two INTEMPs (5C and 63C) were evaluated, while
all other cooking temperatures included all previously described degrees nédene

Striploins with similar marbling score were paired in groups of six, and egoloisiri
was cut into four equal sections that generated three steaks 2.5cnk#tb section was
allocated to each treatment combination and each of the thrke geeerated was assigned for
trained sensory, shear-force, and flavor chemistry analysis. Badhiration of OVENTEMP
and INTEMP was replicated 30 times.
Product Collection and Fabrication plan

Both strip loins were collected from 90 USDA Low Choice (SfAadl Small®) carcasses
(N = 180) in a commercial beef slaughter facility. In an attempt to@ordriation in the
sample, strip loins were collected in groups of 30 carcasses. Twentgympostmortem, 30
groups of six strip loinpared by marbling score and ribeye area were sliced producing a total of
24 2.5 cm thick steaks. From the 24 steaks, 7 of the 20 OVENTENWHEMP combinations

were randomly assigned to each set of striploins from a singlassaf€igure 3.1). One steak
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from each set of 3 was designated for either shear force, sensory pfaebrachemistry
analysis. Remaining steaks assigned to a treatment were identifieavaddas reserves.
Cooking procedures

Before cooking, frozen steaks were tempered@tfar 16-24 h. Steaks were grill
marked in a crosshatch pattern{4&tation from grill grates) on both sides, allowing one minute
per hatch, on an open-hearth char broiler set &#tG316Gnce steaks were grill marked, steaks
were cooked in a Combi oven (Model SCC WE 61 E; Rational, Landsberg am Lech, Germany)
at a dry-heat setting with 0% retained humidity in accordance ketprescribed cooking
treatment for each steak with a fan speed of high to attain $siredi@eak internal temperature
(Table 3.1). Internal temperature was measured with a thermocouple durargiteg¢ime that
steaks were cooking. Cooking loss were quantified for each individual steak.
External and Internal Steak Appearance

Steaks designated for shear force assessment were cooked accordingesgbetive
treatments and subjected to Warner-Bratzler shear force (WBSF) anchebicdmce (SSF)
procedures. Immediately following cooking, but before shear force determinaieeshal and
internal appearance of steaks was evaluated. A spectrophotometer (khsueiates
Laboratory, Reston, VA) was used to collect CIE L* a* b* measurenoentse exterior and
interior of each steak. Three measurements of CIE L* a* b* were obtioredlifferent
locations within or on the outer surface of each steak to gatheeeaga for each sample.
Exterior measurements were obtained between char marks crgapelll itnarking the steaks.
Subjective measurements for degree of doneness and internal and exd¢aknappearance also
were recorded by 2 trained individuals. Visual degree of doneness was evatubtedaaled

using a 5-point hedonic scale (1 = rare, 2 = medium rare, 3 = medium, 4 = medium well, and 5 =
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well done) in reference to published photographic standards (AMSA, 1995). |rdtyalal
appearance was recorded using an 8-point hedonic scale (1 = purple, 2 = red, 3 = reddish-pink, 4
= pink, 5 = pinkish-grey, 6 = light brown, 7 = medium brown, and 8 = dark brown). External
steak appearance was evaluated in between char marks createtirbgrgnilg the steaks.
Measurements were recorded using an 8-point hedonic scale (1 = light grey, 2 = grey, 3 =
greyish-brown, 4 = light brown, 5 = brown, 6 = dark brown, 7 = brownish-black, 8 = black).
Shear Force Analyses

Both WBSF and SSF measurements were obtained from each stigglatbesfor shear
force evaluation using procedures described by Lorenzen et al. (2010). Withirobregording
peak internal temperature, a 1cm by 5 cm slice was removed feostetik parallel to muscle
fiber orientation from the lateral end, and sheared perpendioutamgcle fiber orientation,
using a universal testing machine (Instron Corp., Canton, MA) equipped withladlatend
blade (crosshead speed: 500 mm/min, load capacity: 100 kg), resulting iteaSSikg
measurement for each steak. The remaining portion of each steakomaldth equilibrate to
room temperature (22°C) and at least 4 cores (1.2 cm in diameter) were removeddhosteak
parallel to muscle fibers. Each core was sheared perpendicular to tHe filnggs using a
universal testing machine (Instron Corp., Canton, MA) fitted with a Warneri&ratzear head
(crosshead speed: 200 mm/min, load cell capacity: 100 kg). Peak shear fode aifreavas
recorded and resulting values were averaged to obtain a single WBSF mmesxtdoe each
steak.
Trained Sensory Analyses

Before cooking, frozen steaks were thawed at@#r 16-24 h. Due to limited oven

capacity for the 20 oven treatments, all steaks used during the senselsyware cooked in
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advance and reheated on the day of analysis. Sensory steaks were cookedfti® same
cooking protocols previously described.

Immediately after cooking, each steak was placed in a vacuum bagd ahifin ice
water bath for 5-15 min, vacuum packaged, and stored &€ Gef 16-48 h before sensory panel
preparation and evaluatian. On the day of sensory analysis, steaksheateden a circulating
water bath Fisher Scientific™ Isotemp™ Heated Immersion Circulators: Model 6200 H24) set
at 57.5C for 30 min. Once removed from the water bath, steaks were trimmed of atladXae
and connective tissue, sized into 1 cm cubes, and served to trained pakiepsiselists (n = 7-
9) were trained to evaluate attributes of initial tenderness, sustaimdeness, overall
tenderness, juiciness, beefy/brothy, browned/grilled, buttery/fat, burnt, oetic, livery,
and oxidized flavors. Each panelist received 2-3 cubes and evaluateshegue for the
aforementioned sensory characteristics using an unstructureddlaesstbally anchored at both
ends (0 = very tough, very dry, not present; 100 = very tender, very jeigyintense). Samples
representing 10 out of the 20 treatments were served on each panel.
Statistical Analyses

