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ABSTRACT

DISCOVERING CONSUMER PREFERENCH®RSTEAK THICKNESS AND COMMON

FOODSERVICE COOKERY METHODS FOBEEFSTRIP LOIN STEAKS

The objective of this study was to quantify consumer preferencetetkthickness and
cookery method. Paired strip loins from 38 carcasses it &harbling scors wereobtained
from a commercial packing facility. Each strip loin was cut into 2 sections {idrseper
carcass) and each section was randomly assignedft4 cookery methods (COQK)) grill
(GRILL); 2) grill mark then finish in a steam oven (MARK+FINIBE) par cook in a steam
oven then mark on a grill (PAR+MARK); 4) broil (BROIL). Each section was vacsedaed
and agedt 2°C for 21 days before being frozen. After freezing, three sets of paired staaks we
cut from each section representing threekste@kness treatments (THICK): 1)9cm; 2) 2.5-
cm; 3) 3.8-cm. For each cookery method and steak thickness combination pair, a single steak
was designated for evaluation by a consumer panel while the other steak graacatssi
objective teshg for meaures of tenderness, cook loss, and visual appearance. Known beef
consumers (N = 307) evaluated each of the 12 treatment combinations of thickness aryd cooker
method for tenderness, juiciness, flavor desirability and overall desyalslitg a 15em
undructured line scale. A significant COOK x THICK interactiéh< 0.05)affectedconsumer
panel ratings for tenderness, juiciness, and overall desirability. As a rfeaif @OOK
influenced (P = 0.0005) consumer ratingsffavor desirability however, inconsistencies
between the present and previous studies suggest that conateddiavor desirability may
have been affected more heavily by tenderness, and juiciness in what is termece&ébtilo

than by actual differences flavor due to cookery method. The BROIL, t®-thick steaks



were more desirablian 2.5 and 3.8m BROIL steaksas rated by consumers for overall
desirability, tenderness, and juicinessd weremore tender as evaluatadingWBSF and SSF
(P < 0.5). The GRILL mehod was among the most highly rated for consumer overall
desirability, and naignificant difference was fourekisted betweemHICK treatments
Consumer overall desirability ratings, consumer tenderness ratings anval8&s-for he
PAR+MARK cookery mdtod had,more desirable valuder 3.8cm thicksteakscompared to
1.9 and 2.5%em thick steaks. The MARK+COOK method was ratedhiigaest for consumer
overall desirability, tenderness, juiciness, and had the lowest SSF and WBSFRa&lies)(

The MARK+COOK method was the most likely to offer consumers a desirablg eatin
experience at sak thicknesses of 2.5 and 3.8-cm thick. The PAR+MARK method was more
likely to result ina more positive eating experience as steaks were cut thickemi3as
demonstrated by consumer ratings for overall desirability. The GRILhodédtad the least
amount of variatiomn consumer ratings for overall desirabiliigtween steak thicknesses for
positive eating experience. Cookery method and steak thickness should be chosen ircthe corre
combination in order to deliver consumers with a positive eating experience iseicock

industry.
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CHAPTER 1

INTRODUCTION

The population of cattle produced in the Udit&tates is incredibly diverséhe
population inclu@s cattlebred specifically for different purposes such as meat, breeding, and
milk production. In addition, beef cattle are also bred to be better adapted to environmental
differences, another source of variation in the cattle population. In the 2005 Nagahal B
Quality Audit, a goal to specifically target “weights that maximize profits witlcoeating
conflicts with consumer preference” was outlined (Smith et al., )2@3&eme genetic diversity
within the domestibeef supply is one of the greatest challenges when trying to deliver a
consistent producbtconsumers in all sectoo$ the industry.

Another important source of inconsistency is the industry’s hesdianceon carcass
weight as the primary drer of gross dollar value. Theend toward heavier cattle reaching
packing facilities can be attributed in parthe shrinkng cattle herdThe National Beef Quality
Audit allows for the tracking of national averages in hot carcass weight jr#@t\ribeye area
(REA) measurements. When comparing the National Beef Quality Audit of 1991 td 2Gi1,
HCW increased by 29 kg, afREA increased by 5.4 éhfLorenzen et al., 1993; Moore et al.,
2012).This increase in HCW has served to increase the efficiency and sustainlésf o
production by increasing the amount of beef produced while maintaining a smatieahebw
herd size (NCBA, 2014).

However, ncreasd HCW hasprovided additionatonsistency challenges ftireretail
and foodservicesectors of the meat industry. There has lzeeoncentratedffort to find
innovative fabrication techniques to mitigate the severity of these consisteneg.

Improvements in sorting and marketing of beef products is one way to combragdéarity



and inconsistency challenge®ated by such a variety in hot carcass wei@sn et al., 2000
These changes in tlzattle productiorsystemhaveprompted the industry @lionalCattlemen’s
BeefAssociatiof to concede to alternative cutting and merchandizing optiozsf Bternative
Merchandising). Thesetalnative options advocate reducing portion sizes by halving sodgri
and cutting thicker steaks that are smaller in diansgtdresemble the size and shape of a filet
steak Theretail and foodservice industries amathertransitioningtoward thinner cut steaks to
maintain portion sizeBom larger subprimal cuts, or acatting thicker steaks using this
alternative fabrication metho@8eefAlternativeMerchandisinguttingmethodsmay have more
opportunity in the foodervice seor raher than the retail case (Sweeter et2005; Dunn et al.,
2000) These alternative fabrication methods come with their own set of challengles retail
and food service sectors of the industry. For instance, they require very skitedalad regit

in yield loss due to additional trimming of the cuts.

There isno published evidence that steak thickness alone (disregarding degree of
doneness and cooking method) contributes to tenderness, juicneasiall desirability of
steaks. Howevemany consumers and experts speculate that steak thickness caontoledeh
of these attributesScientific evidence was needed to justify steak cutting strategies and
preparation methods moving forward in order to deliver a consistent, positive eqi@rggece
for consumers.

Food service operators and restaurateurs utilize a variety of preparation nfieiHoeseks
steakseach of which employ different methods of heat transfer, wdaohaffect steak sensory
attributes including tenderness, juiciness, flavor, atefmal and external appearanirethe
food service industry, the decisideterminingsteak cookery method is based upon the volume

of steaks being prepared, kitchen space availability, equipment availaiiliy of serving (e.qg.



buffet, plated, carving stations, etc.), and the preference of the head chef or kitchgemidrea

2011 National Beef Quality Audit stated that eating satisfaction is Eeisecond only to food
safety in the industry sectors adgkersfood srvice estaldhments, and retailers (Igo et al.,

2013). Steak preparation decisions then should be made by weighing which cooking method will
deliver the most positive eating experience for the consumer.

The majority, over 96%, of beef in the foservice and retaihdustry is classified as
tender or very tender based on WBSF values reported in the 2006 National Beef Tendernes
Survey (Voges et al., 200Qnce tenderness is no longer a negative eating facosumes
turn to flavor to make decisions about overall like (Platter et al., 2Q@8ay be that the vast
majority of consumers prefer a single preparation method over all of the, @hignhay be true
that no one group can agree on a preferred preparation method for stealseriimedcookery
methods have nditeen studied in great detail to increasderstanding of theeffects on the
consumer’s eating experiendr.order to create steak cooking guidelines for the smydice
industry, more information was necessary to understand the differences dreaigt the
modificationof steak thickness and cookery method.

The objectives of this study were:

e To determine the influence of steak thickness and commors&ette
preparation method on the baeihsory experience perceived by invested beef
consumers

e Toestablish WBSF, Slice Shear Force (SSF) values¢caokloss percentages
for steaks of varying thicknesses and resulting from commonseice
cooking methods

e To obtain objective indicators ekternal and internal cooked steak appearance



e To establish recommendations for steak thicknesses and cooking methods for

beef loin steaks cooked in fogdrvice applications.



CHAPTER 2

REVIEW OF LITERATURE
Consumer Preferencesin Thickness and Portion Sze

Regularbeef consumers individually prefer steaks cut to a thickneseftbed them the
best eating experience. Leick et al. (2011) reported that 26.9% of consumépaaicated
steak thickness as their most important criteria when buyingeisieaks. When buying top loin
steaks, 32.12% stated that steak thickness was the most importantdasidered before
purchasdLeick et al.,2011). When consumers were asked to evaluate ribeye steaks of varying
ribeye areas (REAQNnd constant weightsr purchasgsteaks that were thinner (from heavier
carcasses) were chosen 26.7% of the time. Ribeye steaks from the smallesitégory were
chosen least frequently, presumed by investigators as being less preferiedrda# surface
area and increased steak thiclen@seick et al., 2011).

Consumers had more variable selection preferences for top loin steaks. A portion of
consumers preferred thicker steaks while a portion preferred thinner stealsdtal., 2011).
Sweeter et al. (2005) cut ribeye rolls from carcasses vairyiRgA into steaks of constant
thickness, and also halved steaks to mimic thefBlternativeMerchandising cutting method,
and asked consumers to identify which steak they preferred. Sweeter et al. (20Qib)ecbtiat
consumers preferred “large” steaks, cut from carcasses with a greater Rip&red withthose
originating from “average” sized carcasses. Consumers alscowsraiilling to buy steaks cut
in half if they were discounted by US$1.01/kg (Sweeter et al., 2005). Regardlesstioémh
steaks were cut to a constant thicknasseight, consumers more frequently selecieeye
steakdrom subprimals that had a larger REA (Dunn et al., 2000; Sweeter et al., 2005; Leick et

al., 2011). Bass et al. (200@sted whiher REA influenced the acceptability of portion cut



steaks from carcasses with various REAs and did not find a relationship betwgerardgseand
the acceptability of portion cut steaks from other muscles in the beef carcass

In the retail sector, thefgas been no identified REA range that is more appitepghan
another. Although thickness does mgpa consumer’s steak preferenmesearch has shown that
there is no one thickness that is consistently preferred over another (Laigk2812). Since no
REA range was preferred over another, it appeardttaathere is a buyer for every size of steak
in the retd case (Sweeter et al., 2008d)onsumeremphasizedolor, marbling level, and
thicknessmorethan they do price when buyisteakqLeick et al., 2012).

