
ARE WE MARRIED TO SENSORY PANELS AND SHEAR TESTS? 

At the 1949 RMC, a Cornel1 scientist asked a 
speaker, “Do you think it is advisable to have the 
taste panel get together for a trial run before begin- 
ning a meat palatability study?” The Iowa State 
speaker answered, “Yes, particularly if you have not 
been judging meat samples previously.” 

In  general, we would like to think that sophistica- 
tion of meat sensory evaluation has progressed much 
since that time. At the 1951 KMC, Professor Death- 
erage presented results of a “Survey on Organoleptic 
Testing Methods Used in Meat Research and one of 
the main conclusions from the survey was that stan- 
dardized or uniform methods have not been estab- 
lished so that results between institutions can be read- 
ily compared. In the introduction of “Recommended 
Guidelines of Ccokery and Sensory Evaluation of 
Meat’ (1977), it states a serio-is lack of miformitv 
among institutions for a )  cxkery  mct! cd,, b )  sensory 
panel selection and training, c ) s m p l e  pre laration 
and d )  terminology. So ptrhaps \vc have not made as 
much progress towards so3hist’c i t  on of ineat sensory 
cvaluation as we would iikc to think. 

Meat Flavor and Aroma 

Tilgner (1974) stated that a bibliography of liter- 
ature LIP to 1966 on the sense of taste gives 3000 ref- 
erences. In  my review of the recent literature on this 
topic, I concluded that we are married to taste panels 
for flavor evaluation of meat. Flavor is perceived, it is 
integrated by the mind and it cannot be defined by 
any one or even several chemical methods. When 
meat products are tasted by consumers or taste panel- 
ists, they are perceiving differences in taste (sweet, 
salt, sour or bitter), aroma and mouth feel (hot or 
cold, spicy, viscous, etc. j .  Aftertaste is also very im- 
portant ( Caul, 1967). 

Hecent research (Mabrouk, 1974) suggests at least 
15 classes of organic compounds constituting aqueous 
beef flavor precursors, and, yet fat is considered re- 
sponsible for flavor differences between species and 
for deteriorative changes ( oxidative degradation) in 
meat flavor. Objective methods such as peroxide val- 
ue, Kreis test, TBA, carbonyls, etc., are limited in 
merit because values only indirectly reflect rancidity 
(Mabrouk, 1974). Such tests may be useful in deter- 
mining threshold levels of oxidation, etc. Erickson and 
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Bowers (1974) state only one direct method for de- 
ti’ct ng ~f I$pid de:c-.iorat on. Tl-at ,s to ,ircpare, pack- 
age and store the prepared ford and evaluate it peri- 
odically by sensory means. Therefore, both sensory 
and chemical methods have their value in measuring 
“oft’-flavors” caused by oxidative rancidity. 

Pangborn (1967) said “gas chromatography can be 
used to measure volatiles, not flavor.” Xo instrument 
cr combination cf instruments has been developed 
that reflects the sensory responses to the brain 
(Reaume, 1975). Objective methods cannot be fully 
utilized until we understand the biochemistry of meat 
flivo;. M e l t  flavor cannct ye: be measured objectively 
( Henning, 1974). Kowever, objective methods do pro- 
vide valuable information ai-d as technology :idv;lnces> 
objective methods will likely become more ~;aluable. 
P good emmple is a beef flivor study by Persson et d. 
(1973) in which they regiessed analytical gas chrorna- 
tography data ag;,inst descriptive analyscs of aroma. 
Foi. predicting intensity of the “burnt, smoky” aroma, 
they used two peak heights to produce a rcgression 
equstion with a correlation coefficient of .89 (figure 1). 
They stated that gas chromatography might be verv 
useful for quality control procrdures but may be lim- 
ited to only that. 