Least squares means of main and interactive effects on sensibites, color and shear
force were compared using the MIXED model procedure of SAS with OVENTHEMP a

INTEMP being the main effects.
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ANTERIOR Loin 1 POSTERIOR

Wedge

(Raw | ST | ST|sT|st|srt|st|sr|sr|sr SKT iT “T’(T VEI
chemica | K1 | K2 | K3 |K4|K5|K6| K7 |K8|[K9| 0| 5| 5] N
| steak)

ANTERIOR Loin 2 POSTERIOR

Wedge

(Raw | ST | st |sr|st|sr|st|sr|sr|sr ?(r f(T ir VEI
chemica | K1 | K2 | K3 |K4|K5|K6| K7 |K8|[Ko| 0| 5| 5] N
| steak)

Figure 3.1. Steak cutting guide within a carcass.

RESULTS AND DISCUSSION
Shear Force Analyses

Strip loin (top loin) steaks were selected for use as sample stethks study because
they are the most typical cut served in restaurants and they alagaalable from retail outlets.

Results (Table 3.3) shaa that both OVENTEMP and INTEMP influenced (P < 0.01)
slice shear force (SSF) and Warner-Bratzler shear force (WBSF) values. Asafetpeeness
values increased(< 0.01), WBSF also increased; a similar increase in SSF values weds not
although this trend was not as pronounced as for WBSF values. Steaks coakeddium rare
degree of doneness had lowRBr< 0.01) SSF values than steaks cooked to well done degree of
doneness, and steaks cooked to medium and very well done were @rila.05) among
treatments. Steaks cooked with lower cooking rate produced the |®we6t@1)SSFand
steaks cooked at a fast cooking rate produced the greate$tQ1l) SSF values among all
tested. When cooked at high rate of cooking, steaks had great€).Q1) WBSF values than
when cooked at both 66 or 177C OVENTEMP, while steaks cooked at 3830VENTEMP
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produced WBSF values simildP & 0.05) among treatments. Previous studies have shown that
slower cooking rates and lower degrees of doneness result in reduced shealdex¢ing et

al., 2003; Lorenzen et al., 2005).

External and Internal Color

Internal steak color is mostly affected by the degree of doneness. \Whks ate cooked
to a constant degree of doneness, cookery method and steak thickneas adioence internal
steak color.

Instrumental CIE L*a*, and b* measures for internal and external color are presented in
Tables 3.4 and 3.5. Internal L* values were affecked 0.05) by a OVENTEMB INTEMP
interaction. At lower rate of cooking, steaks cooked to a medium rareedefgiteneness had
greater P < 0.05) L* values than those cooked to rare degree of doneness, indicgimgrma |
color. Additionally, cooking at lower rate of cooking to rare and medium rareele§d®neness
resulted in greateiP(< 0.05) L* values than the same degree of doneness at each remaining
cooking rates. Berry (1993) demonstrated that when steaks are submitted teraatiewf
heating, they are scored as havarigwer degree of doneness rating. For all remaining cooking
rates tested, L* values gradually increased as degree of donenessehcheavever, many of
these numerical differences were not statistically signifiddnt @.05). Internal a* values also
declined P < 0.01) as degree of doneness increased. Higher a* values aravaditat redder
color. Visual assessment ratings for internal color were influerited(01) by both cooking
rate and degree of doneness (Table 3.6). As cooking rate increased, ‘@ssefiged internal
color ratings for cooked steaks appeared to be nikoxe((01) pinkish-grey, rather than pink.

Similarly, as degree of doneness increased from rare to vergang, internal color of steaks
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shifted @ < 0.01) from a reddish-pink color closerabght brown color. Degree of doneness
(Table 3.8) paralleled trends for vislyahssessed ratings of internal color.

External L* values were influence® & 0.05) by cooking rate; as cooking rate increased,
L* values also increased < 0.03). External a* values were affect€<0.05) by both rate of
cooking and degree of doneness. When the steaks were cooked at lowkcoateng, the
lowest a* values were observed < 0.01) of all cooking rates tested. Additionally, steaks
cooked to well done and very well done had loviRx (0.05) a* values than those cooked to rare
degree of doneness, while all other degrees of doneness tested vilargBim0.05).

Visual assessment ratings for external color were affeBtedd(01) by both rate of
cooking and degree of doneness (Table 3.7). Steaks cooked at lower rate of caakinggr
the darkestR < 0.01) brown external color; thus, it appeghithat slower cooking rates allowed
for more time for surface browning. As cooking rate increased, exteroalafalooked steaks
darkenedP < 0.01) and, additionally, as degree of doneness increased, external colakof ste
appeared darkeP(< 0.01).
Taste Pandl Analysis
Tenderness and Cook loss

Least squares means for sensory panel attributes are provided ir3-Bal#le
OVENTEMP x INTEMP interaction was observed for initial tendernéss (0.01), sustained
tendernessR < 0.01) and overall tenderne$s< 0.01). Generally, steaks cooked to a lower
degree of doneness and with a lower cooking rate had grBated.01) ratings for trained panel
tenderness. Considering each cooking rate tested, steaks cookerktdemyrae of doneness
were among the most tend& < 0.01) compared to all other degrees of doneness. However, as

rate of cooking increased, overall tenderness declined0d(01). This observation suggest
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that, even when the degree of doneness remains constant, cooking tempammhave a
significant influence on tenderness.