In the food service industry, Dunn et al. (2000) determined that the optimum REA range
for portion cut steaks was between 77- and®7-Steaks cut from carcasses with a REA of 77
to 97-cm? were observed to have optimum cooking times and tenderness ratings. These steaks
offer the most desirable experience for both the fmdice restauramreparing the steaks
well as the consumer eating the product (Dunn et al., 2000). Steak thickness was ttye prima
factor in determining variability of cooking terof steaksln order to deliver a consistent
product to customers, uniformly sized products should be ordered by thecivizk restaurant
in orderto minimize variabilityin thickness and portion siZ€here is a smaller margin forrer
for thinner steaks when cooked to specified end point temperatures and some food service cooks
may not be able to consistently deliver tustomerspecified degreefaoneness (Dunn et al.,
2000).Selectng for a consistently sized product should tiwariations in cooking timand
inconsistencies in degree of donenesswell as ensure that consumers are not recieving a

compromised eating experience (Dunn et24Q0).



Consumer Preferences in Cookery Method

Among many other factors, degree of doneness and cookery method are two consumer-
controlled factors thatffect eating satisfaction when preparing beef steaks in the household
(Lorenzen et al., 1999; Neely et al.,1999; Savell et al., 1999). Cookery method has the
opportunity to affect abensorytraitsincluding tenderness, juiciness, and flavor (Goodson et al.,
2002). Thus, the way consumers choose to prepare steaks of any kind in home greatbgsnfluen
their chances agither having positive or negativeating experience (Goodson et al., 2002).
Similarly, the way that a fooskervice restaurant chooses to prepare steaks can also greatly
influence the probability of a consumer having a great eating experience.

Many Beef Customer Satisfaction surveysédnbeen completed over thiears to
determine the consungichoicesand preferred cookery methémt steaksn their own kitchens.
The consensus from these surveys is that the preferred cookery method is incamgistent
regional.Consumers from differemegions of the United States had variable preferences in both
degree of doneness and cookery method (Savell et al., 1999; Lorenzen et al., 1999; Mdegeley et
1999). Therefore, few conclusions can be drawn about consumers preferences in cotbiaety me
basd on previous research.
Beef Tenderness

Tenderness is the most influential factor in determining consumer actigptioverall
eating experience of steaks and beef products (Szczesniak and Jorgenson, 1965;a@ohmar
1996; Platter et al., 200Btuffman et al.1996). Miller et al. (2001) conducted research to
determine a “threshold level” for acceptability of tenderness as deterbyrmhsumers by
correlating shear force values with consumer acceptability. A threshelddewWBSF of <3.0,

3.0t0 4.3, and >4.9 kg resulted in 100, 93, and,28%pectivelyconsumer satisfactiamtings



for beef top loin steaks (Miller et al., 2001). Shackelford et al. (1@&Jbrtecthat WBSF values
of 4.6 and 3.9kg would hve a 50% and 68% chance, respectwdlg,rated “slightly tender” by
consumers.

Boleman et al. (1997) utilized the WBSF threshold level okd.6stablished by
Shackelford et al. (1991) in a poll of consumers in order to determine their perceptiops
loin steaks of various, but known, shear force values. When consumers were not informed of
shear force values, they only selected steaks from the “tender” categdvy @38 time.
However, when consumers were informed of shear force tenderness values, consumers
purchased steaks from the “tender” group 94.6% of the time (Boleman et al., 1997). Censumer
believe that tenderness is imfaot to their eating experiene@d are willing to pay more for a
product that is ofjluaranteedenderneskevels(Miller et al,, 2001; Platter et al., 20D3t is
important for all sectors of the beef industry (packer, retailer, andsirwite) to manage beef
products correctly in order to maximize tenderness and increase the prolladilthe
consumer will have a positive eating experience. Before beef products reachdtberfoce
restaurant or retail counter, production of tender beef products should be addresggd thr
genetic selection, nutrition, animal health, and postmortem aging.

Marbling. Much research has been conducted in order taex{iie effects of
intramuscular fat on tenderness, juiciness, and flavor of beef pro8uatses have describe
low to moderatepositive relationship between marbling and beef sendoajts (Briskey and
Brey, 1964; Jeremiah et al., 1970; Smith et al., 2008). Intramuscular fat is lesshdensetein
and serves to dilute connective tissue and muscle fibers (Lawrie, 1966; Jereahiah9F 0;
Smithet al, 1973). One propertyf samples that have a greater amtaf intramuscular fat

include reduced resistance needed to disrupt myofibrils. This creates a ng@renteat product



because less force is needed to cheWwagmenthe product (Smith et al., 1973). Bratcher et al.
(2005) reported significant tenderness differences ihntinaspinatus, Triceps brachii — lateral

and long headserratus ventralis, Complexus, Spolenius, Rhomboideus, Vastus lateralis, and

Rectus femoris from USDA Selectersuspremium Choice carcasses. The lubrication theory
suggests that samples that readily release fataortain juiciness for a more sustained amount
of chewing have a higher perceived tenderness. Briskey and Kauffman (1971)eilidnge st
steaks with greater lubricati due to increased marblingpintaired quality attributes more
sufficiently when exposed to extreme cooking methods or when cooked to a more sgreze de
of doneness.

Postmortem Aging. Aging has been the most influential postmortem practice used to
improve beef tenderness (Smith et al., 1978; Calkins and Seideman, 1998; Tatum et al., 1999).
Previous studies have found that beef tenderness increased each day post slaughegr, and ov
80% of the aging response occurred within 6 days post m¢8emth et al, 1978; Calkins and
Seideman, 1998). Muscle aging time in the industry has gegapproximately20 days, but
aging periods have beéound to range from 2 to 91 days (George et al., 1999).

Tenderness increase#th postmortem agindue, partiallyto enzymatigroteolysis and
loss of structural integrity of myofibrillar and stronpaibteins. Destruction of myofibrillar
proteins causes disruption in sarcomere integrity (Koohmaraie, 1996). This ti@stiruc
sarcomere integritimproves tenderness, and is one of the primary causes of the aging response
(Goll et al., 1983; Koohmaraie, 1996). Cytoskeletal proteins are highly susceptiblestlysist
and enzymatic degradation during the aging period (Wang and Ravitcd®ell, 1983;

Bandman and Zdanis, 1988he cytoskeletal proteins thate targeted by these degradation

enzymes tancrease tendernedaringpostmorteragingare Titin aad Nebulin. Titin and



Nebulin are largely responsible for structure of the muscle fiber ardkgraded within 7 to 14
days postmortem. Lack of these structural proteanse detachment of contragtgroteins
from the Zdisk (Huff-Lonergan et al., 1995). Nishimura et al. (1998) foundgtrattural
weakening of the perimysium and endomysiuasmost evident at 14 days of aging. This
weakening of connective tissue has been attributed tatheptic enzymesgjastase and
plasmin (Greaserl997).Initial tenderness improvemergsstmortem can be attributed to the
myofibrillar changes, and the more gradual tenderness increases tlesral&tar in the aging
process can be attributed to connective tissue degradation (Feidt et al., 199, &ralas1998;
Nishimura et al., 1998).

Cookery Method. Many factors are very influential to the innate tenderness of beef
products, yet beef product tenderness is also influenced by product handling at e Vared
or retail level.The factors that influence tenderness at the fmvdice and retail level inatie
preparation techniques, cookery method, and degree of doneness (Hedrick et al., 1968; Savell, et
al., 1987, 1989; Pohiman et al., 199vlany research studies have evaluated different cookery
methods in order to determine their effects on WBSF and SSF. Identifying how aycooker
method changes the internal properties of steaks has been important to developtaridald’s
cookery methodor WBSF and SSF assessment. Although scientists can agree that cookery
methods influence tenderness, scientists hatget completed studies to determine the
influence that food service cookery method has on the consumer’s eating experience.

Cookery method has been studiearder to determings effect on tenderness during the
SSF and WBSF processes. Hedrick et al. (1968) compared the methods of deemfahétyin
broiling of steaks to find that steaks that were deep fat fried had higher WR@E.v®ther,

more recent studies have studied more novel cookery methods such as clamishell gril
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convection ovens, electric grills, and more (Lawrence et al., 2001; Kerth et al., 20037McKe
et al., 2003; Bowers et al., 2011; Yancey et al., 2011; Callahan et al., 2013). For instance,
Lawrence et al. (2001) reported that a forced air convection oven and electac thadillower
WBSF values than did a belt grill. Also, Yancey et al. (2011) reported that the convection oven
had lower WBSF values thalid a clamshell style grilDiscrepancies between WBSF and SSF
values for each cookery method studied have also been witnessed.research study, steaks
cooked using alamshell grill had the highest WBSF values, wktieaks cooked with a
conveyor convectiorgr agrill had the highest SSF values (Callahan et al., 2013). Although
much research has beeonducted, there have been no consistent conclusions drawn regarding
which dry heat cookery methods haklie greatesimpact on the tenderness of steaks. There are
many factors influencing the effect of a cookery method on steak tenderness, wodmudes
of heatingcreate the same results in beef products. This inconsistency in cookery method and
heat transfemakes comparing cookery methods utilized in these various studies difficult.
When studying the differences between dry and moist heat cookery methodstliablle
(2004) found that beef cooked utilizing a moist heat cookery methods had lower WBSF values
for theM. adductor, M. rectus femoris, andM. semitendinosus than did steaks from the same
muscles cooked ug a dry heat cookery methd8lowers et al. (2012) studied the effects of
cooking type, moist or dry, dmeefroasts. No significant difference was found between the two
cookery methods except in WBSF values when roasts were cooked to an end pointueenpera
of 76.7”C. The moist heat cookery methads found tohave a tenderizing effect on the roasts
when measured by WBS#hen cooked to an end point temperature of5.[T is important to
note that tenderness differences due to cookery method are dependent upattribates

within each muscleMuscles from different parts @ carcass, with different intrinsic
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characteristicsshould not be expected to perform the same adsaifigissimus muscle using any
cookery method.

