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Throllgho![t this paper we will use the word per-
ception in ii broad sense. This means that we will
not limit o{mselves to a discussion of the way in
wlhich our senses fhnction, but that we will try to
imclude other factors like memory, emotion and lan-
guage that all come into play when we have the
common everyday experience of perceiving smells
and tastes.

At the same time we will try to limit ourselves to
those aspects of perception which, in our opinion,
might be relevant to people interested in marketing
and product development of foods and fragrances.
In doing so, we will also stress the role which sen-
sory analysis, the systematic study of human re-
sponses to foods and fragrances, can play to guide
the development and improvement of products be-
fore they undergo their final market test.

Over the last twenty years our knowledge about
the perception of odor and taste and its practical
application in the fields of quality control and prod-
uct development has grown rapidly, but there is still
a hick of integration of the data. Before trying to give
an overview of recent findings in the field of olfac-
tion and tsste, it is necessary to make three general
observations about the perceptual process in the
chemical senses:
. People differ considerably in their sensitivity and

their appreciation of smells and tastes. Sex differ-
ences are found frequently in this field.

. Perception of smells and tastes remains unccm-
scious to a large extent. Smells and tastes influ-
ence our behavior long before they attract our at-
tention.

. There is a lack of language to describe smell and
taste experiences.
All three observations apply to a larger extent to

smell than to taste. The latter two have much more
serious consequences than the first one, because
they limit the validity of a large number of research
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Perception: Taste and Smell

methods which are based on asking people to de-
scribe their perceptual experiences. Thus, asking
ordinary consumers what they think about the taste
of a product or even what is the nature of the differ-
ence in smell behveerr two products may lead to
highly untrustworthy answers.

The problem is that ordinary consumers cannot
answer such questions. They do not normally
analyze their experiences consciously and they
have no words to describe the multitude of details
they can experience when they do so now. If they
answer, which unfortunately most people do when
asked such a question, it is by rationalizations or by
gross generalizations.

Since afl of them belong to the same cultnre their
ways of rationalizing and generalizing are much the
same. As a resul< they tend to give the same an-
swers. This gives the investigator the L&e impres-
sion that they afl agree upon the subject matter of
the question itself instead of upon their way of an-
swering impassible questions with rationalizations
and generalizations.

The marketing literature and—tn be honest—
much of the scientific psychological literature is full
of such artificial and spurious results. Many a prod-
uct flop in the food industry can be traced back to
them.

In describing tbe progress that has been made in
the study of perception, the traditional areas of re-
search and their interconnections will be discussed.

intensity-Deteotion threshold

The oldest question asked in the psychology of
perception is, “How strong should a stimulus be to
be perceived?” Since it was first asked by Fechner
in the middle of the nineteenth century, it has be-
come clear that there are a number of fiwtors which
influence our detection and that even a simple
question like that cannot be answered on the basis
of knowledge of the concentration of the physical
stimulus alone.

The human senses are not invariable in their
sensitivity. They are subject to adaptation (reduced
sensitivity after prnlonged response to a stimulus)
and habituation (reduced attention to monotonous
stimulation) and to variations caused by physiologi-
cal factors such as changes in the blood stream due
to vasodilation and vasoconstriction (rapid changes)
or changes in hormone levels (slow changes).

But most importantly in the context of this paper,
there also has been the realization that the detection
of a stimulus depends on a decision process in the
observer. When the stimulus is very weak, and the
observer is in doubt wbethm he perceives it or not,
his expectations about the occurrence of the stimu-
lus and bis motivation to appear a keen observer, or
to be seen as a more conservative observer who
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wants to know things for sure before answering
positively, will greatly influence his response.

Insecure people may have a strong tendency to be
extremely conservative in this respect. This means
that they may perceive a lot more than they are
willing to admit. In our society men and women still
differ in this respect, women being slightly more
insecure and therefore more conservative.

In practice, one tries to circumvent the influence
of subjective decision criteria by using forced
choice procedures, in which one tells tbe subject
that there is a difference between two or more sam-
ples and asks him or her to indicate where it is or in
what direction it goes (A stronger than B or B
stronger than A). The subject must answer, even if
he or she has a feeling of absolute uncertainty.