According to several authorities and proponents of 
food. sensory analyses ( Larmond, 1976; Caul, personal 
communication; Pangborn, personal communication), 
meat researchers are frequently guilty of being “mar- 
ried to unsound, inisleacling and incalid sensory 
tests”; in other words, guilty of using poor methods. 
We are often guilty of not distinguishing between 
“laboratory” and “consumer” taste panels. L,aboratory 
panels should be adequately trained and used as an 
“analytical tool” or “instrument” to yield sensory dis- 
crimination or sensory intensity data. Caul (1967) 
states that a flavor panel should function about like a 
good cook. The panelists taste and evaluate and de- 
cide if the product is bitter and needs salt or is sour 
and needs sugar. The flavor profile panel has the ob- 
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jective of answering the question, “How does this 
taste?” The flavor profile panel was developed in the 
Focd and Flavor Section, Arthur D. Little, Inc., and 
has been in constant use as an analytical flavor meth- 
od. Caul (1967) further states that a laboratory flavor 
profile panel should not serve as a consumer panel and 
make decisions regarding likes or dislikes or prefer- 
cnces ( hedonic scales), Yet professional wine tasters 
not only taste but make judgments and decisions. Sel- 
dom is hedonic scaling appropriate for laboratory pan- 
els because degrees of liking, preferences, and desir- 
ability have reliable meaning only among consumers 
of the commodity under normal conditions of con- 
sumption (Pangborn, 1967). 

A flavor profile analysis is a written record of both 
the aroma and flavor of a product, which are exam- 
ined and tabulated separately. The tabuhtion con- 
siders five aspects : the individually detectable com- 
ponents; the intensity to which each was perceived; 
the order in which each was perceived; the whole 
sensory impression of the aroma and flavor; and for 
flavor, the aftertaste (Caul, 1967). The individually 
detectable components of flavor and aroma are re- 
corded in chronological order in descriptive terms 
defined by reference standards. The intensity to 
which they are perceived is given in numerical sym- 
bols based on a scale ranging from recognition 
threshold, to slight, to moderate, to strong. After- 
taste also is recorded in descriptive terms and in- 
cludes not only taste but aroma and feeling sensa- 
tions. A flavor profile panel can yield information for 
quality control problems, product development and 
improvement and for tracing A avor problems engen- 
dering consumer complaints. 

Laboratory evaluation of liking or preference is 
not representative of consumer reaction. Certainly 
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FIGURE 1 

Regression line for ”burnt, smoky” odor and G. C. data. 
Persson et al. (1973) 

consumer-type hedonic ratings cannot be correlated 
with instrumental data (Pangborn, 1967; Noble, 1975; 
Reaume, 1975). Intensity ratings, but not “accept- 
ability,” may validly be related to physical or chemi- 
cal measures. Conclusions from the laboratory cannot 
be extrapolated to the consumers table. 

Because sensory evaluation is the ultimate authority 
in determining food flavor in tho first place, and 
because flavor cannot be evaluated by one or :,everal 
chemical methodq, we are married to taste panels lor 
meat flavor and aroma sensory evaluation. We must 
be sure we are not married to the wrong methods of 
sensory evaluation. However, we must keep in per- 
spective the tremendous technological advances of re- 
cent years and realize that future technological prog- 
ress may bring us closer to instrumental/ehemical 
methodology for predicting meat sensory char acter- 
istics. 

Meat Texture 

More than any other foodstuff, the literature on 
meat texture abounds with reports of instrumental/ 
sensory correlations ranging from highly significant 
to totally nonsignificant. I t  is important to d:stin- 
guish between a mechanical test applied to raw meat 
to predict the tenderness of the cooked product, and 
an objective method for measuring the tenderness of 
cooked meat. Despite the progress made so jar, much 
additional work is needed before a satisfactorily prc- 
dictive test can be established for raw meat (Kapsalis 
and Szczesniak, 1976) Furthermoie, some 3f :he :ndi- 
recL mcd~ods of predicting textural propel ties [if (neat 
need extensive work to establish their w’iability c~ndcr  
all conditions (Voisey, 1976). 

In  the area of instrumentation, the almost feverish 
activity of some 20-30 years ago in designing ncmv in- 
struments has now subsided and has given rise to both 
a critical appraisal of what already exists and a more 
fundamental approach to understanding what the test 
measures and what should be measured. That is prob- 
ably because the more recently devised instruments 
suffer from much the same problems as the old ones. 

Warner-Bratzler Shear Apparatus 

Two instrumental methods have predominated in 
tenderness measurement, the Warner-Bratzler meat 
shear and the Texture Test System developed by 
Kramer et al. (1951 a, b ) .  Voisey (1976) discussed 
criticisms of these two methods. One of the problems 
with the WB apparatus is that the mechanism moves 
slowly (22.86 cm min.-l) compared with the 150 jcm 
min.-l rates in chewing (Bourne, 1975) so the instru- 
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ment does not approximate sensory conditions. I t  
would be beneficial if the spring scale deflection could 
be rcplaced by electronic force measurement. Stan- 
dardizing the \VB test should .be an obvious require- 
ment. 