Sarcomere Length and Collagen Solubility. Heating, or cooking, of meat alwagauses a
reduction in sarcomere length, which is responsible for increasing toughnesksfditeng the
cooking process. However, many studies have shownhthaxtent of sarcomere shortening
during the cooking process was dependent on the sarcaength In the raw state as affected by
postmortem changes and proteolysis (King et al., 2003; Hegarty and Allen L b@K8r and
Danes, 1975; and Wheeler and Koohmaraie, 1999). Palka (2003), when studying the beef
Semitendinosis muscle, found that sarcomere length decreased continuously as end point
temperature increasedowever,musclefiber diameter was only affected until 50260had been
reached, and there were no decreases in fiber diameter at higher temperatuag2 @3k
Furthermore, differences in sarcomere length are negatively correlated to £opkiocentages
(Palka, 2003). As sarcomeres shrink, their water hgldapacity decreases as wkligher cook
losses, combined with shortening sarcomeres, compouretteate tenderness of cooked
steaks.

Parrish et al. (1973) discussed the collagen solubility point of meat td®@eB#btola et
al. (1994) reported that collagen in a sample was completely solubilized at anr&nd poi
temperature of 6& after 5 minutesin order to impact tenderness and reduce background
toughness, this threshold should be met in order to solubilize collagen during the cooking
process. Thin steaks that cook very rapidly may not reah &6d be held there for 5 minutes
due to theilextremely fast cooking timedhis decreases perceived tenderness ratings in samples

from thin cut, rapidly cooked steaks (Dunn et al., 2000). Cooking thinner steaks at a lower

12



temperature for a longer period of time may be useful to increase tenderndesvinga
collagen to solubilize to the maximum of its potential.

Obuz et al. (2004) found that because the collagen content lobribiessimus lumborum
was so low, the effect of cooking the steaks past the solubilizing point of collagenrisdeer
by the shortening and tougheninfthe myofibrillar proteinsThe length of sarcomeres likely
has a greater effect drongissimus tenderness than does collagen amoumbllagen solubility
due to the small amount of collagen in tlamgissimus muscle(Obuz et al., 2004).

Cooking Yield

An area of interest when studying cookery method has been cooked yield and cook loss
percentageslhe amount of time it takes to cook steakfizing any given cookery method
greatly impacts the final yield of the research steaks (Callaleln 2013; Dunn et al., 2000).
Callahan et al. (2013) discovered that the cookery method that took the shortestatinael dse
highest cooked product yields. Conversely, the cookery method that took the greatestohmount
time had the greatest amount of cook loss, and the lowest cpo@dct yield (Callahan et al.,
2013). Cook yield tests conducted on portion cut steaks finatdhicker steaks had a greater
amount of cook loss than did thinreteaksThis difference was attribudeto a longer cooking
time associated with cooking thick steaks all the way through to a ddsgeeksof doneness
(Dunn et al., 2000).

Yancey et al. (2011), while cooking to a common degree of doneness, found no
differences in cooking loss percentage®agthe cookery methods of forced air convection,
charbroiler, impingement oven, clamshell grill, or electric countertajuigs. Berry (1993)
reported no differences in cook loss when comparing an electric broiler and tpndiler

Conversely, broiled steaks were found to have higher cook losses than those that were cooked on
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a grill or in an ovenKerth et al, 2003).Similarly, steaks cooked on a clamshell grill had less
cooking loss than those cooked on an electric broiler (McKenna et al., 2083 ffétt of
cookery method on cooked product yield is inconsistent from study to study, and may depend
more on the method of heat transfer as well as the temperature setting of fyelBlesiler.
Research has reported that steaks that are seafednan outer shell of dehydrated
material, tend to loose less water through the evaporation process, egpéwallcooked to
higher end point temperaturéd/lieeler et a).1998; Kerth et al., 2003; Bowers et al., 2012).
Searing of steaks is largely dsqglent on a conduction method of heat transfer as well as
temperature of cooking, and amount of moisture present in the cooking environmemetkert
al., 2003). This effect should be taken into consideration when comparing results of cooking
yield due tocookery method, particularly when different heat transfer types are employed.
Cooking Time and Rate
In the food service industrincreased carcass weights and REAS pose a challenge when
portion cutting, preparing, and cooking steaks. In portion cut steaks, thickness atmotlnats
majority of variation in cooking time (Dunn et al., 2000). Steaks from larger ribsges,
portion cut, are thinner and have a greater amount of surface area, offestey adaking time.
In contraststeaks cut from smaller ribeyes are thicker, have less surfacarmdeaill take a
greater amount of time to cook. Cooking time is also directly related to efficoémaat
transfer, and oven temperature (Yancey et al., 2011). Cross et al. (1976) found that oven
temperature has a large impact on the percemioagture that is evaporated from steaks.
Cookery methods employing a conduction style of heat transfer are found toentieaste of
cooking when compared to convection style cookery methods such as convection ovens, or

electric broilers (Kerth et al., 2003; Lawrence et al., 2001; Yaetal 2011). Cooking yield
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was also affectelly type of cookery method (dry or moist heat cookery). Steaks that were
broiled, dry heat cookery method, had lowetaired cooked product yielithan steaks that were
roasted, moist heat cookery meth{&enk et al.1985).

Althoughsteakthickness has been founditopactcooking time, cooking rate of steaks
does not differ from one thickness to another, and depends instead on heat trangfec\effici
and temperature of the Hawey unit (Dunn et al., 2000). Berry (1993) noted differences when
comparing within steak tenderness uniformity, when steaks werectabki#ferent rates of
speedTenderness uniformity increased witipidly cooked steakajhile tenderness uniformity
decreased in steaks cooked at slower rateszefable tenderness gradient existesteaks that
were cooked at slower rates (Berry, 19%3eak hickness has been found tormgatively
correlatedwith shear force valugsvhile surface area of stedkas been reported to be positively
correlatedDunn et al, 2000Rate of cooking alsmfluences cooked product yielfteaks that
were cooked at faster rates often are seen to have higher cookiugliessthan do slower
cooking methods (King et al., 2003; Cross et al., 1976; Lawrence et al., 2001).

Juiciness

Juiciness of steaks can be attributed to many factors, including: pH of the eteat, w
holding capacity, intramuscular lipid content, and end point temperature to which theasea
cooked. Juiciness perception depends upon both initial juiciness due to fluid release as well a
sustained juiciness through the chewing process (Weir, 198l juiciness is described as the
first wetness thiais perceived during thigrst few seconds of chewin§ustained juiciness relies
on the stimulation and release of saliva by the fat that is within the sample (Br&Zby, 1

Wheeler et al. (1998) reported higher senganyel juiciness ratirgfor sseaks cooked on

a belt grill rather than cookedilizing an electric broilerThese juiciness scores were attributed
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to the higher value for cook loss for steaks cooked with an electric broilehefadre, the
evaporative portion of a steak’s cook loss contributes to lower juiciness ratisgsnas trained
sensoy panels (Cross et al., 1976). Cookery method has not been found to influence lipid
retention in steaks and roasts (Renk et al., 1985).

Flavor

The term flavor is extremely hard to defiaed there are many factors that influence a
product’s flavor. Flavor is an attribute that employs three sensory systeris,more than
simply taste on the tongue, and has a vast array of descriptive terms.istagte on the tongue
andsoft pallet, volatiles stimulating the olfactamgrve and sensations in the mouth and
airways.Furthermore, texture, visual appearance, and other sensory factors méputetidra
consumer’s opinion of a sample’s flavor.

An animal’s diet plays an important role in flavor of beef produbiffering dietscan
causevery smalldifferences ira ruminating animal’gatty acid profile, but above all, differences
in dietsimpact the amount of intramuscular fat an animal depdsiter (1956) and McBee and
Wiles (1967) reported that as intramuscular fat incredls@sr also increases a direct, linear
relationship. Although many have published that beef flavor increases with beeftent,
Melton (1990) found that differences in flavor due to feeding practices were confouBe@aig
flavor is complex and incredibly subjective, and it can be concluded that dlamifdiffers no
one beef flavor can be described as being more desirable than another.

Two main reactions, the Maillard reaction and the thermal oxidation of fatty,aci
influence beef flavor development during the cooking process. Different cookdrgdaempart
different flavors due to variations in heat transfer type, rate of cookingtur®icontent, and

temperature of the coolg meat product (Rhee, 1989). These differences in cookery methods
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govern the possible reactions that can take place, and ultimately determine tagamaf the
cooked meat, as well as the intensity of the flavor of the cooked product (Rhee M&8@&)m
(1996) explained differences in volatile compounds due to the Maillard reaction in thegcooki
processRoast flavors are generally attributed to heterocyclic amines such as pyrdarwss
and oxazolesyhereasa broiledmeat emits a greater amount of aliphatiolf) sulfides, and
disulfides. Each of these volatile compounds impacts flavor and aroma in a uniquengays, a
explain the flavor preferences that consumers have in relation to cookery methadr(iyiott
1996).