In many such cases subjects, who have the feeling
they are merely guessing, do far better than would
be expected by chance. This means that they per-
ceive more than they believe they perceive.

The consequences of this simple fact are impor-
tant. It means that ordinaw consumers are not the
best observers to ask such simple questions as: “Do
you smell or taste something?” or ‘What do ynu
smell or taste?”. Consumers are of paramount im-
portance in deciding about the future of a produc~
because they can indicate what they like and dis-
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Perception: Taste and Smell
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like, but they should not be used to settle analytical
details. Even in a well-trained panel, forced choice
methods should be used,

If women are usually somewhat more conserva-
tive in their responses, it should be noted on the
other hand that, due to hormonal factors, they are in
general more sensitive to odors. As Koelega, et al.,
(1974) have demonstrated, this superiority in sensi-
tivity arises from the hormonal changes that take
place at puberty. Before that age no dramatic differ-
ences between male and female subjects are found.

At the arrival of puberty, women also start to
fluctuate in their sensitivity to odors in relation to
their menstrual cycle. During ovulation they are
most sensitive, and in the period between ovulation
and menses they are least sensitive,

As was pointed out above, the differences in
sensitivity between people may be large, and this
does not apply to all odorous substances in the same
way. Sometimes these differences are extreme, as in
the case of specific anosmia, where a part of the
population (usually more men than women) cannot
smell a substance at all, although the same people
have a normal sensitivity to other odorous sub-
stances, Well-known examples of such substances
are musk odor and the odor of androstenone which
have been considered to play an important role in
sexual attraction by some authors. Whether this lat-
ter claim is true, is doubtful,

Even if such extreme cases as anosmia are not
considered, people differ considerably in their
sensitivity to different substances, Usually, the cor-
relations between the sensitivities of a group of
people for two different substances are in the order
of 0.15 to 0.40, which is very low indeed. This
finding is important, because it means that chem-
ically complex stimuli like foods and perfumes will
almost certainly be perceived differently by differ-
ent observers, the one being more sensitive to one
group of components the other to another group.

Intensity function

Of course the lower end of the intensity range,
which has been discussed so fw, is not the only
aspect that is of importance, Tbe growth of the per-
ceived intensity of stimuli with increasing concen-
tration has also large practical implications.

In general, this growth of the Wrceived intensity

(S) with concentration (I) is described by Stevens
power law (S= In) which can graphically be repre-
sented with a straight line in a double logarithmic
plot in which n will determine the slope oftbe line.
In Figure 1, two of such lines have been drawn for
two different hypothetical substances A and B, As
can be seen these two lines differ considerably in
S1OPCand even cross each other at a given point.

This has the following important consequences:
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Figura 1. Schematic randering of percaived intensities
of two different odors at concantrationa 11 and 12.

. Above point P substance A auuears to be tbe
stronger of the two; below poin~ “P, component B
will be stronger.

. With increasing concentrations the strength of
substance A will rise rapidly, whereas the
strength of B rises only slightly.
Now consider the following example. Let A and B

both be components of a butter flavor added to mar-
garine. In a first test, concentration 1, is added to tbe
margarine. The observers find an excellent butter
taste, but consider it too weak. As a consequence in
the next test a higher concentration 12is added, Now
the observers find the flavor to be much stronger
but the enchantment of the butter flavor is gone,
because component A dominates.

This is an illustration of the difficulties tbe prod-
uct developer is faced with. In such a case, careful
laboratcny studies using good sensory techniques
should be carried out before embarking upon ex-
pensive consumer testing.

Insight into tbe intensity functions of odorous
substances may also help the product developer in
an early stage, If a perfumer wants to develop a per-
fume he will be interested more in type B sub-
stances than in type A substances, because sub-
stances with a low slope have the advantage of al-
ready being perceptible at a large distance without
becoming overwhelmingly powerful in the near-
ness of the person wearing the perfume, This is
especially important, since we know that all pleas-
ant odors tend to become unpleasant at high con-
centrations.