In reporting and interpreting results of WB meas- 
ui-tlmmts, test conditions and a typ:cal forcc-time ( de- 
formation) curve should be presented but generally 
neither is reported. Voisey (1976) also suggested that 
data cited could include ( a )  initial yield force repre- 
senting a tensile rupture; ( b )  sample area at rupture 
which indicates compression required to initiate rup- 
ture; ( c )  slope of the force-time (deformation) curve 
in the second compression phase, which provides an 
index of firmness; ( d )  force per unit sample area at  
the peak; ( e )  force per unit length of blade cutting 
the sample at the instant peak force is measured; ( f  ) 
ratio of the sample area at a selected point (e.g. :cup- 
ture) to the original and ( g )  forces and areas in the 
period following the peak. He  further states that 
standardization of the test blade and slot is lacking, 
data taken from each sample to generate the tender- 
ness index often are limited, assuming the meat is 
sheared when it is actually compressed and ruptures 
under tensile stresses often gives an incorrect inter- 
pretation, and consistent terminology that clearly de- 
scribes the test is absent. Bouton ef d. (1973) and 
Cross et (11. (1973) further stated that \VB shear Iorces 
ec'rrelate poorly with subjective assessmcnt of lender- 
ness when there are large differences in connective c is -  
siie strcmgth. Bouton et al. (1975a) reported .:hat 111- 
stron compression and adhesive measurements xflect 
changes in tenderncss due to connective tissue 
strength better than shear measurements do. 

F O K C t  
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k-Final Yield 
FIGURE 2 

A typical shear force-deformation curve for meat (not cold- 
shortened) showing the various factors measured (Bouton, et 01. 
1975). 

Bouton et a2. (1975b) studied meat tenderness of 
samples subjccted to varicus treatments believed 
affect different musclc structural components. 'Their 
experiments were to determine if differences in the 
shapr of the shear-force deformation curves (figure 2 )  
were well defined, and if so. whether such differences 
could bc used to quantify relative contributions of thv 
various structural components to mc:it ,tenderness. 
Their initial yield force values (for meat that had ilot 
cold-shortened) were found -to ( a )  increase with cook- 
ing temperatures 2 60'C, ( b )  decrease with post- 
mortem aging and ( c )  not significantly affected biai i i -  
ma! age. They also showed that the cliff erence betwren 
initial yield force and peak force was ( a )  not signifi- 
cantly affected by post-mortem aging in young or old 
animals, ( b )  significantly increased with animal ~ g e  
and ( c )  significantly decreased by cooking time a t  
9C"C. Their results, plus thosc of Rhodes ct al. (1972), 
suggest that for muscles that 'have not cold-shortened. 
a more detailed analysis of the shear force deforma- 
tion curves could yield some comparative estimates 
of the myofibrillar and connective tissue contributions 
towards meat tenderness. 

Bouton e.! ai. (197%) r e p r t e d  that nearly 80% of 
the total variation in tenderness could be accounted 
for by three measurements: Instron compression for 
connective tissue toughness, W. B. Shear for myo- 
fibrillar toughness and cooking loss for juiciness. Their 
studies not only dealt with predicting meat tenderness 
but why tenderness can or cannot be predicted. Meat 
researchers often assume that shear value ( actually 
tensile rupture) alone is a satisfactorily measure and 
d3  no further investigating. Certain other chemical or 
instrumental methods such as myofibrillar fragmenta- 
tion index (Olson et al., 1976), collagen solubility, etc., 
help explain why there are tenderness differences. 

Texture Test System (Krumer Shear Press) 
The Texture Test System, which was originally 

called the Kramer Shear Press, has many of the same 
problems of other devices which I will not repeat 
here. The accuracy of recording and the deformation 
control are not as good as those of other machines. 
Data reported are generally restricted to maximum 
force, w?hich is generally assumed to coincide with 
sample rupture, which is incorrectly assumed io be :I 

shear failure (Voisey, 1976). 

Instrumental Textural Profile Analysis 

In a recent review, Breene (1975) concluded that 
textural profile analysis, originally established with 
the General Foods Texturometer, is now most popu- 
larly used with the Instron. Voisey (1976) thorough- 
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ly discussed the similarities and differences between 
the G. F. Texturometer and the Instron. Both involve 
a number of sound fundamental principles applied in 
an empirical or imitative way. The greatest contri- 
bution of instrumental textural profile analysis is to 
interpretation, which leads to better definitions of 
textural properties in physical terms. However, the 
Instron and G. F. Texturometer are quite different in 
acstion that affects the interpretation of the readings. 