Lorenzen etl. (1999) reported differences in beef flavor ratings due to cookery method
in a study that polled consumers from martiesiacross the United Stat€onsumer flavor
ratings for the different cookery methods were inconsistent from city tswifyesting regional
flavor preferences (Lorenzenadt, 1999) Furthermoreexcessive crust formation, created from
high-heat, conduction cookery methods, may inhibit a consumer’s ability to evaluate ke stea
objectively (Wheeler et al., 1998).

It has abo been noted that cooking rate and holding time may also have an influence on
the potency of the beef off flavors (Calkins and Hodgen, 2@)@yver cooking time and longer
holding times may allow for off odors to dissipate and lessen in intensity (€akd Hodgen,
2007).

Ribeye area has also been found to influence beef flavor intensity. Steaksiaten s
ribeye areas have been found to possess a more intense beef flavor, while steaksthdrom
larger ribeye areas generally have a weakef Bavor. Much of this flavovariationis likely
due to intrinsic factors that change due to muscle fiber type (myoglobinntcata,

concentration of polar lipids, and glycolytic storage). Howevamals with small ribeyes
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generally yield portion cut steaks that are thicker. Thickness may pidg iaa flavor diferences
between ribeye areaSteaks that are cut thicker also have longer cooking times, which allows
for a greater amount of time for flavor development (Dunn et al., 2000).
Color

In orderto objectively measure color differences in meat, two devices have been used: a
colonimeter and a spectrophotomet@&rcolorimeter is used to detect and measure small color
differences in samples that have nearly the same dblmes a combinatioof illuminant and
observer to measure CIE L* (lightness), a* (redness), and b* (yellowness3.value
Spectrophotometers are more complex instruments that offer many combieéiimyss

Degree of doneness is the most influential factor determintagnial color of cooked
steaks. However, cookery method and steak thickalsssmfluenceinternal and external
appearancef steaksA slower rate of heating will produce a less wihe internal appearance
than a faster heating system (Berry, 1993). Furthermore, one study foundetivatlicolor for
steaks cooked through forced-air convection, charbroiler, and impingement oven haddmore re
internal appearances as measured by CIE a* while countertop griddles as el@mshell grills
had less red ietnal color on the red, CIE a*, scale (Yaneg¢wl., 2011). Asteam combination
ovenwascomparedo a forced air convection ovesmd internal steak color measurements were
obtained. The convection oven had higher, more red, internal CIE a* measuréBosvess et
al., 2012). Thinner steaks also have a higher visual degree of doneness score than thicker cut
steaks (Dunn et al., 2000).

Bowers et al. (2012) reported that when using a steam combination oven rather than a
forced air convection oven, roasiad a lighter, more tan appearance with a greater amount of

moisture at the surface of the product. The product that was cooked in the convection oven had a
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hard shell and was darker in color, witdrger outward appearance (Bowers et al., 2012).
Although roasts had differences in external appearances, there was no diffeetteenal lean
darknessCIE L*) values measured on the external lean portion of the roast (Bowers et al.,
2012). Cookery methods utilizing a high moisture environment stitess browning effects.
Also, cookery methods using a conduction method of heat transfer have a greateinthanc
creating dark, or charred external appearances due to direct adratmsak surfacewith the

heat source.
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CHAPTER 3

MATERIALSAND METHODS

Institutional Animal Care and Use Committee approval was not required for thysastud
samples were obtained from federafigpected harvest facilities.
Product Collection and Sample Preparation

USDA Low Choicebeef carcasses (n = 38) were selected from a commercial processing
facility. Collection of samples waompleted in three product collection periods that coincided
with three consumer panel perio@arcasses with a Small degree of marbling and no large
visible defects in the loin prial were identified and tracked to fabrication, whea@gxd strip
loins (IMPS 180)were collected from each carca®@sce collected, strip loins were transported
in coolers to the Colorado&e University Meat Laboratoriach strip loin was cut into, 28-
cmsections (4 sections per carcaSgctions were created by cuttingd@ sections beginning
at the anterior of the strip loinggendicudr to muscle fiber orientatio@nce cutsections were
randomly assigned to one of four coukmethods (COOK)1) grilled using a radianiteat,
open-heartlyasgrill (GRILL); 2) initially grill marked on aradiantheat, operhearth, gas grill
andbrought to final temperatuia a steam oven (MARK+FINISH); 3) initially par coed
(warmed to a determined internal temperature) steam oven argtill markedon aradiant
heat, open-hearth, gas g{RAR+MARK); 4) broilkedin a commercial broilerBROIL). Sections
were vacuunsealed and wedged (2°C) for 21 days before being frozen {€)00nce frozen,
each section was cut using a baag(Model 400, AEW-Thurne, AEW Engineering Co. LTD.,
Norwhich, UK) into 3 pairs of steaks (6 steaks) representing 3 steak thickradssetrts
(THICK): 1) 1.9-cm; 2) 2.5-cm; 3) 3.8m. Steak THICK teatment location wasndomized

within each section Within each pair, aingle steak from wasandomlydesignated for

20



consumer panel3he other paired steakas designated for objective measurements of
tendernesscook lossand internal and externalloo. All 12 COOK x THICKtreatment
combinationsvere represented within each pair of staps, so that comparisomgeremade
within animal

Cookery Method Standard Operating Procedures

Standard operating procedures (SOPs) were outlined for each cowdbigdto ensure
consistent cooking practices through consumer sampling at three differeiuriscite SOPs
were also utilized during the cooking process for steaks destinsddar force, and color
measurementd he target end point temperature dtirsteaks was a medium rare degree of
doneness, 68. Steaks were cooked to a medium rarép8egree of doneness to more closely
represent endpoint steak temperatures in food service applications.

For the GRILL cookery method, an open-heardidjantheat,gas heated grill was set at a
medium or high heat, with the targetjigerature for the hottest portion of the grill of 32 3as
measured by an infrared thermomdtafraPrc® 35639-00, Oakton Instruments, Vernon Hills,
IL). Steaks were grilmarkedat the hottest portion of the grihh both sides in a cross hatch
pattern(45° rotation from grill gratesallowing one minute of contatime with the grill per
hatch.Once grill markedthe stels were flipped every 2 minutes. Stdakiperature was
measured in the geometrical center of each steak using a probe thermometSHFRAOF
SUPERFAST THERMAPEN®, ThermoWorks, Lindon, UT).

In the MARK+COOK metiod, the hottest portion (343) of the open hearth, gas heated
grill, was usedo grill mark the steaks. Steaks were grill marked in a crosshatch pdern
rotation from grill gratespn both sides, allowing one minute per hat@hce steaks were grill

marked, they were positioned on a wire mesh ek a baking paand placed in a steaaven
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(Model SCC WE 61 E; Rational, Landsberg am Lech, Germany). The steam ovegs sedire;
66°C and 1000 relative humidity. Steaks were allowed to rise in temperature untitehaeped
the target end point temperature of®3hen immediately removed from the ov&teak
temperature was monitor@uthe geometric center of the staging the oven core temperature
probe (Model SCC WE 61 E; Rational, Landsberg am Lech, Germany).

A steam oven set at 86 and 10@6 relativehumidity (Model SCC WE 61 E; Rational,
Landsberg am Lech, Germanyas utilized first for the PAR+MARK cookery method. Steaks
were positioned on a wire mesh rack over a baking pan and placed in the oven. Steaks were
heated to a designated temperaturéwas dependent on steak thicknehe temperatures at
which the steaks were pulled from the oven were 33, 53, &&if601.9-, 2.5- and 3.8m thick
steaks, respectiveliteak temperature was monitored using the oven core temperature probe
(Model SCC WE 61 E; Rational, Landsberg am Lech, Germaimg temperature at which the
steakswvere pulled from the oven was designed so that the steaks could be grill markeaks a cr
hatch patterr§45° from grill grates)on both sides, allowing for omeinute per hatch, and
ultimately reach the target end point temperature &€ 6Bndpoint temperature was measured in
the geometric center of each steak using a probe thermometer (SFRRGBF SUPERFAST
THERMAPEN?®, ThermoWorks, Lindon, UT).