Least squares means for percent cooking loss are provided in Table 3.1@llease
degree of doneness increased, so did percent moistur® $€L01). Steaks cooked at a high
cooking rate to a rare degree of doneness were among the most tender difredhtseavaluated
and had one of the lowest cooking loss percentages (P = < 0.01). Juicinesgyisriikeeenced
by water loss which, in turinfluences lubrication during mastication. Increased water loss has
been reported (Briskey and Kauffman, 1971) to cause an increase iveeroeighness when
steaks are submitted to a sensory evaluation using trained taste pa
Juiciness

An interaction between OVENTEMP and INTEMP was observed (P < 0.01) fordraine
panel juiciness ratings (Table 3.9), which are heavily influenced by watesnt. Hence, it was
no surprise that juiciness ratings were greatest (P < 0.01) when steaks were tadkigth aate
of cooking to a rare degree of doneness and least (P < 0.01) when steaks weratdugked
cooking rate to a well done and very well done. With the exception of stealedcatogiower
cooking rate, juiciness ratings decreadea (0.01) as OVENTEMP increased. Increasing
cooking rate accelerated rates of evaporation and decreased juicimgss Wtien steaks were
cooked at slower cooking rate, trained panelists rated steaks cooked to rarelianad raee less
(P < 0.01) juicy than steaks cooked to the same degrees of doneness at te lufjbaaking.
Therefore, at a low cooking rate, steaks cooked more slowly and were exposedefdimsa to
heat, resulting in greater moisture loss and decreased juicinegs rati

Cross et al. (1976) reported that perceived juiciness ratings can decreasbhend@h t

loss is increased due to moisture loss during cooking. In this psgadgt conditions causing
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the greatest percent cook loss typically resulted in those dieakgrate the lowest for
perceived juiciness scores.
Flavor

Results presented in Table 3.9 demostrate that trained panel flavor ratings for
beefy/brothy, brown/grilled, buttery, burnt, and bloody were influenBed@.05) by a
OVENTEMP x INTEMP interaction. Steaks cookatlan oven temperature of 3%0and well
done degree of doneness were reported as having more intense beePffa0@d%). No clear
trends regarding differences in beefy/brothy ratings were noted. Eighteen20 treatments
produced similar® < 0.05) ratings for beefy/brothy flavor intensity. In the current study, the
treatments applied showed minimal impact on the development of trextify flavor.

Brown/grilled flavor intensities generally increased as both rateaking and degree of
doneness increased; however, influence of degree of doneness on brizanrfgehsity
appeared to be more distinct at lower rate of cooking. When cooked at sdvgvef cooking,
steaks cooked to medium rare degree of doneness had a more iAter@6X) brown/grilled
flavor than those cooked to rare degree of doneness. Furthermore, brovdnifgeltesity
gradually increased?(< 0.01) as degree of doneness increased when steaks were cooked at
177C OVENTEMP. Yet, at 246C OVENTEMP, an increas®(< 0.01) in brown/grilled
intensity was only seen between INTEMP ofGand greater than or equal t68When
steaks were cooked at 3€3OVENTEMP, no statistically important differencés> 0.05) were
observed, with the exception of steaks cooked t€GBITEMP, where brown/grilled intensity
wasperceived as a result of incredslegree of doneness.

Similar to brown/grilled intensity, burnt intensity generally irased as both rate of

cooking and degree of doneness increased. Some of the greatés0p) burnt intensities were

48



reported by panelists from steaks cooked atG43VENTEMP to medium degree of doneness
and above, indicating that at these degrees of doneness, tlmoblghg rate may be undesirable
simply due to formation of burnt off-flavor notes. Cross et al. (1976) staédatie of cooking
influences steak flavor; steaks cooked in a hotter oven, at a more ramticatdking, were

rated by panelists as having reduced flavor intensity.

Unlike brown/grilled and burnt flavor intensities, trained panel ratings foetyuand
bloody intensity tended to decrease asloeoibking rate and degree of doneness increased. At
slower rate of cooking, degree of doneness had no influ€red(05) on intensity ratings for
the buttery flavor note. So, internal temperature seemed to havesttteggreffect on intensity
ratings for the buttery note when steaks were cooked at higher coaiengr843C
OVENTEMP, intensity ratings for the buttery note steadily deext§s< 0.05) as degree of
doneness increased. Furthermore, steaks cooked & 8BENTEMP to very well done degree
of doneness received the loweBtq 0.05) intensity ratings for the buttery note of all treatments.
When steaks were cooked at 2680VENTEMP, degree of doneness did not influerite (

0.05) intensity ratings for the buttery note. At each cooking rate studtedsity ratings for the
bloody flavor note steadily decreas&d<(0.01) as degree of doneness increased. No differences
(P> 0.05) were observed on ratings for the bloody flavor note when steaksoo&szs to well

done and very well done degrees of doneness, regardless of OVENTEMP. Hovievesteaks
were cooked to rare degree of doneness, and an OVENTEMP@08A77C, they were rated

by panelists as having a more interBe& (0.05) bloody flavor notéhan for those steaks cooked

at 246C and 343C OVENTEMP. Among all of the steaks cooked to medium degree of
doneness, those cooked at 33DVENTEMP received the lowest ratingd< 0.05) for the

bloody flavor note. In accordance with Kerth (2015), as intensity ratingatsiists for metallic
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and bloody notes increased, a corresponding increase in ratingsiioegsiand tenderness was
observed; and vice-versa.

Panel intensity ratings for livery off-flavor was affect&i(0.05) by cooking rate,
whereas panel intensity ratings for oxidized off-flavor was affected®5) by main effects for
both OVENTEMP and INTEMP; however, neither main effect resultedeaningful, clear
trends. Additionally, panel intensity ratings for these off-notes werergly low overall, and
would not be expected to influence eating experience in the comhmeeadastream. Panel
intensity ratings for the off-notes of livery and oxidized werdyaeal to ensure that these off-
flavors were not introduced during the water bath reheating process echjpidyis study.
Oxidation can occur during storage and reheating of cooked meat, and thegedtitiotes are
commonly referred to as “warmed over flavor”; however, vacuum packaging of steaks
immediately after cooking and reheating in the absence of oxygenregpedave the desired
effect and prevented oxidation and development of warmed over flagtgaks.