Time-intensitymeasurements
Quite recently, there has been an upsurge of the

interest in the study of the growth and decay of the
intensity of olfactory stimuli over time, How long
does it take a stimulus to reach its maximal inten-
sity? Does it decay rapidly or slowly under the in-
fluence of adaptation? Does concentration change
these parameters?

Vol. 15, March/April 1990
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Figure 2. Examples of thne-intensity functions
obtelned for geranbl at three mncentratlons by
two ditferent observers.

Such questions, which are of importance because
the time-intensity functions of different compo-
nents of such a complex mixture as a food or a fra-
grance may determine the sequence in which we
perceive different asmcts of the product, have for a
long time been difficult to answer, Since the com-
puter revolution they have become within reach.

Figure 2 gives an impression of the time-intensity
relationship for three different concentrations of the
same substance by two different observers. They
were recorded in our laboratmy by De Wijk in a
joint project with Dr. Overbosch of Unilever Re-
search LaboratoV.

As can be seen from the figures, the two subjects
produce very dissimilar curves when they are asked
to continuously register the perceived intensity
from the moment they start smelling until the mo-
ment when the smell has disappeared as a result of
adaptation. One of the problems with the method of
time-intensity functions is that one does not know
whether such differences reflect time differences in
perception or are merely the results of differences
in response behavior. Nevertheless, one can obtain
valuable information from this method, provided
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one compares the results of the same individuals for
different substances. However, the method is not
yet suited to tac’kle the very complex temporal
problems that are involved in eating a food,

Seneo~ Quelity

With the term sensory quality we indicate the
type of odor or taste we perceive, In this sense the
term has no evaluative connotations and it should
not be confused with product quality as used in mar-
ket research, Whereas the sense of taste can only
distinguish four basic sensory quantities (sweet,
sour, salty and bitter) or perhaps five (metallic) or
six (umami according to the Japanese), the sense of
smell is able to distinguish a great many different
smells, Even such very similar molecules as the
enantiomers of (for instance) carvone, which do not
differ in structure but are just mirror images of each
other, can be discriminated by smelling them.

In a chemically complex mixture like coffee or
perfume a large number of different odorous sub-
stances may be present which each contribute to the
final “tiste” or smell, and minute differences in
compm ition may lead to considerable differences in
their overall acceptance. Although the nose can
easily discriminate between odorous substances, it
is almost impossible for untrained people to de-
scribe the nature of the difference, as was pointed
out above.

In product development and product renovation
this is a great handicap, because there it is essential
to translate consumer preferences into manageable
product properties. In other words, one has to know
what are the underlying perceptible properties of
tbe product that determine the evaluative judgm-
ents of the consumers and one cannot ask the con-
sumers directly about this.

In our view the only good solution to this problem
is to make a radical decision and to use consumers
only for making hedonic judgments, i.e. to tell us
what they like and do not like, but never to ask them
to describe what they do like or dislike about the
smell or flavor of a product. These questions should
be put to specially trained people who will be able
to make vew precise product profiles for the prod-
ucts that are liked and disliked by the consumers.

Comparing the profiles for these products will
then show what are the important factors in the de-
cision of the consumer, provided the descriptive
panelists have done their work well and have de-
scribed tbe perceptible properties of the product
exhaustively. In order to be able to do so, they need
to be very well selected observers and they need to
be thoroughly trained in the description of this type
of product.

This is the basic approach which underlies the
“Quantitative Descriptive Analysis”. In setting up a
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descriptive panel for this method, we select the ten
best people out of a group of a hundred by a batte~
of tests measuring their normal odor and taste Sen.
sitivity, their memory for odors, their capability of
making and remembering odor classifications and,
last but not least, their verbal creativity, We also
interview these people about their willingness to
stay in the panel for a long period (four years) and
we estimate their possibilities of becoming a good
and cooperative member of the panel,

Af?er this, they receive an extensive training with
the type of product on which they are going to work.
In about 25 to 30 two-hour sessions they will work
with as varied a selection of the type of product as
possible and they will develop a common language
to describe all sensory aspects of this product in a
profile, They will be trained to use descriptive
telms only and to omit all evaluative connotations,
because as much as we want the consumers to re-
main consumers and just to tell us what they like
and dislike, so do we want our trained panel to
merely describe the properties,

After training, the descriptive panel can be used
to make detailed and exhaustive profile descrip-
tions of the visual and tactile aspects of the product
and of its smell, taste, mouthfeel and aftertaste. Fig-
ure 3 gives an example of a set of odor descriptors
used by a panel, given two identical samples (A) at
two different sessions, and one different sample (B),
As can be seen, the profiles of the two identical
samples are very close together except for one de-
scriptor (Cherry) whereas the profile of the other
sample was quite different on a number of descrip-
tors (cinnamon for instance).