Finally, steaks designated to tBROIL treatmentvere cooked using a commercial,
salamander style broiler was usedtloa highest setting availablaternal temperature of the
broilers used varied from 280 to 372C. Variation was due to functionality and worgistate
of the broilers at each locatioBteaks were placed f6ozceramic rarebits before being placed
into the broilerSteaks were turned ovkalf way through the cooking proceSseaks were

turnedat 3 5, and 7 minutes for 1.9-, 2.5-, and 8r8-thick steaks, respectivel®nceturned,
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steaks were allowed to cook the remainder of the way until they reached the optirtiign pul
temperature for their thickness. Temperatures designated for puéiedp 7, 54, and 5°C for
steak thicknesses 1.9-, 2.5-, and &8-respectivelySteakswere pulled from the broiler,
removed from the rarebit, and the internal temperature was allowed to peakamtt
temperature of 6€. Endpoint temperature was measured in the geometric center of each steak
using a pobe thermometer (SPLASPAROOF SUPERFAST THERMAPEN®, ThermoWorks,
Lindon, UT).
Shear Force Determinations

The paired steaks that were destined for shear force determinations waveddrom
freezer storage and allowed to thaw & for 48 h before cooking. Steaks were cooked to a
target end point temperature o°63using the SOPs outlined above for each cooking method.
Weight measurements were taken before and after cooking t@astiook lossWithin 3 min
of being removed from thgrill/broiler/oven a Xcm by 5cm slice was cut from the lateral end
of each steak, parallel to muscle fiber orientation, in order to perform Sliee Ebree (SSF).
Each slice was sheared once with a flat, blunt end blade using an Instron Urfiesisgl
Machine(Model 4443, Instron Corporation, Norwood, MA) at a crosshead speed of 500
mm/min.Following SSF the steaks were allowed to cool to room temperature and 3 to 8, 1.27-
cm diameter cores from thigstaland mediaknds of the steak were obtainedrallel tomuscle
fiber orientation for WBSF determinations. Each core was sheared once perfrditu
muscle fiber orientation, using an Instron Universal Testing Machine (Model 44
Corporation, Norwood, MA) at a crosshead speed of 200 mmAeak load measurements were

recorded and averaged to obtain alg&iMyBSF value for each steak.
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Consumer Sensory Panel

A total of 6 untrained consumer panels were held in conjunction with 3 different National
Cattlemen’s Beef Associatianeetings Consumers with a high affinity for eating and enjoying
steak were targeted for this studyis consumer group was targeted as they are more likely to
order steak in a fooskervice establishment and have more discriminating palates for steak
palatability traits. Staks for consumer panels were removed fronzigestorage and thawed for
48 hat 2C. Steaks were cooked using the SOPs previously outlined for each cookery method.

A total of 307 consumers parifpated in the sensory panelnsumers were asked to
comgete a short demographic survey before participating in the sensory panel.Mheséat to
record demographic information is included in Appendix 2. Consumer particgdaataere
providedunsalted saltine crackers, apple juged wateto cleanse theipalateshaweeneach
sample Beforeparticipating n the panel, consumers were provided with instructiegarding
cleansng their palateand how to appropriately mark their responses for each sample on the
supplied ballet (Appendix 2).

In each panetession, ansumers werassignedo groups of 6 to 14 individuals and
asked to sample 12 steaks, one of €&20OK x THICK treatment combination, all originating
from the same carcass. Within carcass comparisons of all treatment combiattived for
more accurate comparison of treatment differenaselists rated steaks for the traits of;
tenderness, juiciness, flavor desirability and overall desirability, and consespensewere
recorded using a 1&m unstructured line scale. The ballots included anchor descriptions at 0 and
15 cm of: 0 — very tough, very dry, very undesirable; and 15 — very tender, very juicy, and very

desirable.
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Internal and External Appearance

A colorimeter(Miniscan Model 4500s, Hunter Associates Laboratory, Reston, VA) was
used to collect CIE L* a* b* measurements on the exterior and interior of eakhTteze
measurement of CIE L* a* b* were obtained from different locations within or on the oute
surface of the steak to gathan average for each sample. Exterior measurements were taken
between char marks created by grill marking the steaks.

Subjective measurements of degree of doneness, percent surfageotant of the
surface of the steak that was blackenadyl intenal and external steak appearance were
recordedVisual degree of doneness was evaluated and recoded using a 5-point hedonic scale
based on published photographic standards published iff #ditibn of the Meat Buyers Guide
(2011) The scale for degred donenessvasas follows: trare, 2medium rare, 3nedium, 4-
medium well,and 5-well donelnternal steak appearance was reconagkgdg an 8-point hedonic
scale(1-purple, 2-red, 3-reddish-pink, 4-pink, 5-pinkigtey, 6light brown, 7-medium brown,
and 8-dark brown)xternal steak appearance veasluated in between char marks created by
grill marking the steaks. Measurements we@rded using an 8-point hedonic s¢akight
grey, 2grey, 3greyishbrown, 4-light brown, 5-brown, 6-dark brown, 7-brownish-black, 8-
black). Percent surface char was measured by visually evaluating the percent of thieasteak t
was charred or blackened on one side of the steak. Estimates were recorded agjpsroent
total surface area.

Satistical Methods

Using the mixed procedure of SAS (SAS Inst. Inc., Cary, NC), dataamalzed using

a split plot designwithin this design, the whole plot factor was cookery method, and the sub

plot factor was steak thickness. Also, the random effeahimal was used as a bloek.
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covariate of off temperature was used when running results of SSF and WBSF values.
Denominator degrees of freedom were calculated using the KetfRogiel approximation
(Kenward and Roger, 1997)reatment least squares means were separated using the PDIFF
option at a significance level &< 0.05.

RESULTSAND DISCUSSION
Consumer Panel Participants

Consumer demographic attributeating preferenceand consumption frequenciesge
reported in Table 1 as a percentage of the satadple population by categoBecause
participants wer@ot chosen to represent population demograpbase demographics were
more heavily represented than others. Fstaince, pproximately 48% of participants were over
the age of 50, and 41% of participants reportediyneda yearly income fogreater than 100,000
dollars. Even though some demographic categories were more heavily représamtathers,
gender was faly equal, with 507% of polledconsumers beingen and 49 % beingfemale.

The majority (60.6%) of consumers recorded that they preferred steaks tbatooked
Medium Rare, followed by Medium (30.5%), Medium Well (5%), Rare (3.2%) and few
participantgreferredsteaks cooked Well Done (0.7%). Thicker steaks, 2.5-cm anth8.8ere
preferred 59.1% and 34&0f the time, respectivelfteaks cut at 1:6m were onlyeported to
be preferre®.8% of the time by participan®n average, participants consumed beef products
approximately 6 times per week, and consumed beef products in seivick setting
approximately 6 times per month. It was not asked to differentiate betweestbak$ and beef
as an ingredient eaten at fogervice establishments, $®se estimations include all beef eaten

in food service.
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Tenderness and Cook Loss

A COOK x THICK interaction was observed for Slice Shear Force (0.0006),
WarnerBratzler shear forcé?(= 0.0003) and consumer rated tendernBss (.0003). Least
squares mearfer Slice Shear Force, WarnBratzler shear forgand consumer rated
tenderness can be found in Tables 2 and 3.

Steaks of all thicknesses cooked using the MARK+COOK method were among the most
tender(P < 0.05)based or§SF, WBSEFand consumer perceived tenderndsse
MARK+COOK method utilizeda moist heat cookery method for the majority of the cooking
time. Steaks in the MARK+COOK treatment were grill marked for 4 minutes in order te plac
crosshatch grill marks on both sides of the steak, then were placed in a steam dween for t
remainder of the cooking time. Cooking times are report@éhte 2 Steaks cooked the
MARK+COOK method weranore tender than those cooked utilizing a dry heat cookery method
only (GRILL or BROIL) at2.5- and 3.&m thick (P < 0.05).These results agréeavith the
findings of Kolle et al. (2004)wheresome steaks of the round were more tender when cooked
using a moist heat cookery method. Additionally, roasts that were cooked to an end point
temperature of 76°C in a steam oven exhibited a lower WBSF value than those that were
cooked in a convection oven (Kolle et al., 2004). Although roasts were cooked to a much higher
degree of doneness in the results by Kolle et al. (2004), the usecaha®terio increase
tendernesgs consistent with results of this study

Tendernesss relatedto cooking loss (Callahan et al., 2013awrence et al., 2001
Yancey et al., 200)1A COOK x THICK interaction was observed for cook 108s<(0.0001).
Leastsquares means for cook loss eeported in Table.Z herelatiorship between cook loss

and tenderness was part,attributed tahe bulk density effeciThe bulk density effect states
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that geaks vith higher cooking losses haagyreater amount of myibfillar protein and
connectie tissue per unit to be sheafedwrence et al., 2001)The MARK+COOK cookery
method had the lowest cook loss values for all thicknegse®(05), with the exception te
1.9-cm thick BROIL steaks, which also had amongntiest tender ratinglr SSF and
consumer perceived tenderaed he suggestion that a moist heat cookery metborkases
cook loss, anthcreasstenderness wasonsistent with the work of Kolle et al. (2004) and
Bowers et al. (2012)ho foundthat mast heat cookery methoagere associated witlower
cook loss percentagemydmore tender WBSF measuremeriiswer cook lospercentagewas
reported taause an increase in perceived tenderness when steaks are eusingtadaste
panes. Briskey and Kauffman (1971) attributed these changes in perceived tenderness to be
function of the lubrication effect.

Steaks that were 1@n thick and part of the BROIL treatmemére more tender than
2.5- or 3.8em thickBROIL steaks for the measurement3MBSF, andconsumer perceived
tendernessH < 0.05). Additionally, 1.9:m thick BROIL steakbad lower SSF values than 3.8-
cm thick BROIL steaksR < 0.05).Steaks in the BROIL treatment generatetteased cooloss
percentages as thickness increg$ed 0.05).Thisincreasan cook losgercentagesan be
attributedto the increasetime it took to cook thicker steak§able 3) Greatercook losses
associated with steaks that cooked longer agnatidthe findings of Callahan et al. (2013).
Furthermore,hickercut steaks were found to hageeatercook loss percentages and lower
values for WBSF by Dunn et al. (2000), whighsconsistent with the differences seen in the
BROIL treatmenin the present study. Steaks 8r&-thick from the BROIL treatmemiad the
greatespercentage of cook loss compared to all other treatment combinations, and had among

the highest values for SSF and WB$(0.05).The current results agree with Kerthaét
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(2003)who reported that toiled steak$ad the highest cook loss percentages when compared to
steaks cooked on the grill or in the oven (Kerth et al., 2003).