While consumer acceptability was not evaluated in the current sithebr, recent
consumer studies found flavor to be the most important trait inflngrm@nsumer overall
acceptability of beefO’Quinn et al., 2012; Hunt et al., 2014; Legako et al., 2015).

Conclusions and Industry Implications

Recent consumer research and the most recent National Beef Qualityepodied that
beef flavor is a fundamental driver for beef demand. Additionally, receeareh assessing
steak cookery methods have identified that production proceduresicsiy days on feed and
breed type, impact beef flavor attributes considerably. Even further,aertostiuscle

differences influence flavor of beef.
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Results of the present study indicated that oven temperature and dedomeness have
a major impact on trained sensory panel ratings, shear force meassreandriercent cook
loss. Generally, incread cooking rate and degree of doneness had a detrimental impact on
sensory attributes, shear force and cook loss.

Panel sensory ratings also suggested that eating chataxgenie influenced by more
than just degree of doneness, but also by the rate at which steaka gaee final internal
temperature. Steaks cooked at oven temperatl8&Gfproduced tender steaks; however, the
slow cooking rate also resulted in reduced ratings for juiciness antbplesant of brown/grilled
flavor notes. Additionally, the extended time required to cook ste&@&@twould make this
procedure an impractical cook method in a foodservice setting.

Beginning at 177C, increasing oven temperature, while keeping degree of doneness
constant, generally resulted in a decrease in tenderness, juicines®aatydlavor intensity, but
an increase in brown/grilled flavor. Since consumer sensory pangése not used in the
current study, it is difficult to determine how tradeoffs in trainetegy ratings would exactly
correlate to consumer ratings for acceptability. However, these atatsecuseful for the
foodservice industry to assess sensory attributes that diversegoekiperatures and degrees
of doneness combinations promote in order to adequately select agcowdtimod that fits their

needs.
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Table 3.1. Cooking temperatures and internal temperatures variation.

Oven Temperature, °¢  Internal Temperature, °C

57
63
57
63
68
74
79
85
57
63
68
74
79
85
57
63
68
74
79
85

66

177

246

343
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Table3.2. Flavor descriptors.

Basic tastes

Meat-related flavors

Additional flavors

Sweet

Sour
Bitter
Salty

Savory (Umami)

Beef broth (beefy/brothy)

Browned/grilled meat
Beef fat/buttery
Bloody/Metallic

Grassy/hay like/Gamey

Earthy/mushroom

Nutlike/roasted nuts
Livery

Fishy
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Table 3.3. Least squares means for slice shear force (kgf) and Warner-Brataefaice(Kgf) .

Oven Temp®C SSE Kgf WBSF, Kgf
66 15.2F 3.20°
177 17.8% 3.39
246 19.3¢ 3.63
343 18.758% 3.55°%
P value <.0001 0.0084
Standard error 0.7507 0.1396
Int Temp,°C SSF, Kgf Estimate
57 16.6( 2.66°
63 16.92 2.99
68 17.90® 3.4L
74 17.30 3.64°¢
79 19.32 3.8
85 18.60° 4.19%
P value 0.0055 <.0001
Standard error 0.6126 0.1085

ab.c.dey/alues that do not share a common superscript in column differ (P < 0.05).
Higher standard error for the least square means.
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Table 3.4. Least squares means for instrumental internal steak color

Internal Color

Oven Temp°C Int Temp,°C L* b*
66 57 50.18 20.5PF
66 63 54.22 19.59¢
177 57 42.94 17.90
177 63 43.10 17.90
177 68 45 5F 19.9¢
177 74 47.34° 19.67°¢
177 79 48.358¢ 19.09¢
177 85 50.04 19.97
246 57 45,34 19.5%¢
246 63 4415 19.33¢
246 68 47.28¢ 20.78°
246 74 47.2%¢ 20.09
246 79 48.10° 19.7¢
246 85 50.08 19.70°¢
343 57 43.62 20.64°
343 63 47.7F° 22.30
343 68 49.10° 21.98°
343 74 50.2¢ 22.25%
343 79 4413 20.4P
343 85 50.08 19.37¢

P value 0.0376 0.0343

Standard error 1.8059 0.8762

Internal Color

Int Temp,°C a*

57 19.87

63 18.0F

68 17.6%

74 15.4%

79 14.60

85 11.28
P value <.0001
Standard error 0.6574

abcdyalues that do not share a column superscript differ (P < 0.05).
Higher standard error for the least square means
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Table 3.5. Least squares means for instrumental external steak color

External Color

Oven Temp®C L* b* a*
66 23.2F 10.02 12.30
177 35.1¢ 19.5C0 14.32
246 36.84 22.4% 13.69
343 38.13 25.0¢ 14.3%
P value <.0001 <.0001 0.0001
Standard error 0.9519 0.6904 0.442

External Color

Int Temp,°C a*
57 14.28
63 13.88°
68 13.8F°
74 13.76%
79 13.40
85 12.8F
P value 0.0352
Standard error 0.3466

ab.cdyalues that do not share a column superscript differ (P < 0.
Higher standard error for the least square means
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Table 3.6. Least squares means for visual internal color evaluation.

Internal Color

Oven Temp, °C Estimate
66 4.86
177 4.86
246 453
343 4.13
P value <.0001
Standard error 0.1453

Internal Color

Int Temp, °C Estimate
57 54F
63 5.04
68 4.66
74 451
79 4.1
85 3.7¢
P value <.0001
Standard error 0.1267

ab.cdevalues that do not share a common superscript in colt
differ (P < 0.05).
Higher standard error for the least square means

57



Table 3.7. Least squares means for visual external color evaluation.