Serwory Eualimtion 

Sensory evaluation is the ultimate mcthc d of meas- 
uring meat texture (Larmond, 1976). One factor that 
makes comparisons of results from one experiment to 
another, or from one laboratory to another, extremely 
difficult, is that sensory judgments are relative. Scores 
assigned to  a sample arc influenced by the range in 
tenderness of samples being judged concurrently. 
Mcskowitz and Kapsalis (1975) suggested that sim- 
ulated foods be developed for use as standards for 
texture. Stanley et nl. (1972) provided judges with 
1 ehydrated, unflavored, texturized soy protein .IS ref- 
erence samples and instructed them to evaluate meat 
samples relative to the reference ?ample and not to 
each other. 

Harries et (17. (1972) examined the interrelation- 
ships between the individual parts of a multi-com- 
ponent scoring system. Judges identified seven char- 
'icteristics as being important (11 meat Lcxture. 
resistance to initial chewing, wetness, juiciness, 
cohesiveness, hardness, overall texture and chew 
count. Factor analysis indicated that the seven char- 
acteristics were not independent but could be re- 
duced to two characteristics: toughness-tendernesq 
and juiciness. Larmond (1976) stated that chew 
count is not recommended as a standard method. 

Cross et al. (1977) developed step-by-step proce- 
dures for interviewing, screening, training and test- 
ing a meat descriptive panel. Factors evaluated 
were tenderness, juiciness and amount of detectable 
connective tissue. That procedure requires consider- 
ably more time, and therefore expense, than many 
meat researchers have invested in taste panel pro- 
cedures. 

The first step is the personal interview to deter- 
mine interest and availability of the potential panel- 
ist and what i \  expected on a taste panel. Screening is 
the second step and utilizes triangle tests. One of the 
following decisions is made after each triangle te\t: 
accept the candidate as a potential panelist, reject him 
or continue testing. Training is the third step and is 
best accomplished through sessions in which various 

samples of thc product types in the tests are evaluated 
and discussed. For example, steaks from animals of 
varying ages are used to demonstrate connective tissiie 
differences. Steaks cooked to different degrees of done- 
ness provide ranges in juiciness. In reality, training is 
never completed. 

Testing is the last step. Nine samples are selected 
to cover the full range of the attribute being trained 
for. The design is outlined in table 1. Data analysi~ 
treats the data for each candidate as a one-way anal- 
ysis of variance with nine treatments and four obser- 
vaticns per cell. With this design, day and session 
effects can be studied. From the ANOVA table, the 
F-ratio is calculated as mean square treatment + 
mean square error. The F-ratio is a measure of a pan- 
elist's ability to give different scores to different sam- 
ples while being able to repeat himself on the same 
sample later. The degree to which a person discrimi- 
nates between samples and is consistent in replicate 
judgments will be reflected in his F-ratio (table 2 ) .  
Candidates can be ranked on the basis of these F- 
ratios (table 3).  

To determine the preciseness in which a meat de- 
scriptive panel can be trained, three additional pan- 
els were trained at three different universities using 
the same techniques described. Procedures and 
equipment were standardized as much as possible 
between panels. Commcn samples were used to test 
panels during ti aining. Correlation co-efficients were 
calculated between all panels (table 4 ) .  High corre- 
lations for tenderness and connective tissue suggest 
that meat descriptive panels trained by a valid and 
standardized procedure can yield precise and reli- 
able sensory data. The low variability in juiciness 
scores resulted in low correlations among panels for 
that sensory characteristic. 

DAY 1 DAY 2 DAY 3 

Sess ion  Session Session 

1 2 3  1 2 3  1 2  3 

TABLE 1 

DESIGN LAYOUT FOR A TASTE PANEL TESTa 

aFrorn Cross et al. (1977). 
bS, = sample number one, s, = sornple t w o ,  etc. 
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TABLE 2 

SAMPLE TASTE PANEL TEST; F-RATIOS BY PALATABILITY ATTRIBUTE. 

F-Ratios 

Panelist Number 
Panel 

Attribute L e a h  1 2 3 4 5 6 7 8 9 10 11 

Tenderness 

~ ~~~ 

1 4 4 0  2 7 6  7 12 7 5 4  8.29 8 8 7  8 6 7  6 12 5 3 7  6 7 7  8 7 8  3 6 4  

Juiciness 5.13 2.37 3.59 8.03 3.58 8.78 6.94 6.14 4.59 1.89 7.50 3.18 

Connective tissue 8.73 4.02 4.39 4.07 5.37 5.32 8.32 3.76 0.95 6 .84  12.32 4.03 

aFrom Cross et  01. (1977). 