Steaks differing in thickness and cooked via the GRILL method did not differ in SSF or
panel tendernesf > 0.05). However, GRILL 1.9-cm thick steaks were more tender thagn2.5-
thick steaksvhen measured using WBSF € 0.05). Dfferences in WBSF values for GRILL
steaks of varying thicknesses wa38&g of forceandwasconsidered to be dttle practical
consequence. Cook loss for GRILL steakslower for 1.9cm thick steaks when compared to
both 2.5-cm thick steaks and 38t thick steakswhich explainedhe small tenderness
difference seen between ichh thick and 2.5- and 3@n thick steakgP < 0.05). Once again,
the difference in cook loss for the various thicknesses is small and not lilkedyofqoractical
consequence.

Least squares means for cooking times are reported in Talike ZOOK x THICK
interaction was significarior cooking time P < 0.0001). For GRILL steaks, there was an
increase in cooking time as thickness increasgallahan et al. (2013}atal that steaks cooked
for longer cooking times will have higher cook loss percentagegraaterSSF and WBSF
measurementsHigh heat, conduction style cookery meth@@fILL) sears the exterior of the
steak surface, allowing little escape of moisture during the copkougss oncthe product
surface is initially searedThus,the effectof cooking time on tenderness and cook kgs
lessened or eliminated (Kerth et &003). Although thicker steaks were cooked for a longer
period of time than thinner steaks, there was no statistically signifexaahrness differences
between THICK treatments as measured by SSF.

Within the THICK treatments, cooking loss percentage did rifardor the

PAR+MARK cooking methodK > 0.05).Resultsof the presenstudywereinconsistentvith
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those of Kerth et al. (2003Previous research cites searing as the reason for consistent cooked
product yields, however, in the PAR+MARK treatmeéhgrewas no searing of the exterior of
the stealbeforeheating to reduce, or keep cook loss congtardll steak thicknessealthough
cook loss wasonsistent foall thicknesdreatments3.8cm thick, PAR+MARKSsteaks were
perceived to be more tender tiab- and 1.%m thick PAR+MARK steaks as rated by
consumersK < 0.05). PAR+MARK, 1.9-cm thick steaksvere tougher than PAR+MARK 3.8-
cm thicksteakdor WBSF and SSHA < 0.05).PARHMARK steaksof all thicknessekad
similar values forcook loss, yetliffered P < 0.05) in WBSF, SSF, and consumer perceived
tendernessalues In previous studies, cook loss has been marked as an influencer of tenderness.
In the current study, cook loss percentage can be identified as an influeraraeitesderness
differences, while in other treatments, it diot influence consumererceivedr measured
tenderness (Dunn et al., 2000; Callahan et al., 2013). .

PAR + MARK, 1.9cm thick steaksveretougher than those that weret thicker (2.5-
and 3.8em) agreeingwith Dunn et al. (200Qwhoalso reportedhat steaks that were thicker
were more tender than those that were cut thinDenn et al. (20009lid not employ a moist
heat cookery method to par cook the steald also cooked all steaks to a medium degfee
doneness (AT). Steaks cooked using the PAR + MARK methidtered P < 0.05) in cooking
time as thickness increaseBAR+MARK steaks were likely tenderized through the cooking
process due to high humidity in the cooking environment, and slow coikiaeg. Thicke, 3.8-
cm thick steaks had the greatest opportunity for collagen to solubilize duringptkiagprocess

due to the extended time it took to heat the steaks’@i63he steam oven
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Juiciness
Least squares means for consumer rated juiciness are reported 8. Tidld#ee was a
COOK x THICK interaction for consumer rated juicing®s= 0.0023). For the cookery methods
of GRILL, MARK + COOK, andPAR + MARK, there were no differencesaansumer
perceived juiciness amorig9-, 2.5-, and 3.8m thick steaksH > 0.05). Perceivefliciness as
ratedby consumers only varied due to steak thickme#sn theBROIL treatment{P < 0.05).
The BROIL cookery methodasthe onlytesteddry-heat cookery metid that did notirectly
use conduction of heat through metal that weddr the outer surface of the stedkeresults
of the present study acensistent with the fiings of Wheeler et al. (1998) who reported that
steaks cookedhianelectric broiler had lower juiciness ratings than those cooked on a belt grill
Cross et al. (1976) reported that increased cook lossesatt in reduced pangliciness
ratings due to the evaporative moisture that dissipates from the steak duringyc&ikaks
within the BROIL treatment that were 3c& thickexhibited the greatest amount of cook loss,
while also having the lowest consumergseved juiciness value. Juicinesspasceived by
consumers is influence by the type of heat transfer hsweate of cooking, angighest
percentage ofooked product los§earing othe outer surface of the steak helpedeep
internal steak moisture from evaporating when utilizimgGRILLand MARK + COOK
method. The MARK+COOK method had the highest consumer perceived juiciness ratings.
Searing of the outer surface, as well as the utilization of a steantmxestuce cook loss is
superior to other cookery methods at increasing consumer rated juicinessdCabs1976;

Wheeler etal., 1998; Kerth et al., 2003; Bowers et al., 2012
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Flavor Desirability

Flavor desirability as perceived by consumers was not affected by stealetisi¢kn
0.2128). Dunn et al. (2000) reportédt increased cooking timés allow for a greater amount
of time for flavor development. Following this theory, thicker steaks should have ha@& a mor
developed flavor profile as they were exposed to each cooking method for greatés pe
time. Flavor desirability as perceived by consumers during the preselytdidnot agree with
the findings ofprevious studies that evaluated the effect of steak thiclkamessooking time on
flavor development.

Consumeratings forflavordesirabiltywereaffected by cookingnethod P < 0.0001).
The MARK + COOK and GRILL methods hadore desirable flavaiP <0.05),as indicated by
consumer ratings for flavatesirability, than did PAR+MARK and BROIL methods (Table 3).
MARK + COOK steaks weramong the slowest ook at a thickness of 1@n andthe slowest
to cook for 2.5- and 3.8m thick steak$P < 0.05).Grilled steaksequiredthe least amount of
time to cookfor 2.5-and 3.8cm thick steaks, and among tfleast amount of timé& cook for the
1.9-cm thick steak$P <0.05). The MARK+COOK and GRILL methods did not differX 0.05)
in consuner ratings foiflavor desirability. Rate of cooking in this study did not affect consumer
rated flavor desirability.

Flavor has beeattributed taaste, texture, sensations in the mouth and airways, and
color and appearance of samples. In the present study, there was no eviderasthat fl
desirability was affectelly heat transfer type, steak thickness, cook lossmoeptage of
exterior charringlt is likely that the differences iconsumer ratetlavor desirabilityin the
current study were due to the phenomeaiéed the “halo effect.The “halo effect” can be

observed in taste panel data when one palatability trait influences thespsuoglinion of
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another trai{fMeilgaard et b, 2007). This conclusion was further supported by high correlation
coefficients between consunratings forflavor desirability and consumeatings fortenderness
(r=0.7,P =0.0001, consumer ratings fguiciness ( = 0.77,P = 0.000), and consumer ratings
for overall desirability ( = 0.95,P = 0.000).
Overall Desirability

A COOK x THICK interaction was observed for consumer rated overall desiralfility (
0.0065). Least squares means for consumer rated overadlliety arereported in Table 9.
The MARK+COOK method had the highest values for consumer rated overall desjirtili
steaks that were 2.and 3.8cm thick P <0.05).As steak thickness increased, the
MARK+COOK method showed an increase in consumer rated odesathability P < 0.05).
PAR+MARK, 3.8cm thick steaks were rated higher than PAR+MARK- and 2.5m for
consumer perceived overall desirability PAR+MARK<0.05). Steaks that were 1c@a thick
had the lowest consumer overall desirability ratings,RAR+MARK 2.5cm thick steaks had
among the lowest ratings for consumer overall desirabHy(q.05). GRILL steaks of varying
thicknesses had no differences in consumer rated overall desirdd#it9.05). BROIL, 1.9m
thick steaks had higher ratings for consumer overall desirability than BROIl3ri153.8em
thick steaksR <0.05). BROIL, 2.5- and 3.8m thick steaks were rated the lowest for consumer
overall desirability P <0.05). Likewise, broiled steaks were rated the lowest for overall like
when compared to grill, panfry and any other in home cookery method as studied by hatenze
al. (1999).

Overall desirability ratings closely followed resultscohsumer rated tenderness and
juiciness in the current study.is apparent that all palatability factors impacted consumer

overalldesirability. Consumer overall desirability being affected by tenderness, juiciness, and
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flavor desirability is further confirmelly correlation coefficients for overall desirability as
related to consumer perceived tenderness(82,P < 0.001), juiciness (r = 0.8P,< 0.001),
and flavor desirability (r = 0.9% < 0.001).
Internal Color

Internal steak color has been shown to be most greatly affected by the dedyeensss
to which the steak is cooked. When all steaks are cooked to a constant degree of doneness,
cookery method and steak thickness have the opportunitfiience internal stk color.Least
squares means for degree of doneness measurements are reported inSkaalethickness was
not found to have an effect on degree of doneness rakng.4806). This conclusion does not
agree with the previous study by Dunn et al. (20B83vious researaleported that thicker
steaks had a morare visual degree of donenelsgernal color assessment as assesgselly
and scored using an 8 point hedonic scale were also used to measure internehe@a@OKx
THICK interaction was not significanP(= 0.1726) howevesteak thicknes$(= 0.0294)
affectedvisualy assesseahternal color{Table 1). Visually assed internal color was more pink,
or more rare, for thicker steaks and thinner steaks haaepinkish-grey, or well done visual
appearancd-urthermore, internal CIE a* values are also significantly &dteby steak thickness
(Table 13. CIE a* masurements of steaks cut at-8r8 thick were more red than those of 2.5-
cm thick, which werenorered than 1.%m thick steaksThe results of visual color assessment
and CIE a* measurements from the present study were more closelg teldte findings of
Berry (1993) and Dunn et al. (2000), and concluded that steak thicknessgaet internal
steak redness, and thickeradte have a more red internal appearance than thinner steaks.

