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ABSTRACT

Eignhteen tra.nec panel.sts eva.uated the es
~f{ semimembranocsus (SM) steaks using an egght-point category:
scale, a 'S cm Jine scale with anchors 1.2 cm from each end

nitude estimation :(n-different
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f the evaluat xbb technigues focused

e

seguences. - C

.

~n the descriptive assessment of a total cf 54 delay-chilied

(DCJ) and hot-boned (HB) codkec SM steaks.

When yane‘.s s employed category scaling (CS), the HB®
N / . . : R .
steaks were rgted lower (P<C.05) in initial and overaill

tenderness -and higher (P<(0.C') in overall juiciness than DC

(

steaks, For Iime scaling. (LS), there {ere ne significant

differences in guality attr.butes.due to postmcrtem

treatment. With. magnitude estimation (ME), the.HB steaks

were less tendér (Px0.05) and mors‘j%icy (P<0.01) than nC

.

.. steaks. Far,evaluations*by each tecbnique connective

btiﬁ&ﬁe-ambunf and flavor 1nten51ty d;d not dlffef

s;gnﬁflcantly between the pos mortem treuﬁmggLS*\

Sensory.assessments of tenderness and juiciness were
S . _ , .
generally supperted by ob%Yective measurements. Warner

"~Bfatziér shear values tended to be higherifor HB steaks than

for DC étgéké.”,}n'addition} the HB stééks were visually
more (P<O Oﬁ) rare, “had highﬂt'(P<Q;OOl).Huh£ér a va1ues and

greater (P<0. 01) percéntage pfess'ﬁluid'than DC steaks.

v
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cteak Qua.ity attributes., Magnitude ectimat . w .t
y
signiflicant F-values f[or cvera.. tercertefs o ercLL .
R ///
JuiCclness, was as sens.tive as CS “o —0st “reat et
_ !
= 1
differences.

nree eUalLuat

cr
¥
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Repiicaticn F-values for each of

~

[
[N

technigues were s:imllar and ncnsigniflcant fcr most guai.ty

attributes., However, for CS, LS“and ME, sigrn:ificant
(P<0.0071) panelist variation was noted for each guality
attribute. Ekcept for *he ME assessment of overall
juiciness,  F-values for the treatﬁent by panelist
iniefaction were not significant. ‘ ‘
Corrélation.cqefficients between each of the evaluation.
‘procedures for inifial and errallv;enderness were highly

¥

significant (P<0.001) and indicated stfong linear

rélatignships between seores asgigned by judges using CS, LE é-. -

and ME., The correiaﬁjons between each of the three '

‘technigues . for connective tissue amount, juiciness and

flavor intensity, while sometimes significant, were modera‘«

to low. , B _ o .



rrela ¢ f tencerness Zeta froT earh evaluat:icn
et Ll W ear Ya.ues yre.dec similar sicnificant
P R Ccefficlents c¢f geterminaticn fcor
¢
.Tear, piwer, .LoCzZarithmic, rypery iic and parabolic
HESIEE Let.cer panel tenderness assessments Dy each
@ .Gue anl Warner Bratz.er shear were similar. . For

“ltial ¢ncd overa.i tenderress, the power functicns Detween

e

Mt arz srear data yie.ded expconents c¢f .13 and 1.05,

. N . c .. N .
Panelists fcund that the CS and LS methods were eas:ier

to .earn anc reqguirec less effor samgple evaluatior than

(g
rn
O
[
-

ME . in addit:ion, CS was most preferred -and ME was least

’

preferred by panelists.

in general, findings from this study support the use of
category scaling for the descriptive sensory aSsessmeﬁt of
beef. To cptimize the potential of the LS and ME methods
for assessmen*siﬂfcooked meat, ‘some’ procedural

mod:fications may be needed.

vi . .
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INTRODUCTION
Most stud.ies concernecd with lactors nfiven i meat

guality ({(such as breed:ng, management Or pProcess:.ng

(2

treatments) utilize sernsory measurements to determine *lhe
organcleptic guality 0f cooked meat and to make—rMprtan:
11 aspects ¢f pee!l production,

processing and marketing. Therefore, 1t 1s essentic. .

N
'

the most rellable and accurate sensory techiigue be tsed Yo

e

evaluate cooked nea
A

Guaiity.

The American @eat Science Association (AMSA, 19J8) has
suggested that cateqgory scaies are the most appropr:ate
éystem for evaiuating the sensory attributes cf meat .
Semistructured i1ine scales, wnich form the basis for
"Quantitat:ive Descriptive Analysis”, have been used by
several mcat researchers (Harries et al., 1972; Bouton et
al., 1980a) and have been reported to be mcre sensitive to
product'differences'than structured scales (Baten, 1946).

. . S ¢ ..
However, 1information on the sensitivity cf category and line
scales 1n determining differénces 1n meat guality 1s

limited. -

Magnitude estimation, a ratio-scaling technigue, has
become pébular for food research (Moskowitz, 1983) but has
not been widely utilized with meat (Larmond, 1976).

Magnitude. &stimation can provide quantitagive information on

the perception of meat tenderness, which is not péssible



with ei1ch

[81]
A1
7
Q
rt
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Ve
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measurerents are ca.:brated in ratios, 11 may be

advantagecus t0 a.s. heve Senscry measures onoaé ratid sca.e
(Larmonc, S76). Thus, the f{eas:biility ¢f measuring an

renderress using magn:tude

\s'k_,
ol
-
0}
c
M
O
[
S
g
o
cr
wn
[
a3
Y
o
w

estimatiocn requires 1nvestigatlon.

- ’

Cumparative studres exam.n:ng the use of category

Scaling, line scaiing and magn:itude estimation 1n meat
research are lacklnag. Therefore, this investigaticn was

1gned to compare the sensitivity and accuracy of these

£

o8
T
tn
.

evaluat:on technigues for the descriptive sensory assessment
of beef. In addition, statistical! re.lationships between the
three evaiuation procecures and ease of scale usage were

examined.



LITERATURE REVIEW

Category Scaling

cate

€2

cry scaling (CS) 1s routinely emp.uyes fo: the

descr:iptlve assessment cf{ meat (AMSA, 1978&: Foootne (OS
technigue, panelists rate the 1ntensity of a =.vern gt b
onN @ Ggracuatlec sfa.e, JSualily seven (7 o nine al =

3 A

-
[as
o)

G
P

Procecures f£or the assessment of meat by (S vange [t on

el

rr

- D - .. . R - 0 _ “C . N
G eLancrate sSysoem (Cover e al., C2a, G20, Lol

guantify:inc meat gQuality . terns of suitness, Juio :ness,

coennect tisspe and three musc.e fiber at'ributes 1o an

w
<
99
o

evaluation ¢f the single component of tenderness (Ray et
al., 798Z). A category scale scorecard, typical of that in

current use by mea:t researchers, :includes 1nitial and

.

overall tenderness, 1nit:al and overail juiciness,
onnective tlssue amount and flavor intensity (AMSA, 1976).

There is no consensus in the literature as to the
- - P

optimum scale length. In studies of meat guality, the

.Yength of category scales ranges from five (McDowell et «..,

-
°

" 1982), to eight (Crouse et al., 1983) to 2! pocints (Savel:

et al., 1981).

& .

Psychophysical research (Miller, 1956: Norwich, 19871,
has suggested that the optimum number of categories that an
[y .

individual can manipulate simultaneously is in the order of

.seven plus or minus two. While scales fi#ve to nine



"ategories Lro1engtn have Shown siTilar rel.ar:ility !Benglzg,
23, "CS41, scales ceteglir.es .o .ength are .ess

o = = e ~ - 3 -y~ —~
e..arc.e (Benc:ig, "©E3i. For an anaiys:s ¢f hancwriting

iity, Garner (1'9¢7) reported that scale sensitiv:ity

~reased as the number of categorfes 1ncreased. However,

be (Garner, 1960) notecd tha: the cphimur number cf
Torten o ries wooeld e a fonoeron of thevamount of
disr ioablitty nherent n the particu.ar stimui: under

investigatlion.,
\

tion on optimal scale length f{or the sensory

.
3
@]
)
5
£

ro2UuCtsS 1S 1imlte

o7

valuat.cn of foced Hedonic scales

T

e

length from fi1ve t0 nine categories were compared

Lo

angi

-

(O
s
o}

by Jones et al. (:9%5) Guring a food preference survey ®f¢
5,400 soldiers. Scales eight or nine categories 1in length

tended to be more sensitive to cdifferences 1n food

o >
&

preference (as measured by informat:ion trarnsmission) than

scales five to seven categories in length.

Category scales for hedonic and intensity evaluations

L~

~

of food are generaily anchorec with descriptive terms.
Verbal anchcring has been shown to increase the reliability
and sensitivity of CS (Bendig, 1953, 1954). However, the
descriptive terms used as anchors must be carefully
selected. Jones and Thurstone (1955) investigated the
semantics of Slsdescriptive terms used for anchoring-hedonic
food scales and identified terms with a similar meaning to a

wide range of panelists. 1In a subsequent preference survey

Vs



JAlores et al., T2SZ), 20 fcof ltens were rated ©n nedonic
SCca.es, whi.ch nCorporatecd suitable cCcescriptive teros
.cerntifled y Jires and Thurstcne Gns Discrimisat:on
. BUNE
food preferences was improved when the neutra. GCescriptlor
"nei:ther llke nor dxj}}ke" was e.iminated (Junes et gl
1S5%)
-~
-
Raf{fensperger et al, (i9%6) developed a zcushnesy
N
S . * -
ter®erness scale for beef bw following technigues s:mila:

3 . -~ Bl N — N
those vsed by Jones and Thurstone (7G55% and Jones et gl
{79c2) for hedenic scales. The degree of amiiguity ! -
cf 47 descriptive terms was .gentified. Tnen, ®fa nine-point

s

tenderness-ioughness sca.e was constructed
¢

prlot study to evaluate nine bee! roasts. The centre
catégory labelled "neither <tough nor tender” wgs avcided by

-~
the panelists.

N

Subseguenrtiy,

and a decrease in sca.e lercth to elght points rescu.ted

0

substantial reduction 1n systematlc error along the scale

(Raffensperqger et al., 1956).

Results of & recent survey by Cress (15977), described

in the American Meat Science ABsociation Guidelines for

Cookery and Senscry Evaluation of Meat (AMSA,

1678},
éxamination of the current literature indicate that most

‘meat scientists now emphngeight~bointgcs (with no centre
neutral category) for the descriptive sensory assessment ¢!

beef.

and an

on

removal of this neutra: phrase

a

da

'



N

Marny paraTetric anc nonparametric stat.stica.
proucecures nave peen evp.oyec for (S cata Tne use Cf

agprox.mated For ana.yses of var.:ance, these assurpricons
LT Luder normality .ncdependence anc homcgenelity of variance
Ga:rto, 79500

Although sucrcessive Interva.s a.ilnz the ategnry sca.le
Tay not De egua. . osub ective macn:itude (Stevens grd

N

Galanter, 1957), irteger va.ues {rCm Cateciry scales are
genega.iy used for data analys.s ‘Chaprer and Wigtleld,
1970). Clon:inger et a.. (197¢6) reported that there was

iittle change tc analyses cf variance with the normalization
cf category data from Intensity scales. Data from nine
sensory studles utilizing scales varyiné from five to 15
points were normallzed by caiculating z-values to estimate
the positicn 'of the categories on the psychological
continuum. Analyses of transformed data from a five-point
sca.e resulted in an F-value of 12.73 rather than 12.80 for

non-transformed data; and for a nine-point scale of 2.80

versus 3.08.

The popularity and continued use of CS has been

attributed to its diversity and apparent simplicity (Amerine

et al., 1965). However, CS may have some shortcomings,

Data from CS may not be reproducible from one laboratory to

>

another. Panelists may attempt tc stretch or contract thei
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Finally, cescriptive anchors ma%\&ihfhse Lne susges

or may be interpreted diftferently by panelists (Jones anc

Thurstone, 193%%). However, ghe careful seiection of

descriptive terms generally can produce scales w.th simi.ar

meaning for most paneliists (Jones et al., 1955;

Raffensperger et ai., 1956).

The widespread use of CS for the descr:i:ptive assessmen:®

0

3%

of meat indicates that this method is considered to be borl
Qreliable and sensitive to differences wn meat guality.
‘However, few systematic studies cf the CS technigue gLve
been conducted. In addition, several limitations of the (S
procedure have been identified. Since it 1s important to
use the most reliable and acchrate sensory technigue for

determining meat quality, an evaluation of the CS procedure
- -

and alternative methods 1s needed. ‘ Jf/,
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AN

Line-sceling procedures used fcr the descriptive
¥
assessment cf meat vary conéiderabiy. Modifications of the
QDA procedure Qéve been used>for textura. evaluations cof
*
beef (Harries et al., 1972), ground beef (Randalil and

Larmond, 1977) ancd chicken (Lyon and Klose, 1980). in QDA,
trained panelists 1dentify and QUantifyc in order of
occurrence, the guality attributes of a product. Several
researchers (Walker et al., 1977; Bouton et al., 1980a) have
used unstructured (line) scales for tenderness and juiciness
evalliations of beef from various pcstmortem processing

treatments, %
: . ) N
Procedures for utilizing LS have not been

S
systematically evaluated. Some workers (BRaten, 1946;

Randall and Larmond, 1977; Stanley et al., 1980) have

.

allowed direct comparisons oﬁ LS ratings between samples.
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. c,..“‘
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Zycn and Klose, 198C1), 2.2 cm from eacheend (Vickers, 353)

O
"

at each end of the scale (Baten, 1946; Giovannil and

Al

“angborr, '963). (@¢casionally, the line scale has &.50 been

anchored at 1ts midpcint (Stone et al., '974;: Lyon et al.,

“

7978).‘ §owevér, étone et al. (1980) stated

7
L -~

line scales were 1mprcved when the middle anfhcf point was

-

eliminated.

For data analysis, the location of each res
A

the line scale 1s converted to a-humerical score which can
be analysed by a variety of s+tatistical procedhres. To
facilitate tabulazion of LS data from QDA, Stone.et al.
(19805 developed & specialized sfstem which incorporated a

digitizer with visual display, a storage system, a

onse alory



T.oICoIrDTessCr & LIrLiTtTer arc (rteriarte Wwltnoa Teln lrarve
A4
- - - - > 7 - o - ~ - ~ -~ - -
LT L LTer . ar. ce Jocor et a. el cerrlec a véer.et.o
L -
- .
.- [ —~ - — -~ — - — - -~ - - + - - &
L osme LS ec La.Ee Wi G..Cwel tre ZlireTs ranstier of
o
vy e S - e R N e I e oo e .o e o
Lo . a Il - eAa AAAAA - - v [ _ JOACRE S ~-a ~ . .51% sCcLIe’
! Y
L o . - ) - he S - o = e~ -
cririrutes on Upticas. Marxk Heale: M: a@rcs wnLc
.
-
e - —~ ek [0 r o a — & S e o~y - o
crsisted ol cohoies .nsteac { the Co INUOUS L Lne
sTaLe Marweo _Qrcs were tnen real C.irectl.y Dy the
~ - - - . . - . 3 - -~ -
tcoputer., Jespitle Tne pllerntig. advantawss LI a dig.tizer
or UMK card svsten, Tany researchers Continve Yo uUuse rulers
o0 tenplates T4 ass$iGr umerica. va.ues T LS cata (Lyon o and
o . R . o ) -
Fiose, SE0; Stanley et al., SEl: Vickers, a53) .

“ne LS procecure has some ¢f the same limitations
decribed previous.y for the CS technligue. Panells*'s may
avoid pos:it.ions near the boundar:i:es (the category end

) Although the line scaie allows a

Nej

effect, O'Mahony, 197

bt

panelist to discriminate as finely as desired along the

scale, the fixed constraints af the. ends of the scale can

s

s freedom and generate biased data .

: .

limit the panelist
(Stevens, 1897%5). In addition, panel:sts tend to use the
upper portion of the line scale more than the [ower portion

{Moskowitz, 1983).

However, the LS technique possesses advéntages over the
traditional category scaling procedure. ‘The LS procedure
provides a éontinuous rather than stepwise écale (Hall,

1958) and generally pyoduces equal interval data (Anderson,//

1370; Weiss, 1972). 1In addition, the line scale is less
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the CS procedure. Thus, comparat:ve studies of LS and CS

procedures are needed 'C assess ;ng\iffa ive merits of these

[
"y
<!

sensory evaluation procedures f{or the descriptive sens

assessment of meat.