External Color

Oven TempC Estimate
66 6.22
177 4.84
246 4.69
343 4.33
P value <.0001
Standard error 0.1253

External Color

Int Temp,°C Estimate
S7 5.47
63 5.28
68 5.00
74 4.98
79 4.90
85 451
P value <.0001
Standard error 0.1092

ab.cdyalyes that do not share a common superscript in
column differ P < 0.05).
Higher standard error for the least square means
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Table 3.8. Least squares means for visual degree of doneness.

Degree of Doneness

Oven Temp, °C Estimate
66 2.36
177 2.24°
246 1.90
343 1.68
P value <.0001
Standard error 0.1825

Degree of Doneness

Int Temp, °C Estimate
85 3.1%
79 2.70°
74 2.40
68 1.85!
63 1.62
57 1.40!
P value <.0001
Standard error 0.1465

ab.c.dyalues that do not share a common superscript in
column differ < 0.05).

Higher standard error for the least square means
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Table 3.9. Least squares means comparing consumer panel responses

Panel Responses

Oven Temp Int Temp Talwr(]jlttalranleﬁ Ts(aunsézlrgis Tea;:il;ss Juiciness Beef/Brothy Brown/Grilled Buttery Burnt  Bloody
66 57 71.08° 69.03° 71.08° 59.7¢ 46.74 39.00 23.60" 7.394 22.2%
66 63 72.32 71.08 72.32 49.62¢ 51.90¢ 47 .48 22 640 9.79 18.52
177 57 73.32 71.67 73.32 65.06' 4479 36.03 25.56 5.64 27.8%
177 63 68.80° 67.32° 68.80° 59.50 49.49 43.25 24.54° 8.56¢ 20.02¢

177 68 63.39¢ 61.26' 63.39° 55.03 49.18 39,744 22.1€ 5.37 17.66
177 74 60.13 58.03¢ 60.13 46.9F 50.18 45.14¢ 18.62 10.3¢°  10.77¢
177 79 59.73 57.73 59.73 42.8P 53.32 48.59° 18.53 11.00¢ 9.29'
177 85 54.30 52.31 54.30 41.44 52.7G%° 48.56° 21.09°  10.50°  6.5¢
246 57 68.94 67.17° 68.94 61.34 49,18 41.244 25.07° 7.504¢ 19.54¢
246 63 66.03¢ 64.63¢ 66.03¢ 55.2Z 49.7F 45.4%¢ 24.33b 7.084 17.20
246 68 61.2F 59.08 61.2F 52.20¢ 48.70 47.74 23.1g® 10.00¢ 11.28
246 74 61.26 59.80 61.26 46.48 51.75 48.770 21.84 8.39¢  10.3r¢
246 79 58.069 56.54" 58.069 46.42 49.60 51.88b 22.20 12.16¢ 8.2k
246 85 54.40 52.75 54.40' 42.29" 50.7Z 49.9G" 19.60¢ 16.23® 6.12
343 57 65.91¢ 64.36¢ 65.9T¢ 59.74 47.7F 45 .25¢ 23.65° 7.87¢ 20.06°
343 63 63.55°¢ 62.31¢ 63.55°¢ 53.63 51.52 48.65% 25.34 11.60¢ 11.49
343 68 60.00 56.90" 60.00 46.26" 48.90 52.55 21.40¢ 15.88® 9.6
343 74 55.57" 53.44" 55.57" 44.07 53.10° 47.00 19.67° 13.6% 7.25
343 79 53.62' 51.32 53.62' 38.78 50.00 49.20® 16.83 17.02° 5.7Z
343 85 55.84" 54.25" 55.84" 35.40 48.6F 50.03P 15.54 19.6G 5.46°
P value 0.0083 0.0013 0.0020 0.0049 0.0411 0.0011 0.0355 0.0178 0.0101
Standard error 1.8168 2.0052 1.9744 2.7231 3.2197 3.4532 2.8927 1.9370 2.5055

1Sensory panel scales (10 cm continuous line scale)
&d/alues that do not share a common superscript in column d#fe0(05).

Higher standard error for the least square means

60



Table 3.10. Least squares means for cook loss.

Cookloss
Oven Temp®C Int Temp,°C Estimate

177 57 13.1G

177 63 15.24

66 57 18.04

343 57 19.92

177 74 21.38¢

246 57 22.2(%¢

246 63 23.3%¢

343 63 24.09

177 68 2447

343 68 24.63

246 68 24.95

66 63 26.554

343 79 28.34¢

177 79 28.81¢

343 74 29.54

177 85 30.08

246 74 30.83¢

246 79 31.28°

246 85 33.09°

343 85 34.76¢
P value 0.0008
Standard error 1.8707

abcdeyalues that do not share a common superscript in column diffe

< 0.05).
Higher standard error for the least square means
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Table 3.11. Least squares means for livery and oxidized flavors.

Panel Response

Oven Temp, °C Livery Oxidized
66 1.76¢ 1.8
177 0.8¢¢ 0.8%
246 0.78 1.46
343 0.99 1.60*
P value 0.0385 0.0267
Standard error 0.4622 0.5934

Panel Response

Int Temp, °C Oxidized
57 0.53
63 1.08
68 2.2C¢
74 1.6C¢
79 1.43
85 1.84
P value 0.0011
Standard error 0.5394

1Sensory panel scales (10 cm continuous line sce

adyalues that do not share a common superscript
column differ f < 0.05).

62



REFERENCES

Aaslyng, M. D., C. Bejerholm, P. Ertbjerg, H. C. Bertram, and H. J. Andersen. 2003. Cooking
Loss and juiciness of pork in relation to raw meat quality and cookowegure. Food
Qual. Prefer. 14: 277-288.

Adhikari, K., E. Chambers, R. Miller, L. Vasquez-Araujo, N. Bhumiratana, and Cp.P20li1.
Development of a lexicon for beef flavor in intact muscle. J. SendodyeS 26:413
420.

