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Abstract 
The use of human subjects for sensory testing takes care- 

ful planning and understanding of the many factors that may 
influence sensory responses. There are significant 
interindividual differences in sensitivity to gustatory, olfactory 
and trigeminal stimuli. Physiological factors which may influ- 
ence sensory responses include saliva flow and composition, 
adaptation and fatigue, age, gender, nutritional status, diet, 
satiety and drugs. Human subjects are prone to psychologi- 
cal biases such as the power of suggestion, errors of expec- 
tation, habituation, leniency and central tendency, and stimu- 
lus range-frequency considerations. Stimulus-related factors 
such as interactions between stimuli (enhancement, suppres- 
sion or synergy), or carry-over effects from one sample to the 
next may also affect human subjects' ratings. Other issues to 
consider when designing a sensory experiment are the size 
of the sample, the methods of concept formation, the paradox 
of the discriminatory non-discriminators and judge selection 
and training. 

Introduction 
The sensory evaluation of foods and beverages is carried 

out by human subjects. The type of subjects used in sensory 
testing depends on the type of sensory test. There are two 
general kinds of tests: analytical tests and consumer tests. In 
analytical tests, human subjects function like any other ana- 
lytical instrument, and are trained to detect differences among 
products and to quantify their sensory properties. A panel of 
highly trained judges is required for analytical tests. In con- 
sumer or affective tests, degree of liking and preferences are 
measured. A large number of untrained subjects, representa- 
tive of the target population, is used in consumer tests. The 
number of subjects typically used for either application is dis- 
cussed later (sample size determination). 

When using human subjects as instruments for sensory 
testing, one has to deal with the issue of variability, both within 
and among subjects. There are significant interindividual dif- 
ferences for a number of anatomical, physiological and psy- 
chological factors of relevance to sensory testing. In the sec- 
tions that follow, we examine the various factors that influence 
humans as instruments for sensory testing. 
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lnterindividual Differences in Sensitivity 
to Gustatory, Olfactory and Trigeminal Stimuli 

Genetic factors contribute to interindividual differences in 
sensitivity to gustatory and olfactory stimuli. The taste sen- 
sory cells at the apex of which the interaction between stimu- 
Ius and receptor takes place are located in the taste buds, 
which in turn line the sides of the taste papillae. The number 
of taste papillae (fungiform and circumvallate papillae) on the 
tongue and the number of taste buds in these papillae vary 
among individuals. The free, trigeminal nerve endings found 
throughout the oral mucous membrane interact with chemical 
irritants such as capsaicin (hot peppers), acetic acid (vinegar), 
ammonia, etc. The number and distribution of these free trigem- 
inal nerve endings in the oral cavity may also vary across indi- 
viduals. These anatomical differences have been linked to dif- 
ferences in sensitivity to the basic taste qualities - sweetness, 
sourness, saltiness, bitterness and umami (Miller and Barto- 
shuk; 1991), and to trigeminal stimuli (Silver and Finger; 1991). 

The distribution of detection thresholds for most taste and 
smell stimuli is normal (Gaussian). However, the range of the 
distribution (standard deviation) varies greatly among stimuli. 
For some stimuli, the distribution of thresholds actually is bi- 
modal, with a clear separation between individuals who can 
detect the stimulus at low concentrations and those who can- 
not (Miller and Bartoshuk, 1991). Examples of such stimuli 
include a family of bitter compounds with the thiourea 
(-N-C=S) moiety, such as PTC (phenylthiocarbamide) and 
PROP (n-propylthiouracil), for which individuals are catego- 
rized as tasters and non-tasters (Lawless; 1980). A number of 
studies indicate that the inability to taste PTC/PROP is a simple 
Mendelian recessive trait. Non-tasters carry two recessive 
genes for this trait. The logical, yet unsubstantiated explana- 
tion for taste blindness is that tasters of PTCiPROP possess 
a receptor protein sensitive to the N-C=S moiety that non- 
tasters do not have. 

Similarly, there are a number of olfactory stimuli for which 
some individuals are anosmic. These include isovaleric acid 
(sweaty), 1 -pyrroline (spermous), trimethylamine (fishy), isobu- 
tyraldehyde (malty), 5-androstenone (urinous), and o-penta- 
decalactone (musky) (Gilbert and Wysocki; 1987). The ge- 
netic contribution to these variations has yet to be elucidated. 

In addition to actual differences in sensitivity, judges differ 
in the amount of experience they have had with the stimuli 
being tested in an experiment. So-called expert tasters, who 
are still used (or misused) by industries which have relied on 
sensory testing for hundreds of years (tea, coffee, wine, etc.), 
are not necessarily individuals with greater sensitivities to the 
stimuli in their product, yet they have become experts because 
of their extensive experience with the product, and the enor- 
mous sensory database which they have been able to build 
over years of practice. 
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Distribution of unilateral parotid sativa flows in response to soup, beer, methyl cetlulose and peanut butter for 30 subjects. 