Magnitude Estimation

~

o

Magnstude estimation (ME), a ratio-scaling technique,

has become-popular for food research (Moskowitz, 1983) bu*

has not been widely utilized for meat (Larmond, 1976).
using ME, panelists assign numbers to stimull in proportiof

tc the perceived intensity of the attribute. The ratios

4

between subjective assessments are assumed to reflect the

underlyﬂng ratios cf perce:ived magnitude. For example, a
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~
a.sc¢ have been evaluated us.:nc the ME procedure (Carcdel.c et
a .
o . - . o . ey ' N - b « . N o 3
a.., 982%a, 198.cb). However, few studies have employec ME
for assessments cf complex, heterogenenus food systems such

as meat.

There 1s limited information on procedures utilizing

~-

the ME technigue for the sensory evaluation of meat. In an

/

early study, Segars et al. {1975) used 17 experienced judges
to score three textural gtt.’butes of six beef muscles us‘ing
free modulus ME. In the ME evaluation of meat samples,
panelists were instructed to assign larger numbers to
indicate 1increased difficulty of cutting (one or two chews),
increased effodbrt in chewing the meat and increased residue
at ‘the end of .chewing. Later, Segars et al. (1981) used two

I3

slightly different modulus free ME procedyres for

A <
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across pane.lsts and a"ross

8}

calibration”™ procedure

{Mcskowitz, 1977), panel.sts assigr numbers %tC a series of

woerd descriptors n the dame manner that they had used °

the evaluation ¢f samples. A

determined for each panelist.

correct:.:on factor s then

In a collaborative study involving 20 laborator:ies

(Powers et al., 1981), the three methods for normaliziQB/x

(X
.

magnitude estimates described above were compared. Power-

et al. (1981) concluded that the three procedures led tc

essentially the same results.

i

Moskowitz (1977, 1983) hac
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' Magn:tucde estinmetlill Cata Cal. Df &ha.vsea Dy oany
. ‘
ARETOopriate statistical procedure. However, magnitude
o

the M3 tarIity ot the numbers ot the lower enc i the nunber
( ,
range ’
-
-
. .k - . \
Legarighmic transformations are freguently periormed to

,.,
~
(@]
o

change the distirizuticon @f the data from a 100 normel
b4

zormal distribut:icn, & reguirement ci parametric stati:stical

procedures (Moskowi

oy < e " ’ - R
z and Sidel, 197i% Powers et ai., J987;

rr

‘Garcia*Medina, 1981; Giovanni and Pangborn, 1983). For ME

data, the geometric mean 1s the preferred averdge as :t

pres€rves the ratic between the 'estimates and 1s not
excessively influenced by an occasionally large estimate

(Marks, 1874). However, logarithmic transformations of ME

A

'f -
data may not always be appropriate. Wheq"ggglists assign
& )
zero ratings, logarithms can not be used and geometric means

can not bercalculated (Moskowitz, 1977). Moskowitz {(1983)
reported that similar conclusions were reached from analyses

of both nontransformed and transformed data.

Several biasés of the ME techéique have been
identified, Most panelists operate within-a limited range
of famiiiar numbers and show aberrant behavior in scaling
very large or small stimuli (Moskowitz, 1983). Thus,

sqgafai‘researchers (Howard, 1973; Williams and Bernhard,

! .

(



9z 1) have s.ccested that for ME experiuernts, extrene
senscry Tagn.itude should be avolded.
The "recress:cr oeffect”™ s ancther Comn. Dras
deta 'Moskowitz, '983) When assigning retineg ©0 1e
T . R )
1ntensity, pane.lsts show conservat:ve benhavicr « n
lead T prorer, less discriminating data.  An add.e
iimitat:on of ME 1s that pane.:sts prefer 1o use rou
;utpeAs\muze than a2 cnusweal aunbers. O Mahony and
N
\ - .
(G811 Jdsed fixed modulus ME to measure the perce.ve!
- kN - 5‘ Al . ~ A . b
intens:ty ¢f salt sclut.cons and {ound that mire Uha
4
the estimates were simp.e mullilp.es of the standa:a
unit values from O to 5. A partial remedyeci tlhire b
1. ' )
been the use of moduiius free ME (Moskowiltz, 1983).
It Is unclear whether or not the ME technigue

numbPers that have true rat:i:o scale properties or whether

produces

this method produces nothing moré than a disguised 1nterna.

o~

type measurement (O'Mahonv and Heintgz,

1982). However, proponents of ME

1657;: Marks, 1974; Moskewitz, 1982,

numerous studies confirming the validity and reliability o!

th®»s and other ratio-scaling procedure
validity of the ME procedure

and continue to be expressed

(Weiss, 1981; McBride, 1983; Mellers,
However, ME has several

-
.procedures.

18981;

S.

1983)

have described

Birnbaum,

(Stevens and Ga.anter,

Concerns about

1983).

4

on

t ne

have not been” fully resolved

advantages over the CS and LS

®

Because the judge is unconstrained as to the

1n the psychological literatu:e



rancge anc s:ze of numbers that can be Used, the magnltude
STa.e 15 Cr o trunZatec &t the extreres I senscry macnitude
IMogkowitz @nd Siceld, B o 2;;:'1( ., MEZ zate can De
expresses @g ratlovs oI [ercenticges ‘Mgskowitz, 975%).  Thus,
agi.iute estinales provide guantitative nfocrmation abour
Liw paniellsts percelve a.fferent stinmui: while data from CS
and LS ; ey anforng Tooabtut intervaels (Moskowitz,

SRR )

Werkers tnopsychometrics and psyohophvsics (Stevens and

Qaianter, Q57 Marks and Ca.n, 1972) have foun.d that for

continua, a poewer function SsK[7; relates

»—

many perceptua

bt
o)
.
C
Ve
|
.
@]
e}

sensory .ntersity, S, to physical intensity, [.
ceordinates, the power function gécomes a ‘line
. log S = nlog I + log k
with slope 'n’ anc intercept 'k’. Much attent:ion has been
directed to the exponent (slope ‘n’) of each continuum
because the exponent 1s an index of perceptual sensitivity

and governs the rate at which perceived intensity 1ncreases

with physical magnitude (Moskowitz et al., 1974).

Since inétrumental measurements are calibrated 1in
ratios, 1t may be advantageous to alsc have sensory meacures
on a ratio scale. In addition, equations relating the
textural properties of méat assessed i1nstrumentally to
texture judged by panelists would be a very valuable tool
for meat scientists. However, few studies in meat research

have employed ME. Segars et al. (1975) reported that

)

N~
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I oadd:ition, few studies have~comparec ME t¢ e.ther (S
or LS fcr the descr:ptive assessment of foud altributes.
-

McDaniel and Sawyer (198'a) used nine-pc:int CS and modulus

“free ME to score the 1intensity of 19 descriptive profile
~

terms of &hiskey sour formulations. The ME technique
yielded a similar number of significant difterences tc¢ CS
(McDaniel and Sawyer, 198tla). However, Giovanni and

Pangborn (!'963) obtained larger treatment F-values for

X //A\v//
panelists' evaluations of 1intensjities of fat 1n nfilk and

sucrose in lemonade by the LS technique than by ME. Furti«:

.

comparative studies of CS, LS and ME procedures are neede:
Comparative Sensory Methodology

Many earlv studies on taste panel methodology have
[at)

focused on sensory tests such as the paired comparison,
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se.ected to provide differences in the at
under investigation. For example, Murphv et al. ('957) used
three different strawberry varieties, Gridgeman (1967)
stored eggs under four cond:it:ons and McDaniel and Sawyer

(1981a, 1981b) prepared a number of different whiskey sour

formulations.

In several studies (Pilgrim and Wood, 1955; Gridgeman,
J¥961; Mogaowitz and Sidel, 1971), different groups of
pocnelists were used for evaluations by each sensory
technigue. However, most researchers (Baten, 1946; Murphy
et al., 1954, 1957; Carlin et al., 1956; Filipello, 1957;.
McDaniel anad Saw;er, 1981a, 1981b; Giovanni and Pangborn,

1983; Vickers, 1983) employed one group @f panelists to

compare sensory procedures. Gridgeman (1961) stated that an
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Pangborr., 98
haif of the paneiists emgp.oyed LS irst, whi.e the rema.n.ng
1% 1% ) 4

panel:sts began with ME.

- Statistical procedures used to guantitatlvely compare
senscry evaluation methods which have diflerent scales of
measurement are lack.ng (Murphy et al., 1957). However,
criteria which have been used to compare sensofy eQaluatiﬂ:
trechnigues 1nclude:

(1) the number of significant differences among the
treatments (Murphy et al., 1954, 1957; Pilgrim ang Wood,
1955: Moskowitz and Sidel, 1971; Moskowitz, 19852)Mc09nie1
and Sawyer, 1981a, 1981b)

»

(2) the magnitude and significance of the F-value or t-value

\
.
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spec:fic te comparative studies of CS, LS and ME vrocedures.

et

For CS and ME date, relationships between hedonic or

n
intensity eva.uaticns and physical concentraticn have been
Yy phYy
piotted (Moskowitz and S:idel, 1S71) or expressed

mathematically (Moskowitz, 1982). in additicn, Giovanni and

Pangborn (1583) have tested the "goodness of fit" for
mathematical models between LS and ME data and between
sensory data and physicel concentrations by examining the
resulting coefficients of determination. Anderson (1977)
and Coleman et al. (1981) have suggested that the "goodness
of fit" of a mathematical function should be tested by
meésuring the significance of the deviations from the model
by analysis of variance. However, several workers (0O'Mahony

and Heintz, 1981; Powers et al., 1981) have used correlation

coefficients to test mathematical models for ME data.
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Raffensperger et a. (1¢56) used a ine-point Tateqgorsy

scale anc a moc.fled l:ine sca.e (n.ne 4divisions were narked

t< sccre the tenderress of beef cuts from differernt qgrades.
The evaluation techrnigues were compared by examining the

agreement among judges and

o
3
o]
93}
o
-
Tt
<
o}
La o)
et
o
14
w
0
o
»

4
n

cisc

jon

istribut:ions of the ratings. Scale sens:tivity anc

[}

canelist agreement did not differ between scalin
1

technigues; howewer, the (S procedure had a significantly
greater amount of systematic error than the LS procedure

(Raffensperger et al., 1956).

_The eating quality of beef assessed at each c¢f five

European resedrch institu{es was compared by utilizing a
\

common eight—p&fat cagfegory scale (Dransfield et al., 1982).
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the experlels el parels werle LlohLy Torre.atec atross
LU lTutes., LULLIuT e a eosules b tenderniess alsy
Lirelatec N S Lalle . Teuerless s reg FaleLllsts
ot e resesrc crLitute 4LC not AdigorlTinate tenderress
niferences as we.l as panesists at tthe ther fcur researon
rnstitutes {(Dransf.e.d er al., 198z).

The procecdures ancd evaivation cr.teria :dentified 1n
the preceding ciscussion may be usefu. for a compara‘.ve
4 P Y P :
; L ¥
study of CS, LS and ME for the <descript.ve sensorly
\ )\
\

assessment of beef.
Training

Meat scilentlists routlinely employ trained descripttve
panels to determine the effects of various production and
processing treatments on the guality attributes of cooked
meat. However, recommendations regarding the extent of
panelist training for CS, LS and ME differ. An "expert"
descriptive panel using CS may receive three to four months

. . T ' . .
of intensive traiiing (AMSA, 1978); panelists using LS for

senscry assessments of food usually receive about 10 hours

[
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SeLert Lo o ans trelning procecures (o Ve Cesoript.ve
sensiry assessment i DbDeel wWwhiol have ndw beer adopTeC
rlany meat researcners (Hastner et al., "9El; Davis et al.,

St ; Berry and Cross, 'G8Z; Bow.es Axe et a.., GE s Crouse
»
5 - N r
et al.,. . 1983%3). Three oOblectives 0{ (r@.n:ng were
. - ~
identified: (') to familiar.ze the paneli:st with the Test
P

[o}}
o)
[o%
oV
a9}
]
re
rn

v senscry attributes, anaga (3) 10 1

=)
@]
!
D
<
it
D

panellist’'s sensitivity and memory (Cross et al., 1978; AMSA,
1878). in che study by Cross et al. (1978), train.ng was
accomplished through 1ndividual and group sessions :n whi

a wide range of beef samples were evaluated and discussed.
One or more sessions were devoted toward demonstrating
levels of each attribute under study. Although the train: j
procedure described by Cross et al. (1978) was developed for

the CS technigue, this procedure (with slight modifications)

~
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SL.C as s;des,fg;arters, whi.esale Cuts, subprimal Cuts o

bune.ess cuts (Cross, ICA I

In hot boning (HB), muscles or\muscle systems are
removed from the carcass pr:or to chiimng (west, 1983},

Because HB requires "he chi.ling and storage ¢f only edible

P

meat anc nct excess fat and bone, potential economic

benef:ts include: savings in energy, cooler space, labor,
transportation costs, product shrinkage and in-plant
residence time (Kastner et al., 1973; Ray et al., -1982;
Kastner, 1983). However, prerigor excision and rapid
chil;ing méy cause toughening (Kastner et al., 1973: Cros§
and Tennent, 1980; Berry ané'Cross, 1982; Bowles Axe et al.,

1983; Lyon et al., 1983). Although flavor is g%perally not

affected by HB (Schmidt and Keman, 1974; Kastnet¥ and
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enhangec tenderness of de.ay-chli.ed beel was prinarily due
t the hiuh muscle teumperature and pH (Marsh et ai.,
G8C - E7) maintarned Quring tne Iirst Z tc 4 h pustmirien

In addition, DC may a.sc .mprove meat flavor (Cliplet and

Strain 'CT76) ana reduce getectab.e connec:.ive 11S5Sue
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Electrical stimulation (ES) of beeft :nvcives the
application of an electrical current soon after slaughter
accelerate the rate of glycolysis and reduce the onset ¢!
riger mortis (Will et al., 1979). The use of ES 1immediate.y
post slaughter may prevent toughenring of hot-boned meat

(Gilbert and Davey, 1976: Walker et al., 1977; Bouton et
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ncn *he ES ¢f beef carcasses

There 1s ..m.Ted resea

1n conjunction with DC. However, Smith et al. (7979) and

Elgasim et al. (198') reported that ES contributed more to
. 7

oy

an dicé DC.

o

-1ncreasecd tenderness c¢cf the meat cuts t

Thus, these var:ous postmortem processing treatments
{HB, DC; ES) sh0uld'provide meat with a wide range in
organoleptic guality useful for a comparative study cof
sensory evaluation ‘technigues. In addition, t%e meat
gquality differences attributable to postmortem treatment and

determined from sensory and objective measurements, should
-~

be of a magnitude similar to those found in current research
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Choice of the Cooking System

=
b

e

Twc dry heat me ds aescribed in the Literature for

Q

)
I

ing {(Batcher and Deary, '3575%5;

as

(0

cooking SM steaks are r«

Berry et al., '977; McKeith et al., "881) and broiiling

(Breidens®e1in et al., 1968; Dryden e¥® al., 1979: Smith et
Y :

al.%(1982). In roasting, heat 1s transmitted %o the mear ',
a

convection, either by normal or forced air, in a ciosed
preheated oven (AMSA, 1978). The meat 1s not turned durins
cooking. In broiling, steaks are cooked primarily by

¥ v

radiant energy (Paul and Palmer, 1972). Theé heat usually
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rafl.ates ITch onhe Cirectior €l The MeacT TusST De turnec
SuUring Cocoking i AMSA, STo .
< S
A_though Drci.ing more Closely simulates current
“onsumer practice, Harrison (797%) recommended roasting

precise broiling

nsteac ¢f broioinc for tender meat Cuts as

tSit.ons are rffioult to meintaln. Radlation i1ntensity
var:es within and ameng breiler units (Paul and Palmer,
GV, Batcher and Dga:y, 19750, in adzit.ion the ailr
jemperature ¢f the oven can be i1nfluenced by a:r maovement In
T?e iaboratory (Cover et al., 5957) ang may not reflect the
true eneragy output of the unit (Paul and Palmer, 1972). In
broiling, the investigator relles on the final internal
temperature ¢of the steaks as his only control (AMSA, 1978).