Some of the terms (cut-apple and Vitamin B for
instance) may seem very strange. In fact, tbe panel
members have found these descriptors to be char-
acteristic for some samples in the set they were
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trained on. Vitamin B odor was the odor that one of
the panel members knew from a Vitamin B product
she regularly used, When she first mentioned it,
none of the other panel members knew what odor
she meant. So in the next training session she
brought the Vitamin B product afong and everybody
agreed that exactly such an odor was present in
some samples of the product under study and not in
other samples. This was subsequently tested by a
blind test in which products with and without the
odor had to be tasted.

Later, it could be shown that it was this odor and
the odor of cut-apples that proved to be very im-
portant in the like-dislike decisions of consumers of
the product. Samples with andwithout these odors
were further anal yzed with instrumental methods
and it could be shown that the Vitamin B odor was
due to a substance formed when the product was
slightly overheated during processing. This is a
clear example of finding something that would
never have been found by asking ordinary consum-
ers to describe the product.

In our experience, such examples are the rule
rather than the exception, because obvious off-
flavors in a product have usually been weeded out
long before the product reaches the consumer, Only
the small off-flavors that cause small irritation in the
consumer are overlooked. Such small irritations
may nevertheless be very important and may kill a
product, as we will see when we discuss the
dynamics of preferences and aversions in the sec-
tion about pleasantness below,

The method described here is certainly the best,
but also the most expensive, Many attempts have
been made to shorten the method, but most of them
have veW serious drawbacks,

The best way of cutting costs is perhaps to use a
descriptive panel as described here for more than
one type of product, retraining them whenever the
need is there. Once trained on one type of product
they have learned how to find words for their ex-
periences. Thus, one can reduce the number of re-
training sessions considerably (f 10 sessions are
needed still), By using the same panel again, one
also avoids the cost involved in the selection proce-
dure.

Other procedures, like the much-advertised free
choice profiling, have serious drawbacks because
they rely on less well selected and trained people.
The idea of free choice profiling is not to insist on
the development of a common language for all
panel members, but to let each individual use his
own set of descriptors and to relate the different sets
of descriptors of different observers for the same
products by complex statistical techniques.

Although some people already object to some of
the statistical transformations used, the main draw-
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back of the method is in the fact that without proper
training precisely the small off-flavors that very
oflen prove to be so important are overlooked. As
said before, the problem is not to find the obvious
defects but to look for the unobtrusive ones. And
since people are not built to look for the incon-
spicuous, the y have to be trained to do so.

Still another approach is to let “experts” formu-
late the descriptive terms and then to ask a panel of
observers to profile these terms after some form of
training. A number of objections can be made, First
of all, “experts” do often overrate the importance of
certain aspects of the product, whereas they under-
estimate the importance of other aspects. Also their
lists contain very oilen a mixture of evacuative, de-
scriptive and technical terms (good coffee taste, pa-
pery taste and aldehydic taste).

By the very fact that they have become experts,
they have lost touch with the frame of reference of
the consumer. This does not mean that experts are
not important. They are indispensable for the eval-
uation of technical details of the product but they
can not be used to predict consumer preferences.

Furthermore, the panel members who have to use
the terms will often differ in their interpretation of
them. This is particularly true of the technical
terms. Even with a lot of training, they may still
have different interpretations of a word handed
down to them and not created by them in general
consensus.

Also, tbe list of terms will ususlly be too short to
tidly and exhaustively describe their experiences.
This means that they will attach certain experiences
to certain of the provided terms instead of creating a
new one for them. Since it is likely that different
people make these attachments in different ways, a
lot of noise can be introduced in the data.