Physiological Factors the conduct of a sensory test when olfactory stimuli are in- - 
volved (because it is not typical for a judge to keep his/her 
mouth absolutely still in the course of an evaluation, whereas 

able). 

A number of physiological factors can influence the re- 
sponses of human subjects, Some of which have well the time bemeen sniffs and their intensity may be quite vari- 
documented. 

Saliva 
Large interindividual differences in saliva flow are typically 

found in response to both taste and texture stimuli. The distri- 
butions of unilateral parotid saliva flows in response to soup, 
beer, methyl cellulose and peanut butter in a population of 30 
young adults are shown in Figure 1. Gender accounts for some 
of these differences, with female subjects having a significantly 
lower parotid saliva flow rate than male subjects. We have 
found that these interindividual differences in saliva flow rate 
affect the perception of the intensity and duration of some 
taste and texture attributes in foods and beverages. 

Adaptation and Fatigue 
Adaptation is one of the reasons why a given sample might 

affect how the following sample in a series is rated. For ex- 
ample, when the tongue is exposed to a taste stimulus for a 
period of time, taste intensity gradually decreases down to 
zero (assuming that the subject keeps hisiher mouth still). This 
phenomenon, known as adaptation, is seen for all sensory 
perceptions. The peripheral neural response declines in much 
the same way the sensation does, thereby suggesting a pe- 
ripheral origin for the phenomenon. Adaptation is interrupted 
if receptors are stimulated through continued tongue motion 
(for taste), or sniffing (for smell). It may interfere the most with 

Fatigue is another factor to guard against, especially when 
rating olfactory stimuli or stimuli that require chewing (such as 
meat products). Subjects may benefit from sniffing water be- 
tween samples, or from waiting between samples when tex- 
ture is evaluated by mouth. In any event, the experimenter 
should always pretest the protocol to be used to ensure that 
the number of samples or the concentrations of the stimuli will 
not result in subject fatigue. 

Other Factors (Age, Gender, Hunger, Thirst, 
Satiety, Diet, Nutritional Status, Drugs) 

Significant chemosensory changes occur with aging. In 
humans, however, the perception of odor is more severely 
compromised with age than the perception of taste (Tepper 
and Genillard-Stoerr; 1991). 

There are conflicting reports on the effect of gender on the 
chemical senses. There is some evidence for greater olfac- 
tory sensitivity in women at some stages of the menstrual cycle 
which can be traced back to ovarian hormones (Zucker; 1969). 
Gender differences for taste sensitivity are not well docu- 
mented. No difference between males and females was found 
in the slope or the intercept of the psychophysical function 
(perceived intensity vs. stimulus concentration) for irritation 
(Commetto-Mutiiz and Noreiga; 1985). 

Changes in nutritional status that produce modifications in 
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chemosensory sensitivity and preferences can result from 
physiologic disturbances that affect nutrient or energy balance, 
from normal fluctuations in energy status associated with hun- 
ger, thirst and satiety, or from modifications in the diet. Nutri- 
ents (and in turn nutrient deficiencies) may influence the chemi- 
cal senses by affecting epithelial integrity, receptor accessibility, 
receptor function and neural processing (Friedman and Mattes; 

Satiety encompasses a complex of physical and biochemi- 
cal mechanisms that include a reduction in gustatory (neural) 
activity (Scott; 1990). In humans, the hedonic value of 
appetitive tastes typically declines with satiety, but intensity 
judgements are affected to a lesser extent or not at all (Rolls 
et al.; 1981). 

A variety of drugs have been reported to alter chemo-sen- 
sory function after oral administration, systemic injection or 
direct application to the receptors (Schiffman; 1991). 

1991). 

Psychological Factors 
Psychological errors in judgement (or psychological biases) 

are common when human subjects are used for sensory test- 
ing. The best way to prevent them from throwing off the re- 
sults of an experiment is to be aware of them. What follows is 
a short list of the main types of psychological errors that occur 
in sensory tests. 

Error of expectation. Information given to the judges and/ 
or anticipations judges have about the test method or test prod- 
uct may influence their response. 

Stimulus error. In trying to be "right," judges may be influ- 
enced by irrelevant characteristics of the samples, and try to 
"outguess" the test. 

Logical error. Several characteristics of a procedure or 
product may be associated or confused. 

Error of habituation. Judges may continue to give the 
same response when a series of slowly increasing or decreas- 
ing stimuli are presented. 

Error of leniency. Judges may rate products higher than 
warranted. This error is committed when in-house subjects 
are used for consumer testing purposes. 

Contrast error. When a poor (or weak) sample follows a 
good (or strong) sample, the contrast in quality or intensity 
appears greater than it actually is. 