Several weocrkers (Batcher and Deary, 1975%; Cross et al.,
167¢%) have compared the characteristics o0f beef steaks

cooked by roasting and broiling. When cooked to eitherﬂ§O°

. o A4
or 71°, roasted SM steaks were scored more juicy and tend&r

and less mealy than comparable steaks broiled to the same

temperature (Batcher and Deary, 1975). 1In addition, cooking

{

losses were significantly lower for roasted than broiled
steaks (Batcher and Deary, 1975), which would result in

incrésﬁed edible portion. Other advantages of roasting over
2 - .

®

broiliﬁg described by Batcher and Deary (1975) iﬁcluded:

less splatter, lower energy consumption and minimal effort
and attention for the raesearcher. During preliminary work,

it was noted that roasted 3.8 cm SM.steaks were also more
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evern LI Cconeness Lhan brcl.lel steaxs Sngnl anZ Hawryst,
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(ross =t al. (1579) that elther roastit :

1 3 £ - T C ~ - M
Crol.ing was sultadle 1orf .o IO TDLICK LRGIsSSImus vieaRrs

A

et e e NP Clee. N 9
Jengerness, connective tissuye amount and fLlaver S s L
steaks did net differ s:gnificaptiy between ok ety

CLoR:ng 1osses than roasted stearns (Cross et al., U

«

Couvking methods serected f0r meatl researsn shiould

Ly

maxim.ze the differences due to factors under :nvestigat.i.oo

cdue 10 cooking (Mottrdam, T9E€ ).

:J
c
0]

roasting cf SM steaks appears to be an appropriate and

"
°
is;
P

oduc:ble coovking method to use 1n a comparative study of
7 kd
senscry evatruat ion procedures.



EXPERIMENTAL PROCEDURE

-

Experimental Design and Statistical Analysis

Eighteen tra.lnec panelists eva.uated the gua.ity

2]

branosus steaks us.ng three sensory

LTIributes ol osenlner

~laeh involved four treatments, n.ne re{l:(at;cns\{'od:ts‘
. .. : e , .

el treatment, Ulhiee Stesks per roasSt, three phases (flne

pericds) and 8 cudges.  The des:ian for cne experimental

reylication 1s cutisined :in Figure 1.

£

The three adjacent steaks, cut fron each of nine ro

o]
wn
s
wn

I
—

per treatment, were assigned a¢cording to three 3 x 3 Latin
sguare designs for preparation 1n each of three phases.

Each phase 1nvolved the evaluation ¢f three steaks taken

from each. of the three roast positions.

To mini:mize the effects of scale carry over, learning
and motivational faczors, paqelists utlilized each sensory
evaluation technique seqguentially, in different
predetermined ordgrs; in the three phases of the study
(Figure 1). Within each phase, samples from each steak were
evaluated by the 18 trained panelists with six of the judges
using the CS procedure, six other judges using the LS
procedure and the remaining six judges using ME. At the

completion -of the study, each judge had evaluated one of

a

: 30
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'Steak assignment to phase was balanced over the nine

replications.

-

3

Steak o
Phase Z
ASSignmen?
of Panelists Evaiuat.ion Technique
-3 CS M= LS
4-6 - CS LS ME
- 7-9 JOA CS ME
0-12 ME CSs- LS
. 13-15 LS ME cs
i6- 18 ME LS csS
DC Delay Chilling
DC-ES Delay Chilling with Electrical Stimulation
~# HB Hot Bonino o ]
HB-ES Hot Boning with Electrical Stimulation
CS Category Scaling
LS Line Scaling. - \
ME Magnitude Estimation -
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e and 1ncomplete Lat:n sguare d

ithmetic means were calculated

geometric means were calculated {or ME

split-plot analyses cf variance were ¢

varicus factors under investigation.
were treatment (n=4), replications (n=
steaks (n=3) and for taste

For all analyses with more

means were computed and used 1n the an

[S4]

[ad

(*

. Least
omputed
Sources of

Q

P

) ’

pane. data, panelists

alyses.

phases

3

93]

reglicartion
However, (o
each panes:
witn o each
fects fx &
and cblecs
erformed ac
ésigns.
for CS and

for

ke
1

[N

w

m

cording ¢

LS data:

sguares

the
variation
{(n=3)

(n=18).

than one observation per cell,

Student-

Newman-Keuls' multiple range test (Steel and Torrie, 1980)

was used tc establish significant differences among

treatments.

Date for each sensory evaluation technigue were

analysed separately.

The magnitude estimates were

and

[a

At

.
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IritialLy, the four oo cotien e .
were L0CIUSen o aLll analyses ol sensory ani oLooe cdat
T tregtments haed few o giu Sioant sLtieren e
contriboted TIUlIe YO oo CUMDGIIS Iosensoly evalua i

: N
technigues, the maln interest of thiis study. Therel e .
’ !
analvescs were perfcrned G datae [ron Iy twe (agelay
chilling enc hot buning) of the four postmortem prllessing
treatments. The sources ¢of varrati.:cn and vallid errcr terms
used 10 the analys:is cf data {rom each Sensory eva.uallorn
proceégre are presentecd :.rn Table 1.
Correlaticn and regression analyses were perfaormec tc

assess
appropr:
evaluat

assessments,

ion technigues.

\inear anc¢ other mathematicai

In additi

functions

for

te sensory cata between each of the-three

oq;”for tenderness

-~

correlation and regression analyses were

performed be:ween each of the evaluation techniques and

Warner Bratzler shear data.

included: 1li

(Y=a+blnX),

near (Y=a+b

hyperbolic

X), power

(vy=aXx"),

The functions evaluated

logarithmic

(Y=a+b(1/X)) and parabolic

(Y=a+bX+cX?*). For evaluation of the non-linear functions,

appropriate transformations of the data were made and linear
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"Actual degrees of freedom for each cf the analyses may be
reduced because of missing da:iec.

‘Used as panelist source of variation.

’Used as treatment by panelist source of variation.
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Meat Used for the Study
- - - - - £ - IS - - §
JLlrtyssix SM o roasts fosinliar welacht, e T
- £ '3 - . - §
o0 four postmortem processing treatments, were obtaired fror
vOoung cresspred steers {average age of % months) raised a

the Agricu.ture Canada Research Branch, _accmbe, Alberta.

Detaiis ¢f breeding, manacement and postmortem hancl.nag of

the animals were described oy Jeremiah et al. (984

r1)

Our postmorten processing treatments were app..edc o

the carcass ,s1des: delay ch:illing (DC), delay chilliing Wity
electrical SBtimulation (DC-ES), hot boning (HB) and het

boning with electrical stimulation (HB-ES) .

Carcass sides assigned to the DC treatments were held
for 2 h'in a walk-in meat cooler at 10-15° before being
chilled at 2°. The SM muscles from the sides assigned :to

the HB treatments were excised at 40 min postmortem.
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each of the steaks perpendicular
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e

poiyethylene bag, sealed with a tw:

wrapped :n waxed f{reezer paper.

Each steak was weighed, p!

rt
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were stored (-25°) for one to two months.

£

each roast was wrapped in aluminum fo:]

polyethylene bag and storea (-25°) fo

analyses.

|
a4,
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The packaged

The

Prior tc cooking, each steak was thawed i

packaging for 3 h at 22° and 20 n at

3°.
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The SampLainG pottern [or Sensery and ontect ive et
{Figure 2) was Sg\i;cr:A:ec CuILnG presiminary wWOrK. /)
.? H

art couured steak was CTuUl, para.iel 'L omuscle flibe:

m

o;
3
D
)
w
m
o
ES
W]

direction into four (steaks = ard 2) or

’

o]

P.3 ca thick slices. Steak slices were <ut 100 reciangu.a:

Siire:

1 ~

ccres (.3 x 1.3 x 3.2 cm) usinG an electr.c mea

P

{Berkel mode. 183€) anc & double-bladed sca.peli. Aite:
remov.ng the browned exterior surface, two '.3 Tm cubes were
~
¢
cut from the centre of each of 18 cores for each of the ‘o
- - '. . o
panelists (Figure 2). The cubes were refrigerated (4°) or o

covered plate for one half to three and one half hours

before evaluation.
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Obiect:ve Measurements on Raw Samples
Fat and Mc:isture
e e elTagey b et et e et n o
»
- ~ ac O e oot st =
AS G 2l ol Lo ARG L ST LT e “ts ATA
< s / -y ~ - - . -~ I3 P
(SRR & < A P i 2.5 W (o1 ~d PO ~
- AP o . - ~ z N —~*
Thawes K] rLnned [ e e T LISsSSue anlZ o lat, : .
. - - ~ - - - ~ o
Y ¢ srLGernells paste, freeze drLel L Locn
- - T ‘ - - - - .
egrLuns g Lot geterm.inal < TohaLvate oo : ¢
eac: tireere dried sampie were placteld 1 g Goldlrge:

-3~ oy £ - e - -
exTractiCn o apparatus (o1 £ 5 and tne resulting etne
extract weighea Muisture was determined by Cry:ng

o
Lo D ey b [ R | 3 IO :
duplicate 2 g portions ol each [reeze-drield safip.e 10 o

A Fisher Accumet Model 230 pH,/ion meter used (¢

determine the raw pH of each rcast. A thawed 20 g samp.e

from each roast, free of fat and connective tissue, was

! ‘

blended with 100 ml distilled water (60 sec) and fi

,ﬁ,
0t
"
Y
[8d
(o8

intc two beakers to give dupllcate readings.
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Objecti1ve Measurements onr Cooked Samples »
Cocking T:ime
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Cooking Losses
rercentase totael, velat:i.e and drip lusses, based on

Meat! ccres (', % x .3 x 2.2 cm) were removed from
P S L R e . . 2 £ +
spec.f,ec positi1ons ©n steaks and 2 of each roast,

acdjarent o those u or senscry evaluation (Figure 2).

red once, perpendicular {ﬁ the

+%

arner Bratzier shear attachmgat on

The cores 12'°) were she
fiber direction, with
the Ottawa Texture Measuring System (OTMS) (up speed, 0.25

cm/sec; 5 % range selection). An average of nine shear

values were obtained for each steak.

N
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Color

The colcr of each coucred steak was measured us. g @

Hunterlab Ccolior Difference Meter (Model DLSA 2) standardizes
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5=0.%. An expcsed interior surface of each steak (Figure 2!
M 3 ” - r o - s

was placed under the 1nstrument port. Lightness “[ 7,

redness ‘a’ and yellowness ‘2’ vaiues were reccorded f{or ea @

sample. Then, each sample was rotated 30° and a second

reading was made for each color difference factcr.,



Degree of Doneness of Cooked SamBles

. F

Dyri:ng samp.e gpreparation, tne nterna. ¢o.0or c¢f each

nced jucgges.

[y

cocered steak was assessed by three exper.
Afrer each steak was cut intc slices (Figure 2), the three

of doneness cf the

\Q

re

a4

sudqges 1ndependent.iy scorecd the de

second slice us.na a doubie-pcinted category scale (l=well-

done, 5S=medium, 9=rare) (Appendix, Figure 13, page 132).

Sensory Methodology

E:ghteen trained panelis.s evaluzted the organcieptic
gualiity oflsteaks from each of four péstmortem processing
treatments using cagegory-scaang (CS), line scaling (LS),
a5d magnitude estimation (ME). Panelilsts assessed five
descriétive attributes in cach beef sample: initial
tendernéss, ovarall teznderness, connective tl1sSsue amount,

overall juiciness and flavor intensity.

<

Sglection of Panelists

‘o

Panelicts were écreened by a procedure similar to that
used by Cross et al. (1978). Twenty-eight students and
staff in the Departhent of Foods and Nutrition, University
of Alberta, participated 1n a series of 16 triangle te%ts.
During each triangle test, panelisgs were asked to pick the
odd sample with respect to tenderness, juiciness or amount
of connective tissue and to indicate the’degree and

direction of difference. Panelists correctly identified the

odd sample 73 % of the time, with a range of 56-96 % over



e
(a)

the 6 Tr.ancles. Twenty-three pane.lsts were se ected oo
- sy - '3 . - - —~ - o —ar . .
traic1ns on the bas:is of he . aciiity TC Cccerrestiy Lgentiin
the L3z samp.e Interest 1n the study and avaL.Lioliaity o

0 ’ - 4 .

the duration of the study.
Training of Panelists //\

~

TraINIing sessi0ns were helo o

-

-~

e 0 weeks. The first sess
sensery evaluation andé acqual
Paneil1sts ranked standazrd

: -
ss and juiciness ¥ rbes,

neral texture description.

Na)
T

fceods used as anchors for scf:

1273) and then scored the scfiness\e: julciness Of. tlhese

foods on eight-polint scales. For
representing different i1ntensi
snortcake biscults, dehycrateg apgples, canned potatoes,

. . - - -
ral1sins and canned mushroom cabps.

During training, panellsts were gradually acquainted
with the three evaluation technigues, panel procedures and

the guality attributes under invéstigétion. Definitions
providgd for each of the descriptive attribut;s are shown 1n
Figure 3. The CS method was introduced first. Panelists
were asked to rate each attribute in the meat samples us.n.,
an eight-point desciptive category scale. A value of 8
represented extremely tender, julcy, meaty and no conneci :ve
tissue and a‘value'of ! represented extremely tough,‘gry,
weak and abundant connective tissue. The finél CS scorecard

-

is préQi?ted in Figure 4. Each panelist standardized



INITIAL TENDERNESS

OVERALL TENDERNESS

CONNECTIVE TISSUE - -

OVERALL JUICINESS - -

FLAVOR INTENSITY --

Figure 3.

s the latk of force reguired tc bite
through a cube of beefl acrcoss the
gra:n, berween the moiar teeth
levaluated celter two rhews)

s the amount of effort and time
reguired ‘¢ completely masticate a
cube of beef

1s the amount of residue felt dur:ing
chewinag and ieft after complete
mastication.

1s the amount ¢f mocisture left 1n the
mouth after complete masticat:ion.

is the amount cf meaty flavor present
in the mouth after complete
mastication. -

Quality attribute definitions used for
the sensory evaluation cf beef.

IS



INITIAL TENDERNESS
(2 chews)

5 extremely tenqger
very tender
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slightly abundant
moderateiy abundant

FLAVOR INTENSITY
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o B ) (D

LN

L&

chews i
extrem nde
very t
modera
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extremely
very cuicy
moderate.y SuiCy
slightly Jjuilcy
slightly dry
moderately dry
very dry
extremely dry

JULTy

- RO & U O S

extremely meaty
very meaty
moderately meaty
slightly meaty
slightly weak
moderately weak
very weak
extremely weak

N

Figure 4. Category scale scorecard for the sensory
evaluation of ccoked semimembranosus steaks.
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.S ‘ner cveral: tender ess scores oy the numzer of Llews
regoulrec o Ccomp.etelv naest.cate & cupe i peel

Derinz the second weexk of tra:nind, the LS tecniiigue
was ntroduced Each panelist was 1nstructed tC mark a
vertical l:ine acrouss & S ocn line at the point which best
described s ner gnpress.ion of each of the giributes 0 the

beet cubes. The ..ne sca.e was anchored "3 cm from eacnh

end witl lLe efpropriate descriptors (very tender--very
Lough; Small amount Ccounnective t1ssue--large amount
connective tisSue; very JuUlCy--very Cry; very meaty--very

weak ). A vaiue trom . U.0 to 15.0 was assigned to each raeting

by ccnverting the mark on the line tce a numerical score.,

The final LS scorecarc 1s presented :n Figure 5.

Magnitude estimation was 1ntroduced during the last
four weeks of panel training. To acqua:int paneigsts with
the method of modulus free ME, panelists evaluated shapes
and lines as desc-ibed by Moskowitz (1977). Each judge then
evaluated the quality attributes of the beef samples by
assigning any number (greater than () of his/her choice to
describe each attribute in the first sample presented. For
each successive sample, panelists assigned numbers for each
attribute 1n relation to those attributes in the previous
sample. Panelists were instructed that in ME, the ratio
relationship of the numbers assigned was more important than
the actual numbers assigned. Since panelists had difficulty

scoring five ettributes simultaneously, the final ME
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SaAMPLE £ SATE o NAME - o
INITIAL TENDERNESS
very ey
tender .
OVERALL TENDERNESS
very ¢
tender VTSN
/
CONNECTIVE TISSUE AMT.
sma . L Larae
amount amoun”
OVERALL JUICINESS
+ R S Y
very very
Tulcy ary
FLAVOR INTENSITY
{ i
} :
very ' very
meaty weak
COMMENTS

/
y
!