American Meat Science Association (AMSA). 1995. Research guidelines forrgpsé&asory
evaluation and instrumental tenderness measurements of fresh mgatalNavestock
and Meat Board, Chicago, IL.

Anderson, E. W., and S. M. Shugan. 1991. Repositioning for changing preferencessd be c
beef versus poultry. J. Consumer Res. 18:219.

Barkema, A., M. Drabenstott, and N. Novack. 2001. The new US meat industry. Econ. Rev.
Reserv. Bank Kansas City:336. Available from:
https://www.kc.frb.org/publicat/econrev/PDF/2Q01Bark.pdf

Bastian, C., D. Bailey, D. J. Menkhaus, and T. F. Glover. Today’s Changing Meat Industry and
Tomorrow’s Beef Sector.

Berry, B. W. 1992. Low Fat Level Effects on Sensory, Shear, Cooking, and Chemjopaitieso
of Ground Beef Patties. J. Food Sci. 57:33837. Available from:
http://doi.wiley.com/10.1111/j.1365-2621.1992.tb08037.x

Berry, B. W. 1993. Tenderness of beef loin steaks as influenced by marblingdeveVal of
subcutaneous fat and cooking method. J. Anim. Sci. 71:2412-2419.

Bligh, E.G., W. J. Dyer. A rapid method of total lipid extraction and purification. 195%adian
Journal of Biochemistry and Physiology 37(8): 911-917.

Boleman, S. J., S. L. Boleman, R. K. Miller, J. F. Taylor, H. R. Cross, T. L. Wheeler, M.
Koohmaraie, S. D. Shackelford, M. F. Miller, R. L. West, D. D. Johnson, and J. W.
Savell. 1997. Consumer Evaluation of Beef of Known Categories of Tesdethe
Anim. Sci. 75:15211524.

Briskey, E. J., and R. G. Kauffman. 1971. Quality characteristics of muscle as infobe.
Science of Meat and Meat Products. W. H. Freeman and Company, San Fr&ali$co

Brooks, J. C., J. F. Legako, T. T. N. Dinh, and M. F. Miller. 2012. Prediction of beef flavor by

63



precursor and volatile compoundgroject summary. National Cattlemen's Beef
Association, Centennial, CO.

Calkins, C. R., and J. M. Hodgen. 2007. A fresh look at meat flavor. Meat Sci-80@:63

Callahan, Z. D., K. E. Belk, R. K. Miller, J. B. Morgan and C. L. Lorenzen. 2013. Combining
two proven mechanical tenderness measurements in one steak. JSAnNiM1:4521-
4525.

Chandrashekar, J., M. A. Hoon, N. J. P. Ryba, and C. S. Zuker. The receptors and cells for
mammalian taste.

Christians, C. J., R. L. Henrickson, R. D.Morrison,D. Chambers and D. F. Stephens. 1961. Some
factors affecting tenderness of beef. J. Anim. Sci. 20:904.

Corbin, C. H., T. G. O’Quinn, A. J. Garmyn, J. F. Legako, M. R. Hunt, T. T. N. Dinh, R. J.
Rathmann, J. C. Brooks, and M. F. Miller. 2014. Sensory evaluation of tender beef strip
loin steaks of varying marbling levels and quality treatments. Meat ScR4L31.

Cox, R. J., J. M. Thompson, C. M. Cunial, S. Winter, and a. J. Gordon. 1997. The effect of
degree of doneness of beef steaks on consumer acceptability ofmreatsurants. Meat
Sci. 45:7585.

Cross, H. R., M. S. Stanfield and E. J. Koch. 1976. Beef palatability as affected by cooking rate
and final internal temperature. J. Anim. Sci. 43: 114-121.

Ferreira, W. N. 2003. Extension Economics Report Analysis of the Meat Pracassistry in
the United States.

Folch, J., M. Lees, G.H. Sloane-Stanley. A simple method for the isolatiopuaification of
total lipids from animal tissues. 1957. J. Biol. Chem 226:509.

Gullett, E. A., D. L. Rowe, and R. J. Hines. 1984. Sensorial assessment of thejaatity of
meat. Canadian Institute of Food Science and Technology Journal 123829-

Henrickson, R. L., and J. H. Mjoseth. 1964. Tenderness variation in two bovazdesiu.
Anim. Sci. 23:325328.

Honikel, K. O. 1998. Reference methods for the assessment of physical cisieetrmeat.
Meat Sci. 49: 447-457.

Hosch, J. J. 2012. Alternative Fabrication Methods for the Beef Carcass.

Hunt, M. R., A. J. Garmyn, K. O’Quinn, C. H. Corbin, J. F. Legako, R. J. Rathmann, J. C.
Brooks, and M. F. Miller. 2014. Consumer assessment of beef palatability from &ur be
muscles from USDA Choice and Select graded carcasses. Meat SeB.98:1

Hunt, M. R., A. J. Garmyn, T. G.’Quinn, C. H. Corbin, J. F. Legako, R. J. Rathmann, J. C.

64



Brooks, and M. F. Miller. 2014. Consumer assessment of beef palatability from &ur be
muscles from USDA Choice and Select graded carcasses. Meat Se8.98:1

Idolo Imafidon, G., and A. M. Spanier. 1994. Unraveling the secret of meat flavodsTFeond
Sci. Technol. 5:315321.

lgo, J. L., D. L. VanOverbeke, D. R. Woerner, J. D. Tatum, D. L. Pendell, L. L. Vedral, G. G.
Mafi, M. C. Moore, R. O. McKeith, G. D. Gray, D. B. Griffin, D. S. Hale, J. W. Savell,
and K. E. Belk. 2013. Phase | of The National Beef Quality Audit-2011: Quantifying
willingnessto-pay, best-worst scaling, and current status of quality characteiistic
different beef industry marketing sectors. J. Animal Scence 91:1907-1919.