Halo effect or proximity error. Product attributes evalu- 
ated simultaneously may be rated similarly, i.e., a darker cut 
of meat is perceived as having a stronger flavor. 

Error of central tendency. Most judges tend to avoid the 
ends of scales, especially when rating the first samples in a 
set. Once they become familiar with the range of stimuli in the 
design, however, they tend to expand their use of the scale. 

Time error or positional bias. A sample may be over- 
selected based on the order in which it is tested. This occurs 
in difference tests or when a series of samples is presented, 
as in ranking or descriptive analysis. 

Range-Frequency biases. The range and frequency of 
the samples in a design may skew ratings on a category scale. 
This type of error is explained by Parducci's Range-Frequency 
Model (1974) which states that category ratings are a com- 
promise between the range principle (the tendency to assign 
categories to equal sections of the stimulus range) and the 
frequencypfinciple (the tendency to assign equal numbers of 
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Range principle: 1 & 2 = "low"; 3 & 4 = "high." 
Frequency principle: 1 - 3 = ''low"; 4 = "high." 

Range - Frequency prediction =The Range - Frequency limen is "3" and the ratings 
received by the Stimuli are: 

Stimulus 1: ''low" 
Stimulus 2: "low" 
Stimulus 3: 112 "iow; 1/2 "high" 
Stimulus4: "high" 

An example of category ratings predictions based on Parducci's range- 
frequency model. The example uses only two possible categories of 
judgements, "low" and "high," for simplicity. 

stimuli to each category). Parducci's Model is illustrated in 
Figure 2. 

Power of suggestion. Judges are easily influenced by oth- 
ers. It is therefore important to conduct sensory tests in iso- 
lated booths, except when consensus or group data is col- 
lected (typically for descriptive analysis purposes). 

These psychological errors can be avoided by using the 
proper number of judges and/or replications (depending on 
the type of test), by training the judges adequately (for ana- 
lytical testing), by placing them in the proper testing environ- 
ment and conditions, by randomizing the order of presenta- 
tion of the samples and by using a carefully designed protocol. 

Stimulus-Related Factors 
Interactions Among Stimuli 
(enhancement, synergy, suppression) 

When stimuli are presented as mixtures (as in actual foods 
and beverages), three types of interactions may affect per- 
ception of the flavor of the product by human subjects. En- 
hancement (or suppression) is seen when the presence of 
one stimulus increases (or decreases) the perceived intensity 
of a second stimulus. When the presence of one stimulus in- 
creases the perceived intensity of the mixture of the two stimuli, 
such that the perceived intensity of the mixture is greater than 
the sum of the intensities of the components, the effect is de- 
scribed as synergy between the two stimuli. The best known 
examples of compounds which act in synergy with or enhance 
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the intensity of flavor compounds (so-called “flavor potentia- 
tors”) are MSG, 5’-GMP and 5’-IMP. It is unclear, however, 
how MSG interacts at the receptor level with savory compo- 
nents in foods and beverages to potentiate their flavor 
(Nagodawithana; 1994). 

Carry-Over Effects 

The evaluation of samples with long-lasting sensory at- 
tributes such as hot peppers, beer, wine or peanut butter pose 
a special challenge to the experimenter. How can carry-over 
effects from one sample to the next be avoided? They typi- 
cally cannot, unless sessions consist of single-sample evalu- 
ations. Scheffe’s design with multiple paired-comparisons of- 
fers an alternative for these types of evaluations (Scheffe; 
1952). We used Scheffe’s design as modified by Arnold (1 983) 
in a study of wine astringency to overcome carry-over effects, 
i.e., modification of astringency by the preceding sample 
(Guinard et al.; 1986). This procedure requires m(m-1)/2 paired 
comparisons to compare a set of m samples. Each pair is 
evaluated by all judges, half in each order. The judges indi- 
cate which of the two samples in a pair has the higher inten- 
sity, and scale the intensity of the difference. The model gives 
intensity estimates for the attribute under study (e.g., astrin- 
gency) along with an estimate of the order effect and the level 
of its statistical significance. 

Methodological Issues 
In this section, we discuss a number of methodological is- 

sues that illustrate the difficulties faced by the experimenter in 
setting a sensory test with human subjects. 

Sample Size Determination 

The issue of the number of subjects required for a given 
sensory test is not addressed properly in most sensory evalu- 
ation textbooks. Whereas most sensory scientists are satis- 
fied to use what is considered a typical number of judges for a 
given test (e.g., 30 for a difference test, 15 for descriptive analy- 
sis, and 100 for a consumer test), there are statistical means 
to determine what an appropriate number of subjects should 
be for a given application. These means are collectively known 
as ‘power analysis’ (Fleiss, 1986; Schlesselman, 1973). It re- 
quires estimates of the variance and of within-subject correla- 
tions for the measurement to be carried out in the sensory 
test (e.g., intensity scaling, hedonic scaling, etc.), as explained 
in the following example. 