A

. . ! )
Figure 5. Line scale scorecard fof the sensory evaluation
. A

of cooked semlmembranosué\ steaks.
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STLIeTarna o was Cov.zZeZ (Ul Wl Tl < ri1gu .
The ntrcfoctionn o anz refinenent i egTn senstry
- - — .. ~ - - - & - . - Ty e
¢ cedure focllcwed o s.ol.ar for [ rarne¥ists L Ziv.dual .
evaLLates Samng.eS anc tnen particlgatec & rgund tavie
3 o~ N P - -
2.STuUSsSsion. The group .eacer reccCrCel resuitSsS using an
erhead proocector gnC o enLuraded partiTlipation by all
panelists. Fcr CS and LS, actua. scores were recorded;
sy - ., “, o~ N - L e - * AT € R Rl a T TR
Lwever "o o oavoelc A‘.A-ve‘.‘\,Auf t/u..‘A.\)‘S i e O TUnoe s

when us:ing ME, ~niy relative differences between meat
samples were shown. Discuss:icn of results end comments by
paneli:sts during these sessions heiped tc develop panel
consistency énd'to ymprove panelists’ urngerstanding cf the
attributes under 1nvestlgation. Panelists scored a wide
variety of beef samples (different muscles from animals of
various ages were cooked tc varying degrees of doneness)
using each evaluation techﬁique (Table 2). The number of

attributes and samples evaluated per session was increased

gradually for each procedure.

The iast two weeks of trainihg were arranged to
simulate actual testing conditions. The samples evaluated,
taste panel booth arrangement and the scorecards used were
similar to those in the actual study. Pénelists

individually evaluated samples in a taste panel room and

then participated in a brief discussion after each session.

(93]



SAMPLE CODE

INITIAL
TENDERNESS
¥¢:=¢toughness‘

FLAVOR
INTENSITY
{rf="meatiness’

OVERALL
JUICINESS
(*#£=13juicCciness)

SAMPLE CODE

NAME

CUBE ONE

N

NAME

CUBE TWO

OVERALL
TENDERNESS
{t#=1toughness)

CONNECTIVE
TISSUE AMT.
(+#=tamount)

COMMENTS

Figure 6. Magnitude estimation scorecard for the sensory
evaluation of cooked semimembranosus steaks.
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sample ai1fferences, consistent cver time and highly
motivated were chosen tc participate 1n the study. FPrio:

“training, 16 of the 18 were nalve to sensory evaluat:.on.
Sample Presenéition

Panel sessions were held daily between 1030 h and

1430 h in an atmospherically-controlled ‘sensory panel room
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‘Category scaling (CS$), line scaiing (LS) and magnitude
estimation (ME),

N
“Bach phase involved the evaluation of nine steaks per
trestment .
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Pane . .sts ITLIeSS LS e sl CLnY ea CLothie sens '
eveliugtiCh protedures was cbtained 1o twe oways.  Alter
comprleting each phase of tne study, eath panellst was Tive

an cpen ended guest:ionelire 1o record his ‘her inpressions of
the evaluati10n technigue ~ust emplioyed (Appendix, Fiéure 17,
page 136). For each method, vaneli1sts were asked ¢ comment
von ease of learning, length cof trcining provided,
applicability for the sensory evaluation of beef, effort
needed for sample evaluation and on scale accuracy. 1In
addition, panelists were asked to list desirable and
undesirable characteristics ot e2c~h evaluation techniqgue.

Upon -ompletion of the study, the péﬁelists individually

ranked the three evaluation procedures according to selected

criteria (Appendix, Figure 18, page 137). /

As a motivational tool and to show lappreciation for the

1

taste panelists’' participation, small treyts were given

after each panel session. Judges also reckived a small

honorarium at the end ot the study. ' '\
\
\
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gresentec .r. Table 4. De or pH ena for percertases of

e
Qr

ether extract and to:él mcisture indicate that the Steaks
from both treatments were simiiar. The semimembranosus (SM
muscles used for this study were very lean with an average
ether extract of 1.4 9. Hawrysh and Berg (1976) reported a
similar ether extract (1.7 %) for.thé semitendinosus (ST.

muscles of eight Grade A7 steers.

55



Table 4. Means and standard errors for chemica. and cooking
data for semimembranosus steaks f{rom delay-chillied
and hot-boned treatments.

Posimortem Treatment

Measurement Delay-Chiiied Hot-Boned SEM"

Chenmicae.l deta

pH 5.5 5.6 .07
Ether extract, i3 1.4 U.21
Total molsture,° ., 73,2 éj 7 0.230
Cookfnq data’
. T

Raw welght, g « 457 .7 449 ¢ 52.31
Drip in thaw, & 5.6 7.8 0.20%%x
Initial temp., °C 4.8 6.0 1,39
Final internal temp., °C 65. 1 T 6501 0.16
Cooking time, min 55.3 ~ 58.4 2.75
Cooking time, min/100g 12.2 13.3 .99
Cooking losses, 4 .

Tota'l . 23.1 22.1 1.29

Volatile 20.1 1.2 1,01

Drip 3.0 2.9 0.72

"St.andard error of the mean.

. .l .
‘Values are the means of 18 determinatidns, 2 per replicate.

’Values are the means of 27 determinations, 1 per steak per
replicate. :

**x Significant at P<0.001.

, .



The raw we.ght of steaks from +he DC and HB postmaorter

treatments was simi.ar (Table 4. However, HP steaks hal o

s.gniflcantly greater percenteie drip 0 thaw tha

comparabie DC steaks. Since studles Compar:ing the thaw

:osses of DC and B :treatments are laTking, the Leas: ¢
o

this result cbtained in the present study 18 not reatily

-
apparent. Delav-chilied cniz hovt-boned treatments gensra .,
——
hhave similar tnaw losses to thelr conventionally [ esoec
, :
ceunterparts. Thaw losses were similar for longiss:ioge
o W £ aTe e 9 ¢ 17 ‘g . . - .
steaks {rom DC (16" for 12 h) anc control treatments (¢t

v

fer b, then 2%) (Crouse et .., 1983). Bowles Axe e o).
(1983) observed that the percentage drip In thaw of SM
-3

muscles, boned 2 h postmorten and aged for either 24 h
or 6 days, was simllar to that oi control SM muscles, wnoned

48 h postmortem and aged 0 'cr 6 days. Berry and Cross (1982

-

also reported that thaw losses of- SM roasts boned Z h

postmortem did not differ from comparable roasts bonec at

,

24 h postmortem.

/

,

There waslpo sigrificant difference in the fina!

internal temperature attained by DC and HB steaks (Table 4!.
J/

Steaks were remcved from the ovens at an average temperature

Sf 65.1° (range, 64.75° to 65.50°) and did not exhibit a

post oven temperature rise. Using a modified oven rocastinyg

»»

techniguwe, Moore et al. (1980) also noted that SM steaks

cooked to 65° had-no post oven temperature rise.



<D

(&l
()
oY)
b)

(3

The average cockinc times (min or Tin per
—~ - - - —~ —~ £ -~
percentage TOCKInT .cSses for steaxs showel o s:ignificant
: 3 2
c.fferentes avtiributable tC postuncrtem treatment. 1o the

rresent studv, steaks tock an average total cooking time of
“t.8 1o ot reach 65° with total, velat..e and drip lLosses
sf22.6 5, 1%.¢ 2 oand 2.0 », respectively. Moore et al.
]
CUUEL gy cookec 3.6 on SM osteaks 1n a3 Cotary gas oven (177°)
TS L 8502 min and obrained total, volatiie and draip
ivsses of 20.6 %, '¢.0 % and ‘.6 ., respectilvelv. Batcher
annd Deary (1975%) roasted 3.8 om SM steaks Lo elther 6€0° or

4

cocking losses of 8.4 % and 26.2 %,

Few studies have compared the cccoking 1¢osses ¢f DC and
HB treatments. However, Jeremiah et ai. (1984), using
similar meat and the same postmortem treatments as those 1n
the present study, reported that cooking losses for DC and
HB SM mus® es were siﬁilar (Table 5). In additicn, Jeremiah
et al. ('984) found no significant differences in the
cooking losses of longissimus (L) and triceps brachii (TB)

muscles attributable to postmortem treatment.

Most researchers (Joseph and Connolly;.1977; Smith et
al., 1979a, 1979b; érouse et al., 1983; Jeremiah et al.,
1984) haVeﬁreported that cooking losses for DC meat cuts are
similér to those of their conventionally—chiiled
counterparts. However, Smith et al. (1979a) observed that

delay-chilled SM steaks had significantly greater cooking



Table 5. Means for chbsective and senscry Zata for
sem:membrancsus steaks from delay-chilled anid
nct-bonec treatments tadapted from Jereniah e’ a.

94 ).
PoStmortem Treaglioe

Attr:ibute Jeiay-Chilled H7t Blre

I Tt A

bject.ve cate

Clal cook.ng

1vsses, & IV SR §0 L ;

Warner Bratcole

shear , o .72 L6 g.0 - 3t
Senscry data

Ini1tial tenderness §.01 + 0.2 3.2 2 Lot

Overall tenderness 4.0+ 0.7 5.8 s 0Lef

Connective tissue 4.4 + 0.75 3.7 2 .08

Juiciness 4.3 » 0.V7 4.7 + 38

Flavor intensity 5.2 *+ 0.0¢9 5.3 2 0,08
'Standard error.

.

‘Eight-point category scailes.
increased tenderness, julciness, flavor
decreased connective tissue perceptibil

*

Significant at P<0.05.
>

Higher va

-

ues indicea: e
intensity ana
ty.
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Gererally, the coornin: Zosses of hot-oDinec SM o o_ogt &g
fcoowed puscrigor) go not ciffer sigriflicenty fron muscles
Loted at 24 h postmorten oo later Kastner et ai., CEE
Follett et al., 1974; Bercy and Cross, "98Z; Bowles Axe et
al., ThBE; Jerenieh et o al., 984
Table 6 sunncerizes means a¢nd standard errors for the

cesree of doneness and {or cbjective measurements of cooked

SM o steaks. The visua: evaiuaution of steak doneness by a

Id

1ee member panel ind:i:cated that the HB steaks were more
rare (P<0U.0%) than ~omparable DC steaks. However, steaks
from both.treatments had reached the same average internal

~ , ©

tempegature of ¢5.1° (Table 4, page 56).
PEX

Hunter color and press fiuid determinations on the
cooked DC and HB steaks supported these panel results which
showed a significant difference in steak doneness between
the two postmortem treatments. Although Hunter [ and b
vaiues for both tréatments were s{milar, the Hunter &
(redness) value for HB steaks was higher (P<0.001) than that
tor comparable DC steaks. In addition, a signifiéantly
greater percentage of press fluid was released from HB

steaks than from DC steaks (Table 6).

STy

Although the HB steaks in the present study.took
slightly longer to cook than comparable DC steaks (Table 4,

¢ . ‘
page 56), the difference was not statistically significant.



Table 6. Means anc stancdards errcrs for +he decree ¢f
Zoneness evaliat.on and ch-ersilve Teasuremen
sem.merbranocsus steaks fror delay-cni..ed an
nUTSDUled tregtments

PLSThorten Treatmen:

Measuremen?t Jelav-Ch:lled Hot-Boned

Degree 0! donenecs 5.9 5.0

Hurter [ 34 .G 2.t

a LE g.4%
r U.é £.5

Press fiuid, L5 4

CTMS-wWarner

Bratcler shear, ko 7 8.7

"Standard ercor of the meéan.

‘Doneness scale: l=well-done, S5=medium, Y=rare. Values are

the means of &1 judgements, one per steak by each of
three panelists.

‘Values are the means of 54 determinations, 2 on ea<h
three steaks per replication.

‘Values are the means of 54 determinations, 3 on each
steaks per replication.

*Values are the means ¢f 156 determinations, with an
of 9 shears on each of two steaks per replication.

*x, xxx Significant at P<0.01" and P<0.00C1, respective

BN

iy.

(/f
of two
averaye



Trere 1S & Lcatw f evicence 7 o che [lterat.ure o lnc.cCate
That o Thances LnoThe rate LI onegt Leretraetll LTl s
— — - L=
TaSnITute lapproxineteL.y Lo ~NOLL.D LITCuTe LIiservalle
< - - - - I3 I, - . - -
o {lererces | tre Ccecree (I Clreress Severa. wiLrxers
[ é - (ol T1 - v - - (Ol . .
fShaffer e+ ol ., S ; Batcrher anc Deary, > 5 Vollmar e
N OT - - - [0} 5 - - - >
as., ST MIiDowe.l et a.., CE2) have show that when rates
<4
~{ heat peretration Letween TCCOKING Ternods vary
. I3 o~ ~ & .
crns.derab.y, differences 1n decgree ~{ Cunieness are
.
scmet smes noted
.
£ € 0w gme . PR 5 e [
The difference . doneness, Hunter &2 vaiues and
~ \- I3 . - [N ) . - b S . -
percentages c¢f presc {lu:d between the DC and HB steaks in

the present study (Table 6) may have been due 10 postmortem
¢Y

processing treatment. However, compar:scns of data for

these particular measurements {degree of doneness, Hunter

color and water-holding capacity) in cocked DC and, or HB

meat are lacking.

Occasionally, raw HB meet has been fcund to be darker
in color than conventionally-boned beef (erss and Tennent,
1980; Claus, 1982). Jeremiah et ai1. (1984), using similar
SM steaks and the same postmortem treatments as the present
study, reported that HB steaks were darker, as determined
instrumentally and subjectively, than comparable DC steaks.
The water:holding capacity of raw meat cuts generally is not“
influenced by either DC (Cliplef and Strain, 1976) or HB

(Cross and Tennent, 1980). However, Kastner et al. (1973)

observed that the amount of press fluid from raw meat was



TIeater LT o meat CUts exT.SeT ot Doani BonoLTstTorter sl
D00 TLUTICL ILTS exTIigses ot oo Trecse Do oo
pistTorten elients TroCLL LT ant wate LTLT L Tore Lt
Taw Teat are Terest Ll Slwerer g LS. : : -l
pLustrorten eflence [0 Lnel Telt gre oL eSS L e s ‘
- rec CnilinotlTr D5 avaellaile Lnotne e ot P T
Sooosed G raw o mear rararteristics

ALthouan shear forlre values ‘1,47’5’9&" Wz e .
s ia ‘e cumperable DC stears, the difference wag - .
Stetisticelly siuniilicant ‘Table 6. Studies Cuinpo U
and HB treatrments &re lack:nz. USIng STeLKS Similar o
those n the present study, CJerem:ialh et ai. (7984) repourted
that HB steaks had significantly higher shear force values

\
tharn the DC s:eaks (Table 5, page Q?).

in several studies (Joseph and Conncolly, 1977; Snlth e
ai., 197%s, 1979b; Jeremiah et al., 1984), delay-chi.led SM,

ST and biceps femoris (BF).muscles received similar shear

values to comparable conventionally-chilled cuts. The

effect of DC on the tenderness ¢i the L muscle has been
inconsistent., Several workers {(Smith et al"., 1978a, 197%y;

e

Crouse et al., 1983) have found no difference in shear |
— ‘ :

values between DC and contro! L muscles. However, Cliplet

. + .
and Strain (1976) and Lochner et al. (1980) reported that

’ (4

delay-chilled L muscles were significantly more tender tharn
comparable ccnventionally-chilled muwscles. In the study by

Hostetler et al. (1975), a general improvement in tenderness
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Sensory Assessments
s
< N A &
Jate Tor the Cesoripltive senscry eva.uadt:on of DO anc
.
% S. Y - . TR R 3 - Tl e PR N o
HB steaks, obta:ined from 2 tra.ned panelis*s USIng category

o

scaj:ing (CS), l:1ne scaling (LS) end magnitude estimat.on

oy
4]
@)
w
o)
2
Q
t"1
V]

(ME) .are summar.zed :n Table 7. For
N

evaluat.on technigues, higher values indicate 1ncreased

tenderﬁt:;rﬁ juiciness, flavor 1intensity and decreased

cennective tlissue amcunt. For ME, higherivalues indicate

increased toughness, connective tissue amount, juiciness and

flavor 1ntensity.