Cooking method wadeterminedo affectdegree of doneness rating’s<0.0194)as

well as internal visual steak appeararfee (0.0331) and internal CIE a* valud2 <€ 0.0001).
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Steakscooked usg the MARK+COOK method had the lowest, or most rare, degree of
donenessatings andvisual internal steak appearance ratiraggl the BROIL method had the
highest, or most well done, degree of donemaeskinternal steak appearamaéngs P < 0.05).
Berry (1993) discussed that steaks that have a slower rate of heating prodsosedlldone
visual degree of doneness ratiigpe MARK+COOK methodhadone of the slowest cooking
rates as indicated by the amount of timleeh to cook the steaks. However, GRILL steaks in the
present study, which have the most rapid cooking rate, do not have the most welsdahe v
degree of doneness scolethe current study, there is no indication that rate of cooking
influences internal degree of doneness ratingd,isternal steak appearance measurements.
The GRILL and MARK+COOK methods had the most red internal color as measured by
CIE a* values, while the PAR+MARK and BROIL methods had the least red intaioahs
measured by CIE a* valu¢B < 0.05).Yanceyet al.(2011) reportedhat internal color for steaks
cooked through forced-air convection, charbroiler, and impingement oven had moremaal int
appearances as measured by ClBniereasountertop griddles as well as clamshell grills had
less red intenal color on the red, CIE a*, scale. Results of the present study do not follow the
same trend due to discrepancies in heat transfer type as related to internalmedisessments.
Results of the present study somewhat agree with the work of Bowers2ét1a),who found
that roasts cooked in a steam oven had more red CIE a* measurements than those cooked in a
forced air convection oven.
Values for degree of doneness, internal appearance, and internal CIE a* valogs i
different, but the resudtfor each measurement align with the other measurement values,

indicating that COOK and THICK do influence internal appearance of steaks.
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External Appearance

The COOK x THICK interaction for percent of external ch& < 0.0001) and visual
ratings forexternal color < 0.0001) were significanLeast squares means for percent of
external char are reported in Table 5. Steaks of the GRILL treatradrithe greatest amount of
external char for each steak thickness category. Also, GRILL steaks increaeedantage of
external char as thickness increaded (0.05).Least squares means for visual external color
ratings are reported in Table 5. Steaks of the GRILL treatmerd the darkest in visually rated
external color at all thicknessd3<€ 0.05), and darkened in visual color ratings as the steaks
became thicke{ < 0.5). GRILL steaks contacted a conduction method of heat transfer for a
greater amount of tim#nan any other cookery method. This direct contact with the heat source
not only increases percent of external charringalad has an effect on external color, as the
steaks were in contact with a higher temperature for the entirety of thexgqukicess.

Steaks that were cooked using the BROIL method had the lowest values fot pérce
external charring at all thickness&€s< 0.5). The BROIL cookery method utilized a convection
style method of heat transfer, so there was little to no opportunity for extearaing. BROIL,
3.8<cm thick steaks did have a higher percentage of extehaating than did the BROIL, 1.9-
and 2.5em thick steaksR < 0.5). BROIL steaks also increased in visual external color ratings as
they became thickeP(< 0.5). Steaks cut at 1&n thick were rated as a “light brown,” and
steaks cut at 3-8m thick wee rated as “brown.A greater amount of charring as well as darker
visual color ratings for thicker, BROIL steaks can be attributed to #aegramount of cooking
time for steaks cut to 2.5- and Bt thick(Table 2)

The MARK+COOK cookery method did not differ in percent surface char for the 3

thickness treatment® & 0.5).Percent of surface charr was held constant due to the timed
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crosshatchingrotocol of 1 minute per hatch. The MARK+COOK method had the lowest, or
lightest, external color measurements as rated by visual assesdteitd). MARK+COOK
steaks at all thicknesses were described as being glegish in external appearance. The
MARK+COOK method employed a moist heat cookery method, with a great amotednof s
being generated in the oven which contributed to the MARK+COOK treatment beingrapre
in color. The present study is consistent with work completed by Bowers et al); (@@ik2s
cooked using a steam oven rather than a forced air convection oven had a more tgrmbgater
moist external appearance.

Treatment main effect of thickned3 € 0.0001) and cookery methdd € 0.0001)were
significant for external CIE L* values. Least squares means for extelfadl*@neasurements
are reported in Table. GRILL steaks exhibited the loweshost black, values for CIE L*
measuremeni(< 0.5), consistent with the dark exterior color seen in visual assessments. CIE
L* values also suggestedat as steaks increasm thickness, 1.9- to 2.5- to 3.8-cm thick, they
also become darker, or more black.

Conclusions and Recommendations

Results of this study indicate that there was an interaction between cosiéind and
steak thickness that plays an integral role inscomer acceptability of sa&s. Cookery methods
impact SSF, WBSF, consumer rated tenderness, consumer rated juiciness, ¢hlakdosand
overall consumer rated desirability as well as internal and external coleak$ 3 he impact,
positive or negative, of a cookery methadpalatability measures of steaks was increased
steaks became thickeSteaks that are cut thicker allow a greater amount of time for a cookery
method to impart flavor, colognd tenderness characteristiCeokery methodecisions made

in the foodsewice industry should aim to create a cookery method and thickness combination
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that has the greatespportunity to delivethe consmer a great eating experienéal

recommendations for cookery method and thickness combination are reported in Table 6.
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Table 1. Consumer panelist demograpiméormation

Item Category Percentage of
Response
Gender Male 50.7
Female 49.3
Age, yr <18 0.3
1834 314
3550 20.2
>50 48.0
Marital status Single 23.0
Married 71.6
Divorced 4.3
Widowed 1.1
Total householdncome, $/yr <25,000 10.0
2510 34,999 3.8
35t049,999 9.2
50to 74,999 15.3
75,000 to 100,000 20.7
>100,000 41.0
Ethnicbackground Caucasian 96.47
African-American 0.0
Hispanic 0.7
Native American 1.8
Asian 0.7
Other 0.4
Degree of doneness preferred Rare 3.2
Medium Rare 60.6
Medium 30.5
Medium Well 5.0
Well Done 0.7
Thickness preferred 1.9cm 6.8
2.5cm 59.1
3.8cm 34.2
Average Response
Average times beef consumed per week 5.8
Average times beef consumed in a restaurant per month 6.3
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Table2. Least squares means for slice shear force (SSPMagher Bratzler shear force
(WBSF, kg), cook loss (% of initial/green weight remaining), and cook time (nsirfotefour
cookery metho@nd three steak thickness treatménts

SSE
Thickness GRILL MARK+COOK PAR+MARK BROIL
1.9em 16.36 15.16 18.3%Y 15.54~
2.5¢cm  17.4%¢ 14.18 17.65% 16.3F~
3.8cm 16.6% 14.85 16.82% 17.67Y
WBSPF
GRILL MARK+COOK PAR+MARK BROIL
1.9e¢m  2.812% 2.66 3.08Y 2.91°cx
2.5¢cm  2.99% 2.64 2.87% 3.14Y
3.8cm  2.94% 2.66 2.780bx 3.20V
Cook Loss$
GRILL MARK+COOK PAR+MARK BROIL
1.9¢m  77.92% 81.76Y 78.62 80.43~
2.5¢cm  76.14Y 83.43~ 78.64 77.36%
3.8em 75.8%W 84.0F~ 79.58 73.367
Cook Timé
GRILL MARK+COOK PAR+MARK BROIL
1.9em  6.75 15.4F 8.94* 13.27%
25¢cm  11.3%Y 31.19 19.58Y 18.17Y
3.8em 21.19% 56.88"7 44.167 26.26%

1Cookery method by steak thickness interacfarSSFwas significant® = 0.0006).
2Cookery method by steak thicknésteraction for WBSF was significa(® = 0.0003).
3Cookery method by steak thickness interaction for cookwasssignificant® < 0.0001).
4Cookery method by steak thickness interaction for cook time was signifit&r@.0001).
SCookery methods: open hearth grill (GRILL); grill mark, then finish in a steam ove
(MARK+COOK); par cook in a steam oven, then gnihirk (PAR+MARK); salamander style
broiler (BROIL).

&dyalues that do not share a common superscript in row differq.05).

*2\/alues that do not share a common superscript in column d¥fe10(05).
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Table 3. Least squares means for consumer panel responses for tenderness, juaioess, f
desirability, and overall desirability for four akery method and three steak thickness

treatments®
Tenderness
Thickness GRILL MARK+COOK PAR+MARK BROIL
1.9em 8.6 9.0 7.6 8.8~
25em 8.1 9.4 7.6 7.6
3.8em  8.2¢ 9.9 8.5 7.8V
Juicines$
GRILL MARK+COOK PAR+MARK BROIL
1.9¢cm  7.8° 8.3 7.2 8.2
25em 7.8 8.6 7.0 7.1
3.8em 7.5 8.6% 7.2 6.5
Flavor Desirability
GRILL MARK+COOK PAR+MARK BROIL
7.7 8.1° 7.2 7.0
Overall Desirability
GRILL MARK+COOK PAR+MARK BROIL
1.9¢cm 7.7 8.0v 7.0 7.62
25em 7.8 8.6%Y 6.8 6.9
3.8em 7.0 8.8 7.7 6.8
'Cookery method by steak thicknésteractionfor consumer rated tenderness was signifidant (
= 0.0003.
2Cookery method by steak thickness interactiorctorsumer rated juicinesgas significan(P =
0.0023).
3Main effect of cooking method for consumer rated flavor desirabitity sgnificant P <
0.0001).