We are currently investigating the effect of dietary fat on 
preferences for fat in selected foods. The main hypothesis in 
this study is that a shift in energy derived from fat in the diet 
should result in a corresponding shift in hedonic response to 
fat in foods. A power analysis was conducted to estimate the 
size of the sample that would be adequate for the verification 
of that hypothesis. Estimates for variance (MSE = 1.89) and 
within-subject correlations (p = 0.66) were taken from a study 
of animal fat acceptability conducted with 40 subjects on 29 
meat and dairy products using a 9-point hedonic scale. Based 
on th’at study, a minimum detectable difference of 0.8 on the 
9-point scale would be adequate for verifying our hypothesis. 
With a power of 90%, and a two-tailed test with 01=0.05, we 
found that minimum detectable differences of 0.9,0.8 and 0.7 

would be achieved with 20, 25 or 30 subjects, respectively. 
We elected to use 25 subjects in our experiment. 

Concept Formation 

For a panel of judges to be used as an analytical tool for 
descriptive analysis, the judges must agree on the meaning 
of the various descriptors of the attributes to be rated (e.g., 
brown color, degree of marbling, saltiness, meaty aroma, 
chewiness, juiciness, etc.). They must agree on which range 
of sensations are to be included within a given concept and 
which are to be excluded. This is known as concept formation 
(Ishii and O’Mahony; 1991). According to the current theory of 
concept formation (Millward, 1980), a sensory concept like 
‘redness’ is formed by a two-step process: abstraction and 
generalization. For the first step, the concept of redness is 
abstracted from red and non-red stimuli. For the second, this 
concept is generalized or broadened beyond those sensa- 
tions used in the abstraction process. Then shades of red that 
have not been seen before can be categorized as falling within 
the concept of “redness” and shades of orange or brown as 
falling outside. The concept is given a label (‘red’) for the pur- 
poses of communication between those who share the con- 
cept (the panel members) and quantification of the attribute 
“redness.” The same reasoning can be applied to the forma- 
tion of any sensory concept. 

The training of a descriptive panel must take the judges 
through the abstraction and generalization steps of concept 
formation for the descriptive test to be successful. This is done 
by preparing standards for the various attributes, and by evalu- 
ating samples that fall within and outside the concept for each 
of these attributes. 

The Paradox of the 
Discriminatory Non-Discriminators 

Recently, MacRae and Geelhoed (1992) noted a paradox 
in which a significant preference was found in a paired-prefer- 
ence test, but no significant difference was found in a triangle 
test with the same samples. How could the panel express a 
preference between samples, yet not be able to discriminate 
between them? This is known as the paradox of the discrimi- 
natory non-discriminators. In a study of the acceptability of 
fat-modified foods in the elderly, we also obtained apparently 
conficting results from two sensory tests (Guinard et al.; 1994). 
Whereas degree of liking, as measured on a 9-point hedonic 
scale with 145 subjects, differed significantly among regular, 
lowfat and fat-free cheese slices, a panel of 16 subjects re- 
cruited from the same population could not discriminate among 
the three versions of the cheese slices as measured by a duo- 
trio test. This paradox is explained by the different number of 
subjects participating in either task, and by the different men- 
tal processes involved in each kind of test and decision. Duo- 
trio test strategies and hedonic scaling strategies are very dif- 
ferent, and it is much easier to make a mistake in a duo-trio 
test, which involves several intercomparisons of products’ dif- 
ferences, than in hedonic scaling where there is no right or 
wrong answer, and each sample is evaluated on its own. In 
this context, the duo-trio test with a limited number of subjects 
probably provided too conservative an estimate of the dis- 
criminatory ability of the population. 
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Judge Selection and Training through is not sufficient until after the experiment is over, at 
which time inconsistencies among panelists or poor repro- 
ducibility become apparent. Some general guidelines to follow when selecting judges 

for analytical tests are to recruit almost twice the number of 
judges needed, and to test their sensitivity to the variable(s) 
under study. Keep only those judges who are sensitive to the 
variable under study, who give reproducible responses, who 
are consistent with the panel as a whole, who have the de- 
sired personality traits for sensory testing (motivated, reliable, 
intelligent), and who are available on a regular basis. 

The issue of training for analytical tests is crucial to the 
success of the experiment. Too often, training is compromised 
to reduce the length of the experiment in time. Experimenters 
may not realize that the amount of training they put their panel 

Conclusion 
Human subjects used as instruments in sensory testing 

are variable among themselves, variable over time, prone to 
psychological biases and prone to fatigue and attention drift. 
To minimize the effect of these factors on sensory ratings, 
measurements must be repeated, the number of judges for a 
given sensory test must be high enough, and biases must be 
avoided or reduced. 
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