'When‘the trained panel employed CS, the HB steaks were
rated lower (P<J.05) in initial tenderness than comparable
DC steaks (Tab}e 7). For panelist evaluations by both LS
and ME, HB stéaks tended to be,&ess tendep than comparable

DC steaks,kalthouqh the differences were not statistically

’
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DI oTe Ll ThLlles arz -
- o T reatrens
AUtriLone el Oroi. e = oy  d SEm
Ltla.sencerness
TatecLrv STa..ln S 2 ’
P oTol s F S
estamatinn’ h -
\
cerness
STa.lng - S Lo
1a j [ ¢ 4
eSSt Inat Ll £ . . »
Conrective T .lssue aisunt -
Cereaory Sfa;x;;/ 5. ¢ St .
~.ne scal.ng 7 I “. L t
Maan:tude estimat‘Qn I 5 { .
, S
Cverali luiciness
« Cateccry sca.in [ .0 - SRR
Line scal:ing R £.53 J.25
Magnitude est:mati10on 1203 I ORI
Flavor intensitw
-§  Category scaiing 5.0 5.0 .00
L.ne scaling 7.9 8.0 U.os
Magnitude estimation 13.9 14.4 (0.012)

‘Standard error of the mean.

“Maximum sccre=8. Higher valiues 1ndicate increased
fenderness, juiciness, flavcr intensity and decreased
connective tissue amount.,

Maximum score=15. Higher valiues 1i1ndicate increased
tenderness, juiciness, Ilavor itensity and decreased
connective tissue amgunt.

*‘Modulus free scoring. Higher values indicate iggreased
toughness, connective tissue amount, Juicindss™ald fBaver
‘intensity.

‘St‘@dard error expressed as log 10 value.

*, *x Significant at P<0.05 and P<0.01, respectively.



for ali tenderness (Table 7)
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HB steaks 1ess r
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DC steaks. Wher panelists employed LS,
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study. Diflerences .o coukinc procedure mey
contributed tce this resuslt. Jerem.ah et a.
- s ~ “ ~ - - - C
2.5 cm SM steaks 10 a convect:ion wven | )
\ . € ~C o, . b "y
temperature of 75 + 37; 11 the present s:ully
’
" - + 3 ~ o~ N 1 1 . ( 76°> .o~
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the

tenderness of HB steaks was also lower than

3l
1

e I cre
o LIk
Ll . T
e D
Cle S e
e DO enz =
o S e Sa e
Iesent st av
tah et o a.d
the present
have
{°984) rcasted
Tl oan 1nterna.
, 3.8 cm steaks
65°. -
how that for CS

than comparabile
overall

that of

comparablie DC steaks, but the difference did not reach

(P=0.054).

statistical significance

In this study, sensory assessments of tenderness tend

to be supported by shear force data (Taﬁis\G). Although the
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€,ght~ ¢r nIine-poIint Cateqgory sce.es, getected i<
significant dififerences in cveral. tenderness petweer delay

and conventicnai.y-ch:l.ed SM musciles.

Py

Schmidt and Keman ('974) obtained similar tenderness

scores (nine-point hedonic scale) for SM muscles excised -

! and 24 h postmortem. Results of duoc trio tests {(Will e:
al., 1976) indicated that SM muscles boned at 3, 5 ofr 7 h

postmortem did not differ significantly from control muscles
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Cays were touGner than thelr cenventiona..y-boned
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Us:ng (€S, LS ancd ME, paneli.sts d:d ot detect

O

sign:ficant d:fferences in the amount of connective tissue

2
og
0}

U
)

omparable steaks from end HB postmortem

s (Table 7). However, trends fcr (S and ME data
(P=8.C7 and P=0.08, respectively) indicate that more
connective tissue was detected 1n the HB steaks than in
comparable DC steaks. Using procedures similar to the
present study, Jeremiah et al. (1984) observed that
hot-boned SM steaks had sanificgntly more detectable
connective tissue than either control or delay-chilled SM

steaks. Semimembranosus steaks from either a DC treatment

D

(S8
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treatmentis attained the Same average (nt1éYna.l temperature

bS. % frange, o4g¥L tC £5.5%) (Table 4, page 56!, _.c.nre
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However, the signif:can
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rerces for Jurc:ness "Table 7)) are supported by

o)
v
rn
B
(T

s (Table 6). Visua. eva..atiocr -°

P
~

Ive measuremen

e

objec
Steak doneness 1ndicated that the HB steaks were more rare
(P<(C.0") than comparable DC steaks. Although Hunter [ ana
values for both treatments were simiiar, the Hunter a
(redness) value for HB steaks was higher (P<0.00') than thé{
of comparable DC steaks. In addition, a greater (P<(0.0')
percentage of press fluid was released from HB steaks thar

from comparable DC steaks.
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Few studies nave compared the Jjuiciness of meat from

the DC end HE postmortem treatments. Jeremiah et al.

-~

category scale, fcund tha*t the

)

({1G84), using an eight poin

tn

ness ! comparable DC and HB steaks was s:miiar (Table

[N

JUeC

s

5, page 59'. Delay-chilied and HB meat cuts generally have

h )

s&nilar julciness scores to thelr conventionaliy-processed

19790,

’

counterparts (Smith et al., Bowles Axe et al., 1983:

Crouse et al., 1983%; Crouse and Seideman, 1984;: Jeremiah et

-

al., 1984). However, in the study by chmidt and Keman -
(1974), SM stéaks from the HB treatment tencded t0 be wmcpe
julcy than comparablé steaks from the coht}ol treatmeft .

Although khg dlfferenre was not statistical 7y'siguificant;

~

juiciness means for the® HB and control treetments were 5.1

and 4.1, respectively, on a nine-point scale (Schmidt and
Keman, 1974). > )

5y
- ¢
¢ ~

In the.present study, the differefice in julcinesg
betweén the HB and DC steaks was very small .and may not be
. : v -

of practical importance. However, it is inferestlng to note
that for both the CS and ME procedures, the panéliéts vere

~sensitive (P<0.91) tc these small differences 'in juiciness.

. o

+ Employing. each of the th"ee evaluatlon technlques,

‘trained panelxsts detected no dlfferences 1n flavor |,

-

1nten51t) attr1butable to posrmortem processing treatment

'

(Table 7); Jerqmlah et al. (1984) also reported that flavor
scores for HB and DC steaks wkre not 51gn1f1cantly different

(Table .5, page 59) 'Flavpr‘unten51ty and/or flavor .

4



~d

desirability of either DC or HB SM muscies 1s usual.y
similar to that of conventicnaily processed SM cuts (Schmidt |
v’

and Keman, 1974; Smith et al., 9789b: Bowlea Axe et gl .,

1983; Jeremilah et al.; 1984).

Resuits (Table 7) fcr the descriptive sensoryv
assessment of the guality %ttrlbutes of DC and HB steak:,
show that evaluatjons by the 18 trained panelists were

{

consistent ameng the sensory evaluaticon technigues.

Although there were differences 1 statistical signityi anoe,

- -~
the direction and extent of the difference between meun
s
scoures, assigned to each of the gual:ity attributes v the DC

.

and HB steaks, were generally similar for CS, LS and ME.
Panelist assessments by each of the three sensory evaluation
procedures indicated that HB steaks were tougher, more juicy
and tended to have more detectable connective ti%gue thah
cqmpérable DC steaks. Using €S, LS and ME, panelists
assﬁgned scores indicating similar flavor intensity to o
steaks from both postmortem treatments. .ln qddition, for
4each evaluation technique, differences between skeak
-treatment means ténded to be large fdr initial tenderness
and overall tenderness, intermediate for amount.of ‘
connective tissue and juiciness, and slight for flavor .

intensity.

Distribution of Tenderness. Pata o SR

NS

-
- A - - 4

Distr;butions of, the overall tenderness assessments by

the 18 panelists for . the DC and HB postmortem treatments ate
@ v ) . ,, . -



tllustrated In Figures 7 and 8. For evaivaticns of overal.

" I N £ . . < . I b .- —~
tenderrness with CS, the Ireguency <f usacge <f{ each category
was p.otted for each of the *wo pOSTmOITEnl treatments.

Fregquency of usage of appropr:i:arte scaie interva.s for

assessments wi:tn 1S and ME was alsc piotted. For each

pestmorten treatnment, e.ght intervals were plotted for €S,
b ofor LS, 0 for ME (rea: naumbers) and 7 for ME

tlogarithms) .

For tRe (S technigue (Figuyre 7a), the entire
eight-point scale was used for overall tenderness
assessments with no apparent avoidance of the scale
extremes. Steaks [:rowm the HB treatment tended to receive
lower, tenderness scores than comparable samples from the DC
treatiment. Thié finding supports results from the analysis
of variance of these data which showedAa significant
difference in overal}ﬂtpnderpess'attribu:abie to postmortem

treatment.

/ o B

For cbntinuous distributions, ;he-KoimOQOrpv-Smirnov
goodness-of-fit test (Steel and forrie,~1380)-gas been used
to test whether o}’not the éata follow, a normal
aistnibution, However, because CS data is-from eight

discrete categories, this test was:- not considered
o 4

S

appropriate TKéepingrii962).

Overall tehderness responses for LS for .the two

= ]

postmortem treatments were evenly distributed along most of

~

the scale length (Figure 7b). However, for each postmortem
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overall tenderness in delay-chilled (e) and

hot-boned (=) steaks.
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Figure 8.

Frequency of panelists' usage of values for
magnitude estimation (N=312) (a) before and (b)

~after logarithmic transformation of .the assessment

of overall tenderness in delay-chilled (e) and
hot-bohed (l) steaks:. N



“reatment, few panellcts LroviZes rarings near the engdg ot
tne line sca.e The cdescriptice ancnors (locaved 3w
fron eacth end cf tne sca.e! (See Figure 5, page 47 noy Lowe
constra.ne” panelists’ use of the scale exitremes. AS
determinec for CS, HB steaky tencded <+ rece.ve lowe:
‘enderness scores i ccnparaole DC steaks. However, in
the analys:s cof var.amce of overa.. Tenderness dato ! LS,

steahs did not reaclh statistical significance.
.A‘v
;gj'
The- £ ram jem— v [ ‘et L e oy F . [P T e
O o A;\,Ci\)vxi;) T yur.\AlSuS L,.)U;A; (@28 numer . Caa Vdaoue sy
g ‘ N .
for the ME assessment ¢f overall genderness In steaks from

DC and HB is depicted 1n Figure 8a. For each postmorten

>

treatment, the ME responses are very skewed to the teft.' A
logarithmic transformation c¢f the tenderness data (Figure

8b) changed the distributiofs of ME respohses from .

log-nogmal to approximately normal. Some points af&ng the
ME scale were more freguently used due the panelists' choice
of certain favored numbers (1G, 15, 20). Thus the

transformed ME distributions for the two*pqstmortem

. -~

treatments remained somewhat jagged. Overall tenderness
distributions for the ME responses (Figure 8a and 8b) show

that steaks.from the.HB treatment tended to be less tender

than comparable steaks from the DC treatment. These data
. . . : [y . R . "

. support results of the analysis of variance of ME overall
~ - ¢ - -

tenderness data.

« . ) . ‘ .
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Ir gerera., pane..st respinses Figures arz B+ o
eachn eva.uat.Ccn technigoe Snow that tne HRB steaks ternzel To
]

re _es< tenger Tna C'I‘T-;,dAu:,"—- U0 StTears oo egoth
postTortenm treatment, paneslst assessnents i overall
terderness with CS angd LS were more even.y Zlistr.buted than

N 2 ] o
CLIrespLnilnG Gvera.l enderness assessments with ME.,

4
4

"Sources of Variation 1in the Statistical Analyses

'The magnitude end significgnce of Fovalues for selectec

. ~ <
sources of variation from'the split”pegt &naiyses cf
variance cf category scale, l:ine seﬂJeA;;é magnitude =
estimat:ion dato were examined. The vallid errcr terms used

tor testing the significance of these sources of variaticn

were shown :n Figure 1, page 31.
Treatment F-Values

Treatment F-values (Table 8) were used a5 a measure of
ghe sensitiv&ty of each evaluation technigue to diffe;ences
in palatability due to postmorfem treatmenf. ‘For init&al
téndernesé, the treatment F—valué for'CS_w;é significant and
larber than cbmparable F-values for the~ﬁs and ME methods.
The LS'F;Qalue'approached statistical significance -
-€P=0.0é6>. Fog ME, the treétqéﬁf F-value was.very low and
stgtist?cal?y nonsignifiéant. Thus, for initial ténderness,
the CS technique was most sensitive to treatment -
d%fférencéﬁ[ followea by the’ﬂs techhigue. 'Whén panelis;s»

used the ME method, differences in initial tenderness
~ s ( ‘ .
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surcessive samples.

The F-vaives [{or bverall tenderness for CS and ME were
significant (P<C.05) and larger than the F-value from the LS

analysis of variance. (Table 8). However, the LS F-value was
. - N . ‘

close to statistic¢al significance (P=0.0%4). Thus, for
overall “tenderness, the CS and ME procedures were egqually
B .

sensitive to treatment differences and superior to the LS

5 : 3
technique. »

Initxal~£enderness ?—vélues for the CS‘gnd LS
techniques,’resﬁcctively, were similar to those oStained for
overall tenderness. However, the ME treatment F-valﬁg for
overall tenderness was larger than the cor;espoh‘lmg F-value

obtained for initial tenderness,.indicating that panelists
. ) - ]

were better able to detect differences in overall tenderness.

than in initial tendernés& between.the two postmortem

‘treatments. . .. S IR
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F.avir 1ntensitly, a tra:t nol expected 1o be cilected
- £ - S g 3 .
Oy any O¢ ne postmortlem (rearments, had very Low tleatmen:
. £ . o — ~ 3 .
Fova.ues [Cr each sensory eva.uation technigue (Table 8'. -

in general, the data tTable 8) i1ndicate that “‘he

.

o : : N . .
evaluat(eﬂ téchnigues differec in their sensitivity 1o
_treatment differences. The CS technigue wad most sensitive

to treatment differences as indicated .by the three
N ,

’ »
. 'S . N 7 . . . .t .
significant F-valiues obtained for imitial tenderness,

overall tenderness and juiciness. - For LS, F-values f{nr each

of the five atfributes were not statistically significant.

/
For ME, treatment F-values for overall tenderness and -
juiginess were significant and similar to those obtained for

CS: however, the F-value for initial tenderness was not

statistically significant.
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Ivses of the LS dataf resulted .o
larger t-values than those for the (S Z2ata (Baten, 19467,

Variation in LS procedures between the study of Baten (1946)
A

and the present study may have contributed *o the
differences in the results obtalned n the two studies.
Baten (1546) allowed and encouraged & direct comparison of

LS ratings between samples by having panelists score the
. -
apple quality of two samples on adjacent line scales.

However,  in the present study, a separate line scale ~/
. - ® °

~. . . ’ - !
scorecard-was uUsed for each sample under investigation.

The sensitivity of a nine-point category scale and of a

> -

modified line scal®\ (nine divisions were marred) to

N\ ot
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s:unificant differences noted o ME:

N

o

anc Sawyer, "S987a).

Resuits (Table 8) :ndicate that tnhe ME technigue was

super:or tc the LS technidue 1n’sensitivity to d.

N

+

r~

crences
-jbeiween the two postmorter meat treatments. However, in a

. . . : . - F
recent stugy, Giovannl anc Pangbotn (1983) noted that the LS
- \ .

‘procédure ass more sensitive than the ME procédure to-
differences in intensity among six levels of fat in milk (7,

1, 2, .4, 8, 1§*%) and Seven concentrétions of sucrose 1in ‘
y |

lemonade (4, 6, 8, 10, 14, 20, 30 %). For LS and ME data,

statistically significant differences (P<0.001) were fdund.
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Replication F-Values -
Rep.ivaet o Frvalues ‘Table 90 11 eacn (I g iiee
i A
cualLal Tecs DL were $UTLlal o and nins.La ..‘”qf? Lo
4
mosSt Ul the guallity etirilutes onder Lnvestigation.
é 'y . .
Howeve the OS5 reprlitettorn Fovalle B Ve G . SRS
g - R < N - - o R, R
was ﬁAa“AfAca“: (Pl .00 Sigrnificant (Pl 0% replicat.ior
AP IR + - N N ¢ - .

F-values 00 Ccvera.. juic.ness anc [laver .ntens.ty were
-~ &
a.s. determ:ned Icr ME deta. For all attributes,

epiication F-vaiues for LS were lcwer than corresponding -

s %

/s

The magnitude of the replication F-value reflects the
varlation :in scoring arcnc the nine repl:caticné evaluated. »

Fer CS and ME, there was a gr@®ater tendency for the panel to

assigr high scores a* one sessiorn and low scores at another

»

than for the LS technigue. However, replication variation
only reached statistical significance ince fecr CS and twice

for ME.
e .