Kerth, C. R., and R. K. Miller. 2015. Beef flavor : a review from chemistry to consumer.

Kerth, C. R., L. K. Blair-Kerth, and W. R. Jones. 2003. Warner-Bratzler shear forceatslityat
in beef Longissimus steaks cooked with a convection oven, broiler or cléirgréhe.
Food Sci. 68(2):668-670.

Killinger, K. M., C. R. Calkins, W. J. Umberger, D. M. Feuz, and K. M. Eskridge. 2004.
Consumer sensory acceptance and value for beef steaks of smdarress, but
differing in marbling level. J. Anim. Sci. 82:3293B301.

King, D. A., M. E. Dikeman, T. L. Wheeler, C. L. Kastner, M. Koohmaraie, D. a. King, M. E.
Dikeman, T. L. Wheeler, C. L. Kastner, and M. Koohmaraie. 2003. Chilling and cooking
rate effects on some myofibrillar determinants of tenderness of beef. J. Anim. Sc
81:1473-1481.

Koohmaraie, M., M. P. Kent, S. D. Shackelford, E. Veiseth, and T. L. Wheeler. 2002. Meat
tenderness and muscle growth: is there any relationship? Meat Sdi5-&52.

Legako, J. F., T. T. N. Dinh, M. F. Miller, K. Adhikari, and J. C. Brooks. 2015. Consumer
Palatability Scores, Sensory Descriptive Attributes, and Volatl@mpounds of Grilled
Beef Steaks from Three Usda Quality Grades. Meat Sci. 132577

Legako, J. F., T. T. N. Dinh, M. F. Miller, K. Adhikari, and J. C. Brooks. 2015. Consumer
Palatability Scores, Sensory Descriptive Attributes, and Volatlmpounds of Grilled
Beef Steaks from Three Usda Quality Grades. Meat Sci. 118577

Lorenzen, C. L., R. K. Miller, J. F. Taylor, T. R. Neely, J. D. Tatum, J. W. Wise, M. J. Buyck, J.
O. Reagan, and J. W. Savell. 2003. Beef Customer Satisfaction: Trained sensory panel
ratings and Warner-Bratzler shear force values. J. Anim. Sci. 811483

Lorenzen, C. L., V. K. Davuluri, K. Adhikari, and I. U. Grun. 2005. Effect of end-point
temperature and degree of doneness on sensory and instrumental flavooprofile
beefsteaks. J. Food Sci. 70:1138.

65



Lorenzen, C.L, C.R. Calkins, M.D. Green,R.K. Miller, J.B. Morgan, B.E. Wasser. 2010. Efficacy
of performing WarneBratzler and slice shear force on the same beef steak following
rapid cooking. J. Meat Science 85:792-794.

McKenna, D. R., C. L. Lorenzen, K. D. Pollok, W. W. Morgan, W. L. Mies, J. J. Harris, R.
Murphy, M. McAdams, D. S. Hale, and J. W. Savell. 2004. Interrelationships of breed
type, USDA quality grade, cooking method, and degree of doneness on consumer
evaluations of beef in Dallas and San Antonio, Texas, USA. Meat Sci. 68(329

Miller, M. F., M. a Carr, C. B. Ramsey, K. L. Crockett, and L. C. Hoover. 2001. Consumer
thresholds for establishing the value of beef tenderness . The onliren\adrthis article,
along with updated information and services , is located on the World Wide Web at :
Consumer thresholds for establishing the value of beef tenderness. JS&nim
79:3062-3068.

Montgomery, T. H., and J. M. Leheska. 2008. Effects of various managementgsactioeef-
eating quality.

Mottram, D. S. 1998. Flavour formation in meat and meat products: a review. Reod C
62:415424.

Nursten, H. E. 1981. Recent developments in studies of the maillard reaction.eod C
6:263-277.

O’Quinn, T. G., J. C. Brooks, R. J. Polkinghorne, A. J. Garmyn, B. J. Johnson, J. D. Starkey, R.
J. Rathmann, and M. F. Miller. 2012. Consumer assessment of beef strip loin $teaks o
varying fat levels. J Anim Sci 90:62634.

Resconi, V. C., A. Escudero, and M. M. Campo. 2013. The development of aromas in ruminant
meat. Molecules 18:67481.

Reuter, B. J., D. M. Wulf, B. C. Shanks and R. J. Maddock. 2002. Evaluating the point of
separation during carcass fabrication, between the beef wholesale rib aedfthe b
wholesale chuck. J. Anim. Sci. 80:101-107.

Ritchey, S. J., and R. L. Hostetler. 1964. Relationships of free and bound water ¢t\aibje
scores for juiciness and softness and to changes in weight andaingeof steaks from
two beef muscles during cooking. J. Food Sci. 29: 413- 419.

Savell, J. W., R. E. Branson, H. R. Cross, D. M. Stiffler, J. W. Wise, D. B. Griffin, and G. C.
Smith. 1987. National consumer retail beef study: Palatability evalsatidmeef loin
steaks that differed in marbling. J. Food Sci. 52:51D.

Seggern, D. D. Von, C. R. Calkins, D. D. Johnson, J. E. Brickler, and B. L. Gwartney. 2005.

Muscle profiling: Characterizing the muscles of the beef chuck and rowat. 34i.
71:39-51.

66



Shubert, D. M., Woerner, D. R., Belk, K. E., Tatum, J. D., Delmore, R. J., Hess, A. 2015.
Discovering consumer preferences in steak thickness and common foalsenkery
methods for strip loin steaks.

Sitz, B. M., C. R. Calkins, D. M. Feuz, W. J. Umberger, and K. M. Eskridge. 2005. Consumer
sensory acceptance and value of domestic, Canadian, and Austrasis+fegt beef
steaks. Journal of Animal Science 83:2863-2868.