4Cookery method by steak thickness interaction for consumer rated overall digsnais
significant = 0.0069.

5Sensory panel scales (15cm continuous line scale); tenderness (0 = very touglryl5 = ve
tender), juicines§0 =very dry, 15 = very juicy), flavor desirability (O = very undesirable, 15 =
very desirable)and overall desirability (O = very undesirable, 15 = very desirable).
®Cookery methods: open hearth grill (GRILL); grill mark, then finish in a steam ove
(MARK+COOK); par cook in a steam oven, then grill mark (PAR+MARK); salateastyle
broiler (BROIL).

&dyalues that do not share a common superscript in row differq.05).

*?\/alues that do not share a common superscript in column d#fe10(05).
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Table4. Least squares means for degree ofesh@ss scorgsubjectively evaluated using a 5
point hedonic scale comparing to published photographic standards; 1 = rare to 5 = well done
[Meat Buyers Guide, 2011]), internal colgubjectively evaluated using arp8int hedonic

scale; 1 = purple to 8 = dark brown), and intefk a* values (objectively measured using a
colorimeter [Miniscan Model 4500s, Hunter Associates Laboratory, Reston, VA])

Cookery Methofl
GRILL MARK+COOK PAR+MARK BROIL
Degree of Doneness 2.72° 2.64 2.75" 2.8%
Internal Colof 4.65" 4.56 4.66% 477
Internal a® 10.89 10.9F 9.73 9.63
Thickness
1.9cm 2.5cm 3.8<m
Internal Colof 473 4.67° 457
Internal a® 9.04 10.2% 11.5¢

Main effed of cookery method for degree of doneness measurement significait Q001).
’Main effect of cookery method for internal color measurement signifi®aatd(0331).
3Main effect of cookery method for internal a* measurement signifiéantq.0001).

“Main effect of steak thickness for internal color measurement signifiean0.0294).
SMain effect of steak thickness for internal a* measurement signifiBaat0(0001).
®Cookery methods: open hearth grill (GRILL); grill mark, then finish in a steam ove
(MARK+COOK); par cook in a steam oven, then grill mark (PAR+MARK); salateastyle
broiler (BROIL).

abyalues that do not share a common superscript dffer @.05).
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Tableb. Leastsquares means for external surface char (subjectively measured as a peréentage o
overall steak surface area), external color (subjectively measured usifgpart Bedonic scale;

1 = light grey to 8 = black), and exter@E L* measurements (objectively measured using a
colorimeter [Miniscan Model 4500s, Hunter Associates Laboratory, RestonVA))

External Surface Chhr
Thickness GRILL MARK+COOK PAR+MARK BROIL

1.9em 51.64% 41.37 37.69 1.068>
2.5em 63.09 41.67 47.03Y 2.48%
3.8em 76.00% 45.8% 49.66Y 17.3

External Colof
GRILL MARK+COOK PAR+MARK BROIL

1.9¢m 4.86* 3.653Y 4.20% 4.18%
2.5€em 5.26% 3.3 4.3 4.55Y
3.8em 5.997 3.6 4.9 5.287
External L*®
GRILL MARK+COOK PAR+MARK BROIL
29.5¢ 34.8¢ 33.46% 32.49
1.9¢cm 2.5cm 3.8cm
35.37 32.6% 29.72

Cookery method by steak thickness interactmrpercent external surface char was significant
(P < 0.0001).

2Cookery method by steak thickness interaction for external color measureasesignificant
(P <0.0001).

3Main effect of cooking method faxternal L* valuewvas significant® < 0.0001).

“Main effect of steak thickness for external L* value was signifi¢@rt 0.000).

SCookery methods: open hearth grill (GRILL); grill mark, then finish in a steam ove
(MARK+COOK); par cook in a steam oven, then grill mark (PAR+MARK); salateastyle
broiler (BROIL).

&dyalues that do not share a common supésin row differ @ < 0.05).

*?\/alues that do not share a common superscript in column d#fte10(05).
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Table 6. Final foodservice recommendationgsased on consumer rated overall desirabifiatry,
steak thickness and cookery method combinations.

Cookery Method
Thickness GRILL MARK+COOK PAR+MARK BROIL
1.9em 0 + - 0
2.5em 0 + - -
3.8¢m 0 + 0 -

+ - Consumer overall desirability ratings > 8.0.
O — Consumer overall desirability rating 7.0 to 8.0.
- - Consumer overall desirability ratings < 7.0.
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Appendix A

Shear force day data sheet for internal and external color
measurements.
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NCBA Steak Thickness and Cookery Method

Dani Shubert
Cook Date

Sample Time

Sample #

External MiniScan Values
L*M SD

A* M SD

B* M SD

% Surface Char

Internal Color

1 2 3
Purple Red Reddish
pink

External Color

1 2 3

Light Grey Greyish

grey brown

Light Brown Dark
brown brown

Internal MiniScan Values

L* M SD
A*M SD
B*M SD
5 6 7

Pinkish  Light Medium
grey  brown brown

5 6

Degree of Doneness
Rare

Medium Rare
Medium

Medium Well

Well Done

8
Dark
brown

8

Brownish  Black
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Appendix B

Consumer panel demographic form aatsumer
responsdallat.
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Panelist # 1 - About Yourself

Please Circle the answer that best describes you, or fill in the blank with your best response

Gender Marital Status Age Ethnic Origin
Male Single Under 18 African-American
Female Married 18-34 Asian
Divorced 35-50 Caucasian/White
Widowed Over 50 Hispanic

Native American

Other

On Average, how many times per week do you consume beef?

Annual Household | ncome

Under $25,000
$25,000 - $34,999
$35,000 - $49,999
$50,000 - $74,999
$75,000 to $100,000
more than $100,000

On average, how many beef meals do you eat in a restaurant per month?

How do you prefer your steaks to be cooked? Rare Medium Rare Medium Medium Well Well Done

How thick do you prefer your steaks to be cut? .75 inch 1linch 1.5 inches
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Sample ID: 1 (lines not to scale)
Tenderness: | |
Very Tough Very Tender
Juiciness: | |
Very Dry Very Juicy

Flavor Desirability:

[
Very Undesirable

Overall Desirability: |

1
Very Desirable

Very Undesirable

Very Desirable

Sample ID: 2
Tenderness: | |
Very Tough Very Tender
Juiciness: | I
Very Dry Very Juicy

Flavor Desirability: |

Very Undesirable

Very Desirable

Overall Desirability: I

Very Undesirable

Very Desirable

Sample ID: 3
Tenderness: | |
Very Tough Very Tender
Juiciness: | |
Very Dry Very Juicy

Flavor Desirability:

[
Very Undesirable

Overall Desirability: I

Very Desirable

Very Undesirable
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Very Desirable



Sample ID: 4

(lines not to scale)

Tenderness: }

Very Tough
Juiciness: [

Very Tender
|

Very Dry

Flavor Desirability:

Very Juicy

[
Very Undesirable

Overall Desirability: |

1
Very Desirable

Very Undesirable

Very Desirable

Sample ID: 5
Tenderness: | |
Very Tough Very Tender
Juiciness: | |
[ 1
Very Dry Very Juicy

Flavor Desirability:

Very Undesirable

Very Desirable

Overall Desirability: |

Very Undesirable

Very Desirable

Sample ID: 6
Tenderness: } |
Very Tough Very Tender
Juiciness: | |
Very Dry Very Juicy

Flavor Desirability:

Very Undesirable

Very Desirable

Overall Desirability: |

Very Undesirable
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Very Desirable



Sample ID: 7 (lines not to scale)

Tenderness: | |

Very Tough Very Tender

Juiciness: I I

Very Dry Very Juicy

Flavor Desirability: |
I 1

Very Undesirable Very Desirable

Overall Desirability: | |

Very Undesirable Very Desirable
Sample ID: 8
Tenderness: | |
Very Tough Very Tender
Juiciness: | |
Very Dry Very Juicy

Flavor Desirability: | |
I ]

Very Undesirable Very Desirable

Overall Desirability: | I

Very Undesirable Very Desirable
Sample ID: 9
Tenderness: | |
Very Tough Very Tender
Juiciness: | I
Very Dry Very Juicy

Flavor Desirability: |
| |

Very Undesirable Very Desirable

Overall Desirability: I I

Very Undesirable Very Desirable
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Sample ID: 10 (lines not to scale)

Tenderness: } |
Very Tough Very Tender

Juiciness: | |
Very Dry Very Juicy

Flavor Desirability:

[
Very Undesirable

Overall Desirability: I

Very Desirable

Very Undesirable

Very Desirable

Sample ID: 11
Tenderness: | |
Very Tough Very Tender
Juiciness: I |
[ 1
Very Dry Very Juicy

Flavor Desirability: |

[
Very Undesirable

Overall Desirability: I

1
Very Desirable

Very Undesirable

Very Desirable

Sample ID: 12
Tenderness: | |
Very Tough Very Tender
Juiciness: | I
Very Dry Very Juicy

Flavor Desirability:

[
Very Undesirable

Overall Desirability: |

1
Very Desirable

Very Undesirable
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Very Desirable