KN

In a comparative evaluation of whiskey sours by CS and
P : .

ME, McDaniel and Sawyer (1981a) observed that replication
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r

F-values for €S were significant 14 times; however, for ME,

replications were not significant 1n any of the 114

comparisons made.
Panelist F-Values \

Panelist F-values (Table 9) were significant (P<0.001)
for each qualigy attribute assessed with each ¢f the three
evaiuation methods. TFor_ each attrlbutg, thge CS technigue
had the lowest panel.i1st variation; LS w#as iﬁtermed;u:e and
.

ME had the highest variation. The magnitude of the panelist
F-values far each of the evaluation procedures probably
reflects the scale fanqe used for each technigue. For C§,
panelists worked within a confined Scéle range of ! to 8
units; for LS, the scale range was 0 to 15 units; and for

ME, pahelists used any numbers they wanted to score the

samples. >

o

Significant panel variability.in sensory tests 1%
considered common and to be expected\LMcDaniel,-1974). ‘ \
Cross et al. (1978) determined significant panelist F-values
for tenaerness, juiciness and connettive tissue (elght-poeint
category scales) for each of four trained descriptive

attribute panels under investigation.

In an evaluation of whiskey“sour formulations, McDaniel
and Sawyer (1981a) used trained panelists to compare
nine-point CS nd modulus free ME. One significant panelist

F-value was observed for ME: and 83 for €S. However, in



thelr study (McDaniel and Sawyer, '98lal, the ME data had
. ’ . ) .
been normalized prior to statistical analysrs. In the

I

present study, panelist variabiliity (due toO scale range) was

rémoved 1n the analys:s of variance procedure as the

/

panelist source of varlation.

o

Treatment by Panelist F-Values

V.

F-values for the treatment by panelist 1nteraction are
showri in Table 9. Except for the ME assessment of overall
julciness, ail treatment by panelist F-values were not
significant 1ndicating that 1ndividual parelists agreed Qith
one another when rating the treatments'by CS, LS or ME. \
Examination of the data for overall juciness assessments by
ME revealed that two panelists had scored the DC and HB
treatments opposite to the scores assigned by the other 16
panelists. Since these’panelists‘haﬁ performed
gatisfactorily in evaluating all quality attributes during
training and in judging the other attributes duriﬁg the

study, no reason for their methdd of assigning juiciness

scores 1s readily apparent, _

In general, the data (Tables 8 and 9) show that the

magnitude and significance of F-values, especially treatment
F-values, were useful criteria for a comparison of the three
evaluation technigues. Several workers (Moskowitz, 1982;

Giovanni and Pangborn, 1983) have also used treatment F-value

as criteria for comparing sensory evaluation technigues.

P

b

S
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Relationships “Between Evaluation Techniques
f

in addition to subiecting the data ¢c analyse8 of

§

variance, correlation and regression analyses were perfcrmed

to assess relationships between each of the evalugtion
e

a for 'these analyses were averaded over ail

P

technigues. Da
panelist responses for.each ¢t the '8 roasts (nine per

treatment ).

e
Pearson correlaticn ccefficients and coefficients ot
determinatiocn between each of the three evaduation
procedures are presented in Table 10. For initia.

renderness, corre.aticon cecefficients for €S, LS and ME datao

were highly significant (P<0.001) .and 1ndicated strong

[ %]

linear relationshipé_between the sccres assigned by judges
using each of the evaluation methods (Table 10). Shindell
(1964) suggested that correlation coefficients were low, 1f
r<0.39- moderate, if r fs between 0.40 and 0.79; and high,
if r20.80, irrespective o% the éignﬂ In phe present study,
the assignment of higher numbers indicated greater
-tenderness for both CS and LS. High numbers signified
toughness with ME. Thus, the positive and negative
relationships (Table 10) are as expected. Coefficients of
determiﬁation show that 74 to 86 % of the.variafion in the
écoring of initial tenderness may be explained by the
relationships between each of tfe three sensory evaluation

' »

procedures.

} - ®



Table 10. Pearson ccrrelation coefficiernts (r) and
coefficients of determination (r?) between panel
assessments from each evaluation technique’,

* -

i

Attribute r r*

initial tenderness

s vs LS (.G32r%x 0.86

CS vs ME -0.86%xx1 0.74

LS vs ME - 0.9 %% 0.82
Overall tenderness-.

CS vs LS . 0.932%2 0.86

CS vs ME -0.92%xx% 0.B4

LS vs ME = 0.92%x% 0.84
Connective tissue amount

CS vs LS %.54» 0.29

CS vs ME . -0.34 0.12 -

LS vs ME -0.53% 0.28 -
Overall julciness

CS vs LS 0.44+% 0.20

CS vs ME 0.74*xx% 0.54

LS vs ME 0.65x% 0.42
Flavor intensity

CS vs LS 0.37 0.14

CS vs ME 0.59x%= 0.35

LS vs ME 0.36 0.13

e

—

"Category scalingi(CS), line scaling (LS) and magnitude
estimation (ME). = 2 ‘ :

x4+ Significant at P<0.05, P<0.01 and P<0.001,
respectively. '

* x %

’ 14

v B
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Correlaticn coefficients for cverail tenderness hetween
each of the evaluation techniques were similar 1n magnitude
to thcse determined {Qr initial tenderness (Table 10). All
correlations were h1g51y significant (P<0.0C1) and acaounted
for B4 to 86 % of the variation 1in these data. The
coefficient of determination between CS and ME data for

1 -
1O

» hi1gher than that detérmined

4

overail tenderness was for

¢

inizial tenderness. Figures 9 tc 11 illustrate <hé ]:near

adture of the relationships between overall tenderuness

E

assessments for each of the three evaluation procedusres.

four.

In a study conducted by Crcds et-al. (1878),
panels, glven similar training, evaluated simiiar L steaks
using eight-pcint category scales. Tenderness assessments

were highly correlated across panels (r-values ranged from

©¥.88 to 0.94) (Cross et al., 1978).

Recently, Dransfield et al. (1982) compared the eating

quality of beef assessed at each of five European research

A

institutes. For a common eight-point tenderness scéleh
correlafion coefficients between the trained panel scores
from each bf the five institutes ranged from 0.69 to 0.94.
When panel assessments using each inséitute's uéual/
tendegaiég séale (8ix to 11 categories iq length) were
correlated, rivalues of 0.73 to 0.94 were determined

(Drasfield et al., 1982).

’

For connective tissue amount, correlations between the .

v .

three evaluation methods were moderate to low and accounted

-

e
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for oniy '2.tc 29 % cf the variatien n the data {Table %0).

In the present study, Samp.e heterogene.ty may have

contributed tc -hese low correlations for connective tissue-

k3

amount between the evaluation procedures. Jn additicn, for
each evaluaticn technigue, mean connective .t.ssue values for

+he 18 roasts were from a sma.ler stimulus range than the
¢ eac

(&9

corresponding range 1n means for.overall tenderness
of the roasts f(Appendix, Table 24, page 146). Thus, (.Y tne
category scale, the range 1in means for the 18 roasts was 1.8

) . L - . R . C 5.
units for connective tilssue anounrt and 2.8 units for overall
tenderness. Several researchers (Szczesniak, 1968; Cross ef

~al., '978) have noted that correlation of values f{rom a

small stimulus range may result :in low correlation

coefficients.

»

C;oss/et al.A(197é) obta%ned r-values of 0.79 tq.O.Bé
for assessments of cdnneptive fissue amount betwéeé éggixof
four t}aﬂned panels. Simﬂlar‘L steqks from 11 maturity/
marbling groups were evaluated by each panel. In tﬁg

. o A o
present study, the SM steaks were obtained. from young
\ : ' ' .4 :
animals (15 mo) of similar grade (A1) anmd thus m}gﬁ{ not be

expected to contain wide ranges of connective tissue.

. - 1

Correlation coefficients for overall juiciness between

each of the sensory procedures were moderate (Table 10%.{

|

Ay . . - .
. . N 13 , . .
Since all steaks were cooked to the same final internal
temperature, the range of juiciness score’s for each

evaluation technique.was small (Apbendﬁk,'Table}24, page

[~ 3
\



()
(a)

Flavor intensity date yielded low tC moderately low
~nrrelation coefficients between each of the three
evaiuation technigues (Table 10). Thirteen to 35 % of the
variation .in the data could be explained by the

.
-~ ~

relationships between data from each procedure. A smail
stirulus range for flavor :intensity was noted sinCe Steaks.
"from the two postmortem treatments received Similar flavor

scores (Appendix, Table 24, page 146).

1
Dransfield et al. (1982) correlated flavor intensity

scores between each of three European research instltutes
and obtained r-values ((.41 to 0.51) similar to those of the
present study (Table 10). <

)
In general, correfgg;b c?éfficieqts betweeen each of

the evaluation techniques (Ta‘£§ 10) for initial and overall

tenderﬁess we fe highly signﬁficant angd indica;ed strong

lingar relationships between scoges assidﬁed by judges - uging '

CS, LS and ME. For the remaining attribugés,,the

correlation between qgch of the three ﬁethods, while

somet imes significaht, were moderate to low. In the present

study, sample heterogeneity, especially for\}Qpnective

tissué amount, and a narrow stimulus Eénge, particularly for

juiciness and flavor .intensity, may have contributed to the
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iow corre.aticons obtained (Stuczesniak, 983; (Cross et a..,
378
3
Table 11 summar..es coeft.rci1ents of detern.irat.on for
crerderness assessments fromr each of the three eva:ivation
technigues fitted to five mathematica. funct.ons. The
coefficients cf determination cbta.ned between ‘eact bt he
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For the parabolic functions befweep CS and ME

. N

tenderness data, the guadrafic (X?) term did not make a
. y N

«

SON
. . . 7 s oy
significant contribution to the ' fun&tion. Thus, for inifial

and overall tenderness, the relatlémships between CS and ME

data are not curvilinear. The linear nature of the

N
1

relationship betweem.-CS and ME data for overall tenderness
was shown in Figure 10, page 90. In contrast, Cardello et
al. (1982b) rescaled six standard texture scales using Q?\

and found that the CS data was concave downward relative to

the ME data.  This indicated that .at higher intensities of
R ]

each attribute evaluated, CS was less sensitive g%an ME to
differences 1in thesé attributes (Cardello et ai”,.1982b).

Pn the present study,,£owever, data for the e;algation of
beef samples using CS dia not cover the entire stimulus
range of the scale and thus may have influencea the shape of

+

the resulting functions.

*



G w0 L PWY S i s ubew pue

1S

.
Thg 1€ dueD i ubi s BuoM LOLIBLILWIBYBP 40

Duveds aulL |

“(SD) Buieos Auobere),

S}UBtD} 44800 | (V.

e i Rl 6. ryg O ST SA INW
BN Lo td [ v8 O IW SA ST
[ W I PR vy O S2 SA 3N
-
C .; Y 5y ty O N SN SO
! [ Yy 9d . 98 U SO sA 61
, W . 5 Jy o 9y & S1 sA SO
t S§SOUIRPUBL 3§ L €UBAD
/r h ’
. e 3 v v ¢y O $7 sA J‘:
e t T [N [4: 3RV AW SA S -
[N [ v Yo O ve w SO SA IW
(
Y. W R ) 9 ve O IN SA SO
i ' oy Ly O 98 SO sA §O
& o sy SR 98 © 57 8A SO
SS8UJIPUAY (e iu]
\ T R ol Te [ SR I (R R [ O [ XQev. X SA A
TS L S U REEEIRETIS R R A SOMU g et uos « Jedwo)

/o ‘ , .

. L O I L SIS R B VT IS SV &4 ")

P TS S T RN ] .A‘C,:. IR n VD e M o] LSS alu sd0LIg R I X

-
SUUL L oUNy (B4 RWBYIRW 3A1L 4 C) P34 ,S8nbiuyda)
UO L RUILWIRIBP 30 S1U31IDL 4490D "I 81qQeyL

[S1wn%

1@ Yt



.
V3]
(ex

Relationships Between Sensory and Instrumental
Measures of Tenderness

Corre.at.o:. oT®TL, evxs ano coefficients ot
dererminaticn Detween pane. tenderness assessrernts (ol eg
eva.cat:on procedure and warner Bratz.er shear Cata are
presented :n Table 12 Four each evaiuation technijue
rerre.ations of L1t ial and overa.l tenderness witll wal e

N

Bratz.er shear values yielded similar significant © va.ues

‘~dicate tenderness: and for ME and shear force data, nian

or €S and _S™data, r-valueés betwken 1nit.a. tenderness

and shea? were similar to corresponding r-values between
_overall tenderness and shear. However, the data fof the ME
rechnigue (Table 12) suggest that the relationship between

overail tenderness and shear was slightly better than that

for imitial tenderness and shear. ’
3 “ ”
57 .

‘Even thgugh all correlationé of suhjective tenderness
data wigh shear force measurements were statistically
significant, the cérrelations only accounted for 40 to 51 %
>of ‘e variation in the data. §Samp1e heterogeneity may have
contributed to the unexplained data variation (Kﬁp‘ﬁljs and
Moskowitz, 1977). In the prement study, the high

unexplained variation in the data may be a reflection of the

lack of sensitivity‘of the Warner Bratzler shear to



Table 1

2. Pearson correlation coefficients (r) and
coeffitients of determination (r?) between panel
tenderness assessments from each evaluation
technigue' and Warner Bratzler shear data.

&
S
Attribute % r r?
] .
-+ -
Initial tende}nesé
cs S0. T 1% 0.51
LS -0.68*xx%xx 0.47 -
ME 0.63x% 0.40
Overall tenderness ¢
cs 4 F L -0.6Brxx 0.46
LS -0.69%x%xx 0.48
ME 0.70%x%xx 0.49

14

A}

I -

'Category scaling (CS), line scaling (LS) and magnitude
estimation (ME). S

% XXX

Significamt_atbp<0.01 and P<3.701, respectively. ”

A



98

structural components that influence taste panel
assessments. Gullett et al. (1983) reported that shear
L J

values may not be related tc panelists’ perceptions ol meat

tenderness.

Correlations between Warner Bratzler shear values and
sensory tenderness assessments vary?considerably 1 the
literature (Szczesniak and Torgeson, 1965). In addition,
correlation coefficients are difficult to compare between
studies. The magnitude of ;ye correlation coefficient

obtained in any study is highly dependent upon the range uf

values covered, the number of samples i1nvolved and the
<

/
amount of variation within the block of samplé% (Szczesnilak,

1968);
e

For the SM muscle, correlation anaiysis of tenderness
assessments -by the C5S technigque with shear values have
resulted 1n r-values of -0.81 (Breidgnstein et al., 1968).10
-0.53 (Smitﬁ et al., 1978) or lower (McCurdy et al., 1981).
Howevér, studies.reporting correlations of panelist
assessments of tenderness using the LS method witﬁ Warrer
Bratzler" shear values are lacking: In addition, no reports
have correlated ME tenderness values with Warner Bratzler
shear data. However, Segars et al. (1975) reported .
correlation coefficienté rangingAf;om 0.92 to 0.98 for
texture evaluations (difficulty of cutting, chewiness. and

residue) by the ME procedure and an instrumental measure of

tenderness (punch and die test cell). Since only six
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/

muscles representing extremes in tenderness were used, the
results of this study -must be 1ntecrpreted with caution.
Recentliy, Segars et'al. (1981 obtainec a correlation of
0.76 between magnitude estimates of hardness 1n 1rradiated

restructured meat products and a punch and die shear cell.

Correlations of sensory scores and mechdnical
measurements have been used as an indicator of panel
accuracy (Hovenden et al., 1979). Results of the present
research (Table 12) show that each of the evaluation

technigues yeilded similar significant r-values.

summarized in Table 13 are coefficients of
determination between panel tenderness assessments from each
evaluation technigue and Warner Bratzler shear data fitted
to five mathematical functions. Similar coefficients of
determinatioq.betweeh sensory assessments of tenderness and
-shear data were determined for each of the five°mathematicél
functions.' Thus, the tS, LS and ME data can be explained
_equally well by each of these functions. Furthermore, ‘
linear, logarithmic, hyperbolic and parabolic functions
described ME data as well as the.&gre traditionally used

power function. This finding agrees with a recent report by

Giovanni and Pangborn (1983).