TABLE 3 

SAMPLE TASTE PANEL TEST; RANKS OF PANELISTS BASED ON F-RATIO9 

Attribute 

Ranking 

Panelist Number 
Panel 

Leader 1 2 3 4 5 6 7 8 9 10 11 

Tenderness 1 12 7 6 5 2 4 9 10 8 3 1 1  

Juiciness 6 1 1  8 2 9 1 4 5 7 12 3 10 

Connective ti s u e  

Sum 

Overall rank 

2 10 7 8 5 6 3 1 1  12 4 1 9 

9 33 21 16 19 9 1 1  25 29 24  7 30 

2 12 6 5 6 2 4 9 10 8 1 1 1  
~~ ~~~ ~ 

aFrom Cross et 01. (1977). 

Juiciness 

Taste panel assessment of meat juiciness involves 
two main effects, moisture released by the meat 
during chewing and moisture from salivation. The 
latter is highly subjective and almost impossible to 
measure objectively; the former is highly related to 
the moisture content of cooked meat. The high speed 
centrifugation method of Akroyd (reported by Rou- 
ton et al., 1971 ) to determine the expressible juice in 
cooked meat (by a water bath method) and meas- 
urement of cooking losses (Bouton et al., 1971 and 
1974) both correlated highly with sensory panel juici- 
ness scores ( r  = .97 and 32,  respectively). Cooking 
losses from meat conventionally cooked in ovens 
would probably vary more. 

Meat juiciness can be adequately evaluated by 
cooking loss, moisture determination in cooked meat 
or sensory panel methods. I t  seems that juiciness is 
the easiest of meat sensory attributes to evaluate. 
Training a sensory panel to evaluate juiciness would 
bc much casicr than training n panel to evaluate 

flavor, and cooking loss or moisture content is rela- 
tively easy to measure. 

Summary 

Meat flavor cannot presently be evaluated by 
chemical or instrumental methods. Certain chemical 
and instrumenltal methods, such as gas chromatog- 
raphy, are useful in quality control to monitor thresh- 
old levels of certain volatile constituents. Progress in 
technology  ill likely result in chemical/instrumental 
methodology that will be more useful in predioting 
ineat flavor and aroma. Because sensory evaluation is 
the ultimate authority in determining meat flavor, i t  
is apparent that we must rely on taste panels for meat 
sensory evaluation. However, laboratory panels 
should be adequately trained and used as an “ana- 
lytical tool” or “instrument” to yield sensory discrim- 
ination or sensory intensity data. 

For meat texture evaluation, we are not married 
to either sensory evaluation or instrumental method- 
ology. Properly trained and “calibrated” taste panels 
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TABLE 4 

CORRELATION COEFFICIENTS AMONG 'TASTE PANELS AT 
DIFFERENT UNIVERSITIES FOR THREE PALATABILITY ATTRIBUTES8 

TENDERNESS 

Panel 
Number 

Panel 1 

Panel 2 

Panel 3 
Panel 4 

Panel 
Number 

Panel 1 

Panel 2 

Panel 3 
Panel 4 

Panel 
Number 

Panel 1 

Panel 2 
Panel 3 
Panel 4 

Panel 1 Panel 2 Panel 3 Panel 4 

1 .oo .88 .93  .92 

1 .oo .90 .90 

1 .oo .94 

1 .oo 
JUICINESS 

Panel 1 Panel 2 Panel 3 Panel 4 

1 .oo .17 .17 .42 

1 .oo .07 .30 

1 .oo .36 

1 .oo 
CONNECTIVE TISSUE 

Panel 1 Panel 2 Panel 3 Panel 4 

1 .oo .86 .81 .82 

1 .oo .84 .85 

1 .oo .79 

1 .oo 

n = 55 longissimus steaks. 
aFrom Cross et ol. (1977). 

yield analytical data and represent the ultimate au- 
thority for meat texture evaluation. However, several 
instrumental methods can yield analytical data quite 
adequate for the objectives of many research studies. 
These instrumenes must be calibrated, used correctly 
and the data must be accurately and completely in- 
terpreted. Future technological advances hold con- 
siderable promise for new approaches to instrumen- 
tal measurement of meat texture and likely will be 
the predominant method in the future. 
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