Umberger, W. J., Feuz, D. M., Calkins, C. R. and Killinger-Mann, K. 2002. U.S. consumer
preference and willingnegs-pay for domestic corn-fed beef versus international grass-
fed beef measured through an experimental auction. Agribusiness 180491

United States Department of Agriculturégriculture Marketing Services (USDA-AMS). 2011.
Livestock Slaughter Report. Accessed March 30, 2012.
http://usdaO1l.library.cornell.edu/usda/nass/LiveSlau//2010s/2011/Lu~€SI2 3-
2011.pdf

USDA-AMS. 1970. Livestock Slaughter Report. Accessed March 30, 2012.
http://usdaOl.library.cornell.edu/usda/nass/LiveSlau//1970s/1970/Liv43I80-
1970.pdf.

Van Ba, H., I. Hwang, D. Jeong, and A. Touseef. 2012. Principle of Meat Aromag$-&na
Future Prospect. In: Latest Research into Quality Control. p:1746

Van Wezemael, L., S. De Smet, ??ydis Ueland, and W. Verbeke. 2014. Relpsdrethieen
sensory evaluations of beef tenderness, shear force measuranteotsisumer
characteristics. Meat Sci. 97:31315. Available from:
http://dx.doi.org/10.1016/j.meatsci.2013.07.029

Van Wezemael, S. D. Smet, Stefaan Ueland, Verbeke, Wim. 2014. RelationsWwpsrbe
sensory evaluations of beef tenderness, shear force measuranteatsaisumer
characteristics. J. Meat Sci. 97: 310-315.

Wharton, M. D., 2008. Internal color and tenderness of the infraspinatus, longifsinacss,
and semimembranosus are effected by cooking method and degree of doneness.

Wheeler, T. L., S. D. Shackelford, and M. Koohmaraie. 1999. Tenderness classificdiaaf: of
IV. Effect of USDA quality grade on the palatability of "tender" bleefyissimus when
cooked well done.. Journal of animal science 77:882-888.

Winger, R. J., and C. J. Hagyard. 1994. Juicirests importance and some contributing
factors. In: A. M. Pearson and T. R. Dutson (eds.) Quality Attributes and their
Measurement in Meat, Poultry and Fish Products. Advances in Meatétebka 9. p
94-124. Springer US.

Yancey, J. W. S., M. D. Wharton, J. K. Apple. 2011. Cookery method and end-point

temperature can affect the Warner-Bratzler shear force, cooking logst@mi cooked
color of beef Longissimus steaks. Meat Sci. 88:1-7.

67



Appendix A

Consumer survey
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Drag the following plctures into the box according fo your preference.

Most Desirable

Most Desirable
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Drag the following pictures into the box according to your preference.

Most Desirable

Drag the following pictures into the box according to your preference.

Most Desirable
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Drag the following pictures into the box according 1o your praference.

Most Desirable

Drag the following plctures into the box according to your preference.

Most Desirable

Least Desirable
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Drag the following pictures Into the box according to your preference.

Most Desirable

Drag the following pictures into the box according 1o your preference.

Most Desirable
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Drag the following pictures into the box according 1o your preference.

Most Desirable

Least Desirable
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Appendix B

Shear force day data sheet for internal and external color
measurements
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NCBA Beef Flavor Project
Talita Mancilha

Cook Date
Sample #
External MiniScan Values Internal MiniScan Values Degree of Bamsen
L*M L*M Rare
A* M A*M Medium Rare
B*M B* M Medium
Medium Well
Well Done

Internal Color

1 2 3 4 5 6 7
Purple Red Reddish  Pink Pinkish ~ Light Medium  Dark
pink grey brown brown brown

External Color

1 2 3 4 5 6 7 8
Light Grey Greyish Light Brown Dark Brownish  Black
grey brown brown brown black
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Appendix C

Sensory panel response ballot
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Sample 1

Initial Tendemess
s

Very Tendsr
100

Sustained Tendemess
Very Tough

Chici 1y wirtte Cradics 1

Very Tender
100

78

‘Viery Tender
100

Very Juicy
100



Buttery/Fat
Mot Presant

79

Vary Inisnasa

[ wat Appiicatie

ary Intense
100

Vary Intenss
160

O net Appiicabie

Viary inimnsa
0o



BloodyMatallic

it Prasent Vary Intenae

[+] ]
O ot Appiicabie

L

Livery

Mot Present Very Intense

L] 100
O Mot Appiicatis

&

Oxidirad

Mert Prosar Vary Intenns

[} e]
[0 net Appiicabie

L
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Appendix D

Sensory data correlation
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Initial Sustained Overall - . .
Tenderness Tenderness Tenderness Juiciness  Beef/Brothy Brown/Grilled  Buttery Burnt Bloody Liver
Sustained 0.95651*
Tender ness
Overall 0.98078*  0.99031*
Tender ness
Juiciness 0.60476* 0.59834* 0.59034*
Beef/Braothy -0.0414 -0.10033 -0.06116 -0.19712*
Brown/Grilled -0.23966* -0.25545* -0.22997* -0.26223* 0.37896*
Buttery 0.39864* 0.36224* 0.36448* 0.53337%* 0.21388* 0.06415
Burnt -0.23362% -0.30282* -0.2457* -0.35155% 0.03068 0.43932* -0.1365
Bloody 0.59934" 0.59483* 0.58475* 0.63054* -0.29565* -0.56728* 0.33088* -0.45157*
Liver 0.03891 -0.08814 0.01621 0.10635 0.14115 0.19014* 0.35731*%* 0.26756* -0.07159
Oxidized -0.23147* -0.2395* -0.23722*% -0.27423* -0.6301 0.0441 -0.03877 0.0401 -0.15521 0.18034

*Correlation coefficient differs from OR(< 0.01)
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