The power functions between panel tenderness
assessments using ME and Warner Bratzler shear data are
illustrated in Figure 12. The exponent or slope of the

power function is thought to be an index cf perceptual
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Figure 12. Power functions between panel (a) initial

tenderness and (b) overall tenderness assessments
by magnitude estimation (ME) and Warner Bratzler
shear (N=18).



or initial tenderness and overail tenderness,
EA

the power funct:ons relating ME and shear data yieided »

exoonents ¢f .3 and 1.05, respectively. These exponents
S 134

;S

d%hcate that panel tendegness assessments using ME and the

Warner Bratzler shear determinations @p the Ottawa Texture

4

ress

Measuring System were simil.ar iq sensitivity tc tend
differences. However, because c¢f data va;iétwlktf shown n
Figure 12, the standard errors for in:tiadAgenderdess (0.371)
and overall tenderness (0.28) are large. Thus the exponents
determined in the present study may not be reliable

- .
indicators of sensory response. Segars et al. (1975)
reported that expcnents relating textural properties of meat
to an instrumental measure (punch and die shear device)
ranged from 1.8 to 2.6. However, comparison of exponents

be:ween studies is difficult because exponents may be

dependent on stimulus r,nge and response range (Birnbaum,

A B
x

1982) .
\ .

Scale P}eference‘

Mean values for paTPelist rankings of selected crite;ia
for the three evaluation technigues are presented in Table
4. In addition, Table 15 provides data regarding panelist
response by rank for each evaluétion procedure. Comments
provided by panelists using the open-ended questipnaire
(Appendix,’Figure 17, page 136) have been incorporated into

the discussion of each criterion.



<
(a)

Table 14. Mean values for panelist rank:ng of selected
: criteria for category scaling, line scaling anc
magnitude estimatiorn.

Evaluation Technigue

(riteria’ Category Line Magn: tude
Scaling Scaling Estimation
Ease of learning 1.4b 1.6b 3.0a
Applicability 1.8 : 1.8 2.2
Scale accuracy 1.3cC . 2.1b 2.6a

Effort for
Sample evaluation 2.4a 2.4a 1.2b

Scale preference 1.4c 2.1b 2.7a

[— '

7

"Values are the mean of- ranks assigned by the 18 panelists.
For applicability, values are the mean of ranks assigned
by 17 panelists.

‘Ranking based on:
l=easiest, most applicable, most accurate, most effort and

most preferred;
3=most difficult, least applicable, least accurate, least

effort and least preferred.

a,b,c Means within the same row sharing a common superscript
are not significantly different at P<0.Q5. )



Table 15. Freguency of panelist ranks' assigned to each of
" +he evaluation technigues for selected criteria.
Freguency of Ranks
; Category Line Magnitude
Criteria Rank Scaling Scaling Estimat:on
R T
Ease 1 (easiest) o 44 . '
of 2 44 56 C
learning 3 (most diff.cult) c 0 (m
Nl
AC licabiliity 1 (most) 35 41 24
£ evaluation 2 47 35 18
of beef 3 (least) 1 o 24 58
Scale 1 {most) 78 22 0
accuracy 2 17 44 39
: 3 (least) 6 33 6!
Effort needed ! (most) ‘ 11 0 89
to evaluate 2 39 56 6
each sample 3 (least) 50 44 6
Scale 1 (most) w72 17 1
preference 2 17 61 22
3 (least) , 11 22 67

‘Frequenc1es of ranks are erpreSSed as a percentage of
panelists. For most criteria, ranks were assigned by

18 panelists; however, for applxcablllty, only 17
panelists provided ranks

£



The CS and LS technigues were ranked eas.ier (P<J.U0
to learn than the ME technigue. Fi
*he panelists ranked CS as eas.est :C .earn; the rema:ning
44 % (8) ranked the LS procedure as the easiest to learn
“Table 15). However, all paneiists ranked ME as the most

difficult of the three evaluation technigues to learn. %ne

O

pane.1st stated that the princ.p.e ¢! ME was easy t
understand bu* -hat 1ts application to meat was difficul
Each evaluation method received similar mewn ranks for
scale applicability (Table 14). However, panelist responses
(Tables 14 and 15) suggest Phat the C§ and LS procedures may
P
have been considered slightly more applicable for the

sensory evaluation of beef than the ME technique.

For scale accuracy, mean ranks for each of thg thgee
sensory evaluation methods; differed significantly (P<0.001).
The CS method was ranked as the most accurate; LS was ranked

intermediate. and ME was ranked as the least accurate sensory

£

procedure. ) %
A

Panelists commented that they could be more consistent
in scorlng the five descr1pt1ve attrlbutes of beef with CS
\\Pan with either LS or ME. One panelist observed that it
was more difficult to score along the centre portion of the
line scale than at positionz near ea;h end. Many paneliéts.
commented that the magnitude estimates they assigned to thg

quality attributes varied considerably from day to day.

while this day to day variability was removed in the t
4
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the CS and LS technigues regu:red simiiar and less

w
o
rr
T
v

effort (P-C.07) for sample evaluat:icn than ME 'Table 1%,
Many panellsts :ommewtedw;“a: evaluation with ME reqguired

-

injerdse concentration in ord

)

r tC assess gqual:ty attributes

3 - -~la P e + -y ;
cf one sample relative 1o a“uthgfg

\

Usually, the descriptive sensory'assessment of bee!

invclves the simultanecus eva.iuation of severatl
characteristics. “This type of assessment may be more
difficult with ME than with either CS or LS, and may result

8

in ?ééféased senslitivity to treatment differences. Segars
et al. (198ii\modified their ME procedure for .1rradiated
beef, ham and ;;Qltry roils in‘ordex to reduce memory
interference and to make ME evaluations easier for the
panelists (Cardello, personal communication). Originally,
panelists were instructed to ev;luate four attributes 1n
each sample of the series presented; in a later phase of the
investigation, panelists evaluated a separate series of

.

samples for each of three attributes (Segars et al., 1981).

Scale preference differed significantly (P<0.001) among
the Qvaluatién techniques (Table 14). Seventy-two percent
of the panelists preferred CS to either LS or ME (Table 15).

LS was ranked intermediate in preference and ME was least

e
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The effect «f sca.e prelierente < aa"ef;s‘ poLLvataor
. . B
1S unknown. ¢ a paneiist s not confortable with tne task,

senscry performance may be affectecd. Hgweve

red the CS

>
%2}
cr
Y]
o
[
Y

[
Y
"

repcrted that ever though panel.

H . . . .
rechnigue to the LS technigue, their d:iscrimination cf
differences between app.e var.et.es was Greater with LS than
with CS.

in ceneral, %ne data (Tables 14 and 15) indicete that

)
[oF
»
e
-~
»
4!

the CS method was easy toC learn, accfurate, regulr

>
[
%3]
s
%]

effort for sample evaluation end was preferred by panel
for the descriptive sensory assessment of beef. The LS

1

procedure was also considered easy to learn, requlred littile
\‘\ g

effort for sample evaluation and was ranked intermediate 1p

sca.e accuracy and preference. However, panelists found

that the ME fechnigue was more difficult to learn, less

accurate and required more effort for sample evaluation than

the other technigues. In addition, the ME procedure was

least preferred by panelists for sensory assessments of

cooked meat -Qquality.



SUMMARY AND CONCLUSIONS

Tiiee 5@<5V:yieval¢a:.;ﬁ Yg§<¢LQQeS ergL.tye s L s
descriptive sensory assessyent of bee! were compared:
caregory sca..ns (CS) whilh s most Commonly useld Ly Teal
scientists, /0 Line orosen.ostructured scelinl TL50 v
forms the basis for Tuuant . tative Descriptive Al o
(%) maunitude estimaticn (ME) whioh s becoming §ofa.oer !
foud research but has ot Leern widely utllized Wil et

Erchreer, trained pane.:sts evaluated the in.l.as

cenderness, overa.. tenderness, Tonnective tissue amount

iuiciness and flavor intensity of semimembranosuys
-

<
<
D
'
oL
.

v

{(SM) steaks using an e.ght-poin® categury sca.e, a

iine scale w.th anchors 1.3 <o from each end and moduius

free magn:tude estimation. -
~

Paneli1sts were screened and then intensively trained :@n

~

the use of each evaluation technigue, panel procédures and

the guality attributes under investigation.

Semimembranosus roasts used for the study were f{rom
four postmortem meat treatments (delay chilling (DC), delay —
chilling with electrical stimulation (DC-ES), nhot boning

(HB) and hot boning with electrical stimulation (HB-ES))

selected to proévide differences in organoleptic quality.

3

-

A total of 108 steaks, three from each of 36 roasts,
were individually roasted at 176° to an inrternal temperature

. 108 . .o



LIS 2
«
on
¢
3
(@]
}
)
3

eva.uaticn tecnnligue N oseguente |
orcers. Fach ~LdGCe eva.uateCc One o
fron eacrn of nire rouasts per treatrs
teLhnigue

In add:itinn T sensory eva.ual

vi:ssua., eva.vatiun nf steak doneness

measurements of tenderness (warner

~

also made.’

Few treatment differences attr
found. Therefcore, the comparison ¢

evaluation téchnigues focused on di

sta.e carry over,
Sarelists uti..zec eac
P s - - - <.
d.fferent [recetern.

1butatcle t¢ ES were

re

¢

i

re

the

Lree sensory

ferences obtained

between two of the postmortem treatments (DC and HB).

.

. . - . ’ .
Criteria used to compare the threeggvaluation techniques

(W}
0

s
[

included an examination of: the objective and sensory data

for the two.postmortem treatments,

the sensitivity of the

evaluation metheds to differences in guality attributes

between the two postmortem treatments, the replication and

panelist variation, the significance of the treatment by

panelist interaction, the relationships between the three

L)
evaluation procedures, the relationships between tenderness

assessments and Warner Brazler shear data, and scale

preference.



TreTicez. Zate Taw we .ot TCoLKLTT T.Te, .T&. .nTerra.
.
Tecgperatire anC CLLv.nT Lvsses [0 SM o steaxs snowel il
£ - —~ - R jd -
c.Bhlere es ¢t r.butan.e to 2C anc HB Howeyver , =h o grteaxs
£ - . - - - - -

aC a S.gnili.Tantly <Creeter percenitace TIlp . Tlew ners
< aratie DU steaxks. : a3t .., HE sYeans wele e G
Crar conDarab.e D stegks gs CeterTlined SuL e . Se L ee

& - - - - B .- - - .
£ drreregst oagrd oL oe st el fH BT 2 vales, el et e
o - & <
press TLoul) -
: . .
When the TE trgined fenellSts erpLioyec (S, HE steann

were rated ower (P<(.05) oL natiaL terdernesgs g e,
.o - - I - - 4 - 1 - ~ . .
ternderness and higher (P b veTalis Jusl ess Tha

~niparable DC steaks. Using LS, UThere were nc Sign.lrfan:
d:fferences .n the gual:ty attributes ¢f (he SM steaxs due

“¢ postmortem treatment. With the ME techrnigue, the HB
Ssteaks were .ess tender (P<0.05; anc mocre Suicy (P<T.0 7

han ccmparabie Dc\ftehks.
i B

L 4
Although thete were d:fferences 1n statlstical

significance, the direction and extenw of the difference :>
between mean scores assigned to each of the descriptive
attributes in the DC and HB steaks were consistent aqopg the
three evaluation technigues. For each evaluat.on method,
differences between steak treatment means tended to be large
for 1initial tendernessvand‘overall tenderness, intermediate
for amountﬁof connective tissue and juicines, and slight for

flavor intensity. This consistency in scoring between each

of the three evaluation techniqgues provides an internal
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7

validation for the results of the present study.

(o

Sensory assessments of tenderness tend to be supported
-

B - . .
by Warner Bratzler shear data. Although the difference was

not statistically significant, the average shear force value
¢ ’

for HB steaks was higher -than that of comparable DC steaks.
/ .

3

Simce stgaks from the DC and HB treatmgnts attalned the same

N

average internal temperature of 65.1° (range, 64.75° to

N

ﬂ65.50°), juicinéss was not expected to differ between the
two postmortem treatments. However, the significant
differences for juiciness observed by pénelists using CS and
ME are supported by objective measurements. The HB steaks
whre visually more rare (P<0.01), had highé  P<0.001)

T &7
_Hunter a (redness) values and greater (P<0#1) percentage

press fluid than their DC counterparts.

An examination of the distributions of panelist
responses for overall tenderness for the two postmortem meat
treatments revealed that for each evaluarion technique, HB
steaks tended to be less tender than compgrable DC steaks.
These dist;ibutiong subport results from the analysis of

variancé of these data for CS and ME which showed

significant differences in overall tenderness attributable
. l;:i? B . : . >
t¢ postmortem treatment.

& ‘
; <

) The magnitude and significance of F-values for selected

r

sources -oF variation from the split-plot analyses of TS, LS
- and ME data were examined. Treatment F-values were .used as

a measure of the sensitivity of each evaluation technique to

~3



differences

in palatability dte to postmortem treatment.

The CS procedure was most sensitive to treatment differences

as indicated by the three Sig?;ficanl F-values obtained for

initlial tenderness,

overall tenderness and juiciness. The

LS technigueg was least sensitive in detecting differences 1n

LY

steak quality attributes. No signiffcant treatment F-values

for LS were determined.

sensitive as (CS

treatment -

sicnificant

=

the F-value

significant.

valiues

to\most

Magnitude estimation was as
4
treatment differences. For ME,

for overall tenderness and-juiciness were

and similar to those obtained by CS; however,

fo

-
L

initial

tenderness was not statistically

Replication F-values fcr each of the three evaluation

techniques were similar

and nonsignificant for most of the

guality attributes under investigation. However,

replication variation reached statistical significance once
< A

for CS {overall juiciness) and twice for ME (overall

juiciness and flavor intensity) For all attributes,

replication F-values were lower for the LS method than

cerresponding F-values for CS and ME.

Panedist F-values were significant (P<0.001) for wach

quality attribute assessed with each of the three evaluation

methods. The magnitude of the panelist F-values appeared to

’

reflect the scale rarige used for each procedure. The CS

technique, with a confired scale range of eight categories,

had the lowest panelist variation. The LS method, with a

¥



scale range of 15 cm, was intermediate 1n panelist
varlation. (The ME technique, in which panelists were free
to assign any vaiue they wanted, had the highest panelist

varliation.

Except for the ME assessment of overall julciness,
F-values for the treatment by panelist interaction were not

significant, indicating that individual panelists agreed

wi'h one another when rating the treatments by C5, LS5 or ME.

Correlation and regression analyses were performed to
assess relationships between each of the evaluatilon methods
and between sensory and instrumental measures of tenderness.

Data for these analyses were averaged over all panelist

responses for each of the 18 roasts (nine per treatment).

Correlation coefficients between each of the evaluation
procedures for initial and overall tenderness were -highly

significant (P<0.001) and indicated strong linear
A
relationships between scores assigned by judges using CS, LS

»

and ME. For the remaining attributes, the correlations
between each of the *hree technigues, while sometimes
significant, were moderate to low. Sample heterogeneigy,
éspecially for connective tissue amount, and a narrow
stimuluf range, particularly for juiciness and flavor
4ntensity, may have contributed to the low correlations

.

obtained.
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Coefficient
assessmen<s from €S, LS and ME {:tted to each i {ive
qmathema: 1ca. functionNs were s.mi.arl . None of the

mat hemarical functions provided a consistent .y superior .t

the data.
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Correlaticons of *enderness data {ronm eack evaiuag!

method with Warner Bratzler shear values yielded simiia:

significant r-values. lHowever ~these correliat:ons .y

accounted for 40 to 51 % of the variation 1n the data.
Warner Bratzier shear determ:inations may not be sensitive To

the same structural compoenents which 1nfluence taste panel

assessments.

Similar coefficients of determination between sensory
assessments of tenderness and Warner Bratzler shear data //)
h.//
were determined for each of tne five Mathematical funct/C;;.
Thus, the CS, LS and ME data can be explained'equally well
by each\gf these functions. Furthermore, llinear,

logarithmic, hyperbolic and parabolic functions described ME

data as well as the more traditionally used power function.

The power functions relating the texture judged by
panelists using ME to the textural properti§B of meat
assessed instrumentally can provide additional information
about the perception of meat tenderness, whichH 1s not
pbssible with either the CS or LS techniqﬁes. For initial
and overall tenderness, the power functions between ME and

shear data yielded exponents of 1.13 and 1.05, respectively.



a

These exponents f(which are clecse to ') indicate that panel
assessments us.ng ME and Warner Bratzler shear

determ.nati0ns were sim:lar in sensitivity to tenderness
differences in the meat samples. However, because of data

variability, these exponents may not be reliable 1ndicators

of sensory response.