In conclusion, we prefer the quantitative de-
scriptive analysis approach above the others, be-
cause it is the best way to avoid errors and although
the cost of the method is high, it is slight compared
to that of a product flop. Used along with an indica-
tive consumer panel, consisting of about 60 product
consumers, the descriptive panel can be used very
effectively to improve or develop products, follow-
ing the procedure given schematically in Figure 4.

Starting with a number of versions of a product,
given both to the descriptive panel for profiling and
to the indicative consumer panel for hedonic (like-
dislike) judgement, one can compare the prnfiles of
the liked and the disliked versions and find out
what sensory qualities are responsible for the dif-
ferences.

One can then develop a set of improved versions.
These versions may again be described by the de-
scriptive panel and judged on pleasantness by the
consumer panel. Usually, after two or three of such
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Figure 4. Flow charl of options for ths development
of a new product

rounds, the finaf product versions, for further test-
ing with special panels (see below) and large con-
sumer panels, can be selected. Depending on the
problems of creating improved versions, such a pro-
cedure csn be completed in 4 to 6 months, pmvided
a trained descriptive panel is available.

Role of memory

Before leaving “quality” as a subject, some gen-
eral remarks should be made about the role of
memory. Although we have great difficulties in de-
scribing the quality of smells snd tastes, our mem-
ory for them can be very precise. We may experi-
ence a particular smell or taste and all of a sudden
we may know that this is exactly like the odor we
experienced in the garden of our grandparents at
the age of seven or that this taste is precisely the
taste of a cake we ate before the war when we went
to a certain place for morning coffee. What is typical
about these experiences is that the sensation carries
us back to a situation rather than to the source of the
odor or taste itself.

Memory for odors is different from our memory
for words. Even though the percentage of odors re-
membered drops more drastically at the beginning,
it is also clear from Figure 5 that the odors we retain
will remain with us almost forever. This means that
we have a set of very precise notions of how a prod-
uct should taste. It is therefore very dangerous to
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Figure 5. Schematic drawing of rates of forgetting for
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change a product without indicating to the con.
sumer that it has been changed, unless the change is
so gradual that it is never perceived,

Such cases are known. An example is the very
gradual change introduced in the taste of rum for
instance. Although such a change is apparently suc-
cessful, it always carries the risk that the consumer
will find another brand that is more identical to his
memory and becomes disloyal to his (changed)
brand.

Another example of this may be found in the
present wave of ‘light’ versions of food products.
Sometimes such versions try to mimic the original
full product, but they will only partly succeed in
doing so. This means that they carry the built-in
risk of being abandoned. In our opinion it is better
to create clearly different “light” products and to
bring them as such to the market, unless one can
really make a perfect match with the old product.

Pleasantneee

The last part of the foregoing section has already
led up to the introduction of this last, but in con-
text perhaps most important, aspect of odor and
taste perception: pleasantness. There is still some
discussion about the question whether our hedonic
juclgement about odors and tastes precedes our per-
ception of them or not.

In a way this is a false discussion, because we
already know that we may react to odors and tastes
without consciously perceiving them. It is certainly
true that odors and tastes are almost always accom-
panied by immediate emotional reactions. At birth
we come into this world with a dislike for bitter and
a like for sweet.

This does not mean that our preferences are fixed
for life. On the contraw, we may learn to like the
bitterness of beer and even of campari and we may
later in life learn to dislike the sweetness of certain
products.

Vol. 15, Morch/April 1990

In this development of our preferences there are
two periods in life that are extremely important: the
period up to eight years and the period at the end of
puberty, when we start to make our own decisions.

The most stable preferences are formed in child-
hood, for those products that we first learn to eat at
home and of which we are allowed to consume only
limited quantities, or with which initiation rites are
connected (chocolate, ice cream, cola).

Beer is a good example of the latter category. We
may take a sip of our father’s glass, swallow the hor-

rid stuff and shout “nice” or “wonderfd” to con.
vince mainly ourselves that we have now entered
the world of the grown-ups.

Stable preferences are also found when we de-
cide on our own private lifestyle and settfe down
with another person during adolescence.

Although such stable preferences play an impor-
tant role, many of our preferences for new products
are formed in later life, What are the factors that
determine such preferences? There is still a lot of
discussion around this question and it would be un-
productive to reproduce all the details of this dis-
cussion here. Factors like neophobia and perceived
stimulus complexity are mentioned, but it is too
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early to decide on their effects in a final statement.
The only thing that is clear is that men and

women differ considerably in their preferences for
foods and fragrances, In a number of experiments
we were able to demonstrate that men have much
simpler tastes tlxm women, and that women can ex-
change the pleasure they get from eating much for
the pleasure of eating something varied and refined,
whereas men can not.

This is not new, but it has implications for the
development and marketing of foods. Thus, provi-
dingvariety will help women to eat less, but will not
influence the eating behavior of men very much.

Another important aspect of pleasantness is its
durability. Product boredom will develop for almost
afl products that are eaten regularly, but for some
products it will develop much more rapidly than for
others. At the moment we are developing methods
to predict such consumer boredom. They consist of
special tests that we carry out with groups of con-
sumers. The y are mentioned in Figure 4 and play an
important role in tbe final stages of product de-
velopment.

Unpleasantness

Normally one would consider unpleasantness to
be the opposite of pleasantness, but this will oflen
lead to very fake conclusions, because many prod-
ucts that are judged on the whole to be pleasant may
have some unpleasant points. The problem with
such products is that overtime the pleasantness will
wear off (product boredom) but the imitation over
the unpleasant aspects will grow rapidly.

Negative aspects of the perception of a product
are very oflen underestimated in market research.
Nevertheless they are usually more important than
the positive ones. If my wife buys a new perfume
which in general I like, but there is a small note in it
which I dislike, the chances are very great that in
the long run I will ask her not to use it because this
one Iittfe note is irritating me more and more.

In the case of a perfume this may already be bad
for the product, but if more frequently used con-
sumer goods like a soap are concerned, the effect
may be deleterious. If one out of every four people
has the same experience as me, that product maybe
killed,

In order to test this in an early stage, we devote
much attention to negative aspects of tbe product
and we carry out specially devised “aversion” tests
with panels of consumers, which can predict
whether such aversions will develop. These tests
have now been validated with a number of products
in experiments in which products were compared
that had been put into the market with the same
marketing strategy, same distribution, advertising
etc. and of which the market success is already
known.
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These products were provided to us under “dou-
ble blind conditions and we made “a posterior”
predictions of their market success on the basis of a
series of short tests. The results obtained so far are
very convincing.

Like preferences, aversions are oilen created in
early childhood by parents who promise something
nice if their child first eats something else (Lipps
Birch, et id., 19S4). They may also be the resufts of
negative feelings directfy following the eating of a
food, even if they are not connected with the food in
any direct way.

The problem with aversions is their persistence,
because the ~ople who have them tend to avoid
the things they dislike and thus never learn to over-
come their aversion.

Before concluding the section on pleasantness
and unpleasantness, it is once more useful to point
out the role of memory. Since our memory for odors
and tastes is so precise and since almost all odor and
taste experiences are accompanied by emotions,
odors and tastes can very easily evoke accompany-
ing moods. Unfortunately, these moods are very
much linked to the personal history of the person
who perceives the smell or taste.

This is one of the reasons why it is so difficult to
fbrd a common denominator in peoples’ reactions to
tastes and smells. In the fragrance industry, it has
become fashionable to search for mood fragrances.
Although perhaps no other sensory stimulation does
influence our mood more than odor, it is very dif-
ficult to find general effects, unless the odors re-
mind us of very general experiences which we all
have shared and which have either a biological (sex
odor) or a very broad cultural (odor of Cbristnras
trees?) basis.

Concluding remarks

In this paper we have tried to give an overview of
the present knowledge about olfactory and gusta-
tory perception from a viewpoint that leaves room
for practical application of the knowledge. Smells
and tastes are often perceived unconsciously by
consumers. They evoke personal memories and
moods, but can hardly be described adequately,
unless specific training is given.

In the perspective of market research it is better
to use consumers only for making direct hedonic
judgments and to use highly trained panels for the
translation of consumer likes and dislikes into
tangible product properties.
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