The evaluation technigues were ranked by the 18 trained
panelists for selected criteria. The CS and LS methods were
easier to learn and reqguired less effort for sample
evaluaticn than ME. éach evaluation procedure received
similar mean ranks for scale applicab&lity. However, CS was
ranked as most accura{e for the sensory evaluation of beet;
LS was intermediate; and ME was judged the least accurate
sensory procedure. In addition, parmelists preterred CS over
both LS and ME. The LS technigue was ranked 1ntermediate 1in

1]
preference and ME was least preferred. The effect of scale
preference on motivation 1s unknown. 1f a panelist 1s not

comfortable with the task, sensory perforflance may be

affected.
H

-

Results of this work indicate that for the descriptive
i

v

sensory asseésment of SM steaks, the CS evaluation
technique, most frequently used to determine meat quality,
was easy to learn,upeéuired little effort.for sample
evaluation, was preferred by papelists’bnd was most
sensitive to treatment differences. The LS/method was.easy

to learn, required little effort for sample evaluation and



24

Q

erence. However , panel:ist

-

i
e
»

panei:sts found that the ME technigue was more diffaicuit to
learn, required more effort for sample evaluat:on and was

least preferred, ME was as sensitive as the CS method to

=

. . VfFfF o - £ Gy e . R
st treatiment differences. Therefore, f1ncdings from o this

re

‘esearch generalliy support the ubSe of category scaxi:ing lor
the descriptive sensory assessment of beef by trained

1sts.

kol
[}
o
v

- The hetercugeneous meat system employed 1n the present
study 1s typical of that usually studied by meat
researchers. Further comparative studies, using a less
heterogeneous meat system such as a restructured meat
product, may provide additional 1nformation on the accuracy
and precision of panelist assessments from each of these

evaluation techniques.

The lack of significant treatment differences by LS was
unexpected. The line scale has been successﬁa}ly used for
the "Quantitative Descriptive Analysics” of a number of food
products. Further work could be done to systematically
evaluate the LS procedurec;or the descriptive sensory
assessment of meat. An evaluation of the direct comparison
of LS ratings‘between samples on the same scorecard versus
the use of a separate scorecard for each sample would be

useful.



Panelists stated +that the princ:gple cf magn.tude

estimatlion was easy to0 understand but that 1tS appiication

¢ meat was d:fficult. The difficulties encountered in the ;
o . . e
present study with the use of ME for meat have not

previously been described in the literature. Usually, the
descriptive sensory assessment of beel invoulves the
simultaneous evaiuation of several characteristics. This

type of assessment may be more d: rcult with ME than with
. N
either CS or LS, ané may resuit in decreased sensitivi

rr
s

.

e

treatment diflferences. To optimize the potential of the ME |
procedure for the descriptive assessment of cooked beef,

some procedura. modifications may be needec. The ME method
may be most useful for an evaluation of just a few

attributés at one time. However, the evaluation of products
requiring mastication such as meat may always require

greater effort.
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Figure 13. Scorecard for the degree of doneness assessment
of cooked semimembranosus steaks.
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DEFINITIONS AND TASTING PROCEDURE
FOR THE
SENSORY EVALUATION OF BEEF

Eva vate the palatability character:st:-s <! each of
+he beef samples. Circie a number aliong the B puint SCa.e
that best describes your 1mpression of each of the
characteristics. Evaluate each sample 1ndividuaily, (ry:ng
not to make coemparisons between samples.

Please rinse your mouth w.oth water belnre be Lngoanda
between samples. Take a short break betweer the first and
second set of samples
INITIAL TENDERNESS- 1s the lack ¢f force reguired to bite
through a cube of beef across the gra:n, betwee: the mtla
teeth. Evaluate 1n:tial tenderness after 1wo Cchews

OVERALL TENDERNESS- i:s the amcunt of effort and time
reguired to completely masticate & cube cf beef. Recorc the
number of chews required to completely masticate the cube on
the scorecard. Then refer to your chew range card to rate
the beef cube for overall tenderness.

CONNECTIVE TISSUE-1s the amount of residue feit during
chewing and left after complete mastication.

OYERALL JUICINESS- is the amount of moisture left 1n the
mouth after complete mastication.

FLAVOR INTENSITY- 1s the amount of meaty flavors present :in
the mouth after complete mastication. Please comment 1f
other flavors mask the meatiness of the sample.

COMMENTS- Your comments about each sample are welcome and
would be very helpful.

Before leaving your booth, please
check to insure that you have
completed the entire scorecard.

Thank You!

Figure 14. Definitions and tasting procedure for the sensory
evaluation of beef using the category scale.



DEFINITIONS AND TASTING PROCEDURE
FOR THE
SENSORY EVALUATION OF BEEF

Evailvate *he palatabillity -haractrer.istics 1 oearh !
the bee! samples. Place a vert.ca. .l1n€ On Tnhe norizonta.
l.ne @t the point that best describes your Lnpress. oot
each of the chagracter:st.cs. Evaiuate each sarp.e
cndividudily, Tryinag not Ty lake CoTpar1S0ns Lelwee:
Samy.es.

Piease rinse youl Doutl. wil water belire e a
between Samp.es. Take a short breagk Delween Tl 1 St
seccrnd set of samp.€es.

INITIAL TENDERNESS- ©s the [a -k ! ftarce reguirel U7 L.ne
Throudh @ cube of beel across the graln, vetween ULe
ceeth . Evaluate Inltia. tenderness alter 1wWo chews

e anount of effors and roine )

OYERALL TENDERNESS- 1s thL

e
required to completely masticate a cube of beel.

CONNECTIVE TISSUE- :s the amount of residue lte.t dur.ng
chewing and left after complete mast:icat.ion.

n
H

r

.

)
T

of moisture i=f

OVERALL JUICINESS- is the amcudnt
T1iIon. .

mouth after complete mastica

FLAVOR INTENSITY- (s the amount ¢of meaty flavors present i
he mouth after complete mastication. Please comment !
other fiavors mask the meatiness cf the sample.

COMMENTS- Your comments about each sample are welcome and
Wwould be very helpful.

»

Before leaving your booth, please
check t¢ i1insure that you have
completed the entire scorecard.

3

Thank You!

F/A

Figure 15, Definitions and tasting procedure for the sensory
evaluation of beef using the line scaies.

.



DEFINITIONS AND TASTING PROCEDURE
FOR THE
SENSORY EVALUATION QF BEEF

Evaluate thne pa.atab: ornooi the
eef csarp.es ASSiCn an; 1re each
“raraecteristic of the T oeacrh
Sy essive samp.ie, ass. TLSTLL

eLat 1o the samp.e

P;easgﬁ:;nSe ycﬂ: mouth Wit owater [elore LDeg.fsmlncl oand
Letweern SamMpaés. Take a short Lieak between the Dirst and
secnd sgCﬂ f¥samples.

INITIAL TENDERNESS- :s the .ack of torce reguired 1o Lite
through a cube cf beel across the crain, Letwee:, *he milta:
ceetr. Evalua‘te .n:t:ai: “enderness after twe chews

FLAVOR INTENSITY- 1s the amount cf meaty flavors present In
the mouth after -~omplete mast.cat:on. Please comment 1f
other flavors mask the meatiness of the sample.

OVERALL JUICINESS- :s the amount ©f moisture left n the
mouth after complete mastication.

e

OVERALL TENDERNESS- 1s the amount of

fore
regquired to completely masticate a Cu of

an
bee

legY

e

CONNECTIVE TISSUE- 1s the amount of residue felt during
chewing and left after complete mastication.

COMMENTS- Your comments about each sample are welcome and
would be very helpful.

Before leaving your booth, please
check to 1insure that you have
completed the entire scorecard.

> . Thank you! -

Figure 16. Definitions and tasting procedure for the sensory
evaluation of beef using magnitude estimatiQn.
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NAME UATE
RE: MAGNITUDE ESTIMATIOUN, £-pPLINT STALZ, LINEZ SCALL
p.pase TocTpare the STa.inT el isLes csed L0 othis study
Answer *he following GQuestiuns DY rankiia TnLe Tliee STa.es
roro.Cer each guestion Separately.
~ase of learn:ing RANK SCALE
Las.iest o Leal - L )
Z
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f beet
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. your .mpression of scale accuracy
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most accuratle

[FN )

1east accurate

4. effort needed to evaluate each sample
RANK SCALE

most effort &% 1
2
ieast effort 3

5. scale preference RANK - SCALE

—

most preferred

least preferred 3
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Thank you for your co-operation.

Figure 18. Questionaire for panelists'comments regarding
the three sensory evaluation technigues.
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Table 16. Means anc stenderce errcrs for cretltal a o
coLoelng Zatae ¢f serlTerzractsie gteass (T trne
four LustTLroten Teat treattents.,

gLstrortenr Treatirer
i - T I
/ S Ta o - < ‘. < ‘
Measuremner: ‘- I( U0 ES =3 MRS SEM
Tnecical data
R S Tt °
e extract, -« 5 Ll 4 '
taL o meistuie, o PR * R 2 T L4
CLorLng catal
Raew werult, g G570 S0 .4 445.¢0 44 4, 5 - é;'
Drigp o in thaw, SLel Lo TLEG TLar Cias
- B - ~
.nitral temp., ¢ 4.8 3.6 6.0 5. ot
o © e A . N I
Final temp., C e, £5. 65,0 e5. 9
Cocking time, minn 55072 57U 58 .4 S 54
‘ooking time,
min/100g VAN 3.7 3.3 0Lt
~ N . 4
Cooking lcsses, &
Total < 3. 23.7 22,0 2.5 vL27
Volat:i.le 205, 20.7 9.2 8.9 DLl
rip 3.0 3.1 2.9 .6 0.4

lling with electrica.

"Delay ch:illing (DC), d 11
h ng (H¥B), hg¢t boning with

stimulation (DC-ES),
electrical stimulat:i:on
2Standard error c¢f the mean.

Values are the means of 18 determinations, Z per replicate.

‘Values are the means of 27 determinations, ' per steak
per replicate.

a,b Means within the same row sharing a common superscript
are not.significantly different at P<0.05.

** SignifAicant at pP<0.071,
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Table 17. Means and standards errors for the degree of
doneness evaluation and objective measurements f
semimembranosus steaks from the four postmortem
meat treatments.

Postmortem Treatment’

Measurement DC DC-ES, HB HB-ES SEM ¢

Degree of doneness’ 4.9b 5.1ab 5.6a 5.5ab 0.30#
Hunter L[* 44.9 44 .1 42 .6 43.0 1.1
T oa 6.8 7.8 g.4 . 7.5 0.45

b 10. 4 10.5 10.5 10.3 0.19

Press fluid, ¥° 36.5b 38.2ab  40.1a 39.2ab  1.08#

°

ODTMS-Warner
Bratzler shear, kg° 7.7 7.5 8.7 8.6 0.45

'Delay chilling (DC), delay chilling with electrical
stimulation (DC-ES), hot boning (HB), hot boning with
electrical stimulation (HB-ES).

Standard error of the mean.

‘Doneness scale: l1=well-done, 5=medium, 9=rare. Values
are the means of 81 judgementss one per steak by each
of three panelists.
‘Valuwes are the means of 54 determinations, 2 on each of
three steaks per replication.

~*Values are the means of 54 determinations, 3 on each of
two steaks per replication.

‘VYalues are the means of 156 determinations, with an
average of 9 shears on each of two steaks per replication

a,b Means within the same row sharing a common superscript
are not significantly different at P<0.05.

* Significant at P<0.05.
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Table 18. Means and standard errors for category sca.ing,
line scaling and magnifude estimation of semi-
membranosus steaks f{rOm the four postmortem meat
treatments.

ostmortem Treatment '

Attribute’ HB HB- € SEM’
Initial tenderness
Category scale 4.5 5.0 U. 3
Line scale 8.2 8.7 CLLHE
Magnitude estimation 15.5 4.0 ERCEN

Overall ten-Zderness

Category scale 5. 4.5 4.2 4.6 L.t
Llne scale 8.9 7.8 7.6 8.1 .4
Magnitude estimation. 16.3 1E.5 20.0 17.3 (0.028)
Connective tissue
Category scale 4.9 4.¢ 4.6 5.0 0.6
. Line scale 9.7 9.8 9.2 9.7 0.37
Magnitude estimation 10.0 10.2 11.5 9.8 (0.024)
Overall juiciness
Category scale 4.7b 5S.1a 5.0a, 5.la 0.09a
Line scale 7.7 8.1 8.3 8.3 0.25
Magnitude estimation 12.3b 12.9b 14.4a 14.7a (0.015)%»
Flavor 1intensity
Category scale 5.0 5.2 5.0 5.2 0.1
Line scale _ 7.9 8.0 8.0 8.2 0.23
Magnitude estimation 13.9 14.4 14.4 15.7 (0.015)

'Delay chilling (DC), delay chilling with electrical
stimulation (DC-ES), hot boning (HB), hot boning
with electrical stimulation (DC-ES).

‘For a description of each evaluation technique, see
Table 7, page 65. '

*Standard error of the «mean.
*Standard error expressed as log 10 value.

*, **x Significant at P<0.05 and P<0.01, respectively.



Table 19. F-values for selectecd sources of variation from
the analyses of var.ance cof category scale, line
scale and magnitude estimation data for the four
postmortem treatments.

Source of Variation’

Attribute T R P TxP

Initial tenderness ,

Category scaling 1,490 G.47 9.342%x 0.63
Line sca.iing 1L 34 0.50 18.63xxx 0.85
Magnitude est:imatioi 0.55 0.43 32.29%%1 0.8

Overall tenderness ;

Category scaling i.54 .07 10.63%%2 0.68
Line scaling 1.25 0.8 17.98%x*% 0.51
Magnitude estimation 1.74 .94 67.96%%12 1.06

Connectlve ti1ssSue amt.

Category scaling 1.32 1.19 10.03%x%% 0.76

Line scaling 0.57 .27 20.9 1 %x% 0.57

Magnitude estimation 1.69 2.47% 34.81%x% 0.88
Overall julciness

Category scaling 4,33x% 3.61%% 10.31*%%x% 0.96

Line scaling 1.40 1.02 14, 14%%x% 0.87

Magnitude ®stimation 5.79%x  4.50x% 46.47 %% 1.27
Flavor intensity

Category scaling 1.10 2.45% 15.82%x%x% - 0.99

Line scaling 0.23 2.29 16.64%%x% 1.07

Magnitude estimation 2.27 3.17% 61.42%x%x% 0.85
"Treatment (T), replication (R), panelist (P) and treatment

by panelist (TxP).

* * X

14 r

respectively.

*x* Significant at P<0.05 and P<0.01, and P<0.0071,



Table 20. Pearson correlat.on coefficients (r) and
cofficients of determination (r?) between pane.
assessments f{rom each evaluation techuniyue’
(N=36). BN

tenderness

al

CS vs LS C.91xxa U.87z

S vs ME C.872%2 A

LS vs ME 0.8 2% U8
Overall tenderness

CS vs LS C.912x%x2 .83

CS vs ME C.BSaxx 0.7¢9

.S vs ME C.57xx2 0.76
Connectilve tissue amount

CS vs LS \\0.51*4* 0.37

CS vs ME ~0.52%x%xx% 0.27

LS vs ME -0.58*x %% 0.34
Overall julciness

CS vs LS 0.48xxx% 0.23

CS vs ME 0.59xx%x2 0.34

LS vs ME 0.53%x%xx% 0.29
Flavor intensity

CS vs LS 0.584xxx 0.29

CS vs ME 0.53*%% 0.28

LS vs ME 0.84x%xx 0.20

.~

'"Category scaling (CS), line scaling (LS) and magnitude
estimation (ME). :

L L £ Significant at P<0.01 and P<0.00%, respectvely.

-
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Table 22. Pearson correlat:con coefficients (r)~and
coefficients of determ:ination (r’) between pane.
tenderness assessments from each evaluation
technigue’ and Warner Bratzler shear data (N=36).

A:‘Aibu:@ r I

Initilal tenderness

) -0.68xxa .47

LS ~C.70%x2 0.49

ME U.6bxxx 0.44
Overall tenderness %

CS 0. T70xx2 0.49

LS ~0.T73%%2 0.54

ME C.68xx2 0.47

"Category scaling (CS), line scaling (LS) and magnitude

estimation (ME).

xx*x Significant at P<0.